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UNTERSUCHUNG DER ZUSAMMENSETZUNG VON 
EINHEIMISCHEN UND AUSUÄNDISCHEN ÄTHERISCHEN

ÖLEN, VI
K U M A R A N D E R IV A T E  IM Ä T H E R IS C H E N  ÖL D E R  D IL L P F L A N Z E  

K .  B É L A F I-R É T H Y  u n d  E . K e RÉNYI 

(U ngarisches Erdöl- und E rdgas-F orschungsinstitu t, Veszprém)

E ingegangen  am  1. S e p te m b e r, 1976

In  d e r q u a lita tiv e n  und  q u a n ti ta t iv e n  A n a ly se  des durch  W asse rd a m p fd es til
la tio n  gew onnenen  u n d  ra ffin ie rten  ä th e r isch e n  Ö les der D illpflanze w u rd e n  zwei 
K o m p o n en ten  gefunden , die n ich t als bis j e t z t  b e k a n n te  B estand te ile  d e r  D illö le  oder 
an d ere r ä th e risch en  ö le  id en tifiz ie rt w erden k o n n te n . D ie in größerer M enge (in  P ro zen t- 
G rö ßenordnung) e rh a lte n e  u n b ek an n te  K o m p o n e n te  w urde au fg ru n d  v o n  spek tro - 
m etrisch en , in  e rs te r  L inie von p ro to n en re so n an z-sp ek tro m e trisch en  S t r u k tu r u n te r 
suchungen  sowie v o n  sp ek tro m etrisch en  S tru k tu ru n te rsu c h u n g e n  d e r  chem ischen  
U m w an d lu n g sp ro d u k te  als 3 ,7 -D im e th y l-4 ,5 ,6 ,9 -te trah y d ro k u m aran  id e n tif iz ie r t .  Die 
an d ere  in  S p u ren  (in  H u n d e rts te lp ro ze n t-G rö ß en o rd n u n g ) gefundene u n b e k a n n te  
K o m p o n en te  w urde m it hoher W ah rsch e in lich k e it als 3 ,6 -D im e th y lk u m aran  iden
tif iz ie rt, d as m it d e r o b en g en an n ten  V e rb in d u n g  s tru k tu rv e rw a n d t is t .  In n e rh a lb  
des gegebenen G rößenordnungsbereiches w eisen  d ie  A nteile  dieser n e u  e rk a n n te n  
K o m p o n en ten  in  den  ä th erischen  Ölen de r D illp flan zen , abhängend  v o m  R eifeg rad  
u n d  von de r M ethode de r A u fbereitung  de r P f la n z e , b edeu tende  S c h w an k u n g en  au f

A n h an d  d er au sfüh rlichen  U n te rsu c h u n g  d er versch iedenen  e in h e im i
schen  u n d  au slän d isch en  ä therischen  ö le  w u rd e  in  den vergangenen  J a h re n  
eine a u f  w irksam e T re n n u n g  und  sp ek tro m e trisch e  Id en tif ik a tio n  v o n  K o m 
p o n en ten  g eg rü n d e te , k o m b in ie rte  A n a ly sen m e th o d e  fü r ä th e r isc h e  Öle 
en tw ick e lt [1]. D ie en tw ick e lte  k om bin ie rte  M eth o d e  ließ sich fü r die A n a ly se  
des »en tm entho lisierten«  M inzöles [1] sow ie des Pfefferm inzöles [2], des 
L avandelö les [3], des L avand inö les [4], des M usk a te lle r Salbeiöles [4] und  
des Dillöles [5] e in se tzen . Als E rgebnis d e r  U n te rsuchungen  w u rd e n  die 
B es tan d te ile  der ä th e risch en  Öle bis zu einem  A n te il von  über 95%  (in  ein igen  
F ä llen  ü b e r 99% ) id e n tif iz ie r t und  es w u rd en  versch iedene, nach  L i te r a tu r 
an g ab en  e rw a rte te , ab e r au ch  n ich t e rw a r te te , jed o ch  von a n d e ren  ä th e r i 
schen  Ö len h e r b e k a n n te  K om ponen ten  g efu n d en , sowie in einigen F ä lle n  die 
A bw esenheit e in iger e rw a r te te r  K o m p o n en ten  e in d e u tig  bewiesen.

Im  v e rh ä ltn ism ä ß ig  einfach zu sam m en g ese tz ten  ä therischen  ö l  d er 
e inheim ischen  D illp flanze  ( A netlium  graveolens)  w u rd en  14 K o m p o n en ten  in  
b ed eu ten d en  M engen ( > 0 ,0 1 % )  gefunden, die m it zwei A usnahm en  als b e 
k a n n te  B es tan d te ile  ä th e risch e r ö le  id e n tif iz ie r t w urden  [5]. Die T a b e lle  I 
g ib t die m itte ls  G asch ro m ato g rap h ie  b e s tim m te n  A nteile  der id en tifiz ierten  
K om ponenten  in  d er R eihenfolge ih re r g a sch ro m ato g rap h isch en  R e te n tio n e n  
an . In  d ieser A rb e it w ird  ü b e r Iso la tion  u n d  S tru k tu ra n a ly se  der b ish e r  u n 
b e k a n n te n  B es tan d te ile  des ä therischen  Öles b e r ic h te t .

1 Acta Chittt. (Budapest) 94, 1977
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Tabelle I

Zusam m ensetzung des D illö les

Laufzahl Komponente
Menge,
Gew.%

l a  -T h u jen 0,3

2 a  -P inen 0,8

3 ß  -M yrcen 0,7

4 a  -P h e llan d ren 29,0

5 L im onen 25,0

6 ß  -P hellandren 4,2

7 p-C ym ol 1,3

8 l-M ethyl-4-isopropenylbenzol o,ox
9 U n b ek an n te  K om ponente 2,9

10 D ihydrocarvon 0,3

11 Iso d ihydrocarvon 0,2

12 U n b e k an n te  K om ponente 0,0X

13 C arvo tanace ton 0,0X

14 C arvon 35,2

A nreicherung  u n d  S tru k tu ran a ly se  d er K om ponenten

Z u r T ren n u n g  u n d  zu r R e in ig u n g  b ed eu ten d e r M engen  der u n b ek an n ten  K o m p o n e n te n  
w u rd e n  H a lb m ik ro -R ek tif ik a tio n  u n d  p rä p a ra tiv e  G asch ro m ato g rap h ie  an g ew a n d t, die R e in 
h e it  d e r  K o m p o n en ten  w urde  d u rc h  analy tische  G asch ro m ato g rap h ie  k o n tro llie rt.

D ie  H alb itiikro-R ektifika tion  w urde in einer G lasko lonne  m it D reh h an d  d u rc h g e fü h rt, 
d ie d ie  l in e a re n  A bm essungen v o n  500 m m  X 6 m m  h a t te  u n d  eine m it 2 000 U /m in  ro tie ren d e , 
5,5 m m  b re ite  S tah lh an d -E in lag e  besaß. Die A p p a ra tu r  h a tte  eine T re n n fä h ig k e it v o n  30 
th e o re tis c h e n  T ren n stu fen , d e r B e trie b s in h a lt b e tru g  0,1 cm 3, der D ru ck v erlu st 0,2 T o rr  [6]. 
D ie R e k tif ik a t io n  w urde bei e in e r E inw aage v o n  20 c m 3 Dillöl bei 200 T o rr  d u rc h g e fü h rt. 
Z u r w e ite re n  K o n zen trie ru n g  w u rd en  die an  den u n b e k a n n te n  K o m ponen ten  re ic h e re n  F ra k 
t io n e n  a n g ew an d t.

D ie  R einigung de r H a u p tk o m p o n e n ten  d e r  K o n z e n tra te  erfolgte d u rc h  wiederholte 
gaschrom atographische P räpara tion  m it einem  G e rä t des T yps Pye U n icam  105 u n d  einer 
K o lo n n e  m it  den A bm essungen  7 m  X 5 m m , w obei C arb o w ax  20 M a u f  Celite als s ta tio n ä re  
P h a se  v e rw en d e t w urde. Die T e m p e ra tu r  der K o lonne  b e tru g  120 °C bzw. 160 °C, als T räg e r
gas d ie n te  Argon m it e in e r G eschw indigkeit v o n  12 d m 3/S t. Die D osierungen  sch w an k ten  
z w isc h en  1 cm 3 u n d  50 m m 3. A ls E rgebnis der P r ä p a ra t io n  w urden wenige K u b ik z en tim e te r  
v o n  d e r  9. u n d  wenige K u b ik m illim e te r von d e r 12. K o m ponen te  e rhalten .

D ie  R einheit de r K o m p o n en ten  w urde m it e in em  G aschrom atographen  C hrom  I I I  
m it te ls  e in e r m it C arbow ax— 1000 ben etz ten  K a p illa rko lo n n e  (50 m  X 0,25 m m ) b e s tim m t. 
D ie  T e m p e ra tu r  b e tru g  bei den  an aly tisch en  U n te rsu ch u n g e n  130 °C, die G eschw ind igkeit 
d es a ls  T rägergas v e rw en d e ten  A rgons 3 cm 3/m in . D ie  R einheit der fü r  die S t ru k tu ru n te r 
s u c h u n g  v o rb e re ite ten  P ro b e n  e rre ich te  über 9 9 % .

F ü r  die S trukturuntersuchung  der u n b e k a n n te n  K o m ponen ten  w u rd en  M assen sp ek tro 
m e tr ie  m it niedrigem  A uflösungsverm ögen , In fra ro tsp e k tro m e tr ie  sowie P ro to n en reso n an z - 
s p e k tro m e tr ie  m it m ittle rem  u n d  hohem  A u flö sungsverm ögen  eingesetzt.

D ie M asserispektren de r an a ly sierten  P ro b e n  w u rd e n  m it dem  fü r die ch em ische  U n te r
su c h u n g  u m g es ta lte ten  M assenspek trom eter Z E M E  T y p  1305 au fgenom m en [7]. Die Be
sc h leu n ig u n g ssp an n u n g  b e tru g  50 V, die A ufnah m eg esch w in d ig k e it zwei M asseneinheiten  
p ro  M in u te , das A uflösungsverm ögen  m /J m  =  300.

A c ta  Chim. ( Budapest) 94, 1977
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Die In frarotspektren  d e r  K o m p o n en ten  u n d  ih re r  U m w a n d lu n g sp ro d u k te  w u rd e n  m it 
e inem  G erä t der F a  Carl Zeiss Je n a , T y p  U R — 20 im  W ellenzah lbereich  4000— 400 c m -1 
au fg en o m m en . Die S ch ich td ick en  b e tru g e n  0,003 cm  bei der u n m itte lb a re n  U n te rsu ch u n g  
de r re in e n  Stoffe bzw. 0,01 cm  bei de r U n te rsu ch u n g  ih re r  L ösungen in  T e trach lo rk o h len sto ff .

D ie  Protonenresonanzspektren  de r re inen  S toffe  w u rd en  bei 60 M H z m it  d em  G erät 
V a rian  T y p  T — 60 bzw . bei 100 M H z m it dem  G e rä t des T y p s X L — 100 a u fg en o m m en . Als 
L ö su n g sm itte l d ien ten  T e trac h lo rk o h le n s to ff  bzw. D eu terobenzo l. D as u n te r s u c h te  Vcrschie- 
b u n g s in te rv a ll (<5) lag zw ischen  0 u n d  8 ppm .

Identifikation des 3,7-D im ethyl-4,5,6,9-tetraliydrokiiiiiarans

D ie in  v e rh ä ltn ism ä ß ig  h o h er K o n z e n tra tio n  v o rh an d en e , u n b e k a n n te  
K o m p o n en te  erwies sich  au fg ru n d  der S tru k tu ra n a ly se  als eine b ish e r  n ich t 
n u r  im  Dillöl, sondern  au ch  in  anderen  ä th e risch en  ö le n  noch  n ic h t  nach g e
w iesene K u m aran -Y erb in d u n g , als 3,7-D im ethyl-4 ,5 ,6 ,9-tetrahydrokum aran  (I), 
m it  w ahrschein lich  fo lg en d er S tru k tu r :

СЩ

71

ib>

(°>H2C < 4
(f)

H 2c "  “
1 , -H '

e r '

H i ,  \ /\ ,
___c — — c ^ .

*HsC 11

H <0) H«d>

(«I

'H №

I

D as M assenspek trum  m it n iedrigem  A uflösungsverm ögen  d ie se r K o m 
p o n e n te  is t in  A bh. 1 w iedergegeben . N ach  den  sp ek tro m e trisch en  D a te n  is t 
e in e rse its  festzuste llen , d a ß  diese K o m p o n en te  das M o leku la rgew ich t 152 
(M+ =  152) h a t, an d e re rse its  is t es an zu n eh m en , daß  ein m it e in e r  M eth y l
g ru p p e  su b s titu ie r te r  a ro m a tisc h e r oder le ich t a ro m a tis ie rb a re r  sechsg lied 
rig e r u n g e sä ttig te r  R in g  v o rlieg t. D ie E le m e n ta ran a ly se  der P ro b e  b e s tä tig te  
die S um m enform el C10H leO.

D ie H au p tm erk m a le  des in  A bb. 2 gezeig ten  In fra ro tsp e k tru m s  s in d  die 
fü r  Ä th e r  m it R in g s tru k tu r  ch a rak te ris tisch e  B andenre ihe  im  W ellen zah l
b e re ich  900— 1200 c m -1  und  das Fehlen  d e r fü r  die — О H  u n d  > C  =  0  
B in d u n g en  ch a rak te ris tisch en  Y alenzschw ingungsbandcn , die a u f  e in  sich 
im  R in g  befindendes S au e rs to ffa to m  hinw eisen. Zw ischen den  W ellen zah len  
1480 c m " 1 und  1610 c m " 1 liegen keine A b so rp tio n sb an d en , so d a ß  m it dem  
V o rh an d en se in  eines a ro m a tisch en  K ohlenw assersto ffringes n ich t zu  rechnen  
ist. D ie V alenzschw ingungsbanden  d er B indung  —C = C —  bei 1675 c m " 1 u n d  
d er B in d u n g  = 0  H bei 3020 c m " 1 bew eisen jed o ch  das V o rh an d en se in  einer 
D o p p e lb in d u n g . Die hohe W ellenzahl m ach t fe rn e r w ahrschein lich , d a ß  es

1* Acta Chim. (Budapest) 94, 1977
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Wellenzahl, cm“1

A b b . 2 .  In fra ro tsp e k tru m  des 3 ,7 -D im e th y l-4 ,5 ,6 ,9 -te tra h y d ro k u m ara n s  (I). (a ) K o n z en tra tio n : 
150 g /d m 3 in  CCI4; (b ) K o n zen tra tio n : 17 g /d m 3 in  CCI4

s ic h  u m  eine neben e in e r  V erzw eigung im  R in g  s teh en d e  D o p p e lb in d u n g  h a n 
d e l t .  D ie  zwei R inge u n d  d ie  D oppelb indung  s in d  m it der S um m enfo rm el der 
K o m p o n e n te  im  E in k la n g .

D ie S tru k tu r  des rin g fö rm ig en  Ä th e rs , d ie K o p p lu n g  an  den  Cyclohe- 
x e n r in g  u n d  die L age d e r  M ethy lg ruppen  u n d  d e r D o p p elb in d u n g  w urden  
d u r c h  eine U m w and lung  d e r  K om ponen te  in  A lkohole  u n d  deren  Id e n tif i
k a t io n  u n te rsu ch t, w obei d a v o n  ausgegangen w u rd e , d aß  die In fra ro tsp e k tre n  
d e r  b e im  red u k tiv en  A b b a u  zu  e rw artenden  T e rp en a lk o h o le  fa s t ohne A u sn ah 
m e  b e k a n n t sind [8]. (D u rc h  K ochen der P ro b e  m it  B ro m w assers to ff in  essig- 
s ä u r ig e r  Lösung [9] w u rd e  ü b rig en s p-C ym ol ( I I )  e rh a lte n , was in  Ü b e re in s tim 
m u n g  m it dem  v e rm u te te n  K o h len sto ffsk e le tt s te h t .)

A c ta  Chim. (Budapest) 94, 1977
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F ü r  den  reduktiven A bbau  w urde  L ith iu m -A lu m in iu m -H y d rid  als K a- 
ta l is a to r  [10] in  G egenw art v o n  A lu m in ium ch lo rid  in  w asserfre iem  D im e th y l
ä th e r  als geeignet gefunden . D as R e a k tio n sp ro d u k t b e s ta n d  aus v ie r  w ic h ti
geren  (ü b er 1% ) K o m p o n en ten , deren  S tru k tu re n  n ach  g a sc h ro m a to g ra p h i
sch er P rä p a ra tio n  aus ih re n  In f ra ro ts p e k tre n  e rm itte lt  w u rd en . D ie  U m 
w an d lu n g sp ro d u k te  w aren : 5(6)-p-M enthen-3-o l (III), l(2 )-p -M en th en -9 -o l 
(IV), 2(3)-p-M enthen-9-ol (V) u n d  3(4)-p-M enthen-9-ol (VI).

D u rch  die chem ische U m w an d lu n g  w u rd en  die S tru k tu r  des rin g fö rm ig en  
Ä th e rs , die A rt der K o p p lu n g  d er R inge u n d  die A nzahl u n d  L ag e  der 
M e th y lg ru p p en  g ek lä rt, die Iso m erisa tio n  d e r D oppelb in d u n g  w ä h re n d  der 
R e d u k tio n  sch ließ t ab er alle S ch luß fo lgerungen  a u f  die L age d er D o p p e lb in 
d u n g  aus.

D ie angenom m ene S tru k tu r  w urde  d u rch  die A ufnahm e des P ro to n e n 
re so n an zsp ek tru m s bei 60 M H z g e s tü tz t u n d  d u rch  die P ro to n e n e n tk o p p lu n g  
w ä h re n d  der A ufnahm e bei 100 M H z e in d eu tig  b e s tä tig t , es w u rd e n  sogar 
d a d u rc h  A n n ah m en  v o n  w e ite ren  s tru k tu re lle n  E in ze lhe iten  e rm ö g lich t.

In  A bb. 3 is t das P ro to n e n re so n a n z sp e k tru m  bei 100 M H z w iedergege
ben . D as D u b le tt bei 1,0 p p m  s ta m m t von  M eth y lp ro to n en  (a) n e b e n  einer 
M eth in g ru p p e , die m it d er D o p p e lb in d u n g  u n d  dem  S au e rs to ffa to m  n ic h t  b e 
n a c h b a r t  s ind , das S in g u le tt be i 1,7 p p m  von e iner D oppelb in d u n g  n a h e  liegen 
d en  M eth y lp ro to n en  (b). D ie G ru p p e  d er R esonanzsignale  zw ischen  1,3 u n d
2,1 p p m  e n tsp ric h t sechs P ro to n e n , die in  den  R ingen  (c) e n tfe rn t  v o n  der 
D o p p e lb in d u n g  u n d  dem  S au e rs to ffa to m  vorliegen . D en K o h len sto ffa to m en  
n eb en  dem  S au ersto ffa to m  k ö n n en  d re i versch iedene P ro to n en sig n a le  zu g eo rd 
n e t  w erden , zwei doppelte  D u b le t te  u m  3,2 u n d  3,9 p p m  s ta m m e n  v o n  zwei 
n ic h t g leichw ertigen , ab e r äh n lich e  L agen  e innehm enden  P ro to n e n  (d) u n d  
ein  M u ltip le tt bei 4,2 p p m  v o n  einem  w eite ren  P ro to n  (e). D as M u ltip le tt  bei 
5,4 p p m  w eist a u f  ein einziges P ro to n  (f) n eb en  einer D o p p e lb in d u n g  h in , das 
m it v ielen  b e n a c h b a rten  P ro to n e n  in  K o p p lu n g  s te h t. D ie aus dem  P ro to n e n 
re so n an zsp ek tru m  ab g e le ite ten  E in ze lh e iten  sowie andere  R e o b a c h tu n g e n  
k ö n n en  ohne W id ersp ruch  n u r  m it d er S tru k tu r  des 3 ,7 -D im e th y l-4 ,5,6,9- 
te tra h y d ro k u m a ra n s  in  E in k la n g  g e b ra c h t w erden .

Acta Chim. (B udapest) 94 , 1977



D ie E inzelheiten  des S p ek tru m s, die a u f  d ie  D o p p e lb in d u n g  u n d  die das 
S au e rs to ffa to m  u m g eb e n d e n  P ro to n en  z u rü c k z u fü h ren  sind , w eisen a u f  die 
gegenseitige K o pp lung  d ie se r  P ro tonen  h in . D u rc h  die einzelweise E n tk o p p 
lu n g  d e r  P ro to n en  (b), (f) u n d  (e) w erden die R eihenfo lge  ih re r  L age sowie 
die L ag e  der D o p p e lb in d u n g  u n d  des S au e rs to ffa to m s k la r. D ie S p ek tren  sind  
m it d e r C is-A nellation  d e r  P ro to n e n  (c) u n d  (e) an  den K o h len sto ffa to m en  
C-4 u n d  C-9 im  E in k la n g , f ü r  die w ahrschein liche  räum liche  A n o rd n u n g  der 
M eth y lg ru p p e  am  K o h le n s to ffa to m  C-3 geben  a b e r  die S p ek tren  keine au s
re ich en d e  In fo rm atio n .
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A bb. 3. K e rn re so n an z sp e k tru m  des 3 ,7 -D im e th y l-4 ,5 ,6 ,9 -te trah y d ro k u m aran s  (I) bei 100 M Hz. 
A: E n tk o p p lu n g  des O le fin p ro to n s  (H f); B: E n tk o p p lu n g  des sich  n eben  dem  S au e rsto ffa to m  
b e fin d lich e n  M eth inp ro tons (H e); C: E n tk o p p lu n g  des sich  n eb en  der O lefinb indung  b e fin d 

lic h e n  M ethy lp ro tons (H b)

E s w urden  ein ige p hysika lische  K on sta n ten  des 3 ,7 -D im ethy l-4 ,5,6,9- 
te tra h y d ro k u m a ra n s  b e s t im m t:  dj° =  0,9622 ^  0,0001 gern-1 , nj? =  1,4794 ^  
±  0 ,0002 , K p9torr =  51,2 ±  0,5 °C, K p80torr =  96,6 ±  0,5 °C, К р 73б1огг =  
163,3 0,5 °C. Die D ic h te  w u rd e  m it einem  l - c m 3-P y k n o m e te r , der B rech u n g s
in d e x  m it einem  A b b e -Z e iss-R e frak to m e te r u n d  d er S iedepunk t n a c h  der 
M ik rom ethode  von S m ith -M enzies b estim m t [11].

Identifikation  des 3,6-D im ethylkum arans

D ie in  Spuren g ew o n n en e  andere D illö lk o m p o n en te  is t m it hoher W a h r
sch e in lich k e it 3 ,6 -D im ethy lkum aran  (VII), das in  ä th e risch en  Ö len b isher 
eben fa lls  n ich t gefunden  w u rd e :
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CHib)
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(■) HCÍ

m k c L

TCH

il
( e )

h 3c :
^  1 w

« Л ,  J
l \

H(c) H (d) H (d)

VII

D as in  A bb . 4 w iedergegebene P ro to n en re so n an zsp ek tru m  b e i 60 M Hz 
d er in  seh r k le in e r M enge iso lierten  K o m p o n en te  w eist m it dem  S p e k tru m  des 
3 ,7 -D im e th y l-4 ,5 ,6 ,9 -te trah y d ro k u m aran s  v ie le  Ä hnlichkeit auf. S t a t t  der 
R esonanzsignale  d e r  sich neben u n d  an  d en  D oppelb indungen  b e fin d e n d e n

Chemische  V e r s c h i e b u n g  ( 6 ) , ppm

Abb. 4. K e rn reso n an zsp ek tru m  des 3 ,6 -D im e th y lk u m aran s

P ro to n e n  erscheinen  h ie r die S ignale d er an  den  A rom aten ring  g e b u n d en en  
P ro to n e n  (c) bei 6 ,5 —7,0 ppm . D ie V ersch ieb u n g  d er Signale e n ts p r ic h t P ro 
to n e n , die in  meta- (6 ,9 —7,0 ppm ), p ara -  (6 ,6 —6,7 ppm ) und  orf/to-Lage (6,55 
ppm ) zu dem  an  d en  S auersto ff g eb u n d en en  K o h len sto ffa to m  s teh en . U n v e r
ä n d e r t  sind  im  S p e k tru m  die d u rch  die sich in  d e r N ähe des S au e rs to ffa to m s 
b e find lichen , eine ähn liche  Lage e in n eh m en d en , jed o ch  n ich t ä q u iv a le n te n  
P ro to n e n  (d) v e ru rsa c h te n , d o p p e lten  D u b le tte  zw ischen 3,8 u n d  4 ,8  p p m  
sowie die R esonanzsignale  der iso lie rten  (h) u n d  d e r neben der M eth in g ru p p e  
liegenden  M e th y lp ro to n en  (a) bei 2,3 u n d  1,3 p p m , deren  V ersch iebungen  e in 
d eu tig  a u f  den b e n a c h b a rten  a ro m a tisc h e n  R in g  hinw eisen. S ch ließ lich
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is t das M u ltip le tt um  3,5 p p m  dem  P ro to n  (c) d e r  m it dem  a ro m atisch en  R in g  
v e rb u n d e n e n  M eth in g ru p p e  zuzuschreiben . D ie E in ze lh e iten  des S p e k tru m s 
sin d  n u r  m it d er an g en o m m en en  S tru k tu r  im  E in k la n g .

A nteile der Kum aranderivate im  Dillöl

U m  die p flanzenphysio log ische  B e d e u tu n g  d er id en tifiz ie rten  K o m p o 
n e n te n  n achzuw eisen , w u rd e  die Z u sam m en se tzu n g , in  e rste r L inie d e r  A n te il  
an 3 ,7-D im ethyl-4 ,5 ,6 ,9-tetrahydrokum aran  in  d en  D illö len , die v o n  D illp flanzen  
v e rsc h ie d e n en  R eifegrades a u f  n ahezu  gleiche W eise gew onnen w u rd e n , u n 
te r s u c h t .  D ie w ich tig s ten  A nalyseergebnisse  s in d  in  T abelle I I  zusam m enge-

Tabelle I I

Ä n d e ru n g  des A nteiles des 3 ,7 -D im ethyl-4 ,5 ,6 ,9 ,-tetrahydrokum arans im  D illöl in  A bhängigkeit
vom R eifegrad

Z e itp u n k t der Ernte

K om ponentenante il, Gew.%

1. 6.
M onoterpene

9.
D im ethyltetra-
hydrokum aran

12.
1 D imethylkum aran

14.
Carvon

10.— 20. Ju l i 65— 70 15 — 18 o ,o x 13— 17

1.— 10. A ugust 50—55 5 — 10 o ,o x 35— 40

20.— 31. A u g u st 50— 60 1 4 o ,x 35— 45

A n fan g  S ep tem ber 50— 60 0,2—  1 o ,x 40— 45

s te l l t .  I n  der T abelle  sind  au ch  der G eh a lt an  M onoterpenen  u n d  d e r  G eh a lt 
an  C arv o n  angegeben . A us den D a ten  is t  e rs ich tlich , daß die re la tiv e  M enge 
des D im e th y lte tra h y d ro k u m a ra n s  im  ä th e r is c h e n  Öl w esentlich  v o m  Z e it
p u n k t  d e r E rn te  a b h ä n g t, d e r A n te il an D im eth y lku m a ra n  sich ab e r ebenfalls 
b e d e u te n d  v e rä n d e rt. D as im  V erlaufe d e r U n te rsu ch u n g en  gefundene D im e- 
th y l te t r a h y d ro k u m a ra n  u n d  D im e th y lk u m a ra n  w u rd en  b isher im  D illö l, ja  
ü b e rh a u p t  in  ä th e risch en  Ö len n ich t nachgew iesen . Obw ohl die M öglichkeit, 
d a ß  d as  3 ,6 -D im e th y lk u m aran  w ährend  d e r  H e rs te llu n g  des D illöles e n ts te h t , 
n ic h t  auszusch ließen  is t , w eis t die hohe u n d  s ich  m it dem  R eifegrad  v e rä n d e rn 
de K o n z e n tra tio n  des 3 ,7 -D im e th y l-4 ,5 ,6 ,9 -te trah y d ro k u m aran s  d a ra u f  h in , 
d a ß  d iese V erb in d u n g  eine bestim m te  p h y sio log ische  Rolle sp ie lt.

*

D ie V erfasser d a n k e n  a n  d ieser Stelle H e rrn  D r. R ezső  K olta (K H V ) fü r  d ie  D illö l
m u s te r ,  F ra u  Z suzsa R é g e n s p e r g e r  (M A K F I) fü r  d ie  g a sch ro m ato g rap h isch en  U n te r 
su c h u n g e n , F ra u  I lo n a  S c h u l t h e ISZ (M A K F I) fü r  d ie  B estim m ung  v o n  phy sik a lisch en  
K o n s ta n te n , H e rrn  Z o ltá n  D é c s y  (M Á K FI) fü r  d ie P M R -S p ek tren  bei 60 M H z u n d  H errn  
D r. L a jo s  R adios (K K K I)  fü r  die S p ek tren  bei 100 M H z sowie deren  D e u tu n g .
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STUDIES OF SOME CHROMIUM (III) COMPLEXES OF 
SCHIFF BASES AND CALCULATION OF EXTRA BAND 
ENERGIES IN OCTAHEDRAL COMPLEXES INVOLVING 

WEAK LIGAND FIELDS
P .  S i n g h * , V . S i n g h , G .  P . P o k h a r i a l  a n d  R .  P. M a h e s h  

(C hem ica l Laboratories, S . S . V. College, H a p u r , M eerut, In d ia )

R ece iv ed  N ovem ber 5, 1975

T he sp e c tra l  and  m ag n e tic  p ro p e rtie s  o f th e  c h ro m iu m (II I )  com plexes o f  N -2 ,5- 
d ih y d ro x y ac e to p h e n ac y lid e n ea n th ra n ilic  acid  (H 3 D A P  A) an d  N -2 ,5 -d ih y d ro x y aceto - 

p h en acy lid en e-p -d im eth y lam in o an ilin e  (H 2 D A P D A ) h a v e  been  s tud ied  and  th e  lig a n d  
field  p a ra m e te rs  ev a luated . T he sp e c tra  of [Cr(Cl5H u 0 .,N )C l(H 20 ) 2], [Cr(C15H n 0 4N )B r 
(H 20 ) 2|,  [C r(C 10H l7N2O2)2Cl H 20 ]  an d  [Cr(CleH 170 2N 2)2 B r H ,0 ]  com plexes in v o lv in g  
w eak lig an d  f ie ld  have  been in te rp re te d  by  c a lcu la tin g  th e  e x tra  b an d  en erg y  o f  th e  
second an d  th i r d  sp in-allow ed tra n s itio n s .

Experim ental

T he tr id e n ta te  Schiff base N -2 ,5 -d ih y d ro x y ace to p h en acy lid en ean th ran ilic  ac id  w as 
p re p a re d  by th e  m e th o d  of Ozha a n d  K a u l  [1] an d  its  75%  e th an o l so lu tion  w as used  
th ro u g h o u t. The b id e n ta te  N -2 ,5 -d ih y d ro x y aceto p h en acy lid en e-p -d im eth y Ia in in o an ilin e  lig an d  
w as p rep ared  by th e  m eth o d  of P a n w a r  an d  S in g t e  [2] a n d  i ts  e thano lic  so lu tion  w as u sed  
fo r  chela tion  [3, 4].

Iso la tio n  of com plexes

(a) D iaqua  c h lo ro (N -2 ,5 -d ih y d ro x y ace to p h en acy lid en ean th ran ilic  acid) c h ro m iu m (II I ) .  
A 75%  e th a n o lic  so lu tion  of H 3 D A P A  w as added  to  a  50%  e th an o lic  so lu tion  o f ch ro -

m iu m (II I )  ch loride in  a  sto ich iom etric  ra tio  and  th e  m ix tu re  re flu x ed  on a w a te r  b a th  fo r  
2.5 h rs ; a fte r  cooling, th e  p rec ip ita te  w as filte red  and  w ash ed  successively  w ith  w a te r, e th a n o l 
a n d  e th e r, and  su b seq u e n tly  dried. T he grey ish -g reen  co lou red  ch e la te  com pound decom poses 
b e tw een  300— 350 °C.

[Cr(C16H n 0 4N )C l(H 20 ) 2]. Calcd. C 45.85; N 3.56; Cl 9 .03 ; Cr 13.25. F o u n d  C 45 .62 ; 
N  3.41; Cl 8.88; Cr 1 3 .0 0 % .

(b) D iaqua m o n o b ro m o  (N -2 ,5 -d ih y d ro x y ace to p h en acy lid en ean th ran ilic  acid) ch ro - 
m iu m (III) .

P rocedure  (a ) w as rep ea ted  re su ltin g  in th e  iso la tion  o f th e  [Cr (C15H n O ,N ) B r (H 20 ) 2] 
com plex . [Cr (C ,r>H n O ,N ) B r (H 20 ) 2], C alcd. C 41.18; N  3 .28; B r 18.30; Cr 11.89; F o u n d  C 
41.00; N 2.18; B r 18.00; Cr 11.62% .

(c) A qua ch lo ro b is(N -2 ,5 -d ih y d ro x y aceto p h en acy lid en e-p -d im eth y lam in o an ilin e) ch ro - 
m iu in (III) .

T he above p ro c ed u re  was em ployed  a n d  a d a rk  b ro w n  p re c ip ita te  o f [Cr (C]6H 170 2N 2)2 
Cl (H 20 ) ]  was o b ta in e d ; th e  chelate  does n o t m elt o r decom pose  u p  to  350 °C.

‘ [Cr (C16H 170 2N 2)2 Cl (H „0)]. Calcd. C 59.60; N 8.69; Cl 5 .51; Cr 8.26. F o u n d  C 59.40; 
N  8.52; Cl 5.38; Cr 8 .1 5 % .

(d) A qua b ro m o b is (N -2 ,5 -d ih y d ro x y ace to p h en acy Iid en e-p -d im eth y lam in o an ilin e) ch ro - 
m iu m (III) .

P rocedure  (a) w as rep ea ted  w ith  th e  d ifference t h a t  th e  sep a ra tio n  of th is  co m p lex  
req u ired  re frig e ratio n  o f  th e  reac tion  m ix tu re  for tw o d ay s.

[Cr (CwH 170 2N 2)2 B r (H 20 )] . C alcd. C 55.81; N 8.14; B r 11.12; Cr 7.55. F o u n d  C 55 .68 ; 
N  7.98; B r 10.95; Cr 7 .3 2 % .

*To w hom  corresp o n d en ce  sho u ld  be addressed .
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Results and discussion

C h ro m iu m (III)  fo rm s 1 : 2 com plexes w ith  N -2 ,5 -d ih y d ro x y ace to p h en - 
acy lid en e -p -d im e th y lam in o an ilin e , w hereas i t  form s 1 : 1 com plexes w ith  
N -2 ,5 -d ih y d ro x y a c e to p h en a c y lid e n e a n th ra n ilic  acid . The com p o sitio n  o f  th e  
c o m p lex es  w as con firm ed  b y  e lem en ta l a n a ly s is  an d  b y  th e  m ea su e re m en t of 
th e i r  m o la r  conduc tances. T h e  m olar co n d u c ta n c e  in  D M F o f a ll th e  com 
p le x e s  is o f  th e  o rder o f 50— 65 m ol-1  O h m - 1  c m 2 w hich m ay  be  a t t r ib u te d  to  
so lv a tio n  [5, 6]. M olecular w eights of th e  com plexes were d e te rm in e d  in  a 
sem im ic ro  ebu lliom eter (G A L L E N K A M P ) u s in g  a th e rm is to r  as sen so r [7]. 
M o lecu la r w eights d e te rm in e d  e x p e rim en ta lly  are  in  ag reem ent w ith  th e  values 
c a lc u la te d  for th e  p ro p o sed  fo rm ulas of th e  com pounds, show ing th e ir  m ono
m eric  ch a ra c te r .

M agnetic and electronic spectral studies

T h e  m agnetic  m o m en ts  (3.74, 3.70, 3 .58  an d  3.71 B.M.) fo r th e  p resen t 
c o m p lex es , viz. [Cr(C15H n 0 4N) C1(H20 ) 2] [Cr (C15H n 0 4N) B r (H 20 ) 2], 
[C r(C leH 170 2N2)2 Cd (H 20 ) ]  and  Cr (CleH 170 2N 2)2 B r (H 20 ) ]  in d ic a te  an 
o c ta h e d ra l  sy m m etry  [8, 9].

I n  o c tah ed ra l ch ro m iu m (III)  co m plexes, (d 3) ,th e  sp in -allow ed  tra n s itio n s  
h a v e  b e e n  given th e  assig n m en ts  4A 2g( F ) - > 4T 2g( t2geg), 4T lg( t2geg) a n d  4T lg( t2geg) 
in  th e  o rd e r of increasin g  energy . B esides th is ,  th e  low est energy  sp in -fo rb id d en  
t r a n s i t io n ,  4A 2g F  —  2E g, h as  also been  o b se rv ed  in  th e  reg ion  [10J 12,500 —  
14 ,000  cm""1. T he sp in -fo rb id d en  tra n s i t io n  in  com plex (a) has b een  observed  
a t  13 ,000 cm -1 , in  (b) a t  13,280 c m -1 , in  (c) a t  13,100 c m -1  a n d  in  (d) a t 
13 ,230  c m “ 1.

T h ree  bands h a v e  b een  observed  in  th e  sp ec tra  of com plexes, w hich  are 
sp e c if ic a lly  due to  sp in -a llow ed  y v  y2 an d  y 3 tra n s itio n s  (Table I ) ; th e  sp littin g  
e n e rg y  10 D ? [11] can  be  d irec tly  d e riv e d  from  th e  f irs t  sp in -a llo w ed  b an d  
(y ±). T h e  energies of y2 a n d  y 3 tra n s itio n s  h a v e  been ev a lu a ted  fro m  th e  s ta n 
d a r d  eq u a tio n s [12], w h ich  inc lude  c o n fig u ra tio n  in te rac tio n s .

T h e  value o f th e  R a c a h  in te re le c tro n ic  repu lsion  p a ra m e te r  В has been 
d e te rm in e d  b y  th re e  d iffe ren t m e th o d s, viz.  b y  f it t in g  (i) th e  second  b an d  
(y2), (ii) th e  th ird  b a n d  (y3) and  (iii) th e  su m  o f th e  second a n d  th i rd  bands 
in  th e  equations u sed  b y  T e o t i a  et al.  [12]. The ex p e rim en ta l a n d  calcu
la te d  values of y2 an d  y 3 energies are  l is te d  in  T able I  to g e th e r  w ith  th e  
d e v ia tio n s  in  these  tra n s it io n s , 6y2 3 =  (ycalod—  yexPti)- I t  ls w o rth w h ile  to  m en
t io n  t h a t  th e  d iffe ren t va lues of В an d  ß  depend  no ticeab ly  on th e  m ethod  
a d o p te d  for th e ir  ca lcu la tio n . I t  is e v id e n t from  T able I t h a t  th e  devia tion
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Table I

Electronic spectral data and calculated values (cm !) o f  the spin-allow ed band in  octahedral c h r o m iu m (I I I )  complexes

Compound

Observed and calculated transition energies of octahedral chrom ium (III) 
complexes 4A2̂ (F)

V % ) В ß

Ligand field 
stabilization 

energy,
LFSE

(keal/mol)4T2j,(F)yj *TIf(F)yl ‘T,»(p)y. ©<5y (cm -')

[Cr(CI5H n 0 4N)Cl(H20 ) 2] 13,000 17,750 25,000 38,280 E xperim en tal 60.8
(a) 10D F itte d 39,200 C alcd.(I) +  920 2.34 730 0.795

10D 23,980 F itte d C alcd .(II) — 1020 4.25 600 0.668
10D, 24,530 38,750 C alcd .(III) ±  470 1.54 668 0.727

[Cr(C15H 110 iN )B r(H 20 ) 2] 13,280 17,400 24,900 37,600 E x p erim en tal 59.7
(b) 10D F itte d 38,756 C alcd.(I) ± 1 1 5 6 2.98 764 0.832

10D 23,640 F itte d C alcd .(II) — 1260 5.33 600 0.653
io d J 24,335 38,165 C alcd .(III) ±  565 1.90 686 0.747

[Cr(CleH 17NjO,)2 Cl • H.,01 13,100 17,000 24,600 38,000 E xperim en tal 58.3
(c) 10D F itte d 38,267 Calcd.(I) +  267 0.70 795 0.866

10D 24,217 F itte d C alcd .(II) —  383 1.58 738 0.804
10D, 24,473 38,127 C alcd .(III) ±  127 0.43 773 0.842

|C r(C 1BH „N ,0.,)„  B r • H ,01 13,230 16,620 23,510 36,330 E x p erim en tal 57.0
(d) 10D F itte d 36,800 Calcd.(I) +  470 1.27 697 0.759

10D 23,030 F itte d C alcd .(II) —  480 2.08 633 0.689
10D 23,280 36,560 C alcd .(III) ±  230 0.81 665 0.724

©  (healed Vexptl) ion
ß  =  В in  com plex/918; L F S E  = ------ 9
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öy2 3 o f  th e  calcu la ted  tra n s i t io n  en e rg y  is o f th e  o rd e r of a few p e r c e n t a n d  is 
a lw ay s  th e  sm allest for th e  th i r d  m e th o d  an d  th e  la rg e s t fo r th e  second  m eth o d . 
T h e re fo re , dy3 and  dy2 o b ta in e d  b y  f i t t in g  y 2 and  y 3 tra n s itio n s  in  th e  f i r s t  an d  
seco n d  m ethods, re sp ec tiv e ly , a re  alw ays re la ted  as őy2 >  őys, w hereas if 
th e  su m  of th e  second and  th i r d  b an d s  is f i t te d  in  m e th o d  I I I ,  th e n  by2 and  
őy3 a re  co rre la ted  b y  |őy2 | =  | <5y3 |. H ence i t  is v e ry  in te re s tin g  to  no te  
t h a t  in  th e  ap p ro x im atio n  o f  th e  ligand  fie ld  th e o ry  o f th re e  p a ra m e te rs , 
“ th e  energ ies of b o th  th e  seco n d  a n d  th ird  b ands are  rep ro d u ced  w ell” .

Infrared studies

I n  th e  IR  sp ec tra  o f c h ro m iu m (III)  com plexes w ith  N -2 ,5 -d ihydroxy- 
a c e to p h e n ac y lid e n e a n th ra n ilic  acid  and  N -2 ,5 -d ih y d ro x y ace to p h en acy lid en e- 
p -d im e th y la m in o a n ilin e , th e  s tre tc h in g  frequencies o f azo m eth in e  (C H 3C =  
=  N — ) and  phenolic O H  g ro u p s  are  low ered, show ing th e re b y  com plex  fo r
m a tio n  th ro u g h  these  g roups. T h is v iew  is fu r th e r  su p p o rte d  b y  th e  ap p ea ran ce  
o f  b a n d s  corresponding  to  M — N  a n d M — 0  bonds. In  th e  com plexes o f  th e  fo rm er 
l ig a n d  b in d in g  of th e  c a rb o x y  g roup  w ith  th e  m e ta l is also con firm ed , w hile 
in  th o s e  o f th e  la t te r  lig an d , m e ta l to  halogen  bonds are also fo rm ed  as revealed  
b y  th e  appearance  o f b an d s  a t  350 an d  375 cm - 1 .

*

T h e  au th o rs  are g ra te fu l to  D r. G. L . Ma h e sw a r i, P rof. K . S in g h  a n d  D r. R . S. ICa pil  
fo r  p ro v id in g  facilities research .
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LIGAND SUBSTITUTION 
AND COMPLEX STRUCTURE, XIV

T H E  P R O T O N -R E S O N A N C E  S P E C T R U M  O F T H E  
B IS -(N -M E T 1 IY L S A L IC Y L A L D IM IN A T 0 )N IC K E L (II) C O M P L E X

J .  Csá sz á r  and T . S zabó

(D epartm ent o f  General and  P hysica l C hem istry, J ó zse f A ttila  U niversity , Szeged) 

R ece iv ed  A pril 29, 1976

A s tu d y  w as m ade on  th e  te m p e ra tu re  dependence  o f th e  P M R  sp ec tru m
of th e  b is-(N -m eth y lsa licy la ld im in a to )n ick e l(II) com plex, a n d  its  b isp y rid in e  a d d u c t.
Conclusions w ere d raw n  w ith  re g a rd  to  th e  species p re sen t in  so lu tion .

The PM R  sp ec tra  o fco m p o u n d s  o f th e ty p e  b is-(N -a lk y lsa licy la ld im in ato )- 
n ick e l(II)  w ere rep o rted  ea rlie r [1], w ith  a d e ta iled  acco u n t of th e  P M R  spec
tru m  of th e  re-hexyl d eriv a tiv e . I t  w as fo u n d  th a t  th e  sp ec tra l s tru c tu re s  of 
th ese  com pounds are p rac tica lly  th e  sam e as th o se  o f th e  lig an d  a n d  o f  th e  
d iam ag n etic  Z n (II)  com plex. T h e  effects o f  v a ria tio n s  in  c o n c e n tra tio n  an d  
te m p e ra tu re  could  be observed  p rim arily  in  th e  signals o f  th e  a -m e th y le n e  
an d  CH =  N p ro to n s . I t  was assum ed  th a t  a t  h igher te m p e ra tu re  th e re  is a 
possib ility  fo r th e  fo rm atio n  o f  a p a ra m a g n e tic , te tra h e d ra l m o lecu la r species.

As i t  is a lread y  described  [2 ,3], th e  m e th y l d e riv a tiv e  ex h ib its  d iffe ren t 
b eh av io u r in  ev e ry  respect co m p ared  to  th e  o th e r  m em bers o f th e  series; 
th is  refers to  th e  PM R  sp ec tru m  to o . In  th e  p re se n t p ap e r we re p o rt th e  P M R  
sp ec tru m  o f th e  f irs t  m em ber o f  th e  series (in th e  follow ing: Ni[SAM A].,).

Experim ental

T he com plex w as p rep ared  in  th e  usua l m an n e r b y  th e  reac tio n  of b is-(sa licy la lde- 
h y d a to )n ick e l(II)  • 2 H 20  an d  m eth y lam in e  in  ch lo ro fo rm  so lu tion ; th e  p ro d u c t w as p u rified  
by  re c ry s ta lliza tio n  from  acetone. T h e  zinc com plex  w as iso la ted  as described  by  Ch a b l e s  [4].

PM R  sp e c tra  w ere recorded  in  CS2, C2C14 a n d  CDC13 so lu tions w ith  TM S as in te rn a l 
s ta n d a rd , using a J E O L  C— 60 H I. 60 M H z in s tru m e n t.*

Results

T he sp e c tra  of th e  com plex  N i[SA M A ]2 an d  of th e  d iam ag n e tic  zinc 
com plex , reg a rd ed  as reference cu rv e , are p re sen ted  in  F ig . 1. I t  c an  be seen 
th a t  th e  sp ec tru m  is com plete ly  d iffe ren t from  th a t  of th e  zinc co m p lex  an d  
from  those  of th e  re-alkyl d e riv a tiv e s  in  general [1]. In  CDC13 so lu tion  d C H =

* T he a u th o rs  w ish to  th a n k  M r. G y. D om bi fo r reco rd ing  th e  sp ec tra .
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=  N  =  8.01 ppm  in  th e  sp e c tru m  of th e  free  S c h iff’s base  [5]. In  th e  zinc 
c o m p le x  <5 C H = N  is s h if te d  to  8.33 ppm . T h e  sh a rp  h a n d  proves th a t  coup ling  
w ith  th e  arom atic  p ro to n s  c a n  be neglected . F o r  th e  n ick e l(II)  com plex  th e  
e x te n t  o f  spin—spin  sp li t t in g  c a n n o t be e s ta b lish e d , th e  lines are ap p rec iab ly  
b ro a d e n e d  because o f  th e  decrease  of th e  re la x a tio n  tim e  an d  also because  
o f  th e  presence of p a ra m a g n e tic  species. T he l a t t e r  m a y  p lay  a v e ry  im p o r ta n t 
ro le , fo r  even in  an  in d if fe re n t so lven t (in c o n tra s t  w ith  th e  o th e r m em b ers  of

8 7 6 A 3 2
i(ppm )

F ig .  1. P M R  spectra  o f (a ) N i[S A M A ], in  CS2, a n d  (b) th e  d iam ag n etic  Zn2[SAM A]4 in  CDC13

th e  hom ologous series) N i[SA M A ]2 is p re se n t in  a p a ram ag n e tic  associa ted  
fo rm  to  an  e x te n t o f  ca . 3 0 %  [6, 7]. I t  m u s t be n o te d  th a t  th e  P M R  sp ec tru m  
d iffe rs  from  so lv en t to  so lv en t.

F igure 2 d ep ic ts  th e  tem p e ra tu re  d ep en d en ces o f th e  sh ifts o f d iffe ren t 
p ro to n  signals. W h ile  th e  a ro m atic  p ro to n  s ig n a l ap p ears  in  p ra c tic a lly  th e  
sa m e  place, th e  o th e r  tw o  signals sh ift in  a v e ry  ch a rac te ris tic  m a n n e r. This 
is p a rtic u la r ly  th e  case fo r  th e  m ethy l signal, w h ich  ex h ib its  a ju m p  a t  ca . 80°. 
I t  is assum ed th a t  th e  f i r s t  section  is th e  ra n g e  o f  b reak d o w n  of th e  associates, 
w h ile  th e  second in d ic a te s  th e  fo rm atio n  o f  a new , p a ra m a g n e tic  species, 
p ro b a b ly  a te tra h e d ra l  m o lecu la r species. T h is a ssu m p tio n  is s tro n g ly  suggested  
b y  th e  fac t th a t ,  w ith  th e  elevation  of th e  te m p e ra tu re , th e  e q u ilib riu m  in 
so lu tio n  for th e  c o m p o u n d s  of th e  ty p e  b is(N -iso -a lky l-sa licy la ld im inato )- 
n ic k e l(II)  is sh ifted  to w a rd s  th e  te tra h e d ra l fo rm  [8].

In  th e  c o n c e n tra tio n  in te rv a l 1 .7 х Ю - 2 — 5 . 5 x l 0 ~ 2 m ole - d m “ 3 in  
C2C14 solution , th e  d v a lu e s  are p rac tica lly  u n ch an g ed . H ow ever, th is  in  no
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w ay  m eans t h a t  d ilu tion  shou ld  n o t lead  to  changes p rim arily  in  th e  N — C H 3 
an d  C H = N  signals as a re su lt o f th e  b reak d o w n  of th e  a sso c ia tes . U n fo r
tu n a te ly , th e  so lub ility  co n d itio n s a n d  th e  sen s itiv ity  o f th e  in s tru m e n t  do 
n o t p e rm it an  in v es tig a tio n  in  a c o n c e n tra tio n  in te rv a l so w ide t h a t  th e  b re a k 
dow n o r fo rm a tio n  of th e  assoc ia tes w ould  be  expected  to  show  u p .

In  c o o rd in a tin g  so lven ts a d d u c ts  are  fo rm ed ; fo r exam ple , in  p y rid in e  
a s ix -co o rd in a ted  b is-p y rid in e  a d d u c t is fo rm ed , an d  th is  can  be iso la te d  too  
[9, 10]. I t s  sp ec tru m  is ty p ic a l o f  p a ra m a g n e tic  n ickel(II) com pounds.

F ig . 2. T em p era tu re  dependence o f th e  chem ical sh if t in  a C2C1, so lu tion  o f  N i[SA M A]„
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Fig. 3. T em p era tu re  dependence o f th e  chem ica l sh if t in a C2C14 so lu tion  of N i[SA M A ]„ • p y 2.
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A t room  te m p e ra tu re  th e  C H = N  p ro to n  s ig n a l lies a t  a round  73 p p m , 
th e  a ro m a tic  p ro to n  s ig n a l a t  2 0 —30 p p m , th e  p y rid in e  p ro to n  sig n a l a t
6 — 13 p p m , and  th e  m e th y l  p ro to n  signal a t  2 — 3 p p m . O n th e  e levation  o f  th e  
te m p e ra tu re , th e  sp e c tru m  undergoes a co n sid e rab le  tra n sfo rm a tio n  (F ig . 3). 
T h e  azo m eth y n e  p ro to n  s ig n a l shifts from  73 p p m  to  ca. 20 ppm . T he signals 
o f th e  p y rid in e  a , ß  a n d  у  p ro to n s  can also be  fo u n d ; th e  а -p ro ton  signal sh ifts  
to  th e  g rea te s t e x te n t. T h e  у -p ro to n  signal sca rce ly  v a rie s  w ith  te m p e ra tu re .

I t  is assum ed t h a t  th e  observed change can  be  in te rp re te d  b y  a v e ry  
co m p lica ted  eq u ilib riu m  sy s te m  conta in ing  a t  le a s t  fo u r d ifferen t species.

N i[SA M A ]2 • Py 2 ^  N i[SA M A ]2 • Py  +  Py  

N i[SA M A ]2 • p y  ^  N i [SAMA]2 +  p y

I t  is obvious t h a t  as th e  tem p era tu re  rises th e  equ ilib ria  sh ift in  th e  d i
re c tio n  o f th e  u p p er a rro w s, i.e. decom position  occurs. T his corresponds to  th e  
fa c t th a t ,  in  ad d itio n  to  th e  norm al p a ra m a g n e tic  bis an d  m onopyrid ine  a d 
d u c ts , th e  presence o f d iam ag n e tic  square  p la n a r  m olecules and  p a ram ag n e tic  
asso c ia tes  can n o t be ex c lu d e d  either. F u r th e r ,  h o w ever, above a c e r ta in  te m 
p e ra tu re  (80°) th e  p o ss ib ility  exists for s tro n g ly  p a ra m a g n e tic  te tra h e d ra l m o le
cules to  be form ed to o .

In  o rder to  decide  th e  ex ten ts  to  w hich  th e  above  species are  p re se n t in  
th e  sy s tem  a t v a rio u s te m p e ra tu re s , a d d itio n a l d e ta iled  in v estiga tions shou ld  
be ca rried  ou t.
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MECHANISTIC STUDY OF THE ISOMERIZATION OF 
/i-BUTENE ON ACID CATALYSTS, III

E N E R G Y  SC H EM E  O F  T H E  T R A N S F O R M A T IO N S  

D . K a l l ó , E . D e t r e k ő y  a n d  G . S c h a y

(C entral Research In s titu te  fo r  Chem istry o f  the H u n g a r ia n  A cadem y o f  Sciences, B u d a p es t)

R eceived  M ay 24, 1976

O n d e riv a tiv e s  rep re sen tin g  th e  th re e  b asic  ty p es  o f th e  active  s ites  o f  zeolite 
c a ta ly s ts , on  H -, Mg- an d  N i-c lin o p tilo lite s , th e  in itia l ra te s  o f th e  co n versions , 
s ta r tin g  fro m  all th ree  n -bu tene  isom ers, h a v e  been  de te rm in ed  a t  d iffe re n t p ressu res  
a n d  te m p e ra tu re s , an d  have  b een  e v a lu a te d  on  th e  basis o f k in e tic  re la tio n sh ip s  
deduced  earlie r. F ro m  th e  te m p e ra tu re  d ep en d en ce  o f th e  p a ram e te rs , c h a ra c te ris tic  
o f  th e  single reac tio n s, th e  energy  schem e o f  conversion  has been d e te rm in e d . This 
su p p o rted  on  th e  one h a n d  th e  en erg y  schem e o f c a ta ly tic  conversions, p re su m ed  
earlie r on  th eo re tic a l hasis, an d  w as used  o n  th e  o th e r  h an d  to  o b ta in  m o re  precise 
in fo rm a tio n  on th e  m echanism  of th e  iso m eriza tio n  reac tio n s w ith  th e  a id  o f  th is  new 
k inetic  m eth o d . I t  has been  show n th a t  n -b u te n e  isom erization  proceeds o n  H -clin- 
op tilo lite  th ro u g h  a com m on su rface  in te rm e d ia te  while in th e  cases o f M g- a n d  Ni- 
c linop tilo litcs th ro u g h  several su rface  in te rm e d ia te s , w hich are  n o t in  e q u ilib riu m  
w ith  one a n o th e r . On N i-c linop tilo lite , th e  ra te -d e te rm in in g  surface  tr ia n g le  re ac tio n  
proceeds th ro u g h  isom ers in a d so rp tio n  e q u ilib riu m . T herefore, d iffe re n t re ac tio n  
m echan ism s m u st be  tak e n  in to  a c c o u n t o n  th e  basic  form s of active  s ites .

In  th e  p rev ious com m unications o f th e  series [I , 2], th e  gen era l p ro b lem s 
o f th e  k inetics o f c a ta ly tic  conversion , p ro ceed in g  betw een  th e  th re e  co m p o 
n e n ts , have been  discussed. In  th e  p re se n t p a p e r , ex p erim en ta l re su lts  o b ta in e d  
on th e  H -, Mg- (a lkali e a r th  m etal) an d  N i- (tra n s itio n  m etal) d e r iv a tiv e s  of 
c linop tilo lite  w ill be e v a lu a ted  on th e  basis o f  th e  k in e tic  re la tio n sh ip s  d educed . 
T he o b jec t is to  o b ta in  th e reb y  in fo rm a tio n , w h e th e r th e  m echan ism  o f  iso
m eriza tio n  is id e n tic a l on th e  d e riv a tiv e s , o r n o t. I f  only th e ir  d iffe ren t a c id ity  
w ere to  p lay  a ro le , th e  reaction  m ech an ism  w ould  th e n  be th e  sam e fo r  a ll th e  
th ree  basic  form s o f  th e  ac tiv e  species w ith  d iffe ren t p a ra m e te r  v a lu es , w hereas 
i f  th e  reac tio n  m echan ism  itse lf  is d iffe ren t, th e  efficiency o f th e  c en te rs  c a n n o t 
be co rre la ted  w ith  ac id ity  alone.

T he m ost w idely  used  heterogeneous c a ta ly s ts  o f acid  c h a ra c te r  a re  th e

—О o -
zeolites. In  th e ir  c ry s ta l la ttic e , th e  Si te tra h e d ro n s  are s u b s t i tu te d

in  a la rg e r or sm alle r n u m b er by

О o —
\  /

AI
/  \

-О О -

te tra h e d ro n s  w ith  a lu m in iu m
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c e n te r , a n d  th e  neg a tiv e  excess charge  th u s  p ro d u c e d  is com pensated  b y  som e 
c a tio n  [З а ]. D epend ing  on th e  n a tu re  of th e  ch a rg e  com pensating  c a tio n , 
d if fe re n t fo rm s of zeolites, i.e. d iffe ren t ty p e s  o f  th e  ca ta ly tica lly  ac tiv e  fo r
m a tio n s  c a n  be p roduced . I f  th is  is a p ro to n , w h ic h  is as a m a tte r  o f course 
d isso c iab le , B rö n sted  ac id  sites are  form ed. A cco rd in g ly , th e  H -form  o f zeo lites 
co m p rise s  th is  basic ty p e  o f  c a ta ly tic a lly  ac tiv e  fo rm a tio n .

F o rm s  n eu tra lized  w ith  m o n o v alen t a lk a li m e ta l ions are p ra c tic a lly  
in a c tiv e .

C o n tra ry  to  th is , b iv a le n t a lkali e a r th  m e ta l (and  tr iv a le n t e a r th  
m e ta l)  fo rm s  are  ac tiv e , w h ich  is also decisive ly  a t t r ib u te d  to  th e  fo rm a tio n  
o f  a c id  s ite s  (e.g. in  [4]), in v o lv in g  th e  d isso c ia tio n  of th e  h y d ra te  w a te r  in  
th e  s t ro n g  e lec tro s ta tic  fie ld  o f  th e  m u ltiv a le n t c a tio n , to  p roduce  a fo rm  
c h a ra c te r is t ic  of B rö n sted  ac id  species:

[M eOH] + ........... H +

O O O  О
\  /  \  /  /

A l-  Si A l -
/  \  /  \  /  4

О 00 0 0 0

[M eO H ]

\  / °
A l-

O H  О
/  /

Si Al
\  /  \

0 0 о

H o w ev e r, from  th e  c a ta ly tic a l p o in t o f  v iew , th is  is n o t e q u iv a len t to  a 
s im p le  B rö n s te d  cen te r , since i t  is affected  b y  th e  m u ltiv a len t ca tio n . T h is 
l a t t e r  e ffe c t will be p a r t ic u la r ly  conspicuous, i f  th e  acid O H  group fo rm ed  b y  
th e  d isso c ia tio n  o f th e  h y d ra te  w a te r c a n n o t b e  d e tec ted  in  sp ite  o f a co n sid 
e ra b le  c a ta ly tic  a c tiv ity .

T h e  p ic tu re  o f th e  a c tiv e  cen te r is fu r th e r  m od ified , if  a b iv a le n t t r a n s i 
t io n  m e ta l  ion  is a tta c h e d  to  th e  n eg a tiv e ly  c h a rg e d  site  o f th e  zeolite  la tt ic e :  
h e re  a lre a d y  th e  in te ra c tio n  w ith  th e  o u te rm o s t e lectrons of th e  in c o rp o ra t
ed  m e ta l  ion  m ay  p lay  a ro le  in  th e  course o f  c a ta ly tic  tra n sfo rm a tio n .

A ll th is  resu lts  in  t h a t  th e  c a ta ly s t— s u b s tra te  in te ra c tio n  changes in  
th e  co u rse  of a g iven conversion , w hich m a y  lead  to  a change o f th e  in te r 
m e d ia te  p ro d u c t, an d  th u s  to  th e  change o f th e  re a c tio n  p a th .

n -B u te n e  iso m eriza tio n  p ro v ed  to  be  a n  ad v an tag eo u s  te s t  re a c tio n  for 
th e  in v e s tig a tio n  o f th e  effic iency  o f acid c a ta ly s ts . I n  ad d itio n  to  th e  d e te rm i
n a t io n  o f  th e  a c tiv ity , i.e. th e  d e te rm in a tio n  o f  th e  reac tio n  ra te  u n d e r  c e r ta in  
c o n d itio n s , i t  m akes possib le  also th e  d e te rm in a tio n  of a q u a lita tiv e  c h a ra c 
te r is t ic ,  se lec tiv ity , since a n y  of th e  isom ers tra n sfo rm s  s im u ltan eo u sly  in to  
th e  o th e r  tw o isom ers.

W ith  th e  ex cep tio n  o f  a few p u b lic a tio n s  (e.g. [5]), conclusions on  th e  
k in d  o f  th e  ac tive  sites w ere  d raw n  d irec tly  fro m  th e  phenom enological a c t i
v a t io n  energy  and  from  se le c tiv ity , and  so m e tim es  even th e ir  m ode o f  a c tio n  
w as in te rp re te d  on th is  basis  [6— 10].
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I t  can  be seen from  th e  re la tionsh ips d ed u ced  in  com m unications I  an d  
I I  of o u r p re se n t series o f p ap ers  th a t  th e  r a te  c o n s ta n ts  ch a rac te ris tic  o f  th e  
single steps c a n n o t be d e te rm in ed  d irec tly  fro m  e x p e rim en ta l d a ta  m easu red  
or from  em pirica l ra te  c o n s ta n ts , as has been  p u b lish e d  in  [11, 12].

1. Experimental

(a )  Selection o f  the catalyst

F o r th e  s tu d y  of v a rio u s ion exchanges, c lin o p tilo lite  w as chosen am ong th e  zeo lites 
fo r o u r ex p erim en ts , because:

a) i t  h as a  re la tiv e ly  h ig h  s ta b ili ty  because o f  i ts  h ig h  silicon c o n ten t (Si : A l ra tio  
being 5 : 1), w hich  is re flec ted  also (1) in  its  th e rm a l s ta b il i ty  ( th e  la ttic e  s tru c tu re  o f  i ts  
de-cation ized  fo rm  collapses on ly  a t  ab o u t 700 °C, (2) in  i ts  “ chem ical”  s ta b ili ty , w h ich  
m eans th a t  d ep end ing  on th e  e x te n t o f N H J ion ex ch an g e , a f te r  th e  com plete  th e rm a l rem o v a l 
o f am m onia , i t  can  be  tran s fo rm e d  even  to  90%  to  th e  H -fo rm  w ith o u t a d am ag e  to  i ts  
s tru c tu re , and  w a te r  ad so rb ed  below  100 °C on th e  H -fo rm  does n e ith e r dam age th e  a c tiv e  
sites [13, 14]; ---- q  q

b) owing sim ilarly  to  i ts  h igh  silicon c o n te n t, th e
/

Л1

О J

g ro u p s are

a rran g ed  a t  a g re a te r  d is tan ce  from  one an o th er, w h e reb y  i t  h a s  a stro n g er acid c h a ra c te r , 
so th a t  its  in te rac tio n  w ith  re la tiv e ly  w eakly  basic h y d ro c a rb o n s , e.g. w ith  olefins, is s tro n g e r, 
an d  its  c a ta ly tic  a c tiv ity  m ore p ro n u n ced  [15];

c) c o n tra ry  to  o th e r  m o lecu la r sieves, in  its  a lk a li e a r th  m eta l de riv a tiv es th e  acid  
h y d ro x y l g roups m en tio n ed  ab o v e, w hich  w ould m od ify  th e  c a ta ly t ic  action  of th e  h y d ra te d  
b iv a le n t ca tion , a re  n o t fo rm ed  a t  all [16]. T he M g -d e riv a tiv e  w as chosen because th is  h a s  
th e  h ig h est th e rm a l s ta b ility .

(b )  P reparation  o f  the catalysts

T he H u n g a rian  ro ck  used  fo r ou r in v estig a tio n s c o n ta in e d  besides 60%  c lin o p tilo lite  
also fe ldspar, q u a rtz , tr id y m ite  [17], b u t  these  p ro v ed  to  be  com p le te ly  inert b o th  c a ta ly t-  
ically  an d  from  th e  asp ec t o f a d so rp tio n  or ion ex ch an g e . T h is  can  be seen by c o m p arin g  
in  T able  I th e  v a lu es o f  H 20  +  N H 3 c o n ten t, N I IJ  ion ex ch an g e  c ap a c ity  and  of th e  c a ta ly t ic  
a c tiv ity  in  1 -bu tene  iso m erization  ( la s t colum n) of th e  H -c lin o p tilo lite  o f p rac tica lly  100%  
p u r ity  (p rep ared  from  th e  p u re  m in era l occurring  in  H orseshoe  D am , A rizona, U SA ) a n d  of 
th e  H u n g a rian  c lin o p tilo lite -co n ta in in g  rock ; th e  ra tio  o f  th e  tra n s fo rm a tio n  ra te s  o f 1-b u ten e  
in to  cis- an d  trans-2-b u ten es, i.e. th e  se lec tiv ity  o f  iso m eriza tio n , is th e  sam e fo r th e  tw o 
sam ples, in d ica tin g  th e  id e n tity  o f  th e ir  active  sites.

F ro m  th e  0.5 1 m m  sieve frac tio n  of th e  ro ck , K -c lin o p tilo lite  has been  p re p a re d
by  ion-exchange; in th e  ac tiv e  p ositions th is was a lre ad y  free  o f  a lkali e a r th  m eta l c a tio n s.

T he N H 4-fo rm  h as been  o b ta in e d  from  K -c lin o p tilo lite  b y  90%  ion exchange, w hich  
was k e p t in th e  re a c to r  a t  450 °C a n d  10 “3 T o rr fo r 1 h o u r, a n d  gave by  the  d eso rp tio n  of 
am m onia  the  H -form .

In  th e  M g-form , o b ta in ed  from  K -clinop tilo lite  b y  ion ex ch an g e , 75%  of th e  e x ch a n g e 
able c a tio n  p ositions w ere occupied  by  M g2+ ions. B efore  th e  ex p erim en ts , the  sam p le  w as 
tre a te d  a t  450 °C an d  10 “ 3 T o rr  fo r 1 hour in th e  re ac to r .

T he tra n s it io n  m eta l d e riv a tiv e , th e  N i-d e riv a tiv e , w as o b ta in ed  from  th e  K -fo rm  
by 25%  ion exchange. T his w as a c tiv a te d  before th e  e x p e rim e n ts  by  a tre a tm e n t a t  200 °C 
and  10 -3 T orr fo r 1 h o u r in  th e  re ac to r.

T he c a ta ly tic  ac tio n  o f p o tass iu m  rem ain ing  in ac tiv e  p o sitio n s is ra th e r  su b o rd in a te . 
A t th e  tem p e ra tu re  o f isom erization  experim en ts  w ith  th e  H -, Mg- a n d  N i-form s, th e  a c t iv ity  
o f th e  К -form  is u n d e te c ta b le , an d  if  th e  isom erization  ra te s  d e te rm in e d  on it  a t 200— 300 °C 
are  e x tra p o la te d  to th e  te m p e ra tu re  o f 70— 160 °C of th e  k in e tic  series m easu rem en ts, v a lu es 
low er by 9— 6 o rders o f m ag n itu d e  th a n  those m easu red  on th e  a c tiv e  d e riva tives are o b ta in e d .
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Table I

Comparative test o f  U S A  clinoptilolite a n d  H ungarian clinoptilolite

Hung. USA
(A)
(B)

clinoptilolite

(A) (B)

L oss o n  ig n itio n  of th e  N H J-fo rm  (N H 3 -f-
+  H 20 )  w eigh t/% 10.33 18.0 0.57

N H J- io n  exchange capacity  m eq./g 1.4 2.28
(2.4)*

0.61

1 -b u ten e  isom erization  ra te  (H -form , 200°C, 
100 T o rr , m ole s -1 )
in to  cis-2-bu tene, r 12 3.5 10-« 6.2 10 -« 0.57
in to  íra n s -2-butene, r13 5.6 10- 6 10.2 lO “ 6 0.55

se lec tiv ity , r 12/ r 33 0.62 0.61 1.0
specific  surface , m 2/g

b y  K r  adso rp tio n 60 90 0.67
w ith  H g-porosim eter 15.2 17.7 0.86

*T h eo re tica l v a lu e  fo r 100%  c lin o p tilo lite , ca lcu la ted  w ith  B e r g e r ’s e m p irica l fo r
m u la  [16]

2. R esults

T h e  cond itions o f th e  ex p e rim e n ts , ca rr ied  out in  a closed  c ircu la tio n  
s y s te m , h a v e  been given in  sec tion  4 ( b )  o f our p reced ing  p a p e r  [2]. As 
d e sc r ib e d  th e re , th e  p a ra m e te rs  o f th e  re la tio n sh ip  betw een  th e  in it ia l  p a r tia l 
p re s s u re  o f th e  i- th  isom er, p °  an d  th e  in it ia l  ra te  of its  t r a n s fo rm a tio n  in to  
j  iso m e r , r°j,

1
О

+  Ь;
Pi

1
О

Pi
b, ( 1 )

ca n  b e  d e te rm in ed  on a g iven  c a ta ly s t  a t  a g iven  te m p e ra tu re . L e t us rem in d  
t h a t  ex p ressio n  (1) is th e  lin earized  fo rm  o f th e  general ra te  e q u a tio n

‘ J
_  a ijPi 

1 +  btp °
1 lm ij ( 2)

o f  w h ic h  i t  has been  show n in  [2] t h a t  i t  is v a lid  for v a rio u s, h ig h ly  d iffe ren t 
t r a n s fo rm a tio n  schem es.

O bv iously , th e  p a ra m e te rs  d e te rm in e d  on th e  basis o f E q s (1) an d  (2) 
c a n  b e  in te rp re te d  on ly  in  acco rdance  w ith  k in e tic  con sid era tio n  ex p o u n d ed  in
[2 ], i f  th e  ra te  va lues m easu red  are n o t a ffec ted  by  m ass tra n s fe r  w ith in  th e  
c a ta ly s t  partic les . I t  has b een  show n t h a t  th e  diffusion m ass tra n s fe r  to
0 .1  p m  clinop tilo lite  c ry s ta ls , em b ed d ed  in  rock  partic les o f 0 .5— 1 m m  grain 
size , is n o t  ra te  d e term in ing . O n th e  o th e r  h a n d , in accordance w ith  th e  m ea
su re d  d iffusion  c o n s ta n t o f a b o u t 1 0 ~ 13 c m 2 s _1 [18], d iffusion  m ass tra n s fe r  
w ith in  th e  c ry s ta llite , i.e. in  th e  po re  sy s te m  of c linop tilo lite , is so slow  th a t
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T ah ir  H a
Param eters obtained on H-clinoptilolite by  the p lo tting  o f  experim ental data according to Eq. (1 )  

(1цj : in  IIP  m ole~ l gcat s; m у: in  107 m o le~ l gcal s Torr; 6,: in  1 0 ~ -  T o r r~ ')

100°C 130°C 160°C

^12 0.75 0.40 0.22

m 12 0.75 0.53 0.42

^ 1г/ т 12 = 1.00 0.76 0.52

b t3 0.48 0.22 0.10

m 13 0.50 0.29 0.19

-c"IInÍn-O 0.96 0.76 0.53

&23 0.55 0.25 0.15

m rj 0.40 0.25 0.19

^2з/т 23 =  2̂ 1.38 1.00 0.79

b.n 2.40 1.20 0.50

m»l 1.85 1.20 0.75
b,Jm .n  =  ii. 1.30 1.00 0.67

3̂1 2.70 1.20 0.68

m 31 4.20 2.00 1.00

63i/m:n =  b; 0.64 0.60 0.68

3̂2 0.85 0.50 0.36

m 32 1.50 0.84 0.50

^32/m32 =  b. 0.57 0.60 0.72

m2l/ m 12 ( =  ^ | 2> 2.5 (4.22) 2.3 (3.74) 1.8 (2.97)

т 3г/т 23 ( =  -^23 3.8 (2.10) 3.4 (1.91) 2.6 (1.78)

т 1 з 1 т 31 K 31) 0.12 (0.113) 0.14 (0.151) 0.19 (0.188)

77 mji/m jj =  1 1.1 1.1 0.9

th e  conversion  p roceeding  a t th e  e x te rn a l  su rface  of th e  c lin o p tilo lite  c ry s ta l
lite s  is th e  only  d e tec tab le  tra n s fo rm a tio n .

On a given c a ta ly s t, s ta r tin g  from  a g iven  isom er, a t  a g iven  te m p e ra tu re  
an d  p ressu re , th e  in itia l ra te  o f co n v ersio n  in to  th e  tw o o th e r isom ers has been 
o b ta in e d  in  th e  follow ing w ay: a t  3 —5 su b se q u e n t values of t m c /m F (w here 
t is th e  tim e  o f ex p e rim en t, m c th e  m ass o f  th e  c a ta ly s t and  m F th e  m ass of 
n -b u te n e  in  th e  closed c ircu la tion  sy s tem ), th e  com position  o f th e  n -b u ten e  
m ix tu re  in  th e  gas phase has been d e te rm in e d  up  to  a conversion o f  m ax im u m  
1 0 —15% , and  th e  in itia l section  o f  th e  conversion  curve in  q u e s tio n , w hich 
can  be considered  as linear, has b een  p lo tte d  w ith  these  values. T h e  slopes of 
th e se  curves gave th e  ra te  values so u g h t.

P erfo rm ing  th e  above m e a su re m e n ts  a t  4 —-5 d ifferen t p re ssu re s , th e
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Tabic l ib
K in e tic  constants calculated fr o m  data in  Table I l a  (fe_,-: in  10 5 mole g d t  s 1: k [: in  10 1 

mole geeit s - 1 T o rr~ 1: k * 1: desorption pro b a b ility )

100°C 130°C 160°C

1/ 1*12 =  k -2 1.33 2.50 4.5

1/^13 =  fc-3 2.10 4.55 10.0

1/^23 =  k —3 1.82 4.00 6.7

l/b ,i  =  k - i 0.42 0.83 2.00

31 =  k -1 0.37 0.83 1.47

V^32 — ^ -2 1.18 2.00 2.80

k - 1 (k*  i) 0.39 (0.11) 0.87 (0.12) 1.66 (0.13)

k _  2 (fci,) 1.26 (0.35) 2.18 (0.30) 3.47 (0.26)

к - з  (k* 3) 1.95 (0.54) 4.27 (0.58) 8.13 (0.61)

1/(га1Й )  =  fei 3.8 6.3 9.2

l / ( m i3fe—з) =  fel 3.7 6.0 8.6

l l ( m 23k * 3) =  к . 4.6 6.9 8.6

l/(m ,ife íi)  =  fe2 4.9 7.0 10.3

l /(m 31fcíi) =  k 3 2.15 4.2 7.7

l /(m 32fe?2) =  k 3 1.90 4.0 7.7

V alues o f th e  e n e rg y  s te p s  in  kcal/m ole
E *  =  4.6 ±  0.2 E * t =  7.8 ±  0.3
E *  =  3.9 ±  0.2 E± 2 =  5.6 ±  0.4
E *  =  7.0 ±  0.2 E ± 3 =  7.6 ±  0.3

p a irs  o f  values p °— r°j a n d  p °— bel ongi ng to g e th e r  have been p lo tte d  ac 
co rd in g  to  (1). E a c h  o f  th ese  d iagram s re p re se n te d  th u s  a b o u t 15— 20 
v a lu es  (tm clm p )— c o n v e rs io n  m easured  d ire c tly .

Ow ing to  th e  w e ll-k n o w n  fac t th a t  th e  a c c u ra c y  o f k inetic  m easu rem en ts  
is s tro n g ly  lim ited , th e  d raw in g  of th e  lines acco rd in g  to  (1) in  th e  d iag ram s 
c a n n o t be done u n a m b ig u o u s ly  (see Fig. 2 in  [2]), th e re fo re , in  th e  se lec tion  of 
th e  m o st p robab le  m Iy- a n d  6,y values th e  fo llow ing  req u irem en ts  w ere also 
ta k e n  in to  co n s id e ra tio n :

a) in  th e  tra n s fo rm a tio n  of an  iso m er in to  th e  o th e r tw o isom ers, th e  
c rite r io n  b^jnijj =  bj/Jnijk =  b, m ust be fu lfilled , w h a t can  be easily  seen 
fro m  (1).

b) bjj and rtiij v a lu e s  determ ined  a t  v a r io u s  te m p era tu res  m u st lie in  
A rrh e n iu s’ p lo ttin g  a lo n g  each  of a s tra ig h t lin e ; i t  can  be show n n am ely  th a t  
ev en  if  th e ir  exp ressions co n ta in  from  case to  case  sev era l ex p o n en tia l m em bers 
(see T ables I I I  a n d  IV  in  [2]), th e  B o ltz m a n n  fac to rs  are such th a t  o n ly  a 
neg lig ib ly  sm all e rro r  is co m m itted  b y  re p la c in g  th e m  w ith  a single ex p o n e n 
t ia l  expression.
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Table H I

Parameters obtained on M g-clinoptilolite by the p lo tting  o f  experim ental data according to Eq. (1 )  
(bjj: in  1 0 й m ole~l gcal s; т ц : in  101 m o le~ l gcat s Torr; 6,-; 10 ~ 2 T o r r~ l)

1 0 0 °C 1 30°C 1 6 0 °C

b i2 3.0 0.95 0.35

m l2 1.8 1.9 1.9

bu lm 12 =  b l 1.66 0.50 0.185

b i 3 3.0 0.95 0.30

"» 1 3 1.8 1.9 1.6

Ь 1 з /" » 1 3  =  b l 1.66 0.50 0.19

b 22 4.2 1.66 0.8

"» 2 3 4.6 2.2 1.2

^ 2 з / т 23 =  ^ 2 0.91 0.75 0.67

b 2l 10.0 3.7 1.70

"»21 11 5.25 2.9
6 2 i / m 2 ,  =  6 2 0.91 0.71 0.59

b a r 19 7.0 2.80

"» 3 1 42 13.5 5.2

<> 3l/"*31  =  b 3 0.45 0.52 0.54

6 3 2 11 4.2 1.85

"» 3 2 22 8.1 3.55

^ 32/ " » 3 2  =  b 3 0.50 0.52 0.52

" » 2 l / " » 1 2  ( =  K u ) 6.1 (4.22) 2.8 (3.47) 1.5 (2.97)

т з г / т 2з  ( =  - ^ 23) 4.8 (2.10) 3.7 (1.91) 3.0 (1.78)

" » 1з / " » з 1 ( =  K :n) 0.043 (0.113) 0.14 (0.151) 0.31 (0.188)

U m p / m i j  ( =  I) 1.3 1.4 1.4

T h e p a ra m e te rs  of th e  s tra ig h t  lines, m eeting  as fa r as possib le  th e  re 
q u ire m e n ts  o f (a) am i (b) an d  com ply ing  also w ith  ex p e rim en ta l d a ta  acco rd 
in g  to  (1), are sum m arized  for H -c lin o p tilo lite  in  T ab le  I la ,  fo r M g-clinop tilo 
lite  in  T ab le  I I I ,  an d  for N i-c lin o p tilo lite  in  T ab le  IV  (in w hich 1 =  1 -bu tene, 
2 ci.s-2-butene, 3 ~  trans-2 -b u ten e). I t  has been checked as c o n tro l, how 
close th e  ra tio s  o b ta in e d  from  th e  fo rw ard  and b ack w ard  in i t ia l  con
v e rsio n  ra te s , are  ly ing  to  th e  K t,• th e rm o d y n am ica l equilibrium  c o n s ta n ts , 
d e te rm in ed  ex p erim en ta lly  (see below  th e  m tj and  bt va lues o f  th e  above 
ta b le s ); i t  resu lts  n am ely  from  th e  k in e tic  rea ltio n sh ip s  deduced  t h a t  in  p r in 
cip le  nijj/nijj =  Oijlaji =  K,J [2].
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Table TV

Param eters obtained on N i-c linop tilo lite  by the plotting o f  experim enta l data according to Eq ( ! ) 
(b ijt in  1 0 5 m ole-1 gca[ s; m y :  in  IO1 m ole-1 gcat s Torr; B (- in  1 0 - г  T o rr-1 )

70°C 100°C 130°C

b12 —  1/^12 2.58 0.78 0.24

m 12 1.21 1.10 1.09

IIIIN

-cT 2.13 0.71 0.22

6l 3 =  1/^13 2.40 0.62 0.16

W13 1.12 0.90 0.73

ь1з1т 1з =  bt —  К г 2.15 0.68 0.22

2̂3 “  23 1.00 0.50 0.24

m23 2.65 1.90 1.30

^2з/Ш23 =  Ь2 —  K 2 0.38 0.26 0.185

b21 =  l / k 2l 4.4 2.10 1.10

m 2l 11.6 8.1 5.9

b2llm 21 =  Ь2 =  Kn 0.38 0.26 0.19

^31 =  V^31 33 7.4 1.8

m 31 19 10.4 6.0

b3i /m 3i —  b3 =  K 3 1.75 0.71 0.30

^32 =  1/^32 11 2.6 0.80

Tn32 6.2 3.7 2.7

^зг/т з2 == b3 — K 3 1.8 0.70 0.30

m2l/m 12 ( == ^ 12) 9.6 (5.28) 7.4 (4.22) 5.4 (3.47)

m32/m23 ( == -^2з) 2.3 (2.32) 1.95 ( 2 . 10) 2.2 (1.91)

m i3/ m 3i ( == K 31) 0.059 (0.082) 0.087 (0.113) 0.12 (0.151)

V a lu es  o f th e  energy  s tep s in  kcal/m ole
E l =  — 10.0 ±  0.2 E 2 =  — 3.2 ±  0.2 E., =  — 7.9 ±  0.2
E *  =  10.0 ±  0.1 E *  =  6.5 ±  0.1 E * =  13.0 ±  0.1
E *  =  12.3 ±  0.1 E *  =  6.2 ±  0.1 E *  =  11.9 ±  0.1

3. Discussion

I t  can  be seen from  d a ta  in  th e  tab le s  t h a t  th e  cond ition  6 i; =  bkj is 
fu lf illed , w ith in  th e  lim its  o f  e rro r, in  th e  case o f  H -clino p tilo lite , w hile in  th e  
cases o f  Mg- an d  N i-c linop tilo lites n o t. As has b een  show n in  [2], th is  m eans 
t h a t  th e  conversion  o f th e  th re e  isom ers in to  one a n o th e r  proceeds on H -c li
n o p tilo lite  th ro u g h  one or m ore  surface in te rm e d ia te  p ro d u c ts , w hich  are  in
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equ ilib rium  w ith  one a n o th e r, while such com m on  surface  in te rm ed ia te  p ro d 
u c ts  or an e q u ilib riu m  m ix tu re  of surface in te rm e d ia te  p ro d u c ts  do n o t com e 
in to  consid era tio n  on Mg- an d  N i-c linop tilo lites. (T h a t case o f tra n sfo rm a tio n  
th ro u g h  tw o in te rm e d ia te  p ro d u c ts  accord ing  to  schem e IV  in [2], in  w hich  
th e  surface re a c tio n  is th e  ra te -d e te rm in in g  s te p , can  alw ays be ex c lu d ed , 
because th is  w ould  re q u e s t th e  fo rm ation  in  eq u ilib riu m  ra tio  of one o f  th e  
isom er pairs.)

The e v a lu a tio n  o f th e  resu lts  of iso th e rm a l m easu rem en ts  does n o t fu r 
n ish  fu r th e r  in fo rm a tio n s . H ow ever, w hen th e  te m p e ra tu re  dependence o f  th e  
values d e te rm in ed  is in v e s tig a te d , a p o ssib ility  is offered  fo r a deeper know ledge 
o f th e  processes p roceed ing  on th e  d iffe ren t c a ta ly s ts , i f  we succeed to  show  
th a t  th e  conversion  can  be cha rac terized  w ith  one o f th e  basic schem es show n 
in  [2]. In d eed , i f  th e  te m p e ra tu re  dependence o f m,y ( =  l/a,y) and  of th e  co n 
s ta n ts  o b ta in ed  on th e  basis o f som e expression  o f  />, (see Tables I I I  an d  IV  in
[2 ]) m ake in  p rin c ip le  possib le to  follow th e  en e rg y  changes accom pany ing  th e  
single steps, th e  p ic tu re  o b ta in ed  from  k in e tic  in v es tig a tio n s  can be considered  
as realistic , or a t  le a s t as unam biguous.

( a )  n-Butene isomerization on H-clinoptilolite

Those of th e  schem es discussed in  [2], w hich  illu s tra te  conversions 
th ro u g h  2 or 3 su rface  in te rm e d ia te  p ro d u c ts  in  eq u ilib riu m  [schem es I I I - ( l ) ,  
IV , I I I ] ,  can be describ ed  b y  ra te  expressions, in  w hich  th e  equ ilib rium  co n 
s ta n ts  of th e  su rface  conversions can n o t he s e p a ra te d . T hus, th e y  can be ta k e n  
as iden tica l w ith  th e  conversion  proceeding th ro u g h  1 com m on surface in te r 
m ed ia te  p ro d u c t (schem e V, see in  Fig. 1). A cco rd ing  to  th e  schem e, th e  3 
ad so rp tio n  and  th e  3 d eso rp tio n  co n stan ts  can  be d e te rm in ed  on th e  basis o f 
ex p erim en ta l p a ra m e te rs  6  ( =  6  ajj1) an d  3 b(, i.e. from  9 in d e p e n d e n t
equ a tio n s (Table l i b ) .

Owing to  th e  o v erd e te rm in a tio n  o f th e  sy s tem  o f eq u a tio n s, 2 v a lu es  
are  o b ta in ed  for each  o f th e  ad so rp tio n  c o n s ta n ts . As te s tif ie d  b y  T ab le  l i b ,  
th ese  values d e te rm in ed  from  in d ep en d en t conversions agree well w ith  one 
an o th e r, in d ic a tin g  th a t  th e  conversion o r th e  fo rm a tio n  of the  v a rio u s  
isom ers tak es  p lace  on id en tica l active cen te rs.

F rom  th e  A rrh en iu s  p lo ts  of th e  ra te  c o n s ta n ts , th e  ac tiv a tio n  energies 
o f  th e  co rrespond ing  s tep s  h av e  been d e te rm in ed  (see a t  th e  b o tto m  of T ab le  
l i b ) .  E nergy  changes accom pany ing  th e  successive s tep s  have been p lo tte d  
on an  energy  schem e (F ig . la ) .

F o r s ta r tin g , th a t  energy  level has b een  co nsidered  as 0, in  w hich
1-bu tene  in  gaseous p h ase  is p resen t. On its  a d so rp tio n , th e  ac tiv a tio n  en erg y  
o f  adso rp tion  w as ad d e d  to  th is , and  th e  a c tiv a tio n  energy  of th e  d eso rp tio n  
in to  1 -bu tene  w as s u b tra c te d  from  th e  energy  v a lu e  o f th e  ac tiv a te d  ad so rp tio n
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co m p le x , an d  th u s , th e  en erg y  level o f  th e  ad so rb ed  species h as  b een  o b ta in ed . 
A d d in g  to  th is  th e  a c tiv a tio n  energy  o f th e  desorp tion  in to  th e  cis-isom er, th e  
e n e rg y  level of th e  a c tiv a te d  a d so rp tio n  com plex  of th e  cis-isom er h as  been 
o b ta in e d ;  su b tra c tin g  from  i t  its  a c tiv a tio n  energy  o f a d so rp tio n , th e  energy 
lev e l o f  th e  gaseous ph ase  cis-2 -b u ta n e  w as ob ta in ed  w hich ag reed  v e ry  satis-
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E* = 13.E
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-5.1 = 8 7 E+2 ; 21.8-6.9 =14.9 

21.8-3.0 = 18.8

(b)

F ig . 1. E n erg y  schem e of n -b u ten e  iso m eriza tio n  (a) on H -clinop tilo lite , (b) o n  su lfonic acid
io n -ex ch an g e  resin

fa c to r ily , w ith  a d ifference of o n ly  2 0 0  cal/m ole, w ith  th e  v a lu e  ca lcu la ted  
fro m  th e  th e rm o d y n am ica l e q u ilib riu m  com positions b e tw een  1 -b u te n e  and  
ci.s-2 -b u ten e .

T h e  co n stru c tio n  of th e  en erg y  schem e was co n tin u ed  in  th is  w ay  for 
th e  conversions c is-2 -bu tene  —> irares-2 -bu tene and , closing th e  3 -com ponen t 
re a c tio n  cycle, for th e  conversion  írtm s-2 -bu tene  —*- 1 -b u ten e . P lo tt in g  in 
succession  th e  energy  changes acco m p an y in g  th e  single s tep s , f in a lly  th e
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s ta r t in g  energy  level o f 1 -b u ten e  has been o b ta in e d  again  w ith  a n  accu racy  
o f a b o u t 50 cal/raole.

In  su m m ary , a co n sis ten t en erg y  schem e has been o b ta in ed , as th e  energy  
change o f  o vera ll conversions is in  ag reem en t w ith  th e  th e rm o d y n a m ic a l 
values, th e  energy  level o f th e  sy s tem  is th e  sam e a t  th e  beg inn ing  a n d  en d  of 
the  iso m eriza tio n  cycle, an d  th e  energy  b a rrie rs  o f ac tiv a tio n  are  h ig h e r  th a n  
the  en e rg y  levels o f th e  in te rm e d ia te  p ro d u c t o r o f th e  single gaseous phase  
isom ers, w h ich  is co n sis ten t w ith  o u r g en e ta l k in e tic  know ledge.

I t  can  be seen from  th e  en erg y  schem e show n in  Fig. 1 t h a t  th e  su rface 
in te rm e d ia te  p ro d u c ts  of th e  single overall conversions have th e  sam e  energy  
level. T h e  fin d in g s th a t  th e  ac tiv e  cen te rs  are  id en tica l in  th e  co n v ersio n  o f th e  
single isom ers (see in  3 (a ), p . 27 p a ra g ra p h  2), and  th e  energy  levels  o f th e  
com plexes consisting  o f th e  ac tiv e  cen te rs  an d  th e  in te rm e d ia te  p ro d u c ts  
ad so rb ed  on th e m  are id en tica l, in d ica tes  th e  fo rm a tio n  of a co m m o n  surface  
in te rm e d ia te , w hich m akes th e  iso th e rm a l k in e tic  p ic tu re  m ore a c c u ra te .

In  o u r earlie r in v es tig a tio n s  [19], th e  en e rg y  schem e o f iso m eriza tio n  
p lo tte d  on th e  basis o f re su lts  o b ta in e d  on sulfonic acid io n -ex ch an g e  resin  
(F ig . lb )  is s im ilar to  th a t  on H -c lin o p tilo lite . T he differences can  be a t t r ib u te d  
to  th e  s tro n g e r  ac id ity  o f th e  su lfon ic acid  ion -exchange resin. In  b o th  cases, 
sec-bu ty l ca rb o n iu m  ion is th e  v e ry  sim ilar com m on in te rm ed ia te .

W e a t te m p te d  th e  id e n tif ic a tio n  o f th is  com m on surface in te rm e d ia te  
b y  I R  spectro scopy .

T h e  film , com pressed  from  N H 4-c linop tilo lite  to  a th ickness o f  ~ 0 .0 5  m m , 
w as a rra n g e d  p e rp en d icu la rly  to  th e  rad ia l d irec tio n  in  th e  e v a cu ab le  cell. 
T he  cell w as p u m p ed  o ff a t  400°C an d  10~ 5 T o rr  for 60 m in u tes , a n d  on th e  
H -fo rm  fo rm ed  in  th is  w ay  th e  isom ers of га-b u ten e  w ere ad so rb ed  a t  100 — 
150°C a n d  10— 50 T o rr  fo r 1— 60 m in u tes . D u rin g  th is , th e  in te n s i ty  o f  th e  
a b so rp tio n  b a n d  of th e  acid ic O H  group  decreased  a t  m ost fo r 2 m in u te s  to  
a b o u t 85— 5 0%  of th e  orig inal v a lu e , dep en d in g  on conditions. As a re su lt  o f 
re p e a te d  ev acu a tio n s  up  to  1 0  s, th e  in te n s ity  o f th e  b a n d  in  q u estio n  increased  
to  a m ore  or less e x te n t. T he orig inal in te n s ity  w as a tta in e d  only  i f  th e  p rev io u s 
a d so rp tio n  o f b u ten e  d id  n o t la s t longer th a n  5 m in u tes; th e  lo n g e r h as  been  
th e  a d so rp tio n  period , th e  low er w as th e  in c rease  in  in te n s ity  o f  th is  b a n d ,
i.e. th e  reg en e ra tio n  of th e  acidic O H  groups.

H o w ev er, b u te n e  rev e rs ib ly  ad so rb ed  on th e  acidic O H  g ro u p s, i.e. th e  
assum ed  com m on in te rm e d ia te , could  n o t be in v es tig a ted , b ecau se  th e  cell 
h ad  to  be p u m p ed  off, to  e lim in a te  th e  d is tu rb in g  effect of gaseous p h a se  an d  
p h y sica lly  adso rbed  b u te n e . U n d e r such  co n d itions h igh ly  d iffering  fro m  th o se  
of th e  iso m eriza tio n  reac tio n  on ly  « -b u ten e  o ligom ers, bound  s tro n g ly  in  th e  
pores, cou ld  be d e tec ted .
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(b )  n -B u ten e  isomerization on Mg-clinoptilolite

O f th e  schem es d iscussed  in  [2], those cam e in to  considera tion , fo r w hich 
th e  c r ite r io n  bjj =  bkj is n o t  fu lfilled. O f th e  schem es p resen ted , on ly  I I I  
(w h ich  is given also h ere  in  F ig . 2) can com e in to  considera tion  fo r k in e tic  
an a ly s is  w hen  th e  su rface  tr ia n g le  reac tio n  is r a te  de te rm in in g  an d  th e  a d 
so rp tio n  equ ilib ria  a re  e s tab lish ed , because th is  schem e m akes i t  on ly  possible 
to  c a lc u la te  from  th e  e x p e rim e n ta l 6  m,j and  3 p a ra m e te rs  the  6  ra te  c o n s ta n ts  
an d  th e  3 ad so rp tio n  e q u ilib riu m  co n stan ts . I n  th e  case of th e  o th e r schem es, 
th e re  a re  nam ely  m ore  th a n  9 unknow n c o n s ta n ts .

F ro m  (1) an d  (2) biy- =  6 (m iy =  a n d  w e h av e  from  [2] a^/bj =  k tj
( th e  r a te  c o n s ta n t o f  th e  i  —*• j  surface co n v ersio n ), hence 6 iy =  l /k iy-, and , 
s im ila r ly  accord ing  to  [2 ], 6 ,- =  K t (the a d so rp tio n  equ ilib rium  c o n s ta n t of 
c o m p o n e n t i).

F ro m  th e  te m p e ra tu re  dependence o f th e  c o n s ta n ts  in  qu estio n , changes 
in  e n e rg y  accom pany ing  th e  assum ed step s  h a v e  been  ca lcu la ted , a n d  th e  
re su lts  h a v e  been p lo tte d  in  an  energy d ia g ra m  sim ila r to  th a t  in  F ig . 2. 
H o w ev e r, th is  energy  schem e show ed an  ir re a lis tic  p a tte rn . T ho u g h  th e  dif
fe ren ce  b e tw een  th e  en e rg y  level a t  th e  b eg in n in g  an d  th e  end  o f th e  con
v e rs io n  cycle was on ly  2 0 0  cal/m ole, how ever, fo r  th e  change in  energy  o f th e  
c o n v e rs io n  of th e  single iso m er pairs in to  one a n o th e r  ab o u t fourfo ld  o f  th e  
th e rm o d y n a m ic a l v a lu e  has b een  o b ta ined , a n d  th e  en erg y  level o f th e  a c tiv a te d  
co m p lex  o f surface conversions w as th e  sam e as o r  som ew hat low er th a n  th a t  
o f  gaseous phase  1 -b u te n e , w h ich  seems also in c o n s is te n t.

M ost ce rta in ly , th is  fa lse  p ic tu re  is due  to  th e  fac t th a t  th e  tra n s fo rm a 
tio n  schem e regarded  could  be  com puted , ho w ev er, i t  is n o t realistic . C onversion 
p ro ceed s accord ing  to  som e o th e r, m ore c o m p lic a te d  schem e th ro u g h  several 
in te rm e d ia te  p ro d u c ts , w h ich  are  n o t in e q u ilib riu m  w ith  one a n o th e r.

(F ro m  th e  te m p e ra tu re  dependence o f  th e  single a iy an d  6 , p a ra m e te rs  
no  conclusions can he  d ra w n  a t  all on th e  te m p e ra tu re  dependence o f  th e  
c o n s ta n ts  invo lved  (see [2]). W e asce rta in ed  b y  t r ia l  calcu lations t h a t  e.g. 6 ,-, 
th e  su m  o f th e  “ p a r t ia l  a d so rp tio n  equ ilib rium  co effic ien ts”  of th e  co m p o n en t 
i m a y  increase or decrease  w ith  te m p e ra tu re , w hile  th e  ad so rp tio n  o f i is 
acco m p an ied  b y  a decrease  in  energy.)

T h erefo re , in  th is  w ay  a lone, no conclusions can  be d raw n on th e  reac tio n  
m ech an ism .

'i
K in e tic  p a ra m e te rs  o b ta in e d  on M g-clinop tilo lite  (see T able I I I )  in d ica te  

a few  ch a ra c te ris tic s  o f th e  conversion ta k in g  p lace , w hich could  n o t be ob
se rv e d  in  th e  case o f  th e  o th e r  tw o c a ta ly s ts . T h u s :

a) s ta r tin g  from  1 -b u te n e , th e  ra tio  o f  th e  fo rm a tio n  of cis- an d  trans-2- 
b u te n e s  is 1 , in d e p e n d e n tly  of th e  te m p e ra tu re  (m 12 =  m 13; th is  id en tica l 
fo rm a tio n  has been o b se rv ed  in  each conversion);
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b) s ta r t in g  from  cis-2 -b u te n e , th e  ra tio  o f fo rm atio n  o f  <rans-2 -b u ten e  
an d  o f 1 -b u ten e  is 2.4 (m21/m 23 =  2.4), in d e p e n d e n tly  o f th e  te m p e ra tu re .

H en ce , th e  conversion  o f  1 -bu tene  in to  th e  o th e r tw o  isom ers differs 
an y w ay  from  th e  cis zz trans  conversion . T h is, how ever, is in d ic a tiv e  o f  a 
m irro r-sy m m etric  schem e (see in  [2 ]), in  w h ich  th e re  is no eq u ilib riu m  b e tw een  
th e  su rface  in te rm e d ia te  p ro d u c ts  (co n sis ten t w ith  th e  o b se rv a tio n  t h a t  ^
^  bk]) .

(c )  n -B u tene  isomerization on Ni-clinoptilolite

R esu lts  o b ta in ed , s im ila rly  as in  co n ju n c tio n  w ith  M g-clinop tilo lite , have 
been  e v a lu a te d  fo r th e  conversion  schem e show n in  F ig . 2, on th e  b asis  of 
expressions v a lid  in  th e  case o f  so rp tio n  eq u ilib ria  (see T ab le  IV  in  [2]). T he 
a d so rp tio n  equ ilib rium  c o n s ta n ts  K ,  an d  th e  ra te  co n stan ts  k tj  o f  su rface  
conversion  h av e  been  d e te rm in ed  (see T ab le  IV ). Changes in  en e rg y , (E t), 
acco m p an y in g  ad so rp tio n , an d  th e  a c tiv a tio n  energies o f th e  su rface  co n v e r
sions (E f j ) a re  g iven a t  th e  b o tto m  o f th e  ta b le .

6
U

— 2 о L
1-butene

PlE* E* П|b21 CIS- ь231
1  0 

о - 2
(gas)'

AC
" 1  -u
LU

- 6 - E, 4

i í 2-butene I
i j i j  ( g a s ^ jy

- 8 - I

-10 - —
-1 2 -

Д1 scheme III

а Л Л

F ig . 2. E n erg y  schem e of n -b u ten e  iso m eriza tio n  on N i-c linoptilo lite

In  th e  co n stru c tio n  o f th e  energy  schem e (F ig . 2), th a t  s ta te  has b een  co n 
sidered  as o f  0 energy  level, in  w hich  gaseous ph ase  1-butene is p re se n t. S u b 
tra c tin g  from  th is  th e  h ea t o f a d so rp tio n  o f 1 -b u te n e , th e  energy level o f ad so rb e d
1 -b u ten e  is o b ta in e d ; from  th is , u n d e r  co n sid e ra tio n  of th e  energy  b a r r ie r  o f 
th e  su rface  conversion  1 b u ten e  cis-2 -b u te n e , th e  energy level o f  ad so rb ed  
c is-2 -bu tene  is o b ta in ed . A dding  to  th is  th e  h e a t o f adso rp tion  o f c is -2 -b u ten e , 
th e  s ta te  is reach ed , in  w hich c is-2 -b u ten e  gas has been fo rm ed . C hanges in  
energy  acco m p an y in g  th e  cis-2 -b u ten e  —► tra n s-2 -bu tene  an d , f in a lly , closing
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th e  iso m eriza tio n  cycle, th e  írem s-2 -bu tene —► 1 -b u te n e  conversions, are  p lo tte d  
acco rd in g  to  th e  step s  o f  th e  reac tio n  schem e.

N ow , a co n sis ten t en e rg y  schem e is o b ta in e d , in so fa r th a t  th e  energy  
d ifferences betw een  th e  sing le  gaseous phase  iso m ers  d iffer only  b y  200— 300 
cal/m ole from  th e  th e rm o d y n a m ic a l values, th e  en e rg y  level of th e  sy s tem  is 
th e  sam e a t  th e  b eg in n in g  a n d  a t  th e  end o f  th e  iso m eriza tio n  cycle, a n d  th e  
en e rg y  b a rrie r  of th e  su rface  conversions is h ig h e r  th a n  th e  energy  level of 
th e  gaseous phase isom ers b e in g  in  a d so rp tio n  eq u ilib riu m  (though  th is  la t te r  
is n o t  o f  necessity  a c r ite r io n  o f  th e  ra te -d e te rm in in g  step ).

T h u s , on N i-c lin o p tilo lite  isom erization  p re su m a b ly  proceeds as follow s: 
a t  e s tab lish ed  so rp tio n  eq u ilib ria , ra te -d e te rm in in g  su rface  reactions p roceed  
b e tw een  th e  3 ad so rb ed  iso m ers , the  isom ers a re  d iffe ren t also in  th e  ad so rb ed  
s ta te  (p ro b ab ly  in  th e  fo rm  of д -com plexes), th e ir  surface co n cen tra tio n s  
d iffe r considerab ly  a t  id e n tic a l te m p e ra tu re  a n d  p ressu re , an d  co n seq u en tly , 
th e  re la tiv e  ra te  c o n s ta n ts  (кц/Ик/.) o f th e  conversions proceeding  be tw een  
th e m  are  com plete ly  d iffe re n t from  those  w ith  w h ich  th e  overall conversions 
can  be phenom eno log ica lly  charac terized  atj — 1  /m iy).

4. Conclusions

T he resu lts  o f  o u r  in v es tig a tio n s  seem  to  v e r ify  th e  reason  for th e  ex istence  
o f  th e  energy  schem e, a ssu m ed  earlier fo r c a ta ly t ic  conversions [3b], O n th e  
basis  o f th e  reac tio n  schem es a new  p o ss ib ility  is offered  for th e  e lu c id a tio n  
o f  th e  reac tio n  m e ch an ism ; for th e  p ro v in g  o f th e  m echanism  b y  k in e tic  
m e th o d s , in  a d d itio n  to  iso th e rm a l in v e s tig a tio n s , a new  m ethod  b ased  on th e  
in v e s tig a tio n  o f te m p e ra tu re  dependence h a s  b een  in tro d u ced . O n th e  o th e r  
h a n d , th e  know ledge o f  th e  developm ent o f e n e rg y  levels is a new in fo rm a tio n , 
re le v a n t to  ca ta ly tic  co n v ersio n  p roper, to  th e  single species of c a ta ly tic  co n 
v ersio n , as i t  is b a se d  on  re a c tio n  ra te  d a ta  a lo n e , an d  n o t on c h a rac te ris tic s , 
d e te rm in e d  in d e p e n d e n tly  o f  th e  reaction .

W hile th e  a c tiv e  s ite s  o f H -c linop tilo lite  a n d  o f S 0 3H -resin  are  B rö n sted  
ac id  cen ters, an d  th e  d ifference betw een  th e i r  s tre n g th  does n o t p ro d u ce  
q u a lita tiv e  differences in  th e  m echanism , th e  ac tiv e  sites of M g-clinoptilo lite  
a n d  N i-c linop tilo lite  are  q u a lita tiv e ly  d iffe re n t, an d  th is  changes th e  ro u te  o f 
conversion  (as has b e e n  seen  in  th e  case o f  th e  la t te r  th e  p robab le  ro u te  can  
be g iven m ore e x a c tly  o n  th e  basis of th e  k in e tic  m easurem ents). T h e  d iffe r
ences in  th e  c a ta ly tic  effic iency  of th e  3 b a s ic  ty p e s  o f  zeolite c a ta ly s ts  in 
v e s tig a te d  are th e re fo re  n o t  sim ply  of q u a n t i ta t iv e  n a tu re , and  p re su m ab ly , 
in  th e  case o f th e  Mg- a n d  N i-deriv a tiv es , th e  m ech an ism  is no t acid c a ta ly s is , 
as genera lly  th o u g h t.
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ADSORPTION OF GAS MIXTURES ON HETEROGENEOUS
SOLID SURFACES, II

M U L T IL A Y E R  A D S O R P T IO N

M. J a r o n i e c , J .  T óth  and W . R u d z in s k i  

(P etroleum  E ngineering  Research Laboratory o f  the H ungarian  A cadem y o f  Sciences, M iskolcJ

R eceived  J u n e  22, 1976

T he m u ltila y e r  a d so rp tio n  o f b in a ry  gas m ix tu re s  on  h e te ro g en eo u s solid  su r
faces is d iscussed  using  th e  generalized  in te g ra l e q u a tio n  w ith  a  Go n z a l ez— H olland  
iso th e rm  fo r local ad so rp tio n . T he o verall m u ltila y e r a d so rp tio n  iso th e rm s of b in ary  
gas m ix tu re s  fo r G aussian  a n d  e x p o n en tia l energy  d is tr ib u tio n s  a re  consid ered . These 
iso th erm s h a v e  been  o b ta in e d  using  th e  m o n o lay er a d so rp tio n  iso th e rm s discussed 
in  th e  f irs t  p a r t  o f th is  series.

In  o u r p rev ious p a p e r  [1] th e  localized  m o n o lay er a d so rp tio n  o f  gas 
m ix tu re s  on pa tch w ise  heterogeneous solid  surfaces w as d iscussed . I n  R ef. [1] 
th e  doub le  in te g ra l fo r th e  a d so rp tio n  iso th e rm  o f b in a ry  gas m ix tu re s  has 
been  considered  in  te rm s o f th e  Jo v a n ic  eq u a tio n  [2] an d  a tw o -d im ensiona l 
G aussian  energy  d is tr ib u tio n . H ere , we sha ll e x te n d  th is  t r e a tm e n t  [ I , 3 —5] 
to  m u ltila y e r a d so rp tio n  o f b in a ry  gas m ix tu res  on h e te ro g en eo u s surfaces.

T he m ost im p o r ta n t  p ap ers  concern ing  th e  m u ltila y e r a d so rp tio n  o f gas 
m ix tu re s  a re  d iscussed  in  R ef. [6 ]. I t  follows from  th is  d iscussion  t h a t  m u lti
la y e r  ad so rp tio n  on heterogeneous surfaces w as n o t y e t  considered .

M ultilayer adsorption of gas m ixtures on hom ogeneous surfaces

R ecen tly , G o nzalez  an d  H o l l a n d  [7] derived  an  e q u a tio n  fo r  b ilayer 
ad so rp tio n  of gas m ix tu re s  on hom ogeneous surfaces:

® a,2, . . . ,n ) : 1 +  2 ° u P i

2 ;  a i ‘Pi 
i=l

1 +  2  a i 'R
1 -1

( 1 )

w here ......n) is th e  m u ltila y e r a d so rp tio n  iso th e rm  o f th e  n -co m p o n en t
m ix tu re  on a hom ogeneous su rface ; p ( is th e  p a r tia l p ressu re  o f th e  i - th  gas; 
a 1(- an d  a2i are  th e  eq u ilib riu m  c o n s ta n ts  o f th e  £-th gas fo r th e  f ir s t  a n d  second 
layers, re sp ec tiv e ly ; n is th e  n u m b er o f  com ponen ts in  th e  gas m ix tu re . Con
s ta n ts  ali an d  a2i (i =  1 , 2 , . . . ,  n ) can  be e v a lu a ted  from  th e  a d so rp tio n  iso
th e rm s o f p u re  gases.
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I t  follows from  R ef. [8 ] t h a t  m u ltilay e r a d so rp tio n  o f gas m ix tu re s  on 
h o m o g en eo u s surfaces m a y  also  be described  b y :

.. .n) =  ex p
n

« 2iPi 1 — ex p
П у

iPi
1 = 1 _ i= 1 _

E q u a t io n  (2) resu lts fro m  th e  Jo v an o v ic  a d so rp tio n  m odel [1, 2]. F o r sm all 
p a r t ia l  p ressu res p ,, E q . (2) red u ces  to  E q . (1).

I n  fu r th e r  co n sid e ra tio n s  we sha ll use th e  fo llow ing  v ec to ria l n o ta tio n

a l  =  ( ° 11> a 12’ ■ • • a ln) 
а 2 ~  (а 21’ a 22’ * * * '  a 2n)
P =  ( л - Ь - о Р п )  (3)
e =  (ej, • • • 9 et?) 
n =  (1 ,2 , . . . , n )

T h e n , E q s  (1) and  (2) m a y  b e  re w ritte n  in  th e  fo llow ing  form s:

(P’e) =  (1 +  a2P) ~  ---- (4)
1 +  alp

(pe) =  ex p  (a2p) [1 — ex p  ( — a tp) | (5)

I n  th e  above  equ a tio n s e;- is th e  adso rp tion  en e rg y  o f  th e  i- th  gas; how ever, 
c o n s ta n t  u1(- is defined  as:

1 [e x p  ------
K u  r I R T

for 1 , 2 , . . . ,  n ( 6)

w h e re  K u  is th e  p re -e x p o n e n tia l fac to r  of th e  H e n ry  c o n s ta n t, connected  w ith  
th e  m o lecu la r p a r ti t io n  fu n c tio n s  fo r a m olecule o f  th e  i- th  gas in  th e  b u lk  
a n d  a d so rb ed  phases, re sp e c tiv e ly  [9].

General m ultilayer adsorption isotherm on heterogeneous surfaces

M u ltilay e r a d so rp tio n  iso th e rm s (4) an d  (5) a re  th e  p ro d u c ts  of a m ono- 
la y e r  ad so rp tio n  iso th e rm  0 n an d  a ce rta in  fu n c tio n  gn (p) describ ing  th e  
fo rm a tio n  of th e  m ixed  m u ltila y e r :

@n (P’ e) Sn (p) (P’e ) (7)
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U sing  n -d im ensional energy  d is tr ib u tio n  [4], we o b ta in  th e  fo llow ing  general
ized in teg ra l eq u a tio n  fo r th e  m u ltila y e r ad so rp tio n  iso th e rm  o f an  n-com po- 
n e n t gas m ix tu re :

К  (P) =  g n (P) J 0 n (P>e ) Z„ (e) d e  =  g„  (p) &n (p) (8)

w here  A n is an  n -d im ensiona l in te g ra tio n  range and  de =  de±dE2. . . den; #n is 
th e  overall m o n o lay er ad so rp tio n  iso th e rm  on a h e te ro g en eo u s su rface .

On app ly ing  E q s (4) an d  (5) as th e  local ad so rp tio n  iso th e rm s  in  E q . (8 ) 
we o b ta in :

# Г (р )  =  (! +  a 2P )# „ (p ) (9)

К  (P) CXP (a2P) #„ (p) ( 10)

F ro m  E qs (9) an d  (10) th e  m u ltila y e r ad so rp tio n  iso th e rm s c a n  be  ob ta ined  
i f  th e  m onolayer a d so rp tio n  iso th e rm s # n are  know n.

Analytical equations for m ultilayer adsorption isotherm s o f  binary gas 
m ixtures on heterogeneous surfaces

I t  follows from  R efs. [1, 5] th a t  th e  an a ly tica l so lu tio n s o f  Eq. (8) are 
possib le for a Jo v a n o v ic  ad so rp tio n  iso th e rm  [2] an d  fo r  c e r ta in  energy 
d is tr ib u tio n  fu n c tio n s sa tisfy in g  th e  follow ing cond ition :

Z12,(ei> ег) =  Zi Ю  Z2 (e2) (H)

T he m onolayer a d so rp tio n  iso th erm s $ 12, o b ta in ed  from  th e  in te g ra l equation  
using  th e  energy  d is tr ib u tio n s  sa tis fy in g  cond ition  (11) a n d  a Jovanov ic  
local iso therm  [2 ], m a y  be p re sen ted  in  th e  follow ing g enera l fo rm :

#12 (Pi>P2) =  #1 (Pi) +  #2 (Рг) — #i (Pi) #2 (p2) (12)
w here

#/ (Pi) =  1 — |"exp
ЛI

T h en , th e  m u ltilay e r ad so rp tio n  iso th e rm  (1 0 ) is given b y :

# 1 2  =  exP («2 iPi +  «2 2Р2) ( # 1  +  # 2  — #i#2) (14)

E q u a tio n  (12) has also been derived  b y  R o g in sk ii  [10] on th e  basis  of the 
co n tro l b au d  ap p ro ach .

Pi

K u
exp

R T
Xi ( ei)  d^i for i = l , 2  (13)
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I n  R ef. [11] Mis r a  h as  sh o w n  th a t  only tw o  n o rm a lized  energy d is tr i
b u tio n s  e x is t for w hich E q . (13) is exac tly  solved, v i z .  th e  ex p o n en tia l an d  th e  
u n ifo rm  d is trib u tio n . F o r  th e  ex p o n en tia l d is tr ib u tio n  [1]

X12  (£ц £2) (R T )2
exp

Cj (ех elm) c2 (e2 e2m) 
R T

f o r (15)

E q u a t io n s  (12) — (14) give

=  exp {a21p i  +  a 22p 2) ■ (A fp i1 +  K [ p c22 — K [ K g p i ' p ? ) (16)

w h e re  K f  and  c; (i =  1, 2) a re  th e  F reund lich  c o n s ta n ts  fo r p u re  gases.
R e c e n tly , R u d n i t s k y  a n d  A l e x e y e v  [12] d iscussed  pu re-gas ad so rp tio n  

is o th e rm s  on heterogeneous su rfaces , considering th e  fo llow ing ex p o n en tia l 
d is t r ib u t io n :

Xi («/) =  e x P
: (£i

R T
fo r  £,■ <[ £,-, (17)

w h e re  £,m is th e  m ax im um  a d so rp tio n  energy fo r th is  d is tr ib u tio n . T e m k in  [13] 
h a s  fo u n d  th a t  to  e x p o n e n tia l d is trib u tio n  (17) a n d  a L an g m u ir ad so rp tio n  
is o th e rm , th e re  corresponds th e  n egative  pow er iso th e rm

(P ,)  =  <*i +  ßi (Pi)~c'1 (18)

w h e re  <x(-, ß t and  c f  are c o n s ta n ts .
N o w , we consider th is  p ro b lem  for a Jo v a n o v ic  local iso th erm  [2]. 

F i r s t ,  p u re -g as  ad so rp tio n  is o th e rm  (13) will be fo u n d . F o r  A t =  (—  o o ,  eim) 
[ in te g ra l  (13) calcu lated  in  th e  (—  o o ,  0) in te rv a l c an  be  neg lec ted ], E q . (13) 
c a n  b e  re w ritte n  as:

Кл
exp Ei

R T
exp c* (в,

R T
d£, (19)

I n t ro d u c in g  th e  n o ta tio n s

4i =  Ei — Eim 

f ro m  E q . (19) we have

ft, =  1

a n d  K*i =  K u  ex p
R T

ci f— ------  e x p
R T  J

Pi
K*iv I Í

exp 4i
R T

ex p E*4i
R T

d<l,

( 20)

( 21)
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In te g ra l (21) is equal to  [14]:

#i (Pi) =  l  — c* PL_\ c‘ r  | c? . P
K*u

*. 11
i ’

where

“  (  _  I  ) J .  y ” + j

Г(г;у) = 2 ^

(22)

(23)
J -0 j'- (v +  j )

U pon in se r tin g  E qs (22) a n d  (23) in to  E q . (14), w e o b ta in :

#12  =  e x p (a 2iP i +  a22p 2) [ A ^ c f i p J  +  A 2( c f ; p 2) — A ^ p J A ^ c f i p J ]  (24) 

w here

( -  1 H + 1
Pi

A i(c*;Pi) =  cf 2 -------.7 - „ ' K l i
P i  j 4 c* +  j )

(25)

C om b in a tio n  o f d is tr ib u tio n  (15) w ith  th e  tw o-d im ensional d is tr ib u tio n  
Xi2 o b ta in ed  from  E q . (17) lead s to

XiÁH- £г) =

CjCg-S
(яту-
C\C2S

{R T)2

- ex p

- ex p

c i ( £i  -  £ im ) +  c ? ( e 2 — e2m)
R T

c l ( £ l  £ lm )  c2 (£ 2 e 2 m )

R T

£i i i  Eim 

ei >  £im

(26)

w hich, fo r Cj =  c f,  gives a sy m m e tric  d is tr ib u tio n  w ith  a m ax im um :

Xi2(ev  ег) = ----— -
2 {RT)-

exp C1 I £1 £ lm  I c 2 I £ 2 £ 2m I

R T
(27)

In  E q . (26) th e  co n stan ts  s* a n d  s are defined  b y  th e  follow ing eq u a tio n s :

s* =  Cj c2/(c*c* +  CjC2) and  s — c f c * j { c f c f  -J- C]C2) (28)

w hich sa tis fy  th e  cond itions:

s* -(- s =  1 and  0 <  s*, s <  1 (29)

E q u a tio n s  (28) and  (29) d e fin e  th e  co n stan ts  s* a n d  s norm alizing fu n c tio n  
(26) to  u n ity .
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T h e  one-dim ensional en e rg y  d is tr ib u tio n

r ( , ) = [ W m « P № -  eim)l(RT)] ai < e im 
1 M ( R T ) ]  exp  [ - с , ( в| -  eim)l(RT)] et >  eim

g e n e ra tin g  d is trib u tio n  (26), is th e  sim ple sum  o f th e  tw o e x p o n en tia l fu n c tio n s: 
th e  f i r s t  o f  th em  increases fro m  zero to  s*c*/(RT),  how ever, th e  second  fu n c tio n  
d e c re a se s  from  SjCjKRT) to  zero . In  E q . (30) th e  co n stan ts  s f  an d  s, a re  defined  
s im ila r ly  b y  th e  co n stan ts  s* a n d  s:

s *  =  cil ( c *  +  ci)  and s i =  c*/(c? +  ci)  (31)

T h u s , p u re -g as  ad so rp tio n  iso th e rm  (13) is g iven  by :

#,. =  5* Л (С* ;р ,) +  5 Д Г ( р ^  (32)

I n  E q .  (32) th e  expression ( s f Aj )  co rresponds to  th e  increasing  fu n c tio n  (30), 
h o w e v e r , [s(X f(p ,)c<] co rre sp o n d s  to  th e  d ec reasin g  function  (30). T h e  m u lti
la y e r  a d so rp tio n  iso th e rm  o f  b in a ry  gas m ix tu re s  m ay  be d e riv ed  b y  m eans 
o f  E q .  (10) and  d is tr ib u tio n  fu n c tio n  (26):

=  ex p  (a2lPl +  o22p 2) { s * ^ !  +  A 2 -  A XA 2) +

+  s [ ^ f ( P i ) cl +  K f ( p 2)C2 -  K [ K [ ( P ly i ( P2y*]}

R e p la c in g  in  E q. (33) p a ra m e te r  cf b y  c,, w e o b ta in  th e  m u ltila y e r ad so rp tio n  
is o th e rm  corresponding  to  sy m m etric  d is tr ib u tio n  (27). F o r th is  d is tr ib u tio n  th e  
p a ra m e te r s  s* and s a re  e q u a l to  1 /2 .

N o n an a ly tica l m u ltilay e r adsorp tion  iso th e rm s  of b inary  gas m ix tu re s  
on  heterogeneous su rfaces

T h e  adsorp tion  iso th e rm s  num erica lly  in v e s tig a te d  b y  us [1] w ere based  
on  th e  Jo v an o v ic  eq u a tio n  a n d  a G aussian  en e rg y  d is trib u tio n . A ccord ing  to  
R e f. [1] an d  E q. (10), th e  m u ltila y e r a d so rp tio n  iso therm  co rresp o n d in g  
to  a  G au ss ian  d is tr ib u tio n  m a y  be re p re se n te d  b y :

=  ex p  {a2lPl +  a22p 2) {l ( 2 л у 1у г У l p 2 ) - 1 -

Jbp(
A12

anP2 « 12Т 2) exp
-  2 gefe; +  (e2* ) 2 '

- 2 ( 1  - < ? 2)
d e ^ e .

( 3 4 )
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w here

( 35 )

In  th e  above an d  í 2 a re  th e  m ean  values o f £j an d  e2, re sp e c tiv e ly ; y 1 and  y2 
a re  th e  variances o f th e  G aussian  d is tr ib u tio n ; q is th e  c o rre la tio n  coefficient. 
E q u a tio n  (35) fo r q — 0 assum es a con sid erab ly  sim pler fo rm :

All p a ram e te rs  of E q s (34) an d  (36), exclud ing  p a ra m e te r  q, c an  b e  eva lua ted  
from  th e  pure-gas a d so rp tio n  iso therm s.

F o r illu s tra tiv e  pu rposes th e  ad so rp tio n  o f a p ro p an e—p ro p y len e  m ix ture  
on  N ux it-A L  a t  293 К  is discussed. This ad so rp tio n  system  w as in v estig a ted  
ex p erim en ta lly  b y  S z e p e s y  an d  I llés  [15, 16]. H ow ever, in  th e  f ir s t  p a r t of 
th is  p a p e r  [1 ] th e  th e o re tic a l m ono layer a d so rp tio n  iso th e rm  h as been com 
p a re d  w ith  th e  e x p e rim e n ta l one. T he th e o re tic a l ad so rp tio n  iso th e rm  was 
ca lcu la ted  using th e  doub le  in teg ra l w ith  th e  Jo v an o v ic  m ixed -gas adsorp tion  
iso th e rm  (local iso th e rm ) an d  a tw o-d im ensional G aussian  d is tr ib u tio n  (see 
E q . (19) in Ref. [1]). T he b es t ag reem en t b e tw een  th e  th e o re tic a l and  the  
exp erim en ta l a d so rp tio n  iso therm s has been observed  for c o rre la tio n  coeffi
c ien t q equal to  zero.

N ow , we h av e  ca lc u la ted  th e  m u ltila y e r ad so rp tio n  iso th e rm s  according 
to  E q . (36) using th e  p a ra m e te rs  K ij, f, an d  y t rep o rted  in  T ab le  I I I  of Ref.
[1]. S im ilarly  to  G o n zalez  and  H o ll an d  [7], we assum e th e  fo llow ing rela
tio n  betw een  p a ra m e te rs  o1(- and  a2j:

In  th e  num erica l c a lcu la tio n s of th e  m u ltila y e r ad so rp tio n  iso th e rm  (36), 
rj w as tre a te d  as a b e s t- f i t  p a ra m e te r. F igu re  1 sliows th e  th e o re tic a l adsorp tion  
iso th erm s (36) ca lcu la ted  for d ifferen t values o f  rj: 0.001, 0 .004, 0.014 (long 
dashes) and  0.01 (solid line). These iso therm s h av e  been co m p ared  w ith  the  
ex p e rim en ta l d a ta  (circles), an d  w ith  th e  m o n o lay er iso th e rm  (sh o rt dashes) 
d iscussed  in  Ref. [1]. I t  follows from  th e  com parison  th a t  E q . (36) gives a 
good ag reem en t w ith  th e  ex p erim en ta l d a ta  fo r rj =  0.01. E v id e n tly  the

# 1 2  =  e x P («21  P i +  Я22Р 2) {1 -  (2 ЯУ1У2) 1 '

(36)

R esu lts and  discussion

a2,■/«!,• — rj fo r i =  1 , 2 , . . . (37)
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F ig . 1 . A d so rp tio n  of a p ro p a n e -p ro p y le n e  m ix tu re  on  N u x it-A L  a t  293 K . Solid  line and  
long  d a sh e s  denote th eo re tica l m u lt i la y e r  adso rp tion  iso th e rm s (36) ca lcu la ted  fo r d iffe ren t 
v a lu e s  o f  r), sh o rt dashes re p re se n t th e  theo re tica l m o n o lay er iso th e rm , an d  circles re fe r to

th e  ex p erim en ta l p o in ts

m u lt i la y e r  adsorp tion  is o th e rm  (36) calcu lated  fo r r] =  0.01 (solid line in  F ig . 1) 
g ives a  b e t te r  agreem ent w i th  th e  experim en ta l re su lts  th a n  th e  m ono layer 
is o th e rm  (sho rthy  dashed  lin e  in  F ig . 1).

F ig u re s  2 and  3 show  m o d e l calculations fo r  th e  a d so rp tio n  o f a p ro 
p a n e -p ro p y le n e  m ix tu re  on  N u x it-A L  a t 293 K . I n  F ig . 2 th e  fu n c tio n s g 12,

g lÁ P i’Pz) =  exP («21Р 1 +  «22Pi)  (38)

100 300 500
Partia l  pressure of C3H6 (Torr)

F ig . 2. F u n c tio n s  g12 c a lcu la ted  fo r  th e  
a d s o r p t io n  o f  a p ro p an e-p ro p y len e  m ix 
tu re  o n  N u x it-A L  a t 293 К  a c c o rd in g  to  
E q . (3 8 ) fo r  d ifferent v a lues o f ry. S o lid  

l in e  d e n o te s  th e  b est-fit fu n c tio n  g 12

Fig. 3. T h e o re tic a l m u ltila y e r ad so rp tio n  
iso th e rm s (34) ca lcu la ted  fo r d ifferen t 
v a lu es o f  q (solid a n d  d ash ed  lines) in  
c o m p ariso n  w ith  th e  e x p e rim e n ta l p o in ts  
(circles). I n  n u m erica l c a lcu la tio n s th e  
p a ra m e te r  r/ =  0.01 w as u sed . Solid line 
d en o tes  th e  b e s t- f it  a d so rp tio n  iso th erm

A c ta  C him . (Budapest) 94, 1977



JA R O N IEC  et ni.: A D SO RPTIO N  O F GAS M IX T U R E S, II 4 3

ch arac teriz in g  th e  fo rm atio n  o f th e  second la y e r  a re  p resen ted . T hese fu n c tio n s  
have been c a lc u la ted  for d iffe ren t va lues o f  rj: 0.01 (solid line), 0 .001, 0.004 
an d  0.014 (d ash ed  lines). In  F ig . 3 th e  th e o re tic a l adso rp tio n  iso th e rm s (34) 
ca lcu la ted  fo r d iffe ren t values o f  q are  c o m p ared  w ith  th e  ex p e rim en ta l d a ta  
(circles).

I t  follows from  th e  m odel ca lcu la tio n s t h a t  i t  is p rim arily  th e  p a ra m e 
te rs  p an d  rj t h a t  in fluence  th e  ad so rp tio n  iso th e rm  of b in ary  gas m ix tu re s . 
P a ra m e te r  p ta k e s  in to  accoun t th e  in fluence  o f  th e  f irs t co m ponen t on  th e  
ad so rp tio n  o f  th e  second co m ponen t. On th e  o th e r  h a n d  p a ram e te r rj c h a ra c 
terizes th e  fo rm a tio n  o f th e  m ixed  m u ltila y e r.

The la s t p o in t is connected  w ith  th e  fo rm a tio n  o f m u ltilay e r in  th e  case 
o f h y d ro ca rb o n  ad so rp tio n  on N u x it-A L . I t  c an  be concluded th a t ,  in  th e  case 
o f th e  e x p e rim e n ta l d a ta  s tu d ied , m u ltila y e r effects p lay  a considerab ly  sm a l
ler p a r t  in  com p ariso n  w ith  m ono layer a d so rp tio n .

In  th is  p a p e r  we did  n o t discuss E q s  (16), (24) and  (33); th e se  m ay  
be useful for th e  d escrip tion  o f th e  a d so rp tio n  o f b in a ry  gas m ix tu re s , w h en :

1 . b o th  co m p o n en ts  o f th e  gas m ix tu re  show  a v e ry  sim ilar b e h a v io u r  
on th e  a d so rb e n t su rface , i.e. th e  m olecu lar sizes a n d  th e  adso rp tio n  energ ies 
are  a p p ro x im a te ly  equa l;

2 . th e  a d so rp tio n  of b o th  co m p o n en ts  is ch a rac te rized  b y  ex p o n e n tia l 
energy  d is tr ib u tio n s .

U n fo rtu n a te ly , th e  lack  o f su itab le  e x p e rim e n ta l d a ta  for m ixed -gas 
adso rp tio n  m akes th e  te s tin g  of E q s (16), (24) a n d  (33) im possible.

D r. M. J a r o n ie c , MCS U niv ersity , P o lan d , w ishes to  express his th an k s to  th e  H u n 
g arian  A cadem y o f Sciences fo r th e  o p p o r tu n ity  to v is it  th e  P e tro leu m  E ngineering  R e se a rc h  
L ab o ra to ry  in  M iskolc.
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SOME QUESTIONS OF THE ADSORPTION OF THIOUREA 
ON A NOBUE METAE ELECTRODE

G y . H o r á n y i  and E . M. R iz m a y e r

( Central Research In stitu te  fo r  Chemistry, H ungarian  A cadem y o f  Sciences, B ud a p est)

R eceived  A ugust 25, 1976

T he a d so rp tio n  o f th io u rea  was in v es tig a te d  w ith  a  tra c e r  tech n iq u e . I t  w as 
found  th a t  on  a  gold e lectrode th e  s tu d y  of th e  ad so rp tio n  m ay  be d is tu rb ed  by  b o th  
th e  o x id a tio n  o f th io u re a  an d  th e  d isso lu tion  o f gold . A t low  p o ten tia ls , w here these  
in te rferin g  effec ts can  be decreased  to a m in im u m , th e  a d so rp tio n  proves to  be 
reversible.

T he a d so rp tio n  o f th io u re a  on a gold e lec tro d e  w as s tu d ied  by  W r o b lo w a  
an d  G r e e n  w ith  a tra c e r  te ch n iq u e  a t th e  beg in n in g  o f th e  1960’s [1]. T he 
ex p erim en ta l d a ta  o b ta in ed  in  te rm s of th e  c o n c e n tra tio n  and  p o te n tia l d e 
pendences o f th e  a d so rp tio n  w ere in te rp re te d  b y  th e  a ssu m p tio n  o f m olecu lar 
ad so rp tio n , an d  th e  a d so rp tio n  o f th io u rea  w as reg a rd ed  as a m odel w ell 
re flec tin g  th e  ad so rp tio n  p ro p ertie s  of organic com pounds. M ore recen tly , 
K az arino v  an d  A n d r e e v  h av e  com e to  a d iffe ren t conclusion, on th e  basis 
of th e ir  in v es tig a tio n s  o f th e  ad so rp tio n  o f th io u re a  labe lled  w ith  35S an d  14C 
on p la tin u m  and  gold e lec trodes in  a b ro ad  p o te n tia l  in te rv a l [2—4]. As a 
re su lt of th e  h igh  degree o f irrev e rs ib ility  o f th e  ad so rp tio n , and  o f th e  d if
ferences in  th e  re su lts  o b ta in ed  w ith  th io u rea  lab e lled  w ith  35S and  w ith  14C, 
th e y  concluded  th a t  s tro n g  chem iso rp tion  is in v o lv ed , an d  th a t ,  d ep en d in g  
on th e  p o ten tia l, th is  m ay  also be followed by  c leavage o f th e  m olecule. O th e r  
au th o rs  have also su p p o rte d  th e  occurrence of ch em iso rp tio n  [5]. In  th e  lig h t 
o f th e  new ex p e rim en ta l re su lts , i t  appears to  be fa ir ly  w ell p roved  th a t  th e  
sim ple m olecular a d so rp tio n  m odel can n o t be su ita b le  for th e  d escrip tion  o f 
th e  ad so rp tio n  p ro p ertie s  o f th io u re a ; ce rta in  d o u b ts  also arise w ith  reg a rd  
to  th e  co rrec tness o f th e  conclusions d raw n from  th e  m easu rem en ts in  th e  
b ro ad  p o te n tia l in te rv a l.

F irs tly , i t  m u s t be bo rn e  in m ind  th a t  on nob le  m e ta l e lectrodes th io u re a  
is co m p ara tiv e ly  read ily  oxid ized . T he lite ra tu re  [6 , 7] reveals th a t  fo rm am id ine  
d isu lfide  is form ed in  acco rdance  w ith  th e  fo llow ing overall eq u a tio n :

N H 2

\
2 C = S — >

/
n h 2

n h 2

\ c
/

N H

s s
N H

/
C + 2 H + -(-2 e
\

n h 2
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T h e  o x id a tio n  reac tio n  p re su m a b ly  ta k e s  p lace  via  th e  follow ing s tep s :

N H , NIL,

C =  S; C - S H

N H , N H
У

( i )

N H ,

N H

C - S H -

H ,N

H N
У

c-s- +  H + + e (2)

H 2N

H N
У

C - S -

H ,N

H N
У

c - s - s - c У
N H

N H ,

(3)

S te p  2 is p ro b ab ly  ra te -d e te rm in in g . I t  has em erged from  a s tu d y  o f th e  
th io u re a  —  form am id ine  d isu lfid e  sy stem  [8 ] th a t  in  so lu tions o f  various 
c o n c e n tra tio n s  th e  red o x  p o te n tia ls  on a p la tin u m  e lec trode , w h ich  are well 
re p ro d u c ib le  and  ra p id ly  e s tab lish ed , can  be g iven b y  th e  re la tio n

E  =  Eo +  ^ / r e [R SSR ]
2 F  [R S H ] 2

w h e re  [R SSR ] is th e  c o n c e n tra tio n  of fo rm am id ine  d isu lfide , a n d  [R S H ] is 
t h a t  o f  th io u rea , th a t  is an  o rd in a ry  red o x  sy s tem  is invo lved . T h e  v a lu e  of E° 
is a t  a ro u n d  420 mV. T h e  re su lts  o f m easu rem en ts  re la tin g  to  th e  o x id a tio n  
o f  th io u re a  were in  a g reem en t w ith  th is . T he questio n  n e x t arises as to  w h e th e r 
th e  re su lts  o b ta in ed  a t  p o te n tia ls  w here th io u re a  also und erg o es ox ida tio n  
re f le c t  th e  adso rp tio n  of th io u re a . T he answ er is p resu m ab ly  n e g a tiv e , for tw o 
re a so n s , (i) As a consequence  o f th e  o x id a tio n , fo rm am id ine  d isu lfid e  too  is 
p re s e n t , and  it  is n o t possib le  to  decide w h e th e r th e  ad so rb ed  m olecule is 
th io u re a  or its o x id a tio n  p ro d u c t, (ii) T he in te rm e d ia te  of th e  o x id a tio n  reac tio n  
m a y  also be adsorbed . A s th e  above schem e show s, th is  is a rad ica l, and 
ca n  p re su m ab ly  in te ra c t  s tro n g ly  w ith  th e  m e ta l surface. T h e  ad so rb ed  radical 
m a y  undergo  fu r th e r  decom position  an d  tra n sfo rm a tio n , th e re b y  com plica ting  
th e  p ic tu re  even m ore.

In  th e  p resen t p a p e r  a s tu d y  is m ade w ith  reg ard  to  th e  p o te n tia l  in te rv a l 
in  w h ich  one m ay  sp eak  o f  th e  a d so rp tio n  o f th io u rea , an d  w h e th e r i t  is really  
n e c e ssa ry  to  reckon  w ith  th e  ir re v e rs ib ility  o f th e  a d so rp tio n  a t  all p o ten tia ls .
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Experimental

A d sorp tion  w as s tu d ied  w ith  th e  a id  o f th e  tra c e r  tech n iq u e  rep o rted  in  d e ta il  p re v i
o u sly  [9].

T he re a c tiv ity  o f  th io u rea  was e x am in ed  b y  c a rry in g  o u t p o lariza tio n  m ea su re m e n ts  
w ith  a  p o ten tio s ta tic  m e th o d  on b rig h t p la t in u m  a n d  go ld  e lectrodes in a 1 M  H C 104 b a ck 
g ro u n d  solu tion . T h e  c u sto m ary  th ree -e lec tro d e  sy s te m  w as used  for th is  p u rp o se . The 
au x ilia ry  electrode w as p la tin ized  p la tin u m . A h y d ro g e n  electrode im m ersed  in  th e  b a c k 
g ro u n d  so lu tion  was u sed  as reference e lec tro d e . In  th e  follow ing, all p o te n tia ls  a re  given 
a g a in s t th is  electrode.

R esu lts

In  accordance w ith  th e  re su lts  in  th e  l i te ra tu re  a lready  re fe rred  to , on 
b o th  b r ig h t gold a n d  b rig h t p la tin u m  e lec trodes th e  ox idation  o f  th io u re a  
occurs a t  p o ten tia ls  m ore positive th a n  500 mV. O ne section of th e  p o la riz a tio n  
cu rv e  fo r a p la tin u m  electrode a n d  a g iven  th io u re a  co n cen tra tio n  is to  be 
seen in  F ig . 1. I f  th e  electrode is m a in ta in e d  fo r a defin ite  tim e (20— 30 m in)

E (mV)

F ig . 1. P o la riza tio n  cu rv e  of th iou rea  in  1 M  HCIO, b ack g ro u n d  so lu tion ; c =  2 X 10 ~2
m ol d m -3

a t  a p o te n tia l of 600 mV and th e  p o la riz a tio n  cu rv e  is again re c o rd e d , th e  
ap p ea ran ce  of a ca th o d ic  b ranch  can  be  o b served ; th is  is illu s tra te d  in  F ig . 2.

In  ag reem en t w ith  w hat was sa id  in  th e  in tro d u c tio n , th e  a p p e a ra n ce  
o f  th e  ca th o d ic  b ra n c h  can be a t t r ib u te d  to  re d u c tio n  of th e  fo rm am id in e  
d isu lfide  form ed u p o n  ox idation . T h e  m a g n itu d e  o f  th e  cu rren t to  be  o b serv ed  
a t  a g iven p o te n tia l in  th e  ca thod ic  b ra n c h  dep en d s on th e  m a g n itu d e  o f  th e  
ch arg e  in tro d u ced  d u rin g  th e  anod ic  p o la riz a tio n , i.e. on th e  c o n c e n tra tio n  
o f  fo rm am id ine  d isu lfide  form ed. I f  th e  p o la riz in g  circu it is in te r ru p te d , 
th e n , depend ing  on th e  th io u rea  a n d  fo rm am id in e  disulfide c o n c e n tra tio n s , 
th e  re s t p o ten tia l is estab lished , w h ich  is p re su m a b ly  an equ ilib riu m  p o te n 
tia l. H ow ever, th is  l a t te r  is no t c e rta in , fo r th e  th io u re a  — form am id ine  d isu lfid e  
tra n s it io n  is accom pan ied  by  o th e r reac tio n s . T h is is ind ica ted  b y  th e  fa c t 
th a t  a t  a given p o la riza tio n  p o te n tia l  th e  m a g n itu d e  of th e  c u r re n t  v a rie s
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in  t im e , an d  an  ageing  process occurs; th is  is p re su m a b ly  connected  w ith  th e  
a d so rp tio n  of a s tro n g ly  chem isorb ing  p ro d u c t fo rm ed  in  some side reac tio n .

I n  th e  case o f a gold  electrode, th e  susp ic io n  also arose th a t ,  besides th e  
o x id a tio n  o f th e  th io u re a , d isso lu tion  of th e  e lec tro d e  m ust be considered  too . 
T h e  corrosion  o f th e  e lec tro d e  was concluded  fro m  th e  decrease in  w eig h t

<
E

F ig . 2. P o la riz a tio n  cu rv e  o f  th io u re a  a fte r  th e  p o te n tia l  o f th e  electrode h as b een  k e p t  a t
600 mV for 25 m in

F ig . 3 . Increase  in  w e ig h t loss o f gold e lectro d e  as a  fu n c tio n  of tim e a t  600 mV

o ccu rrin g  a fte r p o la r iz a tio n  for a d efin ite  tim e . F ig u re  3 shows th e  decrease 
in  w e ig h t o f a 1 c m 2 gold  electrode a t  600 m V  as a function  o f tim e . C urves 
o f  s im ila r ty p e  w ere also o b ta in ed  a t 500 m V . T h e  experim en ta l re su lts  c learly  
d e m o n s tra te , th e re fo re , t h a t  a t p o ten tia ls  m o re  positive th a n  500 mV th e  
gold  e lec trode  d isso lves a t  an  appreciab le  r a te  in  th e  presence o f  th io u re a , 
a n d  th u s  n e ith e r  th e  o x id a tio n  no r th e  a d so rp tio n  o f th io u rea  can  be s tu d ied  
sa tis fa c to rily  a t  th e se  p o ten tia ls . In  th e  e v e n t o f  a p la tin u m  elec tro d e  u n d e r 
s im ila r  ex p e rim en ta l cond itions, no such d ecrease  in  w eight o f th e  e lec trode  
cou ld  be observed.
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T he tra c e r  te ch n iq u e  was u sed  to  s tu d y  th e  adso rp tio n  o f  th io u re a  on  a 
gold e lec trode , care  being  ta k e n  t h a t  th e  p o te n tia l be as fa r  as possib le  from  
th o se  values a t  w hich  p o la riza tio n  m easu rem en ts  in d ica te  t h a t  o x id a tio n  
processes an d  d isso lu tion  of th e  e lec tro d e  m u s t also be reckoned  w ith .

A ccord ing ly , fo r th e  sake o f  s a fe ty , th e  electrode was n o t p o la riz e d  a t  a 
p o te n tia l  m ore po sitiv e  th a n  + 1 0 0  m V. F ig u re  4 shows th e  ch an g e  in  th e  ad-

Fig. 4. C hange in  ad so rp tio n  of th io u re a  on  a gold electrode as a  fu n c tio n  o f tim e.
(1) 1 0 _e m ol d m - 3 ; (2) 3 X 10“ 6 m ol d m - 3 ; (3) 10 -6  m ol d m -3 (200 cpm  ~  1 0 -10 m ol c m -2 )

F ig . 5. E x ch an g e  o f labe lled  adsorbed th io u re a  w ith  u n labe lled  th io u rea  a t  0 m V . (The la t te r  
w as ad d ed  to  th e  sy s tem  a t  th e  tim e  in d ica ted  by  th e  arrow .)

so rp tio n  as a fu n c tio n  o f tim e, a t  v a rio u s  th io u re a  co n cen tra tio n s. A t a given 
co n c e n tra tio n , th e  e x te n t of a d so rp tio n  does n o t depend  on th e  p o te n tia l  in 
th e  in te rv a l 150— 100 mV. I t  w as su rp ris in g , how ever, th a t  lab e lled  th io u re a  
ad so rb ed  a t  0 m V  an d  a t  po ten tia ls  m o re  n e g a tiv e  th a n  th is  undergoes exchange 
if  in a c tiv e  th io u re a  is added  to  th e  so lu tio n . T his is show n in  F ig . 5.

O n th e  basis o f th is  ex p e rim en t, th e re fo re , th e  conclusion m u s t be  d raw n  
th a t  a t  th ese  p o te n tia ls  th e  a d so rp tio n  o f  th io u re a  can n o t be  re g a rd e d  as 
irreversib le .

To sum m arize  o u r ob se rv a tio n s, i t  m a y  be said th a t  th e  a d so rp tio n  of 
th io u re a  can  be s tu d ie d  in only a n a rro w  p o te n tia l in te rv a l, p a r t ly  b ecau se  of
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o x id a tio n , an d  p a r t ly  (in  th e  case of a gold e lec tro d e) because of d isso lu tion  
o f th e  e lec tro d e . Since th e  m olecules adso rbed  on  a gold  electrode a t  p o te n tia ls
a ro u n d  0 mV w ere fo u n d  to  be m obile, i t  m a y  be  p resu m ed  th a t  th e  irre v e rs i
b i l i ty  f re q u e n tly  o bserved  in  th e  ad so rp tio n  is c o n n e c te d  w ith  th e  a d so rp tio n  
o f su b s ta n c e s  fo rm ed  in  reac tio n s occurring  a t  h ig h e r  p o ten tia ls .
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SPECTRAL AND MAGNETIC STUDIES OF THE 
COMPLEXES OF INDAZOLE AND 5-NITROINDAZOLE 

WITH CORALT(II) AND NICKEL(II)

S. A. A. Z a i d i , A. S. F a r o o q i  and N e e l a m  S in g h a l

(D iv is io n  o f  Inorganic Chem istry, D epartm ent o f  C hem istry , A ligarh  M u slim  U niversity ,
A ligarh , 202001 In d ia )

R eceived O c to b er 5, 1976

Several new  com plexes o f  th e  g en era l fo rm u la  M L 2X 2 an d  M L4X 2 [M =  C o(II) 
o r N i(II) ; L  =  indazo le  o r 5 -n itro in d azo le , X  =  C l- , B r “ , N 0 “ , 1/2 S 0 |—, S C N ” ] 
hav e  been  p re p a re d . All these  com plexes h a v e  b een  c h a ra c te riz ed  by e lem en ta l an a ly sis , 
in fra red  sp ec tra , m ag n e tic  m o m en t a n d  e lec tro n ic  sp e c tra l m easu rem en ts. T w o d iffe re n t 
ty p es  o f com plexes h a v e  been obse rv ed . T h e  in d azo le  com plexes are  m o n o m eric  a n d  
th e  ligand  is b id e n ta te , co o rd in a ted  th ro u g h  b o th  th e  p y rid in e  an d  th e  p y rro le  
n itro g en ; th e  5 -n itro indazo le  com plexes a re  p o ly m eric  w ith  th e  ligand  m o n o -co o rd in a ted  
th ro u g h  th e  p y rro le  n itrogen . O n th e  basis  o f  m ag n e tic  m om en ts , e lec tro n ic  an d  
in frared  sp ec tra l m easu rem en ts , an  o c ta h e d ra l g e o m e try  is p ro p o sed  for all co m p o u n d s .

Introduction

E x c e p t fo r re p o rts  on  th e  com plexes o f  c o b a lt [1] a n d  copper [2], th e re  
has been  no in te re s t  in  th e  co o rd in a tio n  c h e m is try  o f  indazole. R e c e n tly  we 
re p o rte d  on a few  com plexes o f indazo les [3— 5], fro m  w hich  i t  becam e e v id e n t 
t h a t  th e  indazoles h av e  an  ex tensive  c o o rd in a tio n  ch em istry . In  th e  case  of 
5 -am ino indazo le , m o st o f th e  com plexes w ere fo u n d  to  be po lym eric  w ith  
an ion  b ridg ing  an d  u n id e n ta te  lig an d  c o o rd in a tio n  occurring  th ro u g h  th e  
p y rid in e  ra th e r  th a n  th e  py rro le  n itro g e n . I t  w as, th e re fo re , assum ed  t h a t  
i f  th e  b a s ic ity  o f th e  p y rid in e  n itro g e n  cou ld  be red u ced  by  in tro d u c in g  an  
e lec tro n -w ith d raw in g  g roup  in to  th e  b en zen e  rin g , viz.  N 0 2, in  p lace o f  th e  
N H 2 g roup  o f 5-am ino indazo le  or b y  u sin g  th e  u n su b s ti tu te d  indazo le  itse lf , 
one m ig h t observe p re fe ren tia l c o o rd in a tio n  th ro u g h  th e  pyrro le  n itro g e n  a n d  
i t  m ig h t be possib le to  p rep a re  d iffe ren t ty p e s  o f  new  com plexes. W ith  th is  
end  in  v iew , com plexes o f 5 -n itro indazo le  a n d  ind azo le  w ith  Co(II) a n d  N i( I I )  
w ere p rep a red  an d  s tu d ied , th e  resu lts  b e in g  re p o r te d  here.

Experim ental

In dazo le  a n d  5 -n itro indazo lc  (K o ch -L ig h t, m . p . 146 °C a n d  205 °C, re sp ec tiv e ly ) 
w ere recry sta llized  fro m  m e th an o l. All th e  m e ta l sa lts  (B D H , A R  q u a lity ) , d im eth y l-su lfo x id e  
(B D H  reag en t g rade) a n d  n itro m e th a n e  (E a s tm a n  K o d a k  re a g e n t g rad e) were u sed  a s  such .
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P re p a ra tio n  o f th e  com plexes

A n  alcoholic  o r aqueous so lu tio n  of th e  m e ta l h e x a h y d ra te  an d  lig an d  w ere m ixed  
in  th e  re q u ire d  ra tio . In  a ll cases a  solid ap p ea red  a f te r  m ix ing  or on  s tir r in g  a n d  sligh t 
h e a tin g . T h e  com plexes w ere iso la ted  a fte r  w ash in g  a n d  d ry in g  in v acu u m  a t  ro o m  te m p e r
a tu re .  T h e  indazo le  com plexes a re  soluble, a n d  w ere  recry sta llized  fro m  e th a n o l w hile th e  
5 -n itro in d a zo le  com plexes are  in so lub le  in th e  u su a l o rg an ic  so lvents a n d  could  n o t  be  
re c ry s ta ll iz e d . A ll th e  com plexes a re  q u ite  stab le  a t  ro o m  tem p era tu re .

A nalysis and physical m easu rem en ts

M o la r con d u ctan ces w ere d e te rm in ed  on  a S y s tro n ix  321 bridge a n d  m ag n e tic  su scep 
tib il it ie s  w ere  m easu red  on  a G ouy ba lan ce . T he I R  s p e c tra  w ere recorded on  a  P e rk in — E lm e r 
521 sp e c tro p h o to m e te r  in  K B r discs (4000— 650 c m - 1 ) o r in  nu jo l m u ll (650— 250 c m -1 ). 
D iffu se  re fle c ta n ce  sp ec tra  w ere reco rd ed  on  a  C arl Zeiss V SU — 2 P  sp e c tro p h o to m e te r  
w ith  M gO  as a re flectance  s ta n d a rd . T he v isib le a b so rp tio n  sp ec tra  were reco rd ed  in  m e th a n o l 
o n  a  D K  2A sp e c tro p h o to m ete r. T h e  e lem en tal an a ly se s  w ere perform ed b y  m ic ro a n a ly tic a l 
te c h n iq u e s .  H alogens a n d  su lfu r w ere d e te rm in ed  g ra v im e trica lly  and  th e  m e ta ls  w ere  e s ti
m a te d  b y  com plexom etric  t i t r a tio n s  [6].

Results and discussion

T h e  an a ly tica l re su lts  o f  all com plexes (T able  I) are in  good ag reem en t 
w ith  th e  suggested  s to ich iom etries. T he m o la r  conductances in  n itro m e th a n e  
a re  in d ic a tiv e  of th e  non ion ic  n a tu re  o f th e s e  com plexes. T h o u g h  th e  m o la r 
c o n d u c ta n c e  in  DMSO of som e o f th e  com plexes is in  th e  range c h a ra c te r is tic  o f 
1 : 1 e lec tro ly te s , th is  fa c t is a t tr ib u te d  [5] to  p a r tia l  s u b s titu tio n  o f th e  an ions 
b y  th e  so lv en t m olecule. T he in so lu b ility  o f  th e  5 -n itro indazo le  com plexes in  
th e  u s u a l  o rganic so lven ts a n d  th e ir  h ig h  m eltin g  p o in t o r decom p o sitio n  
te m p e ra tu re s  suggest t h a t  th e y  are p o ly m eric . The indazo le  com plexes a re , 
h o w e v e r , so luble in  th e  u su a l o rganic so lv en ts  an d  are m onom eric  in  n a tu re .

Nature o f bonding from  IR  spectra

( i )  Indazole  complexes

A s indazo le  is asso c ia ted  in  th e  so lid  p h ase , th e  sp e c tru m  o f in d azo le  
in  CC14 is to  be com pared  w ith  those  o f its  com plexes (Table I I ) .  T hese sp e c tra  
a re  v e r y  sim ilar ex cep t fo r a m ark ed  decrease  in  th e  N H  s tre tc h in g  freq u en cy , 
su g g e s tin g  co o rd in a tio n  th ro u g h  th e  p y rro le  n itrogen  a to m . T h e  C = N  
s tr e tc h in g  freq u en cy  a t  1507 cm - 1  in  in d azo le  rem ains p ra c tic a lly  u n c h a n g e d  
a f te r  co m p lex a tio n . H ow ever, as th e  com plexes are m onom eric  a n d  th e  
an io n s  u n id e n ta te , in  o rd er to  acco u n t fo r  th e  o c tah ed ra l g eo m e try  s u b s ta n 
t i a t e d  b y  e lectron ic  sp ec tra l an d  m ag n e tic  s tu d ie s , b id c n ta te  c o o rd in a tio n  o f 
th e  l ig a n d  also invo lv ing  th e  p y rid in e  n itro g e n  is p roposed in  th e se  com plexes, 
e x c e p tin g  th e  case o f N i(In z )4Cl2, w here th e  lig a n d  is u n id e n ta te , b e in g  co o rd i
n a te d  th ro u g h  th e  p y rro le  n itrogen .
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Table I

A n a ly tica l data and physica l properties o f  indazole and 5-nitroindazole complexes

Complex Colour M.p.(°C)
%M Calcd. 

(Obsd.)
% N  Calcd. 

(Obsd.)
% C Calcd. 

(Obsd.)
% H  Calcd. 

(Obsd.)
%  Anion 

Calcd. (Obsd.)

1. Co(Inz)2CL P ink 288 16.10 15.30 45.88 2.73 19.39
(16.16) (15.29) (45.87) (2.73) (19.36)

2. Co(Inz)2Br„ P ink 217 12.95 12.33 36.92 2.64 35.16
(12.96) (12.34) (36.89) (2.63) (35.14)

3. Co(Inz)„(SCN), Brow nish p ink 226 14.36 20.48 46.71 2.93 15.60
(14.38) (20.47) (46.71) (2.92) (15.68)

4. N i(Inz)2CL L igh t green 290°(d) 16.04 15.31 45.90 2.70 19.40
(16.06) (15.28) (45.00) (2.70) (19.36)

5. N i(Inz)4CL Blue 320°(d) 9.75 18.61 55.81 4.00 11.80
10.80 18.90 56.11 4.20 11.38

6. Co(5-3\TInz)2Cl„ Brow nish yellow 310°(d) 12.15 18.66 37.15 2.21 15.70
12.14 18.65 37.15 2.22 15.69

7. Co(5-NInz)oBr„ P ink 310°(d) 10.80 15.40 30.81 1.83 29.34
(10.77) (14.40) (30.78) (1.90) (29.31)

8. N i(5-N Inz)2Cl2 L igh t yellow 300°(d) 12.87 18.42 36.84 2.19 15.57
(12.89) (18.45) (36.85) (2.20) (15.49)

9. N i(5-N Inz)2B r2 L igh t yellow 300°(d) 10.77 15.41 30.82 1.48 29.36
(10.78) (15.42) (30.82) (1.80) (29.29)

10. N i(5-N Inz)2(N 0 3)2 Green 300°(d) 11.53 20.01 33.01 1.96 —
(11.47) (22.12) (33.32) (1.99) —

11. Ni(5-NInz)„SOj G reenish yellow 300 °(d) 12.20 17.47 34.93 2.08 6.65
(12.23) (17.42) (34.98) (2.10) (6.64)

12. N i(5-N Inz)2(SCN), L igh t yellow 240°(d) 11.71 22.36 38.32 2.00 12.79
(11.90) (22.36) (38.31) (2.01) (12.69)

d = d e c o m p o s itio n
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Table I I

In frared  spectra (cm  l)  o f  indazole a n d  5-nitro indazole complexes

Complex N - H C =  N M - N

In z 3450 (s) 1507 (s)

C o(Inz)2Cl2 3413 (s) 1503 (s)

C o (Inz)2B r2 3390 (s) 1502 (s) 544 (s), 544 (m )

C o (Inz)2(SCN)2 3415 (s) 1495 (s) 507 (s), 488 (s)

N i(In z )2Cl2 3264 (s) 1500 (s) 522 (s)

N i(In z )4Cl2 3220 (s) 1 5 6 0 (m ) 520 (s), 540 (s)

5 -N In z 3450 (m) 1499 (s)

C o(5-N Inz)2Cl2 3368 (s) 1498 (s) 4 8 0 (s )

C o(5-N Inz)2B r2 3366 (s) 1493 (s) 488 (s)

N i(5 -N In z)2Cl2 3390 (s) 1500 (s) 483 (s)

N i(5 -N In z)2B r2 3368 ( s ) 1494 (s) 484 (s)

N i(5 -N In z)2(N 0 3)2 3360 (s, b) 1494 (s)

N i(5 -N In z)2S 0 4 3280 (s, b) 1 5 0 0 (m)

N i(5 -N In z)2(SCN), 3350 (m) 

3334 (m , b)

1493 (s)

s =  s tro n g ; m  =  m ed iu m ; b  =  b ro ad

I n  C o(Inz)2(SCN ) 2 th e  I R  bands of N C S~ occur a t  2100 cm - 1  ( C = N ) ;  
962 c m - 1  (C— S s tre tc h ) , show ing  th a t  th e  th io c y a n a te  groups a re  b o n d e d  
th r o u g h  n itro g en  to  th e  m e ta l ion  [8 ,1 0 ] . T h e  p resence  of only one b a n d  in  th e  
21 0 0 — 2180 cm - 1  reg ion  suggests u n id e n ta te  te rm in a l NCS~ c o o rd in a tio n .

( i i )  5-Nitroindazole complexes

A s 5 -n itro indazo le  is also  associated  in  th e  solid phase, its  sp e c tru m  in 
CC14 is  co m p ared  w ith  t h a t  o f  its  com plexes (T ab le  I I ) .  In  th is  case to o , th e re  
is n o t  m u ch  change e x c e p t fo r a m ark ed  decrease  in  th e  N—H  s tre tc h in g  
f re q u e n c y . As th e re  is no  ev idence  of th e  lo w erin g  o f th e  N -H  fre q u e n c y  due 
to  in tra m o le c u la r  h y d ro g en  bon d in g  as w as n o te d  in  th e  case of th e  co p p er 
c o m p le x  o f  indazole [5], th e  5 -am ino indazo lc  com plexes of Co(II) a n d  N i(II)
[4 ], i t  is clear th a t  c o o rd in a tio n  m u st be th ro u g h  th e  pyrro le  n itro g en .

T h e  n itra te  ion  in  N i(5 -N Inz)2( N 0 3) 2 e x h ib its  v e ry  s tro n g  b a n d s  a t  
1530 c m - 1  (N 0 2 a sy m m etric  s tre tch ) and  1290 c m ” 1 (N 0 2 sym m etric  s tre tc h )  
a n d  s tro n g  bands a t  1050 c m - 1  (NO s tre tc h )  a n d  818 cm - 1  (o u t-o f-p lan e  de
fo rm a tio n ) , suggesting  co o rd in a tio n  to  th e  m e ta l ion  [9]. I t  m ust be m e n tio n e d  
h e re  t h a t  som e of th e se  b a n d s  m igh t o v erlap  w ith  those  of th e  n itro  g ro u p  in 
th e  lig a n d . F rom  th e  s to ich io m e try , th e  p o ly m eric  n a tu re  of th e  co m p lex ,
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Table III

M olar conductances, magnetic m om ents and electronic spectra o f  indazole and 6-nitroindazole
complexes

Complex

Molar conduc
tance of a 0.001 M  

solution 
(Ohm-1  cm 2 

m o l"1) DMSO

N itrom ethane
Magnetic 
m om ent 

I 'e t t  (I'M)

Electronic spectral bnnds
(cm-1)

Co(Inz)2Cl2 30.2 26.2 5.21 22,220; 19,230; 8000
Co(Inz)2B r2 68.4 25.7 20,620; 19,050; 8000
Co(Inz),(SCN )2 54.7 38.0 20,620; 19,230; 7874

N i(Inz),C l2 37.6 — 25,000; 13,510; 8696

N i(Inz),C I, 79.8 — 3.20 25,640; 13,510

Co(5-NInz),C l2 27.4 — 5.06 19,610; 16,390

C o(5-NInz)2B r2 36.4 — 5.19 18,870; 15,620

N i(5-N Inz)2Cl2 32.5 — 3.18 24,690; 14,490

N i(5-N Inz)2B r2 35.0 — 3.19 24,390; 13,890

N i(5-N Inz)2(N 0 3)2 43.3 — 3.25 25,000; 14,390

N i(5 -M n z)2(S 0 4) 10.6 — 2.85 24,690; 13,700; 10,640
N i(5-N Inz)2(SCN)2 45.6 — 2.99 23,960; 14,710; 10,640

— =  insoluble

an d  th e  fa c t th a t  n ickel ion is in  an  o c tah ed ra l e n v iro n m e n t, i t  is c lear t h a t  
n i tra te  ion m u s t be co o rd in a ted  as a b id e n ta te  lig an d , or w h a t seem s to  be 
m ore p ro b ab le , as a b ridg ing  b id e n ta te  ligand .

T he th io c y a n a te  ion in  d ith io c y an a to b is(5 -n itro in d azo le )n ick e l(II)  show s 
tw o  very  s tro n g  C = N  ab so rp tio n  b an d s a t  2095 an d  2030 cm 1 (r3), c h a ra c 
te ris tic  o f N C S-  bridges [7, 10]. S u lfa te  b an d s a t 1170, 1090, 1052 c m - 1  (v3) 
an d  990 cm - 1  (Vj) h av e  been o bserved  in  th e  sp e c tru m  o f su lfa to b is(5 -n itro in - 
dazo le)n ickel(II) [11]. This is due  to  th e  sp littin g  o f v3 in to  th ree  bands because  
o f th e  low ering o f th e  sy m m etry  o f  th e  su lfa te  g roup  T d to  C.,v. I t  is th e re fo re  
suggested  th a t  su lfa te  is also a b id e n ta te  lig an d , as has been show n b y  
B arr aclo ug h  a n d  T o be  [12].

Structure from reflectance spectra and m agnetic measurem ents

In  all th e  n ickel com plexes (T able I I I )  th e  observed  b an d s  are assigned  
to  th e  follow ing tra n s itio n s  ex p ec ted  fo r an  o c ta h e d ra l geom etry : 8696-— 
10,640 cm - 1 (3T 2g(F) sA2g(F )); 13,510— 14,710 c m - 1 (3T lg(F) s -  3A,g(F) an d
23,960— 25,640 c m - 1  (3T lg(P) ■*— 3A2g(F)). T he /<cff values betw een  3 .25— 2.85 
BM is also co n sis ten t w ith  an  o c tah ed ra l g eo m etry . In  N i(In z)4Cl2 th e re  are
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tw o  a d d itio n a l b an d s a t  15,870 and  20,830 cm ,-1 , w hich  m ay  be due  to  spin- 
fo rb id d e n  tran s itio n s . T h is com plex  is s ta b le  on ly  u p  to  100°C b u t  i f  i t  is k e p t 
a t  a  te m p e ra tu re  o f 140°C, in  ab o u t fo u r h o u rs , th e  b lue fo rm  is co n v e rte d  to  a 
l ig h t  g reen  m od ifica tio n  o f  th e  com p o sitio n  N i(Inz)2Cl2, w hich  is s im ila r to  
th e  1 : 2 n ickel com plex  described  earlie r.

I n  th e  case o f co b a lt com plexes, th e  observed  electron ic  sp e c tra  suggest 
a n  o c ta h e d ra l geom etry . T h e  a b so rp tio n  b a n d s  have been  assigned  to  th e  fol
lo w ing  tra n s itio n s  in  O h sy m m e try ; 2 2 ,2 2 0 —15,620 c m -1  (4T2g(P) -<— 4T lg(F )); 
19 ,610— 18,770 cm -1  (4A2g(F) 4T lg(F )) a n d  8000— 7874 c m - 1 (4T 2g(F) +- 

4T lg(F )). The a b so rp tio n  due to  (4T 2g(F) ■«— 4T lg(F)) tra n s it io n s  could , 
h o w ev e r, n o t be observed  in  th e  re flec tan ce  sp ec tru m  o f th e  in so lub le  5-n itro - 
in d a z o le c o b a lt(I I )  com plexes as i t  falls o u t o f th e  ran g e  o f th e  in s tru m e n t. 
T h e  fie{{ Values betw een  5 .21— 5.06 BM are  also in  ag reem en t w ith  an  o c ta h e 
d ra l  geom etry .

F a r- in fra re d  spectra

T h e  new  b an d s  ap p ea rin g  in  th e  reg io n  of 450— 544 c m -1  h av e  been 
te n ta t iv e ly  assigned to  M—N  ab so rp tio n s  as w as also done in  th e  case of 
c o p p e r(II)  com plexes o f  indazo les [5].

*

W e th a n k  P rofessor W . R a hm an  fo r p ro v id in g  facilities. A S F  a n d  N S th a n k  th e  
C .S .I .R . (N ew  D elhi) fo r a Senior and  Ju n io r  fellow ship , re sp ec tive ly .
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THE REACTIVITY OF THE CARBONYL GROUP IN 
FLAVONOID COMPOUNDS, III

B A SIC IT Y  O F  2’-H Y D R O X Y - A N D  2’-B E N Z Y L O X Y C H A L C O N E S  

É .  R .  D á v i d , G . B . S z a b ó , M. R á k o s i  a n d  G y . L i t k e i

(In s titu te  o f  Organic C hem istry , K ossu th  Lajos U niversity , Debrecen)

R eceived A pril 7, 1976

C hanges in  th e  UV sp e c tra  o f 2’-h y d ro x y - an d  2’-benzy lo x y ch a lco n es depending  
on su b s titu tio n , as well as th e  calcu la tio n  of b asic ity  c o n s ta n ts  b y  th e  u se  o f  th e  H 0 
a c id ity  fu n c tio n  are  described . T he va lues o f b asic ity  c o n s ta n ts  a re  g iven  in  T ables I I I  
a n d  IV.

Chalcones, h av in g  a 1 ,3 -d ipheny lp ropane skele ton , be long  to  th e  fam ily 
o f flavono id  com pounds. H ow ever, th e  chem ical an d  ph y sica l p ro p ertie s  of 
chalcones are d iffe ren t from  tho se  o f th e  flavone  an d  f lav an o n e  derivatives 
ex am in ed  by  us earlie r, ow ing to  th e  absence of th e  h e te rocyc lic  r in g  [1, 2, 3].

T he b as ic ity  o f  som e su b s titu te d  trans chalcones [4] an d  chalcone an a 
logues [5, 6 ] h av e  been  d e te rm in ed  earlie r, w hile th e  n o n -su h s titu te d  chalcone 
(b en za lace to p h en o n e) w as in itia lly  used  as a H a m m e tt in d ic a to r  in  th e  d e te r
m in a tio n  of th e  ac id ity  fu n c tio n  H n [7, 8 , 9]. In  sp ite  o f th is , w ide ly  d ifferen t 
v a lu es  have  been  re p o rte d  in  th e  l i te ra tu re  reg a rd in g  th e  b a s ic ity  of non- 
s u b s ti tu te d  chalcone (— 5.73 [9]; — 5.68 [10]; — 5.17 [11]; — 5.00 [4]; —4.86
[6 ]). This has been  ex p la in ed  b y  th e  fa c t th a t  chalcones do n o t  behave as 
id ea l H a m m e tt bases.

T herefo re , in  th e  p re se n t w ork  th e  ap p licab ility  o f th e  a c id ity  function  
I I  о w as exam ined  fo r th e  d e te rm in a tio n  o f  th e  b a s ic ity  o f th e  c a rb o n y l groups 
o f 2 ’-hyd roxycha lcones an d  2 ’-benzyloxychalcones as a fu n c tio n  o f  th e  su b sti
tu t io n . Since th e  p ro to n a te d  ionic fo rm  ex h ib ited  lig h t a b so rp tio n  properties 
s ig n ifican tly  d iffe ren t from  tho se  of th e  n e u tra l m o lecu lar fo rm , th e  spectro- 
p h o to m e tric  te c h n iq u e  p ro v ed  su itab le  for th e  d e te rm in a tio n  o f  th e  re la tive  
basic ities  of th e se  com pounds.

Experimental

T he co m pounds ex am in ed  w ere p re p are d  accord ing  to  l ite ra tu re  p ro ced u res [12]. 
T h e  UV spec tra  w ere reco rd ed  w ith  a U N ICA M  S P  800 sp e c tro p h o to m e te r in  5 • 10-5  m olar 
so lu tio n s . T ables I  an d  I I  show  sp ec tra l d a ta  o f th e  m olecu lar a n d  ionic fo rm s in  ethanolic  
so lu tio n s , while in  T ab les I I I  a n d  IV th e  sam e d a ta  are given for aq u eo u s su lfu ric  acid solu
tio n s , to g e th e r w ith  th e  n eg ativ e  lo g arith m  values o f th e  c a lcu la ted  b a s ic ity  constan ts 
(PK BH+)-

T he aqueous su lfuric  acid  so lu tions used  in th e  d e te rm in a tio n  of th e  b a s ic ity  co n stan ts 
w ere  p rep ared  as described  earlie r [1] an d  th e  ac id ity  fu n c tio n  H 0 w as checked  by  th e  use
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o f  in d ic a to r  bases [7, 8, 9]. In  th e  know ledge  of H 0, th e  fo llow ing co rre la tio n  was app lied  
fo r  c a lc u la tin g  th e  basic ity  o f ch a lco n es  depending  on su b s ti tu tio n  [4— 9, 13]:

p K BH+=,H 0 +  l o g ^ -

w h e re  р К Вц+ is th e  n eg ativ e  lo g a r i th m  o f th e  eq u ilib riu m  c o n s ta n t o f th e  p ro to n a te d  fo rm  
(c o n ju g a te d  acid), H 0 is th e  H a m m e t t  a c id ity  value  of th e  aq u eo u s su lfuric  acid  so lu tion  
o f  k n o w n  co n cen tra tio n , a n d  С вц + /С д  is th e  c o n ce n tra tio n  ra tio  o f th e  p ro to n a te d  form  
a n d  th e  free  base a t  a g iven  H 0 v a lu e , d e term ined  sp e c tro p h o to m e tric a lly  on  th e  basis of 
th e  m o la r  ex tin c tio n  v a lu es m e a su re d  in  acid  so lu tions o f  v a rio u s  co n cen tra tio n s .

R esu lts and discussion

I t  c a n  be seen from  th e  d a ta  lis ted  in T ab les I  a n d  I I  t h a t  C-4 s u b s ti tu 
t io n  in  r in g  В causes —  d e p e n d in g  on th e  e le c tro n -d o n a tin g  o r e lec tro n -w ith 
d ra w in g  ch a rac te r of th e  s u b s ti tu e n ts  —  sh ifts to  a d iffe ren t e x te n t in  th e  
s p e c tra  o f  2 ’-hydroxy- an d  2 ’-b enzy loxychalcone, b u t  th e  ch a ra c te ris tic  shape 
o f  th e  sp ec tru m  is re ta in e d  (F ig s  1 and  2). T h e  sam e s u b s titu e n t causes a 
la rg e r  s h if t  in  th e  2 ’-h y d ro x y  series th a n  in  th e  2 ’-b en zy lo x y  series, ow ing to  
th e  p re se n c e  of th e  “ reso n an ce  c h e la te ”  in  2’-h y d ro x y ch a lco n e . H ow ever, th e  
o c c u rre n ce  of th e  sh ift, o f m a in ly  bath o ch ro m ic  c h a ra c te r , in  b o th  series 
c o n firm s  th e  p a rtic ip a tio n  in  co n ju g a tio n  of th e  n o n -b o n d in g  e lectrons of th e  
C-4 s u b s titu e n ts  an d  c o p la n a r ity . T hus, in  b o th  series, th e  b an d s  can  be 
re g a rd e d  as in tram o lecu la r p a r a  “ charge tra n s fe r”  b a n d s  [14— 16].

Table I

Spectral data o f  C-4 substitu ted  2 '-hydroxychalcones in  ethanol

H
О "  О

R

R B and I (!og e) A  nm B and I I 0°g 0 A  nm

H 317.5 (4.35) — 222 (4.09) —

OH 374 (4.42) 56.5 243 (4.09) 21

OCH3 368 (4.41) 50.5 243 (4.06) 21
CH3 336 (4.48) 18.5 230 (4.15) 8

N(CH3)2 435 (4.47) 117.5 275 (4.05) 53
Cl 319 (4.45) 1.5 225 (4.13) 3
B r 322 (4.39) 4.5 225 (4.03) 3

NO, 320 (4.49) 1.5 — — —
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Fig. 1. Spec tra  of some 2’-h y d ro x y ch a lco n es  su b s titu te d  a t  C-4 in rin g  B , re co rd e d  in  e th an o l 
(1) =  H ; (2) =  C H 3; (3) =  O C H 3; (4) =  N (C H 3)2

S h ift in  th e  s p e c tra  o f 2 ’-hydroxy- an d  2 ,-benzy loxychalcones d epend ing  
on su b s titu tio n  w ere in te rp re te d  and g rap h ica lly  rep resen ted  in  a w ay  sim ilar 
to  the  H a m m e tt c o rre la tio n s  [17— 19]:

1 Д т а х  1/^m ax == QO>

w here cr is th e  H a m m e tt s u b s ti tu e n t c o n s ta n t, an d  p is th e  re a c tio n  c o n s ta n t.

Table II

Spectral data o f  C-4 substituted 2’-benzyloxychalcones in  ethanol

О
II

R B and I 0°g e) A  nm Band II (log e) A  nm

II 307 (4.26) — 217 (4.20) -

OH 345 (4.35) +  38 237 (4.08) +  20

O C H 3 337 (4.38) +  30 237 (4.08) +  20

CH3 318 (4.38) +  И 230 (4.18) +  13
N (C H 3)2 409 (4.54) +  102 325 (4.10) +  108

F 309 (4.33) +  2 217 (4.39) 0

Cl 312 (4.37) +  5 217 (4.36) 0

B r 313 (4.35) +  6 218 (4.30) +  1
CN 301 (4.44) — 6 220 (4.31) +  3
COOH 313 (4.65) +  6 225 (4.08) +  8
n o 2 316 (4.50) +  9 — — —
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v ,  / AAy
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F ig . 2 . S p ec tra  of some 2’-benzy lo x y ch a lco n es s u b s ti tu te d  a t  C-4 in  r in g  B , reco rded  in 
e th a n o l  (1) =  H ; (2) =  C H 3; (3) =  N (C H 3)2

I n  b o th  series, a s h a rp  b re a k  is observed  in  th e  p lo t w hen  chan g in g  from  
s u b s t i tu e n t  constan ts  w ith  p o sitiv e  sign to  th o se  w ith  n eg a tiv e  sign  (Figs 
3 a n d  4).

A  fu n d am en ta l re q u ire m e n t for th e  lin e a r  free en erg y  re la tio n sh ip  
(L F E R )  is to  have th e  sam e  re a c tio n  m echanism  fo r all su b s ti tu tio n  effects [20]. 
T h e  sh a rp  b reak  o b se rv ed  b y  th e  use of s u b s ti tu e n ts  w ith  d iffe ren t effects 
(— M  a n d  -)-M) m ay  be d u e  to  a change in  th e  m ech an ism  o f e x c ita tio n  o f  th e  
c o n ju g a te d  system  of ch a lco n es caused by  th e  e lec tro n  d isp lacem en t o f  opposite  
d ire c tio n  as rep resen ted  b y  th e  following fo rm u la :

T h e  sam e sharp  b re a k  w as observed w hen  exam in in g  th e  su b s titu tio n  
e f fe c t as a function  o f a n y  o f  th e  su b s titu e n t c o n s ta n ts  (a , cr+ a*, a H, e tc .) 
in  s p ite  of the  fac t th a t  in  som e lite ra tu re  d a ta  [21— 23] a lin ea r  re la tio n sh ip  
w a s  estab lish ed  for co m p o u n d s  w ith  sim ilar su b s ti tu tio n  p a t te rn  (a ro m atic  
k e to n e s ) .

T h e  e lec tro n -d o n a tin g  a n d  e lec tro n -w ith d raw in g  n a tu re  o f th e  s u b s tit
u e n ts  also appears in  th e  b a s ic ity  of th e  c a rb o n y l g roups o f chalcones re la ted  
to  th e i r  p ro to n -b ind ing  a b ili ty .

T h e  spectra  of th e  cha lco n es recorded in  ac id  so lu tion  are ch a rac te rized  
b y  a s tro n g  b a th o ch ro m ic  sh if t and  an increase  in  th e  in te n s ity  o f th e  new 
b a n d  [Figs 5, 6  and  7]. T h e  m ag n itu d e  of th e  b a th o ch ro m ic  sh ift is m ore  th a n
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100 n m  fo r m ost of th e  com pounds (Tables I I I  a n d  IV ), w hich can be ex p la in ed  
b y  th e  ex p an d ed  s ta te  o f th e  p ro to n a te d  m olecule  an d  th e  presence o f  a long 
co n ju g a tio n  chain :

T he curves reco rd ed  in  aqueous su lfu ric  acid  solutions o f  d iffe ren t 
co n cen tra tio n s in te rse c t a t  th e  isobestic p o in t, w h ich  also proves th e  e q u ilib 
rium  sy stem  fo r th e  m o lecu la r (fJ) an d  ionic ( B H + ) form s.

-1 0 , «1

Fig. 3. R e la tio n sh ip  b e tw een  th e  w avelength  sh ift a n d  th e  H a m m e tt a  c o n s ta n t  in  th e
2’-hydroxychalcone  series

Fig. 4. R e la tio n sh ip  b e tw een  th e  w aveleng th  sh if t an d  th e  H a m m e tt a  c o n s ta n t  in  th e
2’-benzyloxychaIcone series
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F ig . 5 . S p e c tra l changes o f ch a lco n e  (b en za lace to p h en o n e ) as a  fu n c tio n  o f su lfu ric  acid
co n ce n tra tio n

(-----  5 0 %  e th a n o l - w a te r ; -------------21.27%  H 2S 0 4; — О — 56.4%  H 2S 0 4; —  X —  60.27%
H 2S 0 4; -  ▲ — 80.90%  H 2S 0 4; —  .  .  —  93.13%  H 2S 0 4)

nm

F ig . 6 . S p e c tra l changes o f 2’-h y d ro x y -4 -m e th y lch a lco n e  as a fu n c tio n  of su lfu ric  acid  con
c e n t r a t io n  (----- 50%  e th a n o l-w a te r ;  — О—  49.58%  H 2S 0 4; — X —  5 5 .1 5 % H 2S 0 4; — □  —

60.27% ;— .  . —  71.41%  H 2S 0 4; — A —  91.39%  H 2S 0 4)

I f  th e  logarithm  o f  C ß h +/C, ca lcu la ted  fro m  th e  in te n s ity  v a lu es  a t  th e  
m a x im u m  o f the  ionic, p ro to n a te d  form  a n d  a t  w aveleng ths in  its  v ic in ity , is 
p lo t t e d  as a function  o f H 0, s tra ig h t lines h a v in g  th e  sam e slope a re  o b ta in ed  
fo r  th e  chalcones exam ined  (F ig . 8 ), and  th e  slope  is nearly  u n ity  [7— 9, 14]. 
T h is  is ev idence to  show  t h a t  o rt/io -substitu ted  2 ’-hydroxy- and  2 ’-benzy loxy-
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F ig . 7. S p e c tra l changes o f 2’-benzy loxy-4 -fluo rochalcone  as a fu n c tio n  [of su lfu ric  acid
c o n c e n tra tio n , (-----0.11V sulfuric  acid  in  e th a n o l; - - - 53.00%  H 2S 0 4; ------ — 6 0 .22%  H „S 0 4;

—  • —  70.41%  H 2S 0 4; — X —  86.54%  H,SO„; — A—  93.26%  H 2S 0 4)

Fig. 8. L o g a rith m  of С в н +/С д  as a fu n c tio n  of H 0. (1) chalcone; (2) 2’-h y d ro x y ch a lco n e ; 
(3) 2’-berizy loxychalcone; (4) 2’-benzyloxy-4-brom ochalcone

chalcones as well as th e  n o n -su b s titu te d  chalcones, behave as id ea l H a m m e tt  
b ases in  aqueous sulfuric ac id  so lu tions, th u s  th e ir  b a s ic ity  can  e x a c tly  be 
d e te rm in e d  in  th e  know ledge o f  H 0.

T ab les I I I  an d  IY lis t th e  b a s ic ity  v alues de te rm ined  in  th is  w ay . T he 
v a lu e  р К в н + — — 4.92 o b ta in e d  fo r n o n -su b s titu te d  chalcone is in  good 
ag reem en t w ith  th e  value d e te rm in ed  b y  Sov iet au th o rs  [6 ] (рК цнл- =  — 4.86). 
T he basic ities  o f 2’-h y d ro x y -an d  2’-benzy loxychalcone are ab o u t 0.3  р К й н 
u n its  low er th a n  th a t  o f n o n -su b s titu te d  chalcone ( —5.22 an d  — 5.28, re 
sp ec tiv e ly ), since ortho su b s ti tu tio n  gives rise to  steric  h in d ran ce  in  so lv a tio n .

T h e  differences in  р К ц н  va lu es  c learly  re flec t th e  e le c tro n -d o n a tin g  
or e lec tro n -w ith d raw in g  te n d e n c y  o f th e  C-4 su b s titu e n ts , w h ich  p ro d u c e  
d iffe ren t degrees of e lec tron  d e n s ity  a t  th e  ca rb o n y l group  ac tin g  a lo n g  th e
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Table ГО

Spectral data o f  the m olecular ( В )  and ionic ( B H + ) fo r m s  o f  2 '-hydroxychalcones and the
basicity data calculated

4-R (B)* (£) ^max (BH +)** (e) ^max P K B H +

O H 375 (22500) 468 (42000) —  4.66 +  0.04

O C H 3 372 (21300) 475 (43950) —  4.58 ±  0.07

C H 3 348 (25300) 461 (57300) —  4.85 ±  0.02

N (C H 3)2 310 (17600) 383 (24800) —  5.64 0.05

Cl 326 (22400) 436 (39200) —  5.40 ±  0.03

B r 335 (20400) 449 (38000) —  5.40 ±  0.03

n o 2 320 (28000) 392 (42000) — 5.80 ±  0.05

* 1.985%  su lfu ric  a c id
** 91%  su lfuric  ac id . A t h igher c o n ce n tra tio n s  o f  su lfuric  acid, th e  cu rves do n o t 

p a ss  th ro u g h  the  iso b estic  p o in t

c o n ju g a te d  a ro m a tic  sy s te m . P ro to n a tio n  o f  th e  ca rb o n y l group w ill th u s  
d e p e n d  on th e  s u b s t i tu t io n , and  will ta k e  p lace  a t  d iffe ren t co n cen tra tio n s of 
su lfu ric  acid. The h ig h e r  th e  electron d e n s ity  a t  th e  ca rb o n y l group, th e  low er 
c o n c e n tra tio n  of su lfu ric  ac id  is requ ired  fo r th e  ap p ea ran ce  of th e  ion ic  fo rm , 
a n d  th u s  the  co m p o u n d  is m ore  basic.

Table IV

Spectra l data o f  the m olecular ( B )  and ionic ( В 11' )  fo r m s  o f  2 '-benzyloxychalcones and the
basicity data calculated

R (B)* (£) ^max (BH+)** (e) ^max PKI1K+

H 312 (16500) 440 (33200) — 5.28 ±  0.02

OH 385 (12000) 485 (32000) —  4 .2 5 .± .0 .0 2

O CH 3 370 (12000) 470 (32000) —  4.46 ±  0.02

N (C H 3y * * 300 (12000) 385 (20000) —  5.55 ±  0.02

F 325 ( 8500) 445 (26000) —  5.51 ±  0.02

Cl 330 (10000) 450 (24000) —  5.45 ±  0.02

B r 350 ( 9500) 455 (24000) —  5.30 ±  0.02

COOH 320 (10000) 390 (18000) —  5.75 ±  0.03

N O , 335 ( 8000) 395 (17500) —  6.85 ±  0.05

* 1.985%  su lfu ric  a c id  *** pK+CHsfa =  + 2 .6 0
** 96.5%  su lfuric  ac id

A cta  Chim. (Budapest)  94, 1977



DÄVID e t al.: FLAVONOID COMPOUNDS, I I I 6 5

Fig 9. D ependence of th e  b a s ic ity  c o n stan ts  as a fu n c tio n  o f th e  H a m m e tt a  c o n s ta n ts  in
th e  2’-hydroxychaIcone  series

F ig . 10. V a ria tio n  of th e  b as ic ity  c o n s tan ts  as a  fu n c tio n  of th e  H a m m e tt a  c o n s ta n ts  in
th e  2’-benzyloxychalcone  series

S im ilarly  to  th e  w av e len g th  sh ift caused  b y  su b s titu tio n , th e  H a m m e tt 
re la tio n sh ip  was also ap p lied  to  th e  change in  b a s ic ity  c o n s ta n ts  [20— 23]:

i Klog —  =  Qa ,

w here  К  and  K n are th e  eq u ilib riu m  c o n s ta n ts  o f th e  s u b s titu te d  a n d  non- 
s u b s ti tu te d  com pounds, re sp ec tiv e ly , a is th e  H a m m e tt s u b s ti tu e n t c o n s ta n t, 
a n d  q is th e  reac tio n  c o n s ta n t;  its  value is ca lcu la ted  from  th e  slo p e  o f  th e  
s tra ig h t  line.

I t  can  well be seen in  F igs 9 and  10 th a t  th e  effect o f th e  d im e th y l-  
am ino g roup  hav in g  th e  m o st positive m esom eric effect does n o t  show  up
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in  th e  basicity  of th e  c a rb o n y l group in  e i th e r  of th e  series, s ince , — 
as in d ic a te d  by  th e  s p e c tra  reco rded  in  su lfu ric  ac id  —  th is  g roup  becom es 
co m p le te ly  p ro to n a te d  e v e n  in  very  d ilu te  su lfu ric  acid  so lu tion  (р К в ц + 
N (C H 3) 2 =  - f  2 .6 ), th u s  i ts  n o n -bond ing  e lec trons becom e ineffec tive  in  resp ec t 
o f  th e  b asic ity  of th e  c a rb o n y l group.

A deviation  w as also  observed  w ith  th e  n itro  g roup  h av in g  th e  m ost 
p o s itiv e  a value (e x h ib itin g  th e  m ost n e g a tiv e  m esom eric  effect) in  th e  2 ’- 
h y d ro x y ch a lco n e  series (F ig . 9), since here a p a r t ia l  rin g  closure p rocess tak es  
p lace  a t  50— 70%  su lfu ric  ac id  concen tra tio n . O w ing  to  th is , th e  a b so rp tio n  
o f  th e  chalcone b a n d  h a v in g  a high in te n s ity  changes in  tim e  ( it decreases), 
a n d  th is  results in  ch an g es in  th e  basicity  c o n s ta n t ,  too .

L in ear re la tio n sh ip  w as ob tained  in  b o th  series w hen d ifference of 
b a s ic ity  constan ts  w as re p re se n te d  as a fu n c tio n  o f  th e  H a m m e tt s u b s ti tu e n t 
c o n s ta n ts , a.
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I t  h a s  b een  show n th a t  ‘c a p sa n th in  ep o x id e’ can be se p a ra ted  b y  c h ro m a to g 
ra p h y  in to  tw o  isom ers, nam ely  c a p sa n th in  epox ide  A and c a p sa n th in  ep o x id e  B. 
l H -N M R , O R D  a n d  CD stu d ies in d ic a te d  th a t  c ap san th in  epoxide A h as  a  v iola- 
x a n th in  A ty p e  end  group  (3S, 5S , 6R), w hereas cap san th in  epoxide В h as  a viola- 
x a n th in  ty p e  en d  group  (3S , 5R , 6 S).

I t  h ad  been  p rev io u sly  o b served  [1, 2, 3] th a t  tre a tm e n t o f x a n th o p h y lls , 
co n ta in in g  z e a x a n th in  ty p e  end  g roups (I), w ith  m o n o p erp h th a lic  ac id  and  
su b seq u en t hy d ro ly sis  re su lted  in  d iaste reo m eric  5 ,6-epoxy d e r iv a tiv e s  w ith  
3S , 5R ,  6 S  an d  3S ,  5S , 6 R  ab so lu te  c o n fig u ra tio n . W e have now  tu rn e d  our 
re sp ec t to  th e  s te reo ch em is try  o f th e  5 ,6 -epoxy  deriva tives o f  c a p sa n th in  
(П ), w hich is th e  m ain  p ig m en t in  red  p a p rik a . In  spite  o f th e  fa c t t h a t  5,6- 
ep o x y cap san th in  w as p rep a red  b y  K a r r e r ’s school [4] as ea rly  as 1945, and  
its  occurrence in  n a tu re  was re p o rte d  b y  C u r l  [5] in  1962, th e  d iaste reo m eric  
fo rm s o f th e  co m p o u n d  have n o t been  p re p a re d  an d  analyzed  y e t. T h e  presence  
o f  cap sa n th in  epox ide  in  red  p a p rik a  is o f p a r tic u la r  in te re s t because  i t  m ig h t 
in d ic a te  c a p sa n th in  epoxide as th e  in te rm e d ia te  [6 ] w hich is c o n v e rte d  in to  
cap so ru b in  (VII) via  epoxide (p inacol) re a rra n g em e n t [7] (see Schem e I).

Scheme I .  1. E po x id e  (p inaco l) re a rra n g em en t (in  n a tu re ) . 2. E po x id e-fu ran o id  re a rra n g e m e n t
(u n d e r acid  co n d itio n )

E p o x id a tio n  o f  c ap san th in  d ia c e ta te  b y  m o n o p erp h th a lic  acid  gave  a 
m ix tu re  o f 5 ,6-epoxides, w hich w ere se p a ra te d  on a calcium  c a rb o n a te  co lum n 
w ith  benzene—p e tro le u m  e th e r. T he p ro d u c t o f  ep o x ida tion  co n sis ted  o f  ca. 
6 0 %  c ap san th in  epox ide A (III), ca. 20 %  c ap san th in  epox ide В (IV) and  
ca. 20 %  c a p sa n th in  (II). C ap san th in  epox ide В (m .p. 185°C) w as fo u n d  on 
th e  ch ro m a to g ram  below  c a p sa n th in  epox ide  A (m .p. 178°C) h u t  ab o v e  cap 
sa n th in .

5 * A da  Chim. (B udapest) 94, 1977
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T h e MS sp ec tra  o f  I I I  an d  IV show ed th e  sam e  m olecular ion  [m/e: 600 
(1 9 % , 11% )] and  th e  sam e  fragm en ts in d ic a tin g  [8 , 9, 10] a 3-hydroxy-5 ,6 - 
ep o x ycyc lohexy l end  g ro u p  (v io lax an th in  ty p e )  [m /e: 221 (59% , 50% ); M — 180 
(1 % , 2 % )], and  a 3 -h y d ro x y cy c lo p en ty l en d  g ro u p  (capsorub in  ty p e ) [m/e: 
109 (100% , 100% ); M — 127 (3% , 2% )]. O th e r  frag m en ts  ch a rac te ris tic  of 
c a ro ten o id s  [M — 80 (2 % , 2 % ), etc.] also a p p e a r  in  th e  MS spectra .

T h e  ligh t a b so rp tio n  p ro p ertie s  o f c a p sa n th in  epox ide A and c a p sa n th in  
ep o x id e  В are id e n tic a l [Amax (^max) in  b en zen e : 508 (80,800) 479 (99,800)

F i g .  1 .  M olecular e x tin c tio n  c u rv es  o f  cap san th in  c a p s a n th in  epoxide A an d  В
(in benzene)

a n d  454 (88.300) n m ; vmax (CHC13): 3610, 1660, 1580 an d  1550 cm - 1 ] (F ig . 1), 
a n d  th e y  correspond to  th e  3,3’-d ih y d ro x y -5 ,6 -ep o x y -5 ,6 -d ihydro-/?,K -caro- 
te n e  s tru c tu re s  [3].

T h e  above conclusions concerning th e  s t ru c tu re  w ere confirm ed b y  th e  
1H -N M R  spectra ; b a n d s  a t tr ib u ta b le  to  th e  r in g  m e th y ls  are show n in  T ab le  I .  
T h e  s lig h t shielding d iffe ren ces of th e  m e th y l p ro to n s  betw een  I I I  and  IV agree 
w ith  th o se  described fo r th e  rin g  m ethyls o f v io la x a n th in  A (3S, 5S, 6R ) an d  
v io la x a n th in  (3S, 5R , 6 S )  [1]. This suggests t h a t  c a p sa n th in  epoxide A  (III) 
h a s  a v io lax an th in  A  (V) ty p e  end group, w h ereas  c a p sa n th in  epoxide В (IV) 
h as  a  v io lax an th in  (VI) ty p e  end  group.

T h e  O RD  curves o f  c a p sa n th in  epoxide A  (F ig . 2) an d  cap san th in  epoxide 
В (F ig . 3) are of a b o u t th e  sam e m agn itude  b u t  o p p o site  in  sign, show ing th e  
s tru c tu re s  of the  tw o  su b s ta n c e s  to  be n ea rly  en an tio m eric . As is k now n , th e
3 -h y d ro x y l group has p ra c tic a lly  no in fluence  on th e  C o tton  effects [1]. All 
th e se  fa c ts  are in  good a g re e m e n t w ith  th e  p ro p o sed  s tru c tu re s  being  e n a n tio 
m eric  on ly  in  th e  c o n fig u ra tio n  of th e  5 ,6 -ep o x y  g roup . The shapes o f th e

Acta Chim. ( Budapest) 94, 1977
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Tabic I

Chemical shifts (<5) in  ppm of ring m ethyls
(in  CDC13)

C^Me’s CvMe’s

“V io laxanthin 0.95 (s,6H ) 1.12 (s,6H ) 1.16 (s,6H )

“V io laxan th in  A 1.00 (s,6H ) 1.14 (s,6H ) 1.17 (s,6H )

bC apsorubin 0.84 (s,6H ) 1.20 (s,6H ) 1.37 (s,6H )

C apsorubin
ty p e 0.85 1.21 1.38

bC apsanthin end group
epoxide A V io lax an th in  A

ty p e
end group

1.02 1.16 1.18

C apsorubin
ty p e 0.85 1.21 1.38

bC apsanthin end group
epoxide В V io lax an th in

ty p e
end  group

0.98 1.15 1.19

bH -N M R  sp ec tra  m ark e d  w ith  * were d e te rm in ed  a t  100 M H z [1], a n d  th o se  m ark ed  
w ith  b a t  60 M Hz (see E x p e rim en ta l)

F i g .  2 .  O R D  curves fo r c a p sa n th in  epoxide A (3S, 5S , 6R , 3’S , 5’R ), ex p e rim e n ta l (---------- )
(in  m eth an o l) and  c a lcu la ted  fo r 1/2 v io la x a n th in  A -f- 1/2 cap so ru b in  ( - - - - - )  ( in  d ioxan)

Acta Chim . (B udapest) 94, 1977
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e x p e r im e n ta l O R D  curves o f  c a p sa n th in  epoxide A an d  c a p sa n th in  epoxide 
В sh o w ed  fairly  good a g re e m e n t w ith  those  ca lcu la ted  on th e  basis o f  th e  
a d d i t iv i ty  hypo thesis [1, 3] fo r 1/2 v io la x a n th in  A  1/2 cap so ru b in , an d  for 
1/2 v io la x a n th in  -f- 1/2 c a p so ru b in , re spec tive ly . C ap san th in  epox ide  A m ay  
th e re fo re  be assigned 3S , 5 S , 6 R ,  3 ,S ,  5’R  co n fig u ra tio n , an d  c a p sa n th in  epoxide 
В 3 S ,  5 R , 6S , 3’S, 5’R  co n fig u ra tio n .

T h e  conclusions d raw n  from  th e  O R D  sp e c tra  are  su p p o rte d  also b y  th e  
CD sp e c tra . As can  be seen  in  F ig . 4, th e  CD curves o f c a p sa n th in  epoxide

F i g .  3 .  O R D  curves fo r c a p s a n th in  epox ide  В (3S, 5 R ,  6 S ,  3’S, 5’R), e x p e rim e n ta l (--------
( in  m e th a n o l)  and  c a lcu la ted  fo r  1 /2  v io la x a n th in  —|— 1 /2  cap so ru b in  ( - - - - - )  (in  d ioxan)

A a n d  В are opposite  in  sign  show ing  th e  enan tio m eric  c o n fig u ra tio n  o f th e  
e p o x y  g roups, w hich are  m a in ly  responsib le  fo r th e  sign o f th e  C o tto n  effects. 

R e c e n tly  i t  has been  re p o r te d  [11] th a t  m ild  acid  t r e a tm e n t  o f  3 -h y d ro x y  -
5 .6 - e p o x y x a n th o p h y lls  h a v in g  v io la x a n th in  ty p e  end  g roups (3S , 5R , 6 S) 
re s u lts  in  a pa ir o f s te reo iso m eric  fu ran o id  ox ides, an d  th a t  o f 3 -hy d ro x y -
5 .6 - e p o x y x an th o p h y lls  h a v in g  sem isy n th e tic  v io la x a n th in  A ty p e  end  groups 
(3S , 5 S , 6R )  resu lts in  a d iffe re n t p a ir  o f s tereo isom eric  fu ra n o id  ox ides. Since 
e a c h  e n d  group gives on ly  tw o  fu ra n o id  oxides, d iffering  a t C- 8  (see Schem e I), 
th e  a b so lu te  co n fig u ra tio n  is p rese rv ed  a t  C-5 du ring  th e  e p o x id e -fu ra n o id  
re a rra n g e m e n t. So i t  w as e x p e c te d  th a t  c a p sa n th in  epoxide A (III)  w ith  th e  
v io la x a n th in  A ty p e  end  g ro u p  a n d  c ap san th in  epoxide В (IV) w ith  th e  v io la 
x a n th in  ty p e  end g roup  also  fu rn ish  sim ilar p a irs  of fu ran o id  oxides (VIII). 
T h e  p re s e n t  experim en ts  h a v e  p ro v ed  th is  a ssu m p tio n : c a p sa n th in  epoxide 
A u n d e rw e n t ep o x id e -fu ra n o id  re a rra n g em e n t g iv ing capsoch rom e A and  
cap so ch ro m e  A’, w hereas u n d e r  s im ila r cond itions c a p sa n th in  epox ide В 
re su lte d  in  capsochrom e В a n d  capsochrom e B \  All these  su b s ta n c e  h av e  th e

A c ta  Chim . (Budapest) 94, 1977
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I X  =  Y = a

II X II » X II O-

I II X  =  c, Y = d

IV X  = b, Y = d

V X  =  Y  =  c

VI X  =  Y  =  b

VII X  =  Y  = d

VIII

43IIX6IIX

IX X  =  Y = e

sam e electron ic  sp e c tra  [Amax (C0H e) : 485, 460 a n d  440 nm ] (F ig . 5) a n d  show  
h y p o p h asic  b eh av io u r on p a r ti t io n  te s ts  b e tw een  petro leum  e th e r  a n d  90%  
m e th a n o l b u t h av e  d iffe ren t ad so rp tio n  a ffin itie s . In  th e  o rd er o f  decreasing  
a d so rp tio n  affin ities th e  re la tiv e  positions o f  th e  stereoisom eric capsochrom es 
on a calcium  c a rb o n a te  co lum n are as follow s: A , B, A’ and B ’. O w ing  to  th e  
sm all a m o u n t o f capsochrom es, no a t te m p t  a t  c ry sta lliza tio n  cou ld  as y e t be 
m ade . O n th e  an a lo g y  o f th e  co n fig u ra tio n  o f  a u ro x an th in s  (IX ) [11] we

* T h e  change o f d e sig n atio n  a t  C-3 from  if  to  S in  th e  end groups o f  b ,  c  an d  d  
re su lts  fro m  th e  Sequence R u le  an d  does no t invo lve  in v ers io n  of con fig u ra tio n

Acta Chim. ( B udapest)  94 , 1077
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F ig . 4 . CD curves for c a p sa n th in  epox ide  A (3S , 5S , 6R ,  3’S , 5’Ä) in m eth an o l ( ------------ )
and  c ap san th in  ep o x id e  В (3S, 5R , 6S , 3'S ,  5 'R )  in  d ioxan(-------- )

F ig . 5 . U ltra v io le t  and  v isib le  l ig h t  ab so rp tio n  sp e c tra  o f  capsochrom e A (----- ----- ), capso-
c h ro m e  A ’ (- - - - -), capsochrom e В ( ............) an d  cap so ch ro m e  B ’ (in  ben zen e)

p ro p o se  co n fig u ra tio n  f  a n d  g  fo r capsochrom e A  an d  A’ (d iffering a t  C-8 ) 
a n d  c o n fig u ra tio n  h  an d  i fo r  capsochrom e В a n d  B ’ (differing a t  C-8 ). T he 
h y d ro x y l  groups of f  an d  g  a re  axial, while t h a t  o f  h  an d  i are equatorial.

C onsidering  th a t  an a ly sis  of a g rea t n u m b e r  o f p ap rik a  sam ples in  ou r 
la b o ra to ry  during  th e  p a s t  30 years failed  to  id e n tify  c ap san th in  epox ide  
(ev en  in  trace s) , we conclude t h a t  c ap san th in  ep o x id e  is n o t p resen t am o n g  th e  
c a ro te n o id s  occurring  in  re d  p ap rik a .

A c ta  C him . ( Budapest)  94, 1977
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Experim ental

T h e  ro u tin e  p rocedures a n d  m eth o d s used  h e re  were th e  sam e as th o se  described  
befo re  [12]. C ap san th in  d ia c e ta te  [m .p . 140 °C; Amax (C6H 6) 517, 486 n m ] w as p re p a re d  from  
n a tu ra l  c a p sa n th in  (ex C apsicum  a n n u u m  rubrum ).

4 4 -N M R  sp e c tra  w ere d e te rm in e d  in  deu te rio ch lo ro fo rm  w ith  a  P e rk in — E lm er 
R — 12 (60 M H z) sp ec tro m ete r. T h e  m ass sp e c tra  w ere reco rded  by  a n  A E I  M S— 902 ty p e  
m ass sp ec tro m ete r. Sam ples w ere in tro d u c ed  by  use  o f a  d irec t in se rtio n  p ro b e . A n  io n  accel
e ra tin g  p o te n tia l  o f 8 kV , ioniz ing  e lec tro n  v o ltag e  o f 70 V, t ra p  c u rre n t o f  100 f iA  a n d  an 
ion  sou rce  tem p e ra tu re  o f 180 °C w ere used . T he a b u n d an ces  o f  ions g iven  in  p a re n th e se s , 
re fe r  to  th e  in te n sity  o f th e  line  re la tiv e  to  t h a t  o f th e  base  peak , th e  in te n s i ty  o f  th e  la t te r  
b e in g  re p re se n ted  as 100% . O R D  sp e c tra  w ere m easu red  by  an  O p ton  (Z eiss) R E P M  12 
sp ec tro p o lo rim e te r; c =  0.1 m g/m l in  m eth a n o l, cell len g th  5 m m , t =  30 °C. T h e  CD sp ec tra  
w ere d e te rm in e d  on  a  Jo b in —Y v o n n e  D ic ro g rap h  M odel I I I ;  c =  0.1 m g /m l, in  m eth an o l 
o r  d io x an , cell len g th  1 m m , t — 20 °C. T h e  lig h t ab so rp tio n  sp ec tra  w ere ru n  o n  a  P e rk in — 
E lm e r M odel 402 and  a Zeiss (Je n a )  U R  10 sp ec tro p h o to m eter.

P re p a ra tio n  of c ap san th in  epoxide A and В

T o a  so lu tion  of 310 m g c a p sa n th in  d ia c e ta te  in  110 m l ab so lu te  e th e r  th e re  was 
a d d e d  a n  e th e rea l so lu tion  o f m o n o p erp h th a lic  acid  (4 m l, co n ta in ing  0.45 m g  o xygen /m l) 
a n d  th e  m ix tu re  was k e p t a t  room  te m p e ra tu re  in  d a rk n ess  fo r 46 hrs. A fte r  20 h rs  epox ida- 
t io n , fu r th e r  3 m l of m o n o p erp h th a lic  acid  so lu tio n  w as ad ded  to  th e  re a c tio n  m ix tu re . 
T h e  ep o x id a tio n  was follow ed b y  p a p e r  ch ro m a to g ra p h y ; W h a tm an  SG 81, so lv e n t p e tro leu m  
e th e r  co n ta in in g  5%  e th an o l. T h e  e th e rea l so lu tio n  w as tran sfe rre d  to  a  s e p a ra to ry  funnel, 
w ash ed  f i r s t  w ith  aqueous 10%  so d iu m  h y d ro g en  c a rb o n a te  so lu tion  th e n  w ith  w a te r , and  
f in a lly  d ried  (N a2S 0 4). T he e th e rea l so lu tio n  w as e v ap o ra te d  to  150 m l an d  th e n  h y d ro ly zed  
w ith  15 m l o f a 30%  K O H  so lu tio n  in  m eth an o l fo r 20 h rs. A fter com pletion  o f  sa p o n ifica tio n  
th e  so lu tio n  w as w ashed a lka li-free  w ith  w a te r , d ried  (N a2S 0 4) and  e v ap o ra te d  u n d e r  reduced  
p re ssu re . T he residue w as d isso lved  in  benzene (600 m l) an d  c h ro m a to g ra p h e d  o n  calcium  
c a rb o n a te  from  benzene.

T h e  zones were e lu ted  w ith  a  m ix tu re  o f benzene an d  m ethano l, t ra n s fe r re d  to  benzene 
in  s e p a ra to ry  funnels , w ashed w ith  w a te r , d ried  (N a 2S 0 4), e v ap o ra ted  to  d ry n e ss  in  v acu u m , 
a n d  th e  residues w ere c ry sta llized .

Z one 1 (cap san th in  epoxide  A) w as dissolved in  3 m l of benzene, th e n  15 m l o f  p e tro leu m  
e th e r  w as carefu lly  added , a n d  th e  m ix tu re  w as allow ed to  s ta n d  a t  — 15 °C o v e rn ig h t. The 
p ig m e n t c rysta llized  in  g litte rin g  yellow  needles, w h ich  were g rouped in  s ta r- lik e  fo rm atio n s; 
13 m g, m .p . 178 °C.

Z one 2 (cap san th in  epoxide  B ) w as c ry sta lliz ed  in  a sim ilar m an n e r as Z o n e  1. I t  gave 
40 m g o f  g litte rin g  yellow  lea fle ts , m .p . 185 °C.

I t  is no ticed  th a t ,  in  th e ir  d ia c e ta te  fo rm s, c a p sa n th in  epoxide A an d  В c an  be  sepa
r a te d  o n  calcium  carb o n a te  w ith  a  m ix tu re  o f benzene  an d  p e tro leu m  e th e r  (2 : 3) as well, 
a n d  th e  d iac e ta te  o f cap san th in  epox ide  A show s th e  g rea te r a d so rp tio n  a f f in ity .

A c id -ca ta lysed  rea rran g em en t o f c ap san th in  epoxide A ; p repara tion  of cap so ch ro m e A an d  A

T o  3 m g cap san th in  epox ide  A in  10 m l e th e r  4 d rops of HC1—a ce tic  a c id  so lu tion  
(1 : 10) w ere ad d ed  an d  th e  m ix tu re  w as k e p t in  sc a tte re d  d ay lig h t fo r 20 m in  [6]. T h e  solu
tio n  w as th o ro u g h ly  w ashed f i r s t  w ith  aqueous sod ium  hydrogen  c a rb o n a te  so lu tio n  (10% ) 
a n d  th e n  w ith  w ater, d ried  (N a2S 0 4) a n d  e v a p o ra te d  u n d e r reduced  p re ssu re . C h ro m ato g 
ra p h y  o f th e  residue on  calc ium  c a rb o n a te  w ith  benzene as e lu a n t g av e  th e  follow ing 
ch ro m a to g ra m .

A da  Chim. ( B udapest)  94, 1977

Amax in  benzene
20 red  and  yellow  (m ix tu re  o f u n id en tif ie d  
p igm en ts)

(1) 40 brick -red  (c ap sa n th in  epoxide A) 508 479
(2) 20 red  (c ap sa n th in  epoxide  B) 508 479

5 pale  red  (un id en tified )
(3) 20 red  (c ap san th in ) 516 486

10 pa le  yellow  (u n id en tified )
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/.nlax in  benzene
8 reddish  o ch re  (m ix tu re  of un iden tified  

pigm ents)
(11) 20 brick-red (c ap so c h ro m e  A) 485 460 440
(12) 20 reddish och re  (cap so ch ro m e A’) 485 460 440

4 pale yellow
40 reddish  och re  (504 472 450)*

3 pale red  
3 pale red

* U nsharp

A fte r  th e  usual p ro c e d u re s , th e  pigm ents w ere id e n tif ie d  in  so lu tion  by  Amax, p a r ti t io n  
te s ts ,  m ix ed  c h ro m a to g rap h y , e tc .

A c id -ca ta ly sed  re a rra n g em en t o f  cap san th in  epoxide B ; p re p a ra tio n  o f capsochrom e В and B ’

T hree  mg of c a p s a n th in  e p o x id e  В when tre a te d  w ith  acid  as described fo r c a p san th in  
e p o x id e  A  gave the  fo llow ing  ch ro m a to g ra m .

7„;hx in  benzene
15 brick-red  (m ix tu re  o f  un iden tified  

pigm ents)
(21) 20 red  (cap so ch ro m e B ) 485 460 440
(22) 10 reddish  och re  (cap so ch ro m e  B’) 485 460 440

10 pale p in k  —  —  —
15 pale yellow

3 pale red  510 474 450

A fte r  the usual p ro c e d u re s , th e  p roducts w ere a n a ly z e d  in  so lu tion  by  7max- p a r ti t io n  
te s ts ,  m ix ed  ch ro m a to g rap h y , e tc .

A ccording to th e  m ix e d  ch rom atogram s (C a C 0 3, b en zen e) th e  o rder of decreasing  
a d s o rp t io n  affinities o f c a p so c h ro m e s  was: capsochrom e A , — B , — A ’ and  — B ’.

*

W e would like to  e x p re ss  o u r  th an k s to  Miss M. HÁM a n d  Miss E . N y e r s  fo r th e ir  
sk ilfu l assistance.
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THE OXIDATIVE REARRANGEMENT OF CHALCONES 
THALLIUM(III) NITRATE, VII*

T H E  S Y N T H E S IS  O F  O D O R A T IN  A N D  7 -H Y D R O X Y -2 \4 \5 ’,6 -T E T R A M E T H O X Y -
ISO FL A V O N E

Zs. K a r d o s -B a l o g h , L . F ar k a s  and A . W o l f n e r

( R e s e a r c h  G r o u p  f o r  A l k a l o i d  C h e m i s t r y  o f  th e  H u n g a r i a n  A c a d e m y  o f  S c i e n c e s , a n d  I n s t i t u t e  

o f  O r g a n ic  C h e m i s t r y , T e c h n i c a l  U n i v e r s i t y , B u d a p e s t )

R ece iv ed  Ju n e  17, 1976

T he syn thesis o f 3’,7 -d ih y d ro x y -4 ’,6 -d im eth o x y iso flav o n e  (o d o ra tin  1) a n d  7-hyd- 
ro x y -2 ’,4’,5’,6 -te tra m eth o x y iso flav o n e  (2), tw o n a tu ra l  iso flavones fro m  tro p ic a l 
w oods, has been accom plished  b y  o x id a tiv e  re a rra n g em en t o f  th e  co rresp o n d in g  chal- 
cones by  T 1(N 03)2 as th e  k ey  s tep .

In  1974 H a y a sh i an d  T h o m so n  [2] iso la ted  severa l new  iso flavones from  
th e  h ea rtw o o d  o f th e  tro p ic a l tre e  D ipteryx odorata. W e h av e  a lre a d y  re p o rte d  
th e  u n am b ig u o u s syn thesis  o f  one o f th em : З’-h y d ro x y re tu s in  8 -m e th y l e th e r
[3]. To a n o th e r c o n s titu e n t, n am ed  o d o ra tin , th e  s tru c tu re  3’,7 -d ih y d ro x y - 
4 ’,6 -d im eth o x y iso flav o n e  (1) h a s  been  assigned on spectroscop ic  ev idence . 
T h is w as confirm ed b y  m e th y la tio n  th a t  gave S’A ^ ó ^ - te tra m e th o x y is o -  
f la v o n e , a know n com pound , w h ich  is also a n a tu ra l  p ro d u c t [4].

Ga l in a  an d  Go t t l ie b  re p o r te d  th e  iso la tio n  o f fo u r new  iso flav o n es 
from  th e  heartw ood  o f Pterodon apparicio i, a tree  ind igenous to  S o u th  A m erica
[5]. O ne o f th em  was id e n tif ie d , b ased  on spectroscop ic  ev idence , w ith  3’,7- 
d ih y d ro x y -4 ’,6 -d im eth o x y iso flav o n e , i.e. o d o ra tin , w hich  h a d  been  describ ed  
b y  H a y a s h i  an d  T h o m son  [2]. T h e  p h ysica l d a ta  p u b lish ed  b y  th e  tw o  la b o ra 
to rie s  fo r  th e  new  com pound  w ere also n ea rly  id en tica l. I n  th e  sam e p u b lic a 
tio n  th e  iso la tion  and sp ec tro scop ic  id e n tific a tio n  of 7-h y d ro x y -2 ’,4%5’,6 - te tra -  
m eth o x y iso flav o n e  (2 ) w as also described .

T h e  syn thesis  o f o d o ra tin  (1) an d  7 -h y d ro x y -2 ’,4’,5’,6 - te tra m e th o x y iso -  
f la v o n e  (2 ) has now  been  accom plished  b y  m eans o f th e  o x id a tiv e  re a rra n g e 
m e n t o f  th e  ap p ro p ria te ly  s u b s ti tu te d  chalcones b y  th a ll iu m (I I I )  n i t r a te  [6 ]. 
I n  o rd e r  to  avoid  side reac tio n s , 2 ,4 -d ib en zy lo x y -5 -m eth o x y ace to p h en o n e  [7] 
h as  b een  selected  as s ta r t in g  m a te r ia l fo r b o th  sy n th eses . C o n d en sa tio n  o f  th is  
ace to p h en o n e  in  a lkali w ith  b en zy lv an illin  a n d  a sa ra ld eh y d e  a ffo rd ed  4 ,5’- 
d im e th o x y -2 ’,3 ,4’- trib en zy lo x y  (3) and  2’,4’-d ibenzy loxy-2 ,4 ,5 ,5 ’- te tra m e th -  
o x y ch a lco n e  (4), re spec tive ly . R eac tio n  of 3 an d  4 w ith  th a ll iu m (I I I )  n i tr a te  
in  m e th a n o l u n d e r th e  u su a l co n d itions follow ed b y  rem o v al o f th e  ben zy l 
g roups b y  ca ta ly tic  h y d ro g e n a tio n  an d  f in a lly  cycliza tion  b y  t r e a tm e n t  w ith  
ac id  y ie ld ed  d irec tly  1  an d  2 , resp ec tiv e ly .

* F o r  P a r t  V I, see R ef. [1].
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S y n th e tic  o d o ra tin  (1) an d  7 -hydroxy-2 ’,4 ’5’,6 -te tram eth o x y iso flav o n e
(2), as w ell as th e  c o rre sp o n d in g  aceta tes (5 a n d  6) h a d  th e  sam e m elting  po in ts  
a n d  in f ra re d  sp ec tra  as re p o r te d  for th e  n a tu ra l  p ro d u c ts . N o m .p . depression 
w as o b serv ed  w hen m ix in g  th e  n a tu ra l an d  s y n th e tic  hyd roxy iso flavones.

R 1 R 2 R 3 R 1 R 1 R 2 R 3

1 H H O H H  3 OCH2P h H H
2 H OCH3 H OCH3 4 H O C H 3 O C H s
5 CO CH , H O C O C H 3 H
6 COCH3 OCH3 H ОСЩ

E xperim en ta l

4,5’-Dimethoxy-2’,3,4’-tribenzyIoxychalcone (3)

2 ,4 -D ib en zy lo x y -5 -m eth o x y ace to p h en o n e  [7] (0 .60 g) an d  benzy liso v an illin  (0.65 g) 
w ere  su sp en d ed  in  m eth an o l (100 m l). A fter th e  a d d itio n  o f  a  so lu tio n  o f p o tass iu m  h y d rox ide  
(15 g) in  w a te r  (15 m l) th e  m ix tu re  w as stirred  a t  ro o m  te m p e ra tu re  fo r one d ay . T he p rec ip 
i ta te  w a s  filte red  off, d ried  a n d  recry sta llized  fro m  a ce tic  acid  (20 m l) to  give th e  p ro d u c t 
a s  a  y e llo w  pow der (0.8 g ; 9 1 % ), m .p . 173— 175 °C, w h ich  w as fo u n d  p u re  b y  TLC  (silicagel 
p la te s ;  so lv en t: benzene—-e th y l a c e ta te  2 : 1). A sam p le  w as rec ry s ta llized  fo r analysis from  
e th a n o l;  sm all yellow  n eed les , m .p . 174— 175 °C.

C38H 350 6 (585.7). C alcd . C 77.93; H  5.69. F o u n d  C 77.65; H  5 .94% .

3’,7-Diliydroxy-4’,6-dimethoxyisoflavone; odoratin (1)

T o a so lu tion  of 3 (0 .33  g) in  a  m ix tu re  o f a b s . 'm e th a n o l a n d  ch lo ro fo rm  (1 : 1, 50 m l) 
th a l l iu m  tr in i tra te  (0.5 g) w as a d d e d . A fter s tr irr in g  fo r 90 m in  th e  so lu tio n  w as n eu tra lized  
w ith  so d iu m  m ethoxide, f i lte re d , a n d  ev ap o ra ted  in  v a c u u m  a t  ro o m  te m p e ra tu re . W ate r 
(20 m l)  w as added  to  th e  re s id u e  an d  th e  m ix tu re  e x tra c te d  w ith  ch lo ro fo rm  (2 X 20 m l). 
T h e  co m b in ed  ex tra c ts  w ere  d r ie d  over m agnesium  su lfa te , f ilte red  a n d  e v ap o ra te d . The 
re s id u e , a  p a le  yellow oil, w as d isso lv ed  in acetone (25 m l) a n d  h y d ro g e n a ted  o v er pa llad iu m - 
o n -c h a rc o a l c a ta ly s t w hen  28.8 m l h y drogen  was a b so rb ed  (calcd . 36 m l). A fte r rem oving  
th e  c a ta ly s t  by  f iltra tio n , th e  so lu tio n  was e v a p o ra te d , th e  residue  ta k e n  up  in  m eth an o l 
(18 m l)  a n d  th e  so lu tion  b o iled  fo r  10 m in  in  th e  p re sen ce  o f tw o  d ro p s o f  h y d ro ch lo ric  acid. 
T h e  co ld  so lu tion  dep o sited  th e  p ro d u c t as o ff-w hite  c ry s ta ls  (0.047 g), m .p . 204— 205 °C. 
R e c ry s ta ll iz a tio n  from  m e th a n o l  gave  colorless p rism s, m .p . 214.5— 215 °C, (lit. m .p . 
210— 211 °C [2], 213— 215 °C [5]). No depression o f  m .p . w as o bserved  in  a d m ix tu re  w ith  
a  n a tu r a l  sam ple.

IR :  vmax (K B r): 3400 b r ,  1620, 1580, 1513, 1280, 1140, 1020 c m “ 1 (lit. [4, 5] d a ta : 
3400 b r ,  1625, 1585, 1510; 3515, 3160, 1620, 1570, 1512, 1280, 1140, an d  1020 c m " 1).
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3’,7-Diacetoxy-4’,6-dimethoxyisoflavone; odoratin diacetate (5)

1 (10 m g) w as a ce ty la te d  b y  th e  u su a l m e th o d  w ith  ace tic  a n h y d rid e -so d iu m  a c e ta te  
to  y ie ld , a f te r  recry s ta lliza tio n , sm all colorless need les , m .p . 185— 186 °C (from  e th a n o l)  
(lit. [2, 5] m .p . 185— 187 °C).

2’,4’-Dihcnzyloxy-2,4,5,5’-tetramethoxychalcone (4)

2 ,4 -D ibenzy lo x y -5 -m eth o x y ace to p h en o n e  [7] (0 .6  g) w as condensed w ith  a sa ra ld e h y d e  
(0.5 g) as described  fo r 3 to  give th e  c ru d e  chalcone (0.7 g; 7 8 % ) as a yellow  po w d er. Successive  
re c ry s ta lliz a tio n s  fro m  ace tic  acid  a n d  e th a n o l gav e  yellow  prism s, m .p . 151— 152 °C. 

C33H 3A  (540.5). Calcd. C 73.31; I I  5.97. F o u n d  C 73.09; H  5 .93% .

7-Hydroxy-2’,4’,5’,6-tetramethoxyisoflavone (2)

To a  so lu tion  o f 4 (0.3 g) in  abs. m e th a n o l a n d  chloroform  (1 : 1, 20 m l) th a ll iu m  
t r in i t r a te  (0.4 g) w as ad d ed  a n d  th e  m ix tu re  s tir re d  fo r 30 m in. W o rk -u p  as d esc rib ed  for 
1 gav e  pa le  g reen  c ry sta ls  (0.49 g, m .p . 194— 195 °C). A fte r  tw o rec ry s ta lliza tio n s  fro m  e th a n o l 
a n d  one fro m  ace tone  th e  m .p . rose to  205— 206 °C (lit. m .p . 205— 207 °C [5]). N o dep ress io n  
of m .p . w as fo u n d  ir. a d m ix tu re  w ith  a sam ple  o f  th e  n a tu ra l  p ro d u c t.

IR :  vmax (K B r): 3160, 1625, 1580, 1512, 1470, 1275 c m '1 (lit. [5]: 3150, 1628, 1580, 
1515, 1280 c m '1).

7-Acetoxy-2’,4’,5’,6-tetramethoxyisoflavone (6)

C rude 2 (30 m g) w as a c e ty la te d  w ith  ace tic  a n h y d rid e -so d iu m  a c e ta te  in  th e  u su a l 
w ay . T he p ro d u c t (32 m g; m .p . 161— 153° C) w as rec ry s ta llized  tw ice from  e th a n o l-c h lo ro fo rm  
to  give sm all colorless needles, m .p . 167— 169 °C (lit. [5] m .p . 166— 168 °C).

T he a u th o rs  are  in d eb ted  to  P ro fesso r R . H . T hom son  (A berdeen , S co tla n d ) fo r a 
sam p le  o f n a tu ra l  o d o ra tin  a n d  to  P ro fesso r O. R . G o ttl ieb  (R io de Ja n e iro , B rasil)  fo r 
n a tu ra l  7-h y d ro x y -2 ’,4’,5’,6 -te tram e th o x y iso flav o n e .
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RECENSIONES

A. H u l a n ic k i  (ed i to r ) :  P lenary Lectures Presented at the Fourth Polish  
Conference on A n a ly tica l Chem istry

B u tte rw o rth s , L ondon  1975, 690 pages.

T h is book is a jo in t  ed ition  published  by  th e  A n a ly tica l C hem istry D ivision  o f IU P A C , 
th e  C om m ission on A n a ly tica l C hem istry  o f th e  P o lish  A cedem y of Sciences, a n d  th e  Polish  
C hem ical Society ; i t  co n ta in s th e  te x t  o f th e  p len a ry  lec tu res p resen ted  a t  th e  A n a ly tica l 
C onference in W arsaw , A u g u st 26— 31, 1974.

T hese  p len a ry  lec tu res  are in accord  w ith  th e  p rofile  o f research  carried  o u t  in  P o lan d , 
a n d  a t  th e  sam e tim e , th ey  em brace th e  m ost im p o r ta n t  actual prob lem s in  a n a ly tic a l 
c h em istry . P ro m in en t specia lis ts in  th e  va rio u s fie lds o f a n a ly tica l chem istry  a c q u a in t  th e  
re ad e r  w ith  recen t re su lts  o f  chem ical analysis in p re v en tin g  dam age to  th e  en v iro n m en t, 
a p ro b lem  of g rea t c u rre n t in te res t; th e  m o st u p - to -d a te  in s tru m en ta l m ethods o f a n a ly tic a l 
c h em istry , and re ce n t p rogress in th e  ev a lu a tio n  a n d  in te rp re ta tio n  of a n a ly tic a l d a ta  are 
d iscussed .

K. D o e r f f e l  (G D R ). in his p ap er e n title d  “ M ethodische K onsequenzen des 3<7-Krite- 
r iu m s” , sum m arizes th e  q u a n tita tiv e  assessing o f th e  sy s tem atic  lim its o f sp ec tro sco p ic  
m eth o d s and  d e m o n s tra tes , w ith  th e  help o f ex am p les, th e  possibilities o f im p ro v e m e n t and  
o f en h an cem en t o f se lec tiv ity .

T he pap er by  C. L it e a n u  and  I. R ica  (R o m an ia ) sim ilarly  deals w ith  th eo re tic a l 
p ro b lem s of chem ical analysis in a rigorous d iscussion  of th e  lim its of d e tec tio n  a n d  d e te r 
m in a tio n .

A de ta iled  su rv ey  of th e  problem s en co u n te re d  in th e  e lem en tary  an a ly sis  o f organo- 
m eta llic  com pounds is g iven  in a p a p e r by  N. E . G elm a n  (USSR).

In  his p a p e r e n tit le d  “ A ctiv a tio n  A nalysis in  Clinical and Biological R e se a rc h ”  J .  M. 
A. L a n iiia n  (S co tlan d ) describes th e  ap p lica tio n  o f a c tiv a tio n  analysis in th e  e x p lo ra tio n  
of th e  p a s t,  en v iro n m en ta l p ro tec tio n , and  th e ra p e u tic s ;  re su lts  of recen t re sea rch  are  d iscussed .

G. TÖLG (G F R ) p re sen ts  a d e ta iled  re p o rt  on  th e  fields of ap p lica tio n  o f h ig h -p er
fo rm an ce  m ic ro -an a ly tica l techn iques, m odern  m eth o d s  of fusion, sep a ra tio n , e n r ic h m e n t, 
also describ ing  th e  p e r tin e n t  ap p ara tu s .

E n ric h m en t te c h n iq u es  app licab le  in th e  d e te rm in a tio n  of e lem ents p re se n t in trace  
q u a n tit ie s  in geological sam ples, th e  analysis o f lu n a r  sam ples, and a com parison  of m eth o d s 
a re  given in th e  p a p e r  by  Y u. A. Zolotov  and  I. A. B lu m .

Two papers d ea l w ith  th e  an a ly tica l p ro b lem s o f env ironm en ta l p o llu tio n . A. L ib e r t i 
( I ta ly )  describes m o d ern  m ethods for th e  d e te rm in a tio n  of th e  m ost im p o r ta n t  p o llu ta n ts  
in a ir, su lfur, n itro g en  oxides, carb o n  m onox ide , h y d ro carb o n s, ozone, e tc . A cco rd in g  to  
th e  fu n d a m e n ta l p rin c ip le  an d  techn ique, th e  a u th o r  d iscerns th ree  groups: p r im a ry , seco n d ary , 
an d  te r t ia ry  g en era tiv e  m eth o d s; d irec t o p tica l m e th o d s  belong in th e  la s t g ro u p . К . Ы. 
Ma n cy  (U SA ) deals w ith  c u rre n t prob lem s of w a te r  p o llu tio n , w ith  the p lan n in g  o f  its  co n tro l, 
an d  w ith  th e  p rocessing , ev a lu a tio n , and  p re se n ta tio n  of the  p e rtin en t d a ta .

F u r th e r  c h a p te rs  severally  co n ta in  re p o rts  on  recen t resu lts  in the  d o m ain  o f e lectro - 
a n a ly tic a l m ethods. W . S im on  el al. (S w itzerland) d eal w ith  ion-selective e lec tro d es; E . P u n - 
GOR et al. (H u n g a ry ) discuss resu lts  ach ieved  in v o lta m m e try . J . Zyka  (C zechoslovak ia) 
describes ap p lica tio n s o f redox  titra tio n s .

F ina lly , a p a p e r  by  J .  M in c zew sk i (P o la n d ) sum m arizes the new sc ien tif ic  re su lts  
ach iev ed  by Polish  sc ien tis ts  be tw een  1944 an d  1974. D uring  these th ir ty  y e a rs , in nearly  
ev ery  b ran ch  of a n a ly tic a l chem istry  som e im p o r ta n t  co n trib u tio n  by P o lish  re sea rch ers  
has fu r th e re d  th e  p ro g ress o f th is discipline.

T he nice an d  carefu l p re sen ta tio n  o f th e  b o o k  praise  the  efforts o f P ro f. A. H u la - 
n ic k i . C onsidering th a t  in each of th e  fo u rteen  lec tu re s  som e highly in te re s tin g  p ro b lem
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is d e a l t  w ith  b y  a  m o st c o m p e te n t au th o r, th is  b o o k  is reco m m en d ed  as an  in s tru c tiv e  re ad in g  
fo r p ra c tis in g  a n a ly tic a l ch em ists  as well as for th o se  w ho w a n t in fo rm ation  on  th e  p re se n t 
s ta te  o f  a n a ly tic a l ch em istry .

J .  I n c z é d y

M echanism s o f  H ydrocarbon Reactions —  A S y m posium . 5— 7 J u n e , 1973,
Siófok, H u n g a ry

E d ite d  b y  F . Má r ta  a n d  D. K alló , A kadém iai K ia d ó , B u d ap es t 1975, 812 pages.

T h is im pressive  v o lu m e co n ta in s th e  p roceed ings o f  th e  Sym posium  o rgan ized  jo in t ly  
by  th e  In s t i tu te  o f  Iso to p e s  o f th e  H u n g a rian  A c ad e m y  o f  Sciences and  th e  H u n g a ria n  
C hem ical Society . 57 p a p e rs  an d  4 p lenary  lec tu res  w ere p re sen te d  a t  th e  S ym posium , th e ir  
co m m o n  fe a tu re  be ing  t h a t  e ach  of th em  d ealt w ith  one o r  a n o th e r aspect o f h y d ro c a rb o n  
re ac tio n s . T his co n cep t is ju s tif ie d  by  th e  enorm ous im p o rta n c e  of n a tu ra l h y d ro c a rb o n s , 
n o t o n ly  as fuels, b u t  also as chem ical raw  m a te ria ls , a n y  so-called energy crisis a ffec tin g  
on ly  th e ir  econom y b u t  n o t  th e ir  ind isp en sab ility . F ro m  th eo re tic a l aspects, h y d ro c a rb o n s  
m ay  n o t  offer such  a d ra m a tic  v a rie ty  o f reac tio n s as o th e r  classes of o rganic co m p o u n d s, 
b u t  j u s t  because  o f th e ir  s im p lic ity  th ey  m ay  be ex ce llen t m odel substances to  d e m o n s tra te  
th e  e ffec ts  o f m ore su b tle  v a ria tio n s  in  m olecu lar s tru c tu re .

T h e  vo lum e h as  b een  d iv ided  in to  tw o m ain  p a r ts :  I. H eterogeneous c a ta ly tic  re a c 
tio n s  a n d  I I .  H om ogeneous reac tions.

T h e  f ir s t  c o n tr ib u tio n  o f P a r t  One is th e  p le n a ry  le c tu re  of one of th e  G rea t O ld  M en 
in c a ta ly s is : B. A. K a z a n s k ii (“ On the  m echanism  o f h y d ro c a rb o n  conversions in  th e  p resen ce  
of som e h e terogeneous c a ta ly s ts ” ). U n fo rtu n a te ly , th is  p a p e r  giving an excellen t su m m ary  
of n e a r ly  25 y ears o f  w o rk  of a  long and  successful sc ien tific  career, had  to  be th e  la s t  one 
w r it te n  b y  th e  fam o u s sc ien tis t h im self an d  could be  d e liv e red  only as a p o sth u m o u s lec tu re , 
fo llow ed by  th e  o b itu a ry  o f  th e  a u th o r  p resen ted  by  one o f  h is  closest co-workers: A. F . P l a t e .

T h e  re s t  o f P a r t  O ne h as been  subdiv ided  in to  fo u r c h ap te rs : The f irs t o f th em  (C a ta l
ysis b y  m eta ls) is th e  m o s t v o lum inous co n ta in in g  P le n a ry  L ec tu re  2 b y  G. C. B ond  (“ An 
ex te n sio n  of th e  ac tiv e  c en tre  co ncep t in  h y d ro c arb o n  re a c tio n s  ion m eta l c a ta ly s ts” ) a n d  13 
c o n tr ib u te d  pap ers , u n d e rlin in g  th e  theo re tica l a n d  p ra c tic a l im portance  of m eta l ca ta ly s is  
in  h y d ro c a rb o n  c h em is try . T he sep a ra tio n  of “ C a ta ly sis  b y  m eta l oxides”  (7 c o n tr ib u te d  
p ap ers)  an d  “ C atalysis on  in su la to rs”  (4 papers) is n o t q u ite  ju s tif ie d  since these  “ in su la to rs”  
are  a lu m in iu m  oxide species w hich  also belong to  “ m e ta l ox ides”  even if  th e ir  e lec trica l 
c o n d u c tiv ity  m ay  be d iffe re n t fro m  those  (m o ly b d en u m , t in ,  b ism u th , e tc .) oxides t r e a te d  
in  C h a p te r  2. On th e  o th e r  h a n d , one can  fully agree w ith  th e  collection of th e  9 p a p ers  d ealin g  
w ith  “ C ata lysis by  zeo lite s”  in to  a sep ara te  c h a p te r , em p h asiz in g  by  doing so th e  e x tre m e  
an d  c o n tin u o u sly  in c reas in g  im p o rtan ce  of zeolites as c a ta ly s ts .

T he top ics d iscussed  in  P a r t  Two dealing w ith  hom ogeneous reactions a re  so m ew h a t 
m ore d iverse. T his p a r t  is h ead ed  by a c h ap te r  e n ti t le d  “ C atalysis by C o ord ination  C om 
p o u n d s”  re p re sen tin g  a  b rid g e  from  P a r t  One to  c a ta ly t ic  reac tions. The six p a p e r  o f  th is  
c h a p te r  cou ld  give o n ly  sk e tch y  o u tlines o f th e  in c reas in g  im p o rtan ce  of com plex c a ta ly s is  
— a lth o u g h  it  is tru e  t h a t  one o f its  m ain  fields, p o ly m e riza tio n , was excluded from  th e  to p ics  
o f th e  S ym posium . T h e  n e x t c h ap te r  (Pyro lysis) c o n ta in s  6 papers from  5 co u n trie s . T he 
im p o rta n ce  of th e  to p ic  in  th e  c h ap te r  on R ad io lysis h a s  b een  underlined  by in c lu d in g  here  
a n o th e r  p len a ry  lec tu re  b y  P . A usloos (“ Pulse rad io ly s is  o f a lkanes in th e  gas p h ase , io n -  
m olecu le  reac tio n s a n d  n e u tra liz a tio n  m echanism  o f h y d ro c a rb o n  ions” ) in a d d itio n  to  th e  
7 c o n tr ib u te d  p ap ers . T h e  la s t c h ap te r  in co rp o ra tes  5 p a p e rs  on  o x idation  reac tio n s . T he 
vo lu m e is concluded  b y  a  fo u r th  p len ary  lec tu re  o f g en era l in te re s t  by  M. J .  Go l d s t e in  an d  
co-w orkers (“ T he L in e a r A nalysis of L abeling  E x p e r im e n ts  —  L A L E ” ) being  th e  on ly  
re p re se n ta tiv e  o f p u re  th e o re tic a l chem istry  in th e  m ee tin g .

T h e  m ate ria l in c lu d ed  in to  the volum e b ears  a re a l in te rn a tio n a l ch arac te r: H u n g a r ia n  
a u th o rs  p re sen te d  on ly  15 p a p ers  (of these  two w ith  c o -au th o rs  from  ab ro ad ) re p re se n tin g  
a d e q u a te ly  H u n g a rian  sc ience in  all of th e  to p ics  m en tio n ed . T he o ther 42 p a p ers  cam e 
from  11 d iffe ren t co u n trie s . A h o t  and sp o n tan eo u s d iscussion  followed m ost o f th e  p ap ers . 
In  a d d itio n  to th e  h igh  sc ien tific  s ta n d a rd  in co rp o ra te d  in to  th e  con trib u tio n , th e  v a lu e  of 
th e  book  is h igh ly  in creased  by includ ing  all d iscussion  re m a rk s  giving a lm ost 15%  o f  th e  
vo lum e. I th in k  th a t  th e  p u b lic a tio n  of th e  p ro ceed in g s h a s  been  a useful c o n tr ib u tio n  fo r
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a lm o st ev ery b o d y  d ev o ted  to  hom ogeneous or he te ro g en eo u s reac tio n s o f h y d ro c a rb o n s; 
in  sp ite  o f  th e  so m ew hat d e lay ed  p u b lica tio n  th e  vo lum e is o ften  q u o ted  in in te rn a tio n a l  li
te ra tu re .

T he e x te rn a l a p p ea ran ce  of th e  volum e is nice a n d  w o rth y  o f th e  v a lu a b le  co n ten ts .

Z . P a á l

Recent D evelopments in  the Chem istry o f  N a tu ra l Carbon C om pounds , Vol. 7

A k ad ém ia i K iadó , B u d ap es t 1976, 256 pages.

T he p re sen t vo lum e o f th is  well estab lished  series co n ta in s  five  c o n tr ib u tio n s  from  
ex p erts  in  th e  resp ec tiv e  fields. T h e  selection  of th e  to p ics is v e ry  fo r tu n a te , i t  cov ers  a ra th e r  
w ide ran g e  o f in te re s t from  s t ru c tu ra l  w ork  on phenolics to  b iom edical a sp e c ts  o f  pep tid e  
ch em istry .

T he f irs t  p a p e r by  th e  la te  T . R . Ses h a d r i (30 p p .) is a h is to ric  rev iew  o f “ N atura lly  
occurring anhydro-colour bases” , a  special class o f n a tu ra l  dyes co n ta in in g  a q u in o n em e th id e  
m oie ty . T he f irs t sections d ea l w ith  classical in v es tig a tio n s  by  P e r k in , W il l st ä t t e r , 
R o b in so n , R o b er tso n , an d  o th e rs . One feels som e n o sta lg ia  fo r those  tim es w h en  s tru c tu ra l 
w ork  w as rea lly  ch em istry  a n d  n o t, as now, m ore or less ap p lied  spec tro sco p y . O f course, 
th e  u n rav ellin g  of th e  s tru c tu re  o f sa n ta lin  p ig m en ts w hich  h av e  been in v e s tig a te d  b y  the 
a u th o r  h im self, w ould n o t h a v e  been  possible by  classical m eans.

T he spectroscopic  a p p ro ac h  is, in tu rn , th e  lead in g  th em e  in  K . Y e n k a t a r a m a n ’s 
acco u n t (“Recent work on some na tura l phenolic p igm en ts” , 22 p p .)  on s tru c tu ra l  w o rk  carried  
o u t in  th e  a u th o r’s la b o ra to ry  on  flavones and  x an tlio n es , m ain ly  p re n y la te d  ones. T hough  
s tru c tu ra l e lu c id a tio n  by  m o d ern  m eth o d s is an  ex ac tin g  ta sk  an d  th e  re su lts  m a y  b e  of high 
in te re s t, I am  a fra id  th a t ,  fo r th e  general reader, such  re p o rts  c ram m ed  w ith  spectroscopic  
d a ta  a re  ra th e r  un insp iring .

T he sh o rt (22 p p .)  b u t  ex ce llen t c o n trib u tio n  on “ Structure and chemical topography 
o f  the active site o f  aspartate am inotransferase” by  E . S. S e v e r in  an d  N. N . Gu l y a e v  is the 
m ost en joyab le  piece of th e  vo lum e. I t  illu s tra te s  th e  u t i l i ty  o f carefu lly  chosen  su b s tra te  
analogues an d /o r in h ib ito rs  in  th e  e lu c idation  of th e  s te reo ch em istry  of en zy m e ac tio n . The 
e x p erim en ts  p ro v id ed  a novel a n d  m ore sa tis fac to ry  e x p la n a tio n  for th e  f a c t  (d iscovered  
by A r ig o n i) th a t  s a tu ra tio n  o f  th e  a ld im ine bond in  th e  apoenzym e and  th e  ap o en z y m e - 
su b s tra te  com plex tak es a d iffe re n t stereochem ical course.

In  th e  fo u rth  p a p e r K . W e in g e s  and B. Ste m m le  rev iew  recen t ad v an ces  (1969— 1974) 
o f “A sym m etric  syntheses o f  ct-amino acids” (24 p p .). T h o u g h  n o t too  m an y  o f th e  num erous 
ap p ro ach es p resen ted  hav e  m u ch  p rac tica l value, th e  p rogress in th is  field  h a s  b een  rap id , 
th e  theo re tica l im p lica tions a re  im p o r ta n t, and there  is a hope  for th e ja d v en t o f  a  m ore  or less 
general m eth o d . T he b es t th o u g h  ra th e r  re s tr ic ted  p ro ced u re  is ju s t  th e  one e la b o ra te d  by 
th e  a u th o rs  them selves, nam ely  asy m m etric  S treck er sy n th es is  coupled  w ith  second  order 
tran s fo rm a tio n .

T he a u th o rs ’ reco m m e n d a tio n , how ever, to  rev iv e  th e  ad jec tiv e  “ d issy m m etric ” , 
w hich has caused  so m u ch  confusion  in  th e  p a s t, is b o th  o u t o f p lace  in  th is  rev iew  and , I 
hope, also no t welcom e b y  chem ists . T he au th o rs  fell in to  th e ir  ow n t ra p  a n d  d e n o te d  the 
asy m m etric  com pound 21 (p. 96) as d issym m etric . Also w h y  to  p u t  R , S  sy m b o ls in to  square 
b ra ck e ts , w hen everyone p u ts  th em  in to  round  ones?

T he m ost am b itio u s rev iew  in th is  volum e is th e  one by  K . Me d z iiir a d s z k y : “ Synthesis  
arid biological activity  o f  adrenocorticotropic and m elanotropic hormones” (131 p p .).

I t  covers th e  sy n th esis , b iological tes tin g  m eth o d s an d  s t ru c tu re -a c t iv i ty  co rre la tions 
o f th e  title  h o rm ones, its  frag m e n ts  and analogues. T h e  tre a tm e n t is concise a n d  critical. 
F irs t  o f  all, th e  p a r t  a b o u t s tru c tu re -a c t iv i ty  re la tio n sh ip s  is a h ighly  s tim u la tin g  reading 
n o t only for those  d irec tly  invo lved  in th e  field , b u t  for everyone  in te res ted  in b io-organic 
ch em istry .

T he n u m b er o f A C TH  an d  M SH analogues is aw esom e and  a lm o st ev ery  factor 
co n trib u tin g  to biological a c t iv ity , such  as recep to r site  spec ific ity , im m uno log ica l p roperties , 
ra te  o f m etabo lism , e tc . can  be  exem plified  by them .

T he a u th o r  h im self is an  ac tiv e  w orker in th is  line  an d  th e  m o d esty  by  w hich  he 
p resen ted  his own re su lts  is rem ark ab le .

M. N ó g r á d i
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W olfgang  P f l e id e r e r  (ed ito r): Chem istry a n d  Biology o f  P teridines  

W a lte r  de  G ru y te r, B erlin  1976, 949 pages.

T h is  book contains se v e n ty -o n e  lectures p re sen te d  a t  th e  5 th  In te rn a tio n a l  Sym posium  
o n  P te r id in e s , K onstanz, A p ril 14— 18, 1975. These sy m p o sia  are a rran g ed  ev ery  five or six 
y e a r s ,  b rin g in g  together sp e c ia lis ts  who study  th e  v a r io u s  aspects of p te rid in es . A ccording 
to  th e  o rgan iz ing  body, th e  in te rd isc ip lin a ry  c h a ra c te r  o f th ese  m eetings is o f fu n d a m e n ta l 
im p o r ta n c e  in  fostering  d e v e lo p m e n t in th is dom ain  of sc ien tific  w ork . T he book , actu a lly  
th e  p ro ceed in g s of the  S y m p o s iu m , contains, besides th e  com p le te  te x t  a n d  figu res o f the  
le c tu re s ,  th e  ensuing d iscussions, a s  well as references to  th e  lite ra tu re : a v e ry  u sefu l fea tu re .

T h e  m ajo rity  o f th e  p a p e rs  acq u a in t the  re a d e r  w ith  th e  re su lts  o f b io logical and 
e n zy m o lo g ic a l research. L ikew ise , o n ly  a p a r t  of th e  ch em ica l w ork  d e a lt w ith  o rg an ic  syn 
th e se s  a n d  stru c tu re  e lu c id a tio n . O w ing  to  the  b io log ical im p o rtan ce  of p te r in s  (2-am ino- 
-3 H -p te rid in -4 -o n es), severa l a u th o r s  rep o rt on th e  re d u c tio n  of these  com p o u n d s an d  on 
th e  o x id a tio n  of the  reduced  (q u in o id a l, 7,8-dihydro-, a n d  5 ,6 ,7 ,8 -te trah y d ro -) fo rm s.

A  com prehensive rev iew  o f  th e  e lectrochem istry  o f p te rid in es  is g iven  b y  H . L u n d . 
P r o to n  resonance  studies h a v e  b e e n  m ade to  e lu c id a te  stereochem ica l p ro b lem s of te tra -  
h y d ro p te r id in e s , and to  d e te rm in e  th e  sites of co v a len t h y d ra ta tio n  and  p ro to n a tio n .

O f th e  organic chem ica l sy n th e tic  work, tw o  co m p reh en siv e  lec tu res  deserve  special 
m e n tio n . A. Albert  rev iew ed  th e  im p o r ta n t  m o m en ts o f th e  d iscovery  an d  ap p lic a tio n  of 
p te r id in e s .  No doubt, th e  v e r if ic a t io n , in 1946, o f th e  s tru c tu re  o f foiic acid  gave a g rea t 
im p e tu s  to  p e rtin en t chem ical, p h arm aco lo g ica l, an d  b io log ical research . In  c o n tra s t  to  m ost 
p a th o g e n ic  b ac teria , m am m als do n o t  synthesize folic acid . T h e  f irs t re su lts  he lp ed  to  exp la in  
th e  a c t io n  of sulfonam ides: th e  l a t t e r  com pounds d isp lace  p -am in o b en zo ic  acid  in  th e  sy n 
th e s is  o f  folic acid, th u s  th e  a c t io n  o f th e  d ihydrofolic  acid  sy n th e ta se  enzym e is in h ib ited . 
F u r th e r  p rogress was due to  s e q u e n tia l  blocking ach iev ed  b y  th e  com bined  use  o f  T rim e th o 
p r im  a n d  sulfonam ide, w hich  in h ib i t  th e  synthesis o f  th e  te tra h y d ro fo la te  co-enzym e a t  tw o 
c o n se c u tiv e  stages (T rim eth o p rim  b locks dehydro fo la te  re d u c tase ). A new , p ro m isin g  field 
o f re s e a rc h  is offered by  b io p te r in  w hich carries th e  l ’,2 ’-d ih y d ro x y p ro p y l side  ch a in  in 
p o s i t io n  6; th e  te trah y d ro  v a r ia n t  o f  th is  com pound p e rfo rm s im p o r ta n t in  vivo  h y d ro x y la- 
t io n s  w ith  m olecular oxy g en  (p h en y la lan in e  -*■ ty ro s in e ; catech o lam in es fro m  th e  la t te r ;  
h y d ro x y la t io n  of try p to p h a n ) .

I n  a n o th e r lecture, E . C. T a y l o r  reported  on h is w o rk  on th e  sy n th esis  o f p terid in es . 
C o n d e n sa tio n  of a -am in o n itrile s  w i th  a-ox im inocarbony l co m p o u n d s y ields p y ra z in e -l-o x id e . 
T h e  a d v a n ta g e  of this novel a p p ro a c h  consists in its  f le x ib ility  a n d  th e  u n e q u iv o ca l syn thesis 
e x c lu s iv e ly  o f 6 -su bstitu ted , o r  o f  7 -su b stitu ted  p te r id in es . P y ra z in e -l-o x id e , as w ell as 
p te r id in -8 -o x id e  derived th e re f ro m , allows a n u m b er o f tran s fo rm a tio n s  a t  p o s itio n  7. An 
a n o m a lo u s  tran sfo rm atio n  can  also  be  achieved: w ith  a  m ix tu re  o f tr if lu o ro ace tic  acid  and 
tr if lu o ro a c e tic  anhydride  a t r if lu o ro a c e tic  group can  be  in tro d u c ed  a t  po sitio n  6.

T h e  p ap er by  H . C. S. W o o d  is also of special in te re s t ,  describ ing  th e  in h ib itio n , a t  
a  n e w  p h a se , of the  fully  e x p la in e d  course of th e  b io sy n th es is  o f d ihydro fo lic  acid. In  a 
p re c e d in g  phase , 6 -h y d ro x y m e th y lp te r in  is converted  in to  p y ro p h o sp h a te  by  th e  use of 
a d e n o s in e  trip h o sp h ate ; p y ro p h o sp h o tin a se  is th e  en zy m e o f th e  process. F ro m  am ong a 
n u m b e r  o f  groups of co m p o u n d s , 7 ,8 -d ih y d ro -7 ,7 -d isu b stitu ted  p terid in es p ro v e d  effective 
fo r b lo c k in g  th is enzym e.

A  com prehensive rev iew  o n  7-azap terid ines w as p re sen te d  by  D. J .  B r o w n . One of 
th e  im p o r ta n t  trends in th is  f ie ld  is th e  m odification  o f  th e  side chain  o f folic acid , p a r tly  
b y  v a r y in g  th e  d istance b e tw een  th e  p terid in e  and th e  b e n ze n e  rings, and  p a r tly  b y  rep lacing  
th e  N 10 a to m  orig inating  fro m  p -am in o b en zo ic  acid, e.g. b y  S (II . G. M a u t n e r , R . L. K is - 
l i u k , M . G. N a ir ).

J .  A . M ontgom ery  d esc rib es a n  im proved sy n th es is  o f m e th o tre x a te , a  d ru g  fo r the  
t r e a tm e n t  o f leukaem ia, d iffe rin g  fro m  folic acid by  c o n ta in in g  an  im ino (am ino) group 
in s te a d  o f  th e  4-oxo group a n d  s u b s ti tu te d  w ith a N 10 m e th y l group.

I n  conclusion it can  be  s t a te d  th a t  th is book is u se fu l p rim arily  for th o se  who are 
a c tiv e  w o rk e rs  in the  field o f p te r id in e  chem istry.

K . H a r s á n Yi

A c ta  C him . (Budapest) 94, 1977
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T. B r a u n  and E . B u j d o s ó  (E d s): Nuclear M ethods in  P hysica l Chem istry  
(P roceedings o f  th e  8 th  R ad iochem ical C onference)

A kadém iai K iad ó , (P u b lish in g  H ouse of th e  H u n g a rian  A cadem y of Sciences), 

B u d a p es t 1976, 601 pages.

T he rad iochem ical conferences o rganized  b ien n a lly  in C zechoslovakia hav e  a lready  
gained  a rem arkab le  r e p u ta tio n  since th ey  sum m arize  th e  m o st u p -to -d a te  ach ievem en ts 
in th e  field  in general a n d  a t  th e  sam e tim e cover special to p ics o f tem p o ra ry  in te re s t. The 
proceed ings of the 8 th  conference  p ro v e  these  s ta te m en ts . T h is vo lum e c o n ta in s  th e  full te x t  
o f th e  lec tu res  held a t  M arián sk é  L ázne (A pril 27— M ay 2, 1975) w hich  a lre ad y  appeared  
in th e  Jo u rn a l of R a d io a n a ly tic a l C hem istry .

T h e  preface (w ritte n  by  th e  ch a irm an  and th e  g en era l sec re ta ry  of th e  conference) 
is fo llow ed by  the  open ing  ad d ress  de livered  by the  re p re se n ta tiv e  of th e  C zechoslovak  A tom ic 
E n erg y  Com mission an d  a genera l review  referring  to  th e  m ain  tren d s  in  th e  developm en ts 
o f n u c le a r pow er eng in eerin g  in th e  Czechoslovak Socialist R epublic .

F iv e  p lenary  lec tu re s  w ere held  by  inv ited  sp eakers who ren d ered  possib le  to  get an  
in sig h t in to  th e  recen t d ev e lo p m en ts  achieved a t  lead ing  rad iochem ica l lab o ra to rie s .

T he te x t  of th e  53 in d iv id u a l lec tu res is p resen ted  in th e  follow ing e ig h t g ro u p s according 
to  th e  sections of th e  conference : Ion  E xchange, T race  R ad io ch em istry , S ta b le  Iso topes 
—  Iso to p ic  E xchange, L iq u id -L iq u id  D istrib u tio n , R a d ia tio n  C h em istry , C a ta ly sis — D if
fusion , L abelled  C om pounds, O th e r A pplica tions and  T echn iques. A t th e  end  o f th e  volum e 
one g e ts  in fo rm ation  re g a rd in g  th e  tw e n ty  y ears ex is ten ce  of th e  D e p a r tm e n t o f N uclear 
C hem istry  o f the T ech n ica l U n iv e rs ity  o f P rague.

T he general g e t-u p  of th e  co m pila tion  is excellen t. T he persp icuous figu res and  tab les 
as well as th e  consc ien tious p r in tin g  co n trib u te  to  its  p ro sp ectiv e  success. T h e  se ttin g  up 
o f ev ery  single p ap er is sy s te m a tica lly  co n stru c ted  p ra is in g  th e  fa tig u in g  w o rk  o f th e  ed ito rs 
a n d  t h a t  o f the  a u th o rs .

T h ere  is little  to  b e  ad d ed  to  th e  concluding sen tence  of th e  p reface  of th e  proceedings: 
i t  c an  be tak e n  as g ra n te d  th a t  th e  w ritte n  te x t  o f th e  conference is a c o n tr ib u tio n  to the  
p rogress o f  science a n d  th e  P u b lish in g  H ouse of the  H u n g a rian  A cadem y of Sciences shares 
th e  m erits  o f the o rg an iz in g  co m m ittee .

T . L e n g y e l

G. H . W a g n i e r e : In tro d u c tio n  to E lem entary M olecular Orbital Theory and to
Sem iem pirica l M ethods

Springer-V erlag , B erlin — H eidelberg— N ew  Y o rk  1976, 109 pages.

T he increasing im p o rta n ce  of q u a n tu m  ch em istry  re su lts  in ap p ea rin g  of m ore and more 
tex tb o o k s  on the to p ic . T h is b o o k le t is a valuab le  p iece o f th e  v a s t se lection . In ten d e d  for 
g ra d u a te  stu d en ts  th e  h ie ra rc h y  o f ap p ro x im atio n s is o u tlin ed  in an  in d u c tiv e  m an n er. Sim ple 
H ückel, P P P  as well as th e  m ore ad v anced  all-valence e lectron  m eth o d s (E H T , CNDO) are 
tre a te d . Special top ics as o p tica l a c tiv ity , selection ru les fo r electrocyclic  a n d  cycloadd ition  
reac tio n s , periodic s tru c tu re s  a re  h an d led , too . T he lan g u ag e  is s tr ic tly  m a th e m a tic a l b u t 
q u a lita tiv e  chem ical a sp e c ts  a re  en ligh tened  w ith  special care. T h ir ty - th re e  illu stra tiv e  
figures m ake the  book as d id ac tic  as possible. I t  is a p ity  th a t  co m p ara tiv e  tab le s , concerning 
th e  re liab ility  of th e  d iffe re n t m eth o d s, are com plete ly  m issing. A ccord ing  to  th e  absence 
of th e  num bering  of th e  m a th e m a tic a l eq uations re fe rrin g  to  them  is ra th e r  com plicated . 
D esp ite  these  m inor o b jec tio n s  th is  book yields a useful tool in u n d e rs ta n d in g  e lem en tary  
m olecu lar o rb ita l th eo ry .

G. N á r a y -Szabó

6 ! Acta Chim . (B udapest) 94, 1977
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Topics in  Current C hem istry , Yol. 61

V olum e 61 of th e  series “ T o p ics in  C urren t C h em istry , F o r tsc h r itte  d e r chem ischen 
F o rs c h u n g ”  (Springer V erlag , B e r lin — H eidelberg— N ew  Y o rk ) w as p u b lish ed  in  1976 
e n ti t le d :  “ Physical and C hem ical A p p lica tio n  of D y estu ffs”  (187 pages).

T h e  au th o rs  o f th e  fo u r in d e p e n d e n t  ch ap ters  hav e  re p o rte d  several novel app lications 
o f  su b s ta n c e s  w hich are k n o w n  a s  d y estu ffs , to g e th e r w ith  som e o f th e ir  p ro p e rtie s  n o t 
in v e s tig a te d  so far.

C h ap te r  One has th e  t i t le  “ O rg an ic  Dyes in  L aser T ech n o lo g y ”  by  F ritz  P e te r  S h a f e r  
(M a x -P la n c k -In s ti tu t  fü r  B io p h y sik a lisc h e  Chemie).

A passive Q -sw itching u s in g  o rg an ic  dyes w as ach ieved  as early  as 1964. T h e  ap p lica tio n  
o f d y e s tu f fs  in laser techno logy  h a s  becom e m ore and  m ore  im p o r ta n t  since th e n . A  fu rth e r 
p h y s ic a l possib ility  is ex p ec ted  in  th e  fie ld  of d y estu ff—lig h t in te ra c tio n  in th e  sp e c tra l ranges 
o f  v is ib le  ligh t, near u ltra v io le t  a n d  in frared . F ro m  th e  chem ica l p o in t o f v iew , th e  a lm ost 
in e x h a u s tib le  varieties o f dye sy n th e se s  a n d  th e ir low prices m ak e  th e ir  ap p lica tio n  a ttra c tiv e .

N o n lin ea r ligh t a b so rp tio n  o f  d y estu ffs p e rm its  th e ir  use  in  laser tech no logy  in  the  
f ie ld s  o f  passive  Q -sw itching p u lse  sh ap in g , m easu rem en t o f in te n s ity  o f h ig h -en erg y  u ltra -  
s h o r t  p u lse s , op tical iso la tion  b e tw e e n  am plification  levels o f  solid  lasers a n d  p u lse  w id th  
m e a su re m e n ts  of u ltra sh o rt p u lse s  b y  m eans of th e  tw o -p h o to n -flu o rescen ce  m eth o d .

L asers  w ith  dyestuffs u til iz e  th e  fluorescence of d yes. T h e ir  no n lin ea r po larizab ility  
is u se d  fo r th e  o u tp u t freq u e n c y  t r ip l in g  in h igh  in te n sity  lasers.

I n  th is  respect, every  o rg a n ic  com pound  co n ta in in g  a co n ju g a ted  double  b o n d  system  
is re g a rd e d  as ‘dy estu ff’ in a w id e r  sense.

T h is  ch ap ter occupies th e  f i r s t  30 pages o f th e  vo lum e. T h is sh o rt su m m ary , suffic ient 
fo r  th o se  fam ilia r w ith  th e  to p ic , c o n ta in s  70 references g iv ing  a d e q u a te  fu r th e r  in fo rm atio n  
fo r  th o se  who are in te res ted  in  th e  d e ta ils  of th e  sub jec t.

C h a p te r  Two is e n title d  “ R e a c tio n  of E x cited  D ye M olecules a t  E lec tro d es”  by  H einz 
G e r is c h e r  and  F ran tz  W il l ig  ( F r i t z — H a b e r- In s ti tu t  d e r M ax-P lanck-G ese llschaft).

I n  solutions of dye m o lecu le s  exc ited  by  ligh t, re d o x  re ac tio n s  occur a t  electrodes 
b e h a v in g  as an  electron a c c e p to r  o r e lectron  donor.

T h e  p ro b ab ility  of th e  re a c tio n  is th e  fu n c tio n  of th e  life tim e of th e  ex c ited  s ta te  as well 
a s  o f th e  coupling in ten sity , a n d  o f  th e  s tru c tu re s  o f dye m olecules an d  th e  e lectrodes.

I n  photochem ical red o x  re a c tio n s , p rim ary  e lectron  tra n s fe r  is o ften  com p en sa ted  
b y  e le c tro n  tran sfer be tw een  th e  re a c tio n  p ro ducts . In  th e  case o f h e terogeneous electron  
t r a n s f e r  effected  by e lectrodes, th e  ab o v e-m en tioned  u n d esirab le  secondary  p rocess can  be 
p re v e n te d ,  p rov ided  th a t  th e  e le c tr ic  fie ld  is ap p ro p ria te . T h e  re ac tio n s  o f d y estu ff-sensitized  
s ilv e r h a lid e s, zinc oxide and  o th e r  p h o to g rap h ic  m ate ria ls  h av e  been  s tu d ied  in  th is  way.

T h e  ch ap ter occupying  th e  p ag es o f the  volum e b e tw een  31 an d  84 deals w ith  th e  
re d o x  p ro p e rtie s  of excited  m o lecu les , re d o x  processes in sem ico n d u c to r an d  organ ic  in su la to r 
e le c tro d e s , add ing  108 references to  th e  w ritte n  te x t.

T h e  au th o r of C h ap te r T h re e  (“ A pp lica tion  of S em ico n d u c to r P ro p e rtie s  o f Dyes; 
P o ss ib ilitie s  and P rob lem s’ ’) is H a n s  Me ie r  (S taatliches F o rsc h u n g s in s ti tu t  fü r  Geochem ie). 
T h e  e le c tro n ic  co n d u ctiv ity  o f o rg a n ic  dyes was f irs t  s tu d ied  in  th e  early  1950’s fo r th e  
e lu c id a tio n  of the  m echanism  o f sp e c tra l  sensitiza tion  processes. Som e organ ic  dyes as well 
as o th e r  com pounds (such as c h a rg e  tra n s fe r  com plexes) h a v e  p ro v ed  to be sem iconducto rs 
o f  g r e a t  im p o rtance . N ev erth e le ss , th e  possib ility  o f th e ir  in d u s tr ia l  ap p lic a tio n  h as been 
a s u b je c t  of d ispute  up  to  now .

T h e  chap ter describes th e  m ech an ism s of dark - a n d  p h o to co n d u c tiv ity , th e  clarified 
c o rre la t io n s  betw een th e  s tru c tu re  o f o rgan ic  com pounds a n d  th e ir  e lectric  p ro p e rtie s , the 
ro le  o f  th e  la t te r  ch arac te ris tics  in  in d u s tr ia l  processes ( lig h tfa s tn ess , sp ec tra l sensitiza tion , 
c a ta ly t ic  processes, e le c tro ca ta ly s is  in  fuel cells) and  fin a lly , th e  possib ilities o f ap p lica tio n  
b a se d  o n  th e  electric p ro p e rtie s  o f  d y e stu ffs  (rectify ing , m icrow ave  g en era tio n , therm o elec tric  
d ev ices , gas detectors, electric  e n e rg y  s to rage, p ressure  in d ic a tio n , o rgan ic  su p raco n d u c to rs , 
p h o to re s is to rs , V idicon te lev is ion  p ic k u p  tubes, rep ro g ra p h y , e tc .). T he c h ap te r  is p resen ted  
b e tw e e n  p ag es 85 and 131 an d  c o n ta in s  176 references.

C h a p te r  F o u r is “ O rgan ic  D y e stu ffs  as C a ta ly sts fo r F u e l Cells”  by  H o rs t  J a h n k e , 
M a n fred  S chönborn  and  G eorg Z im m erm a n n  (R o b e rt B osch G m bH , R esearch  Centre).

D y es w ith  an  N4-chela te  s t ru c tu re  are very  ac tiv e  e le c tro c a ta ly s ts . T he f ir s t  such 
e ffec t reco g n ized  was th e  o x id a tio n  accelera tion  effect of p h th a lo c y an in s  (sim ilar to  th a t 
o f h a em o g lo b in ); later, o th e r u se fu l N4-chelates have also b een  fou n d . In  th is  c h a p te r  24

A cta  Chim . ( Budapest)  94, 1977
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co m pounds are  d escribed ; o f th ese , CoTAA (d ih y d ro d ib en zo te traazaan n u len e ) c a ta ly z es  
anodic  o x id a tio n , w h ereas th e  o th e r  23 are  c a ta ly s ts  in  c a th o d ic  processes.

T h is c h a p te r  is fo u n d  be tw een  pages 133 a n d  181, w ith  59 references to  a ss is t f u r th e r  
stud ies .

T h e  vo lum e covers th e  l i te ra tu re  u p  to  1975 inclu siv e , and  it is a source o f  u sefu l 
in fo rm a tio n  n o t  on ly  fo r those  in te re s ted  in  d e ta ils  desc rib ed  in  th e  chap ters , b u t  also  to  
sc ien tis ts  w o rk in g  in  b o rderline  fields. A p p rec ia tio n  o f th e  d e ta ils  requires, h o w ev er, a 
p ro fo u n d  know ledge o f  th e  special fields.

I . R  ú s z n a k

Acta Chim. ( Budapest)  94, 1977
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ACTA CHIMICA
TOM 94— ВЫП. 1 

РЕЗЮМЕ

И с с л е д о в а н и е  о т е ч е с т в е н н ы х  и  и н о с т р а н н ы х  л е т у ч и х  м а с е л ,  V I

Производные кумарана в летучем масле укропа

К. БЕ Л А Ф И -РЕ ТИ  и Э. К Е Р Е Н И

При исследовании качественного и количественного состава летучего масла, полу
ченного при перегонке с паром и последующем рафинировании укропа, были найдены два 
компонента, которые до сих пор не были обнаружены в укропном масле и в других лету
чих маслах. Одним из этих неизвестных компонентов, присутствующим в больших коли
чествах (порядка процента) — на основе спектрометрических, в первую очередь ЯМР ис- 
ледований, а также спектрометрических структурных исследований, проведенных с 
продуктами химических превращений — оказался 3,7-диметил-4,5,6,9-тетрагидрокумаран. 
В микроколичествах (порядка сотой процента) был обнаружен другой, родственный по 
строению компонент — 3,6-диметилкумаран. Отношение этих двух компонентов друг к 
другу, в пределах данного интервала, сильно зависит от зрелости и метода обработки 
растений.

И с с л е д о в а н и е  н е к о т о р ы х  к о м п л е к с о в  х р о м а ( П 1 )  с  о с н о в а н и я м и  Ш и ф ф а ;  

р а с ч е т  э н е р г и й  э к с т р а с в я з е й  в  о к т а э д р и ч е с к и х  к о м п л е к с а х  с  л и г а н д а м и

с л а б о г о  п о л я

П. СИНГ, В. СИ Н Г, Г. П. ПОХАРЯЛ и Р. П. МАХЕШ

Были исследованы спектральные и магнитные свойства комплексов хрома(Ш) с 
1М-2,5-дигидроксиацетофенацилиденантраниловой кислотой (H3DAPA) и 1М-2,5-дигид- 
роксиацетофенацилиден-п-диметиламиноанилином (H2DAPDA), а также рассчитаны пара
метры лигандного поля этих комплексов. Спектры комплексов [Cr(C15Hn0 4N)CI(H20 )2], 
[Cr(C15Hn0,N)Br(H20 )2], [Cr(C16H17N20 2)2Cl(H20)] и [Cr(C,„H,70 2N2)2Br(H20)], с лигандами 
слабого поля были интерпретированы, расскитывая энергии экстрасвязей второго и 
третьего спин-разрешаемых переходов.

Л и г а н д н о е  з а м е щ е н и е  и  с т р о е н и е  к о м п л е к с а ,  X I V

Спектры ПМР комплекса бис(М-метилсалицилидениминато)никеля(П)

Й. ЧАСАР и т . САБО

Спектры ПМР комплекса бис(Ы-метилсалицилалдиминато)никеля(П) и его бис- 
пиридино производного были исследованы в зависимости от температуры. Исходя из 
полученных результатов, были сделаны заключения относительно строения молекул, 
присутствующих в растворе.



И с с л е д о в а н и е  м е х а н и з м а  и з о м е р и з а ц и и  н - б у т е н а  н а  к и с л ы х

к а т а л и з а т о р а х ,  I I I

Энергетическая схема превращений

Д . К А Л Л О , Э. Д Е Т РЕ К Ё И  и Г. ШАЙ

Были определены начальные скорости превращений всех трех изомеров н-бутена на 
трех основных типах активных форм цеолитных катализаторов, а именно на Н-, Mg- и Ni- 
клиноптилолитах при различных давлениях и различных температурах. Эти данные 
подвергались обработке согласно кинетическим зависимостям, выведенным ранее. На 
основе температууной зависимости параметров, характерных для отдельных реакций, 
была составлена энергетическая схема превращений. Т. о., с одной стороны эксперименталь
но была подтверждена энергетическая схема каталитических превращений, выведенная 
ранее теоретически, а с другой стороны, с помощью этого нового кинетического метода 
уточнялся механизм реакций изомеризации. Оказалось, что изомеризация н-бутена на 
Н-клиноптилолитах протекает через образование общего поверхностного промежуточного 
продукта, а в случае Mg- и Ni-клиноптилолитов образуется несколько поверхностных 
промежуточных продуктов, не равновесных друг с другом. На Ni-клиноптилолите по
верхностная трехугольная реакция, лимитирующая скорость процесса, протекает между 
изомерами, находящимися в адсорбционном равновесии. Т. о., на основных формах актив
ных модификаций процесс протекает по различным механизмам.

А д с о р б ц и я  г а з о в ы х  с м е с е й  н а  т в е р д ы х  г е т е р о г е н н ы х  п о в е р х н о с т я х ,  II

Многослойная адсорбция

М. Я Р О Н И Е Ц , Й. ТОТ и В. РУ ДЗИ Н СК И

Многослойная адсобция из бинарных газовых смесей на гетерогенных твердых по
верхностях обсуждается на основе обобщенного интегрального уравнения Гонзалеса и 
Холланда для изотермы местной адсорбции. Обсуждаются суммарные изотермы много
слойной адсорбции из бинарных газовых смесей для гауссовского и экспоненциального 
распределения энергии. Эти изотермы были получены, используя изотермы однослойной 
адсорбции, которые обсуждаются в первой части этой серии сообщений.

Н е к о т о р ы е  в о п р о с ы  а д с о р б ц и и  т и о к а р б а м и д а  н а  э л е к т р о д а х  б л а г о р о д н ы х

м е т а л л о в

Д Ь . Х О РА Н И  и Э. РИЗМ АЙЕР

Адсорбция тиокарбамида была исследована с помощью радиоактивной техники. 
Было установлено, что измерению адсорбции на золотом электроде мешают как окисление 
тиокарбамида, так и растворение золота. При низких потенциалах, где эти влияния могут 
быть минимализированы, адсорбция представляет собой обратимый процесс.



С п е к т р а л ь н о е  и  м а г н и т н о е  и с с л е д о в а н и я  к о м п л е к с о в  и н д а з о л а  и 

5 - н и т р о и н д а з о л а  с  С о ( П )  и  N i ( I I )

С. А. А. ЗА И Д И , А. С. Ф АРУКИ и Н. СИНГАЛ

Были приготовлены некоторые новые комплексы с общей формулой M[L]2X2 или 
MjL]2X 4 (где М =  Со(П) или Ni(II), L =  индазол или 5-нитроиндазол, а X =  С1-,Вг~, 
N 0 -, 1/2 SO,, SCN-). Все эти комплексы были охарактеризованы данными элементарного 
анализа, их ИК и электронными спектрами, а также данными измерений магнитных мо
ментов. Было найдено два различных типа комплексов. Комплексы индазола являются 
мономерными и бидентатный лиганд координируется как через пиридильный, так и через 
пиррольный азот, а комплексы 5-нитроиндазола являются полимерными и лиганд моно- 
координирован через пиррольный азот. Исходя из электронных и ИК спектров, а также 
измерений магнитных моментов, было заключено, что все эти соединения обладают окта
эдрической геометрией.

И с с л е д о в а н и е  р е а к ц и о н н о й  с п о с о б н о с т и  к а р б о н и л ь н о й  г р у п п ы

ф л а в о н о и д о в ,  III

Основность 2’-гидрокси- и 2’-бензилоксихалконов

Е. Р. ДА ВИ Д , Г. Й. САБО, М. РАКОШ И и Д Ь . Л И ТК ЕИ

Описывается определение постоянных основности 2’-гидрокси- и 2’-бензилоксихал- 
конов, исходя из изменений в УФ спектрах, вызванных различными заместителями, а так
же используя кислые функции Н,. Величины этих постоянных основности собраны в 
таблицах III и IV.

О к о н ф и г у р а ц и и  к а п с а н т и н э п о к с и д о в

М. Б А РА Н Я И , Й. КАЙТАР, Д Ь . БУЙТАШ  и Й. САБОЛЬЧ

С помощью хроматографии «капсантинэпоксид» удалось разделить на два диастерео
мера: капсантинэпоксид А и капсантинэпоксид В. На основе исследований Н1 ЯМР, ДОВ 
и ЦД капсантинэпоксид А содержит конечную группу типа виолаксантин А (3S, 5S, 6R), 
а капсантинэпоксид В — виолаксантин В (3S, QR, 6S).

О к и с л и т е л ь н а я  п е р е г р у п п и р о в к а  х а л к о н о в  н и т р а т о м  т а л л и я ( Ш ) ,  V II

Синтез одоратина и 7-гидрокси-2’, 4’, 5’, 6-тетраметоксиизофлавона

ж. КАРДОШ -БАЛОГ, Л . ФАРКАШ  и А. ВО ЛЬФ Н ЕР

Синтез 3’,7-дигидрокси-4’,6-диметоксиизофлавона (одоратин 7) и 7-гидрокси-2’,4’,5’, 
6-тетраметоксиизофлавона (2) — двух производных изофлавонов из тропической древеси
ны — был осуществлен окислительной перегруппировкой соответствующих халконов с 
помощью T1(N03)3, которая является ключевой ступенью всего синтеза.
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SENSITIZED FLUORESCENCE OF NAPHTHACENE BY 
3,4-BENZPYRENE AND ITS ANALYTICAL APPLICATION

I. HORNYÁK

(Research Institu te  fo r  Technical P h ys ic s  o f  the H ungarian  A cadem y o f  Sc iences)  

R ece iv ed  J u n e  1, 1976

U n d e r th e  effect o f UV lig h t, 3 ,4 -b en zp y ren e  on W h a tm an  p a p e r e m its  a  f lu o res
cence sp ec tru m  consisting  of a b ro a d  b a n d . A t 77 К  th e  b a n d  s tru c tu re  sp lits  in to  th ree  
su b -b an d s. S o lid -sta te  3 ,4 -benzpyrene  sensitizes th e  fluorescence o f n a p h th a c e n e ;  th is  
phen o m en o n  can  read ily  be in te rp re te d  b y  th e  d e lay ed  tr ip le t- tr ip le t  m ec h an ism . I ts  
ap p lica tio n  fo r th e  q u a n tita tiv e  d e te rm in a tio n  of n ap h th a ce n e  is described .

Introduction

In  recen t years, sp ec tro flu o ro m etric  analysis an d  q u a n ti ta t iv e  d e te rm i
n a tio n  of 3 ,4-benzpyrene  (B P ) has b ecom e an  increasing ly  im p o r ta n t  p ro b le m  
in  re la tio n  to  cancer research . T h is  com p o u n d  h as  s tro n g  carc inogen ic  p ro p 
ertie s . I ts  presence has been id e n tif ie d  am ong a ir-p o llu tin g  su b s ta n c e s  [1 —5], 
in  c ig a re tte  sm okes [ 6 , 7], in  e x h a u s t gases of au tom obiles [ 8 ], in  p e tro le u m  
p ro d u c ts  [9, 10] an d  in  sm oked fo o d  p ro d u c ts  [11]. Several a n a ly tic a l p ro ce 
d u res  fo r its  sep a ra tio n  and  id e n tif ic a tio n  are know n [12 — 15]. F lu o rescen ce  
p ro p ertie s  of 3 ,4 -B P  have been in v e s tig a te d  in  so lu tion  [16, 17], in  th e  c ry s ta l
line s ta te  [18, 19] and  as a solid so lu tio n  frozen in  p ara ffin ic  h y d ro c a rb o n s  [20]. 
T he 3 ,4-B P  sensitizes th e  em ission o f  o th e r po lycyclic  a ro m atic  c o m p o u n d s  
fluoresc ing  w eak ly  or n o t a t  all, i f  in c id e n t lig h t co rrespond ing  to  th e  a b so rp 
tio n  b an d  of 3 ,4-B P  is used  [21]. A s a re su lt o f energy  tra n sfe r , th e  f lu o rescen ce  
o f  3 ,4-B P  su b s ta n tia lly  decreases, w h ile  th e  c h a ra c te ris tic  em ission o f  n a p h th a 
cene becom es d o m in an t. T he p h en o m en o n  o f sensitized  lum inescence  h a s  n o t 
y e t  been s tu d ied  in  th is  system . T h e  fluorescence in te n s ity  of 3 ,4 -B P  changes 
p ro p o rtio n a lly  to  th e  n ap h th a c e n e  c o n te n t, an d  hence th e  p h en o m e n o n  can 
be u tilized  fo r an a ly tica l pu rposes. T h e  fluorescence p ro p erties  o f  3 ,4 -B P  on 
W h a tm a n  p a p e r  a t  room  te m p e ra tu re  and  a t  77 К  w as s tu d ied . T h e  sensitized  
fluorescence o f  n ap h th acen e  w as in v e s tig a te d  a p rocedure  for th e  q u a n t i ta t iv e  
d e te rm in a tio n  o f n ap h th acen e  w as developed .

Experim ental

M easurem en ts were m ade on a H i ta c h i  M P F  —SA sp ec tro flu o rim e te r e q u ip p e d  w ith  
co rrec ted  accessory. A t 77 К  m ea su re m e n ts  th e  phosphorescence  a tta c h m e n t o f  th e  in s t ru 
m e n t was used. T h e  sub stan ces s tu d ied  w ere  p ro d u c ts  o f F E R A K  and  R E A N A L . P re lim in a ry
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t e s t s  in d ic a te d  th a t  th e ir  p u r i ty  w a s  sa tisfactory , so t h a t  n o  f u r th e r  p u rific a tio n  w as perform ed. 
A  5 .1 0 - 3  M  solution in  b e n z e n e  w a s  prepared  from  3 ,4 -B P , a n d  W h a tm an  p a p e r  s tr ip s  were 
im m e rs e d  in to  the  so lu tion . A b o u t  15 m inutes a fte r  th e  e v a p o ra tio n  of th e  benzene, th e  flu o 
re sc e n c e  spectrum  of 3 ,4 -B P  w a s  m easu red  w ith 365 n m  e x c itin g  ligh t. T he exc itin g  slit w as set 
to  8 n m , th e  emission slit to  2 n m . V arying q u a n titie s  o f  n a p h th a c e n e  w ere th e n  ad d ed  to  th e  
s o lu t io n  o f 3,4-BP in b e n ze n e , a n d  th e  sensitized f lu o re sce n ce  of n a p h th a ce n e  w as m easu red  
a t  t h e  sam e  slit conditions, o n  W h a tm a n  paper s tr ip s  im m e rse d  in  th e  so lu tion . T he n a p h th a 
c en e  a m o u n ts  varied b e tw een  1 0 -9  a n d  3.10—4 M ,  a n d  flu o rescen ce  in ten sitie s  w ere m easu red  
a t  o n e  m ax im um  each ( a t  465 n m , fo r  3,4-BP and a t  498 n m  fo r nap th acen e).

Results and discussion

3 ,4-B P  em its a f lu o re scen ce  spectrum  c o n s is tin g  of one b ro a d  b an d  
(F ig . 1). The spectrum  c o v e rs  th e  whole v is ib le  ra n g e , w ith  a m ax im u m  a t  
4 5 6  n m . The c h a ra c te r is tic  o f  th e  spectrum  re v e a ls  th a t  i t  is th e  re su lt o f th e  
coa lescen ce  of a m u lt i-b a n d  s tru c tu re . W hen  coo led  dow n to  77 K , th e  b an d s 
s e p a ra te ,  and a th re e -m a x im a  s truc tu re  is fo rm e d , w ith  peaks a t  439, 466 and  
500  n m , respectively . T h e  in te n s i ty  decreases f ro m  b a n d  to  b a n d  in  th e  d irec
t io n  to w a rd s  the  lo n g er w av e le n g th , by  a fa c to r  o f  a b o u t 1/3.

W ith  3,4-BP, c o n ta in in g  naph thacene, th e  c h a ra c te ris tic  b an d s  o f b o th  
s u b s ta n c e s  are p resen t in  th e  em ission sp ec tru m  as a re su lt o f sensitized  flu o res
c e n c e  (F ig . 2). In c rea s in g  a m o u n ts  of n a p h th a c e n e  lead  to  a g rad u a l decrease 
in  t h e  in ten s ity  of 3 ,4 -B P  fluorescence. A t a d e f in e d  n a p h th acen e  c o n c e n tra 
t io n ,  th is  fluorescence c o m p le te ly  d isappears, a n d  on ly  th e  lum inescence of 
n a p h th a c e n e  is o b se rv ab le . T h e  bands a t 423 a n d  456 nm  in  th e  sh o rt w ave 
r a n g e  o f  the  fluorescence sp ec tru m  belong to  th e  lum inescence o f 3 ,4-B P , 
w 'hile th e  m axim a a t  4 98 , 533 and 570 nm  o r ig in a te  from  th e  fluorescence

F i g .  1 .  Fluorescence sp e c tru m  o f  th e  3,4-benzpyrene o n  W h a tm a n  p a p e r: ----------  a t  room
te m p e ra tu re ;  — — — a t  77 K .
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F ig .  2 .  T he fluorescence in te n s ity  change o f  th e  3 ,4 -b en zp y ren e -n ap h th acen e  sy s te m  fo r
d iffe re n t n a p h th a ce n e  c o n ce n tra tio n s  on W h a tm a n  p ap er. Cone, o f n a p h th a c e n e : .........................

1<Г5- -----------  1 0 -e; ---------- 3 .10-7; Ml-1.

o f n ap h th a c e n e . T he phenom enon  o f sensitized  fluorescence can  re a d ily  be 
in te rp re te d  b y  th e  tr ip le t- tr ip le t  m echan ism  o f d e layed  fluorescence [ 2 2 ]:

3 d  +  3 D ---------*  1 *  +  I d

(1) delayed  3 ,4 -benzpyrene  em ission  
у
1D + h r '

3 d  +  3 A -------- *  1 *  +  ^d

(2) delayed  n ap h th acen e  em ission  
Y
1A +  bv"

w here  D  is th e  sym bo l for th e  donor, A  th e  sym bol fo r th e  accep to r, 1 a n d  3 
fo r  th e  singlet an d  tr ip le t ,  resp ., a n d  a s te risk  fo r th e  ex c ited  sing le t en e rg y . 
I t  m a y  be seen from  process (1) t h a t  i f  th e  c o n cen tra tio n  o f d o n o r tr ip le ts  
is h ig h , th e  delayed  fluorescence o f 3 ,4 -B P  can  be d e tec ted . A t a su ff ic ie n tly  
h ig h  donor co n cen tra tio n , d e a c tiv a tio n  ta k e s  p lace b y  th e  in te ra c tio n  o f  th e  
m ix ed  tr ip le ts , re su ltin g  th e  sensitized  fluorescence  em ission o f n a p h th a c e n e  
(p rocess (2)). W hen  th e  c o n c e n tra tio n  o f  n a p h th a c e n e  reaches a v a lu e  t h a t  
is low er b y  only a b o u t one o rd er of m a g n itu d e  th a n  th e  3 ,4-B P  c o n c e n tra tio n , 
p rocess ( 1 ) will successively  decrease, i.e. th e  fluorescence em ission  o f  th e  
d o n o r will d isap p ear. A t a fu r th e r  in c rea se  o f th e  ra tio  of n a p h th a c e n e  to  
3 ,4 -B P , th e  donor tr ip le ts  will n o t be  ab le  to  su p p o rt th e  p rocess (2), an d
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log cone of n a p h th a c e n e  M

F i g .  3 .  In te n s ity  ra tio  o f  th e  fluorescence o f 3 ,4 -b en zp y ren e  co n ta in ing  n a p h th a ce n e  vs. 
n a p h th a c e n e  co n ce n tra tio n . I \  * =  n ap h th acen e  in te n s i ty  a t  498 nm . I ['>'['> =  3 ,4 -b enzpyrene

in ten sity  a t  456 nm .

hen ce  th e  fluo rescence  em ission of th e  sy s te m  will begin to  decrease. T h is 
s itu a tio n  is show n in  th e  u p p e r p a rt of F ig . 3, w here  th e  ra tio  of th e  fluorescence  
in te n s itie s  of n a p h th a c e n e  and  3 ,4-B P a re  p lo tte d  ag a in st n a p h th a c e n e  co n 
c e n tra tio n . In  th e  l in e a r  p a r t  of th e  c u rv e , th e  co n cen tra tio n  ra tio  o f d o n o r 
to  accep to r is D ŝ> A ,  w hile in th e  u p p e r  sec tio n  of th e  cu rve , D  ^  A .  A t 
low  n ap h th acen e  c o n c e n tra tio n s , th e  d e v ia tio n  from  lin e a rity  is p ro b a b ly  d u e  
to  th e  effect of o th e r  tra c e  im purities. T h e  to ta l  co n cen tra tio n  ran g e  of th e  
c u rv e  is su itab le  fo r  a n a ly tic a l purposes. U sing  a ca lib ra tio n  curve  as low  
as 3 • K U 9 M  n a p h th a c e n e  could be d e te rm in e d . In  th e  lin ea r range, th e  re la 
tiv e  e rro r be tw een  p a ra lle l m easurem ents is a b o u t I  p er cen t; in  th e  low er 
a n d  u p p e r sections o f  th e  cu rve  it  reaches v a lu e s  of 8  to  10 p e r cen t. A t 77 K , 
h o w ever, th e  fluo rescence  in te n s ity  of th e  3 ,4 -b en zp y ren e-n ap h th acen e  sy stem  
in c reases  b y  a fa c to r  o f  a b o u t 8 , so th a t  a t  th is  te m p e ra tu re , th e  s e n s itiv ity  
o f  n ap h th acen e  d e te rm in a tio n  will be in c rea sed  b y  a lm o st one o rd er o f m a g n i
tu d e .
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PROPERTIES OF ALCOHOL-AMINE MIXTURES, XIV
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T h e  d e n s ity  a t  20 °C an d  th e  d y n am ic  v isco sity  in  th e  te m p e ra tu re  ra n g e  from  
20 th  40 °C w ere m easu red  in  m ix tu re s  o f 1 -b u tan o l w ith  m ono-, di- a n d  tr i- (n -b u ty l)-  
-am ine.

T he a c tiv a tio n  e n th a lp y  o f v iscous flow  a n d  th e  average degree o f  assoc ia tion  
w ere c a lcu la ted  from  th e  v isco sity  d a ta  as a  fu n c tio n  of th e  com position . E a r l ie r  in fo r
m a tio n  on th e  assoc ia tion  o f a lcohol—am ine m ix tu re s  h as been  com ple ted  b y  conclusions 
fro m  th ese  m easu rem en ts . T he e n th a lp y  o f fo rm a tio n  of th e  O H . . .N  b o n d  is larger 
th e n  th o se  o f th e  О — H . . . 0  a n d  N — H. . ,N  bon d s. Q u a lita tiv e  co n clu sio n s a re  p os
sible re g ard in g  th e  fo rm atio n  o f m ix ed  a lco h o l-am in e  species o f v a rio u s  s tru c tu re s .

In  s tu d ies  on th e  associa tion  co n d itio n s  o f alcohol-am ine m ix tu re s  it  
has been show n th a t  if  p rim ary , seco n d ary  o r te r t ia ry  am ines a re  m ix ed  w ith  
alcohols, m ixed  associa ted  species (co n ta in in g  b o th  alcohol a n d  am in e) are 
o b ta in ed  [1 4 ]. In  o rd er to  d e te rm in e  th e  degree of assoc ia tion , we have
app lied  o u r  m e th o d , based  on th e  a c tiv a tio n  e n th a lp y  of v iscous flow , to  
alcohol—am in e  m ix tu res  [6 ]. In  th is  p ap e r, we re p o r t  th e  resu lts  o f  e x p e rim e n ts  
p erfo rm ed  on th e  1 -b u ta n o l-n -b u ty la m in e , l -b u ta n o l-d i(n -b u ty la m in e )  and
l-b u ta n o l- tr i(n -b u ty l)a m in e  m ix tu re s .

T he v iscosities of m ic tu re s  w ere d e te rm in e d  w ith  a H ö p p le r  v iscosi
m eter. T h e  densities w ere m easu red  w ith  a DM A 02C  d ig ita l d en sim ete r. 
P u re  1 -b u tan o l w as used  as re fe rence  su b s ta n c e .

T he v isco sity  m easu rem en ts  w ere p e rfo rm ed  in  th e  te m p e ra tu re  range  
of 20 40 °C. T he res id ts  are lis ted  in  T ab les I ,  I I ,  I I I .

Table I

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 94 (2), pp. 93 —102 (1977)

D ensity  ( q)  and dynam ic viscosity (r/) o f  the 1-butanol-n-butylamine  
m ixture as a fu n c tio n  o f  the am ine mole fraction  (xam)

e (g/cms) Dynamic viscosity rj (cP)

о о о 20 °C 25 °C 30 °c 35 °C 40 °C

0.000 0.8100 2.94 2.45 2.28 1.92 1.73

0.140 0.8044 2.39 2.06 1.75 1.53 1.36

0.305 0.7962 1.87 1.59 1.35 1.20 1.11

0.516 0.7828 1.23 1.10 0.98 0.88 0.78

0.684 0.7697 0.88 0.81 0.74 0.66 0.61

0.931 0.7498 0.60 0.54 0.50 0.47 0.45

1.000 0.7439 0.53 0.50 0.47 0.43 0.41
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Table II

D e n s i t y  ( q)  a n d  d y n a m i c  v i s c o s i t y  (r])  o f  th e  l - b u t a n o l - d i ( n - b u t y l ) a m i n e  
m i x t u r e  a s  a  f u n c t i o n  o f  th e  a m i n e  m o le  f r a c t i o n  ( x am)

xam
e (g/ran3) D ynam ic viscosity v  (cP)

20 °C 20 °C 25 °C I 30 °c 1 35 °C 1 40 °C

0.000 0.8100 2.95 2.45 2.28 1.92 1.73

0.091 0.8079 2.70 2.43 2.11 1.91 1.70

0.272 0.7971 2.32 1.93 1.72 1.53 1.42

0.440 0.7901 1.74 1.51 1.36 1.32 1.09

0.510 0.7865 1.56 1.39 1.24 1.11 1.02

0.702 0.7758 1.19 1.06 0.96 0.87 0.82

0.919 0.7648 0.94 0.84 0.78 0.73 0.68

1.000 0.7609 0.85 0.79 0.73 0.68 0.64

Table III

D e n s i t y  (o ) a n d  d y n a m i c  v i s c o s i t y  (rj) o f  th e  \ - b u t a n o l - t r i ( n - b u t y l ) a m i n e  
m i x t u r e  a s  a  f u n c t i o n  o f  th e  a m i n e  m o le  f r a c t i o n  ( x am)

xam
q , g/cm 3 Dynam ic viscosity Г), cP

20 °C 20 °C 25 °C 30 °c 35 °C i 40 °C

0.000 0.8100 2.95 2.45 2.28 1.92 1.73
0.102 0.8056 2.60 2.30 2.02 1.80 1.55

0.311 0.7968 2.08 1.91 1.70 1.48 1.41

0.488 0.7904 1.78 1.67 1.49 1.30 1.16
0.661 0.7856 1.58 1.49 1.31 1.16 1.08

0.880 0.7802 1.44 1.33 1.18 1.08 1.02

1.000 0.7772 1.35 1.23 1.12 1.01 0.94

D iscussion

F ro m  viscosity  vs. te m p e ra tu re  (lata, th e  a c tiv a tio n  en th a lp y  o f  v iscous 
flo w  h a s  been  d e te rm ined  in  th e  th ree  m ix tu res  as  a fu n c tio n  of th e  co m position , 
in  t h e  te m p e ra tu re  ran g e  o f  2 0 — 40 °C.

I n  th e  calcu la tion  p ro cess  we assum ed t h a t ,  w ith in  a re la tiv e ly  n a rro w  
te m p e r a tu r e  range, th e  te m p e ra tu re  d ependence  o f  th e  ac tiv a tio n  e n th a lp y  o f 
v isc o u s  flow  m ay be n eg lec ted . B y th e  m e th o d  o f least squares, we h av e

d e te rm in e d  th e  eq u a tio n s  o f  th e  best rj vs. —  s t r a ig h t  lines connec ting  p o in ts

o f t h e  sam e  mole frac tio n . T h e  errors of th e  a c tiv a tio n  en thalp ies h a v e  been  
c a lc u la te d  [7] from  th e  s c a t te r  o f th e  d a ta  (a).
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Table IV

Average enthalpy o f  activation (H v)  o f  viscous flo w , 
and average degree o f association (a )  fo r  the 

1-butanol-n-butylam ine mixture as a fu n c tio n  o f  the amine 
mole frac tion , in  the temperature range o f  20 — 40 °C

xam Hv (kcal,'mol) x

0.000 4764 +  395 4.03 +  0.37

0.140 5179 +  158 4.45 +  0.15

0.305 4822 +  415 4.11 +  0.40

0.516 4117 +  87 3.44 +  0.08

0.684 3403 +  123 2.76 +  0.12

0.931 2601 +  267 2.00 +  0.25

1.000 2411 +  153 1.83 +  0.14

Table V

Average enthalpy o f  activation (H v)  o f  viscous flo w , 
and average degree o f association (a.) fo r  the 

\-b u ta n o l-lri(n -b u ty l)a m in e  m ixture as a fu n c tio n  
o f  the am ine mole fra c tio n , in the temperature range o f  20 —40 4)

xam H„ (kcal/mol) a

0.000 4764 ±  395 4.03 ±  0.37

0.102 4644 ±  178 3.40 +  0.11

0.311 3752 +  334 2.10 +  0.21

0.488 4011 +  373 1.92 +  0.20

0.661 3670 +  325 1.51 +  0.15

0.880 3264 +  231 1.13 +  0.09
1.000 3346 +  100 1.07 ±  0.04

F ro m  th e  know n a c tiv a tio n  en thalp ies of v iscous flow , using  a p rev io u sly  
e la b o ra te d  m eth o d  [ 6 ], we h av e  ca lcu la ted  th e  av e rag e  degree of asso c ia tio n  
(a) as a fu n c tio n  o f th e  com position .

T he resu lts  are  su m m arized  in  Tables IV , V a n d  V I (F ig . 1).
As fa r as th e  accu racy  o f  th e  resu lts  is co n cern ed , th e  errors of th e  a c t i 

v a tio n  en th a lp ies  are  slig h tly  g re a te r  th a n  those  in  p u re  alcohols and  in  a lc o h o l-  
h y d ro ca rb o n  m ix tu res . T h is is due to  some v a r ia tio n  o f  th e  ac tiv a tio n  e n th a lp y  
o f  viscous flow  in  a lco h o l-am in e  m ix tu res  even  in  th e  re la tiv e ly  n arro w  te m 
p e ra tu re  range  exam ined .
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Table VI

A v e r a g e  e n t h a l p y  o f  a c t i v a t i o n  ( H v)  o f  v i s c o u s  f l o w , 
a n d  a v e r a g e  d e g r e e  o f  a s s o c i a t i o n  (a .)  f o r  th e  

1 - b u t a n o l - d i ( n - b u t y l )  a m i n e  m i x t u r e  a s  a  f u n c t i o n  o f  
th e  a m i n e  m o le  f r a c t i o n , i n  th e  t e m p e r a t u r e  r a n g e  o f  20 — 40 °C

xam Hv (kcal/mol)

0.000 4764 ±  395 4.03 +  0.37

0.091 4234 +  143 3.35 +  0.13

0.272 4096 ±  238 2.86 +  0.19

0.440 4174 +  127 2.65 ±  0.09

0.510 3906 ±  111 2.36 +  0.08

0.700 3428 +  215 1.85 +  0.13

0.920 2866 +  193 1.35 +  0.11

1.000 2795 +  42 1.26 ±  0.02

P roperties o f the  b u tan o l tr i(n -b u ty l)  am ine 
m ix tu re

I n  accordance w ith  o u r fo rm er re su lts , th e  p roperties o f  th e  sy s tem  can 
be  in te rp re te d  in  th e  fo llow ing w ay.

P u re  1-bu tano l c o n ta in s  m a in ly  m u ltim ers  w ith  cyclic  s tru c tu re s . In  
a d d i t io n  to  these, lin e a r  asso c ia ted  species are also p re se n t in  sign ifican t 
a m o u n ts . The c o n c e n tra tio n  o f m o n o m er m olecules does n o t su rp a ss  1 m ol % 
(7). U p o n  th e  ad d itio n  o f tr ia m in e  to  b u ta n o l, th is  will fo rm  m ix ed  associa ted  
sp ec ies  o f ty p e  A ,B , w ith  th e  lin ea r  a sso c ia ted  alcohol species. (A  d eno tes an 
a lc o h o l while В an  am ine  m olecule.)

T h e  d e te rm in a tio n  o f th e  com p o sitio n  o f m ixed  associa ted  species co n ta in 
in g  b o th  alcohol an d  am in e  m olecules is considerab ly  fa c ilita te d  b y  th e  fac t 
t h a t  te r t ia r y  am ines can  fo rm  on ly  su ch  associated  species w ith  alcohols 
w h ic h  co n ta in  a single am ine  m olecule. (T he u n sh ared  e lec tro n  p a ir  on th e  
n i t ro g e n  a tom  of th e  te r t ia r y  am ine fo rm s a hyd rogen  bo n d  w ith  th e  h y d ro x y  
h y d ro g e n  of th e  alcohol m olecule .) As th e  co n cen tra tio n  of m o n o m eric  alcohol 
is  v e r y  low  th e  ex am in ed  m ix tu re s  s tu d ie d  [ 1 0 ], th e  lin ea r a lco h o l m u ltim ers  
sh o u ld  also be invo lved  in  m ix ed  asso c ia tio n , th ro u g h  th e ir  te rm in a l  h y d ro x y  
g ro u p s . T he h igh ly  ex o th e rm ic  d iffe ren tia l h e a t of m ix ing  [10] o b serv ed  a t 
lo w  am in e  co n cen tra tio n s can  be e x p la in e d  b y  th e  fo rm a tio n  o f  N . .  .H  0  
h y d ro g e n  bonds in  th e  m ix ed  asso c ia ted  species.

A s according to  v isco s ity  d a ta , th e  av erag e  degree of a sso c ia tio n  o f  th e  
m ix tu re  is lower th a n  t h a t  o f p u re  b u ta n o l, th e  s im u ltan eo u s  a sso c ia tio n  
e q u ilib r iu m  betw een  asso c ia ted  species o f  d ifferen t ty p e s  (cyclic  a n d  linear
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alcohol, an d  lin ea r  m ixed  asso c ia ted  species) p resu m ab ly  chan g es as follow s.
In  th e  a lco h o l-triam in e  m ix tu re , th e  association  eq u ilib riu m  b e tw een  

lin ea r  alcohol m u ltim ers  is sh if te d  b y  th e  fo rm a tio n  of m ixed asso c ia ted  species 
to w a rd  th e  d is in teg ra tio n  o f th e  alcoho l chains. T hus th e  fo rm a tio n  o f  m ixed  
asso c ia ted  species co n ta in in g  few er alcohol m olecules seem s lik e ly  a t  low 
am ine co n cen tra tio n s . Also th e  p rev io u sly  considered  p o ss ib ility  t h a t  th e  
en th a lp ie s  o f fo rm a tio n  of th e  O H  . . . 0  a n d  O H  . .N h y drogen  b o n d s  m a y  be 
n e a rly  th e  sam e, can  be exc lu d ed . T h e  decrease in  th e  degree o f  asso c ia tio n , 
o bserved  s im u ltan eo u sly  w ith  th e  e x o th e rm ic  h ea t o f m ix ing , c an  be  in te r 
p re te d  on ly  if  th e  hyd rogen  b o n d s b e tw een  m ixed  associated  species a re  s tro n g 
e r th a n  th o se  fo rm ed  betw een  asso c ia ted  alcohol species.

A ccord ing  to  d e n d u c tiv ity  d a ta  o b ta in e d  a t  low am ine c o n c e n tra tio n s , 
in  th e  n -b u ta n o l—tri(n -b u ty l)a m in e  m ix tu re , th e  average n u m b e r o f a lcohol 
m olecules in  A ;B ty p e  m ixed  a sso c ia ted  species is n ^  9, w h ich  seem s to  
c o n tra d ic t th e  fa c ts  m en tio n ed  in  th e  fo rm e r p a rag rap h . H ow ever, as a lre a d y  
show n [9], c o n d u c tiv ity  d a ta  p e rm it conclusions only on th e  av e rag e  degree 
o f a ssoc ia tion  o f e lec tro ly tica lly  d isso c ia tin g  m ixed  associated  species. A s th is  
is m a in ly  ch a ra c te ris tic  m ixed  asso c ia ted  species con ta in ing  sev era l a lcohol 
m olecules, th e  d issociation  c o n s ta n t decreases w ith  i, i.e. th e  n u m b e r o f a lcohol 
m olecules b o u n d  in  th e  m ixed  a sso c ia ted  species. T herefore, i t  seem s v e ry  
like ly  t h a t  th e  average  degree o f  a sso c ia tio n  o f A;B species is s ig n if ic a n tly  
low er th a n  th a t  ex p ec ted  from  c o n d u c tiv ity  m easu rem en ts, an d  th e  tr ia m in e  
is p rim a rily  p re se n t in  m ixed  asso c ia ted  species con ta in ing  alcohol m olecules. 
T h is is in  line w ith  th e  v e ry  low  specific  c o n d u c tiv ity  of th e  m ix tu re  (1 (iS/cm ). 
C onsequen tly , v e ry  few d issoc ia ted  p a rtic le s  are  p resen t in  th e  sy s tem .

In  p a ra lle l w ith  th e  ra p id ly  decreasin g  average degree o f  a sso c ia tio n  
o b served  a t  h ig h er triam in e  c o n c e n tra tio n s , th e  h e a t of m ix ing  decreases ra p id ly  
to o  [10], a lth o u g h  th e  effect rem a in s  ex o th e rm ic . This can  be e x p la in e d  by  
th e  follow ing co nsidera tions. U p o n  d ilu tio n  w ith  th e  tr iam in e , th e  c leavage 
o f cyclic alcohol m u ltim ers  s ta r ts  a t  am in e  m ole frac tions 0 - 1  <  *am <  0.4. 
re su ltin g  in  th e  fo rm atio n  o f lin e a r  m u ltim ers . In  our opin ion , th is  p rocess 
is s im ila r to  th a t  ta k in g  place in  a lc o h o l-a lk a n  m ix tu res  (7). B esides th e  decrease  
o f th e  n u m b e r o f  cyclic associa ted  species, th e  d is in teg ra tio n  of lin e a r  a sso c ia ted  
alcohol species an d  th e  fo rm a tio n  o f  m ix ed  associa ted  species is co n tin u e d . 
T he average  degree of associa tion  o f  th e  m ix tu re  is a  2 in  th e  n e ig h b o u rh o o d  
o f eq u im o lar com position , w hich  in d ic a te s  t h a t  a sign ifican t p a r t  o f  tr ia m in e  
m olecules is a lread y  in  m onom eric  fo rm .

In  th e  m ix tu re s  w ith  excess am in e , m ixed  associated  species c o n tin u e  to  
form  a t  th e  exp en se  o f th e  a sso c ia ted  species o f alcohol. This is su p p o r te d  b y  
th e  fa c t t h a t  th e  d ifferen tia l h e a t  o f m ix in g  rem ains ex o th e rm ic , w h ereas  
th e  degree o f associa tion , a lth o u g h  m ore  slow ly, con tinues to  decrease  w ith  
increasing  am ine  co n cen tra tio n .
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A t an  am ine m o le  frac tio n  of x am ^  0 .85 , th e  sign o f th e  m ix ing  h e a t 
is rev ersed . In  th e  m ix tu re s  contain ing  l i t t le  alcohol an  endo therm ic  effect 
c an  be observed. C onsidering  our form er conclusions, th is  can  only be ex p la in ed  
b y  assum ing  th a t  a l i t t le  a lcohol added to  p u re  tr ia m in e  will b reak  th e  h y d ro g en  
b o n d s , betw een  th e  a lco h o l m olecules, w h ich  sh if ts  th e  equ ilib rium  to w a rd  
m onom eric  alcohol m olecu les. This ex p la in s th e  en d o th e rm ic  h ea t o f m ix ing  
a n d  th e  average deg ree  o f  association  of a b o u t 1. H ow ever, we h av e  also to  
ex p la in  w hy th e  to ta l  a m o u n t of m onom ers fo rm ed  u p o n  cleavage of th e  asso 
c ia te d  alcohol species does n o t form  AB a sso c ia ted  species w ith  th e  tr ia m in e  
m olecules. This h o w ev e r, im plies an  ex o th e rm ic  m ix in g  h e a t in  c o n tra s t  w ith  
experience, since we h a v e  supposed th a t  th e  N  . . .H O  bonds have a la rger 
e n th a lp y  of fo rm a tio n  th a n  the  0  . . .H O  b o n d s. F u rth e rm o re , th e  ab o v e  
o b se rv a tio n s  concern ing  th e  degree of asso c ia tio n  also  do n o t su p p o rt th e  fo rm a 
tio n  o f  such  m ixed  spec ies as, in  th is  p a r tic u la r  ra n g e , th e re  is p ra c tic a lly  no 
asso c ia tio n  (« ~  1). W e h a v e  to  refine ou r p h y sica l m odel in  o rder to  ach ieve an  
ex p la n a tio n .

F irs t of all, le t u s  ac c e p t the conclusion d ra w n  from  ex p erim en ta l re su lts  
t h a t  on ly  few AB a sso c ia te d  species m ay  be p re se n t in  th e  system . In  th is  
case, i t  is co rrect to  a ssu m e  th a t  if  th e  e q u ilib riu m  c o n s ta n t is sm all, th e  free 
e n th a lp y  change fo r  th e  fo rm atio n  of A B  m ix ed  associa ted  species c a n n o t 
be a h igh  nega tive  v a lu e . As the  en th a lp y  o f  fo rm a tio n  of th e  N . . .H O  b o n d  
is n e g a tiv e , th is  is o n ly  possib le, if  th e  fo rm a tio n  o f  AB species invo lves co n 
s id erab le  neg a tiv e  c h a n g e  in  en tropy .

T he neg a tiv e  e n tro p y  of fo rm ation  is re la te d  in  th e  f irs t p lace to  th e  
decrease in  th e  n u m b e r  o f  in d ep en d en t k in e tic  e lem en ts  availab le  in  th e  sy s tem , 
as w ell as to  th e  d ecrease  in  th e  ro ta tio n a l a n d  v ib ra tio n a l degrees o f freedom  
o f th e  m onom er m olecu les up o n  association . T h e  e n th a lp y  and  en tro p y  changes 
p a r t ly  com pensate  one  a n o th e r, w hich m a y  ex p la in  th e  sm all eq u ilib riu m  
c o n s ta n t. I t  should  b e  m en tio n ed  th a t  i f  a n  alcoho l m olecule is hyd ro g en - 
b o n d e d  to  a te r t ia r y  am in e , the  degrees o f  freed o m  decrease m ore s tro n g ly  
th a n  fo r bonding  w ith  p r im a ry  or seco n d ary  am in es: th e  th ree  a lky l g roups o f 
th e  te r t ia ry  am ine f ix  th e  alcohol m olecule lin k ed  to  th e  cen tra l n itro g en  a to m . 
I t  is obvious th a t  th e  equ ilib riu m  c o n s ta n t o f  m ix ed  association  is m uch  low er 
fo r te r t ia ry , th a n  fo r  p r im a ry  or secondary  am ines.

Properties o f  the l-b u tan ol-d i(n -b u ty l) am ine m ixture

W e have c o m p le ted  th e  resu lts o f o u r fo rm e r s tu d ies  concerning assoc ia 
tio n  in  th e  1 -b u ta n o l—d i(n -b u ty l)am in e  sy s te m . T h e  follow ing has been  e s ta b 
lished .

T he h ea t o f m ix in g  is exotherm ic in  th e  w hole range of co n cen tra tio n s  
an d  is considerab ly  h ig h e r  th a n  th a t  for th e  tr i(n -b u ty l)a m in e -b u ta n o l sy stem

Acta Chim. ( Budapest) 94, 1977



RATKOVICS, SALAMON: P R O P E R T IE S  OF A LCO H O L-A M IN E M IXTURES, XIV 99

(5). In itia lly  th e  average degree o f asso c ia tio n  varies w ith  th e  co m position  
sim ilarly  as in  th e  tr ia m in e -a lc o h o l sy stem . In  m ix tu re s  co n ta in in g  m o re  th a n  
1 0  m ol %  am ine i t  is h igher an d  decreases a lm o s t linearly  w ith  th e  m ole fra c 
tio n  o f am ine. A ccording to  c o n d u c tiv ity  d a ta ,  th e  average degree o f  assoc ia 
tio n  o f dissociab le  m ixed a lco h o l-am in e  species is h igher in  th e  0  0  <  *am  <  0.5 
range th a n  in  th e  tr i(n -b u ty I)a m in e -b u ta n o l m ix tu re .

T hese ex p e rim en ta l re su lts  m ay  be ex p la in ed  in  th e  fo llow ing  w ay. 
D i(n -b u ty l)am in e  is inclined  to  se lf-associa tion , how ever, as a lread y  m e n tio n 
ed [11], th e  m olecules form  m ain ly  lin ear species. T he average degree o f assoc ia 
tio n  o f th e  p u re  am ine is re la tiv e ly  low. F ro m  th e  a c tiv a tio n  e n th a lp y  o f  v iscous 
flow (neg lec ting  th e  te m p e ra tu re  dependence) x  =  1.26 has been  o b ta in e d  
for th e  average  degree o f associa tion . T h is does n o t differ s ig n if ican tly  from  
th e  v alue  o f x  =  1 .1  [ 1 1 ] d e te rm in ed  from  d ie lec tric  p roperties on th e  basis 
o f K irkw ood’s g  fac to r. As th e  s tru c tu re  o f  m ixed  alcohol-am ine asso c ia ted  
species, we m a y  assum e th a t  th e y  also fo rm  m ultim ers . A ccord ing  to  th e  
s tro n g ly  ex o th e rm ic  h e a t o f  m ix ing  o bserved  in  ad d itio n  to  th e  d ecrease  of 
th e  average  degree o f assoc ia tion , we can  supp o se  th a t  th e  m ixed  species are 
m ostly  o f th e  A ,В (and  n o t o f  th e  A,By) ty p e , i.e. th e y  co n ta in  o n ly  a single 
am ine m olecule. (In  th is  w ay , th e  decrease in  th e  degree of associa tion  c a n  be 
exp la ined  also fo r ex o th erm ic  m ix ing  h e a ts , if, accord ing  to  th e  ab o v e , we 
ta k e  in to  acco u n t th a t  th e  e n th a lp y  of fo rm a tio n  of th e  N . . .H O  h y d ro g en  
bond  is la rg e r th a n  tho se  o f th e  О . . .H  . . .0  o r N .  .H  — N bonds.) I n  sp ite  
o f th is , we c a n n o t d e te rm in e  w hich of th e  follow ing tw o possible s tru c tu re s  
o f th e  A ,В m ixed  associa ted  species is m ore like ly .

R R
I I

( R - O H ) n N — H  . . .(R  —O H )m ( R - O H ) m+„ . . N H
I I

R R

(a) (b)

On th e  basis o f e lectric  c o n d u c tiv ity  i t  has been found  th a t  th e  n u m b e r  
o f alcohol m olecules in  dissociable m ixed  species is la rger th a n  th a t  in  th e  case 
o f tri(re -bu ty l)am ine. This can  p ro b a b ly  be ex p la in ed  by  th e  s im u ltan eo u s  
presence o f (a) an d  (b) s tru c tu re s . I t  is o b v ious th a t  th e  average  deg ree  of 
association  o f th e  m ix tu re  is g re a te r  in  th e  d iam in e-a lco h o l th a n  in  th e  t r i 
am ine—alcohol system .

In  acco rdance  w ith  th e  h ig h er degree o f  association , th e  e q u ilib riu m  
c o n s ta n t fo r th e  fo rm atio n  o f  m ixed  species sh o u ld  be larger in  d iam in e—alcohol 
th a n  in  tr ia m in e -a lc o h o l m ix tu re s . In  line w ith  th e  g rea te r h e a t o f  m ix in g
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th is  is d u e  to  th e  sm aller e n tro p y  effect a cco m p an y in g  association . T h e  sm aller 
e n t r o p y  change can be ex p la in ed  b y  th e  fo llow ing : th e  fo rm atio n  o f  m ix ed  
a s s o c ia te d  species v ia  th e  c leavage of sh o rt d iam in e  polym ers, decreases th e  
e n t r o p y  o f  th e  system  b u t  s lig h tly , because n e ith e r  th e  n u m b er of in d e p e n d e n t 
e le m e n ts , n o r th e  degree o f  freedom  o f d iam ine  m olecules changes co n sid erab ly .

A t  th e  sam e tim e , as m e n tio n e d  before th e  fo rm a tio n  of m ixed asso c ia ted  
sp ec ie s  fro m  m onom eric d iam in e  m olecules m a y  involve a sm aller decrease 
in  e n t r o p y  th a n  in  th e  case o f  te r t ia r y  am ines.

Properties o f the 1-butanol-n-butyl-am ine mixture

T h e  p roperties o f th e  1 -b u tan o l-re -b u ty lam in e  m ix tu re  h av e  a lre a d y  
b e e n  d iscu ssed  (1, 2, 3, 4, 5, 8 ). As a re su lt o f fo rm e r experim en ts, th e  follow ing 
h a s  b e e n  estab lished  on th e  basis  o f m ix ing  h e a ts , v a p o u r-liq u id  eq u ilib riu m , 
d ie le c tr ic  p ro p erties  an d  c o n d u c tiv ity  d a ta .

1. T h e  system  is c h a ra c te r iz e d  b y  th e  fo rm a tio n  o f A,By ty p e  asso c ia ted  
sp ec ies .

2 . I n  m ix tu res  c o n ta in in g  little  am ine, m o s tly  A,B ty p e  m ixed  asso c ia ted  
sp ec ies  a re  form ed. T h e ir av e rag e  degree o f associa tion  is p ro b a b ly  h ig h er 
t h a n  t h a t  o f pure  alcohols. T h e  m ax im um  o f th e  co n d u c tiv ity  an d  o f th e  d i
e le c tr ic  loss fac to r [3] o b se rv ed  a t an  am ine  m ole frac tio n  of 0.15 is due  to  
so m e e le c tro ly tic  d issocia tion  o f  these  m ixed  asso c ia ted  species.

3. T h e  fo rm atio n  o f A B  species can be  supposed  in  th e  n e ig h b o u rh o o d  
o f e q u im o la r  com position .

4 . R e la tiv e  to  th e  n u m b e r  of am ine m olecu les, th e  n u m b er o f  a lcohol 
m o le c u le s  in  th e  m ixed  asso c ia ted  species co n tin u es  to  decrease in  sy stem s 
c o n ta in in g  little  alcohol. F o rm a tio n  of ABy m ix e d  associated  species is also 
p o ss ib le .

5. I n  th e  whole ran g e  o f  com positions alcohol m onom ers are  p re se n t 
in  q u a n t i t ie s  less th a n  2  m o l % .

N otv  le t us in v e s tig a te , w h e th e r th e  av e ra g e  degree o f associa tion  ca lcu 
la te d  fro m  viscosity  d a ta  is in  accord  w ith  o u r  s ta te m e n ts .

I t  can  be seen in  F ig . 1 t h a t  upon  th e  a d d itio n  o f am ine th e  av e rag e  
d e g re e  o f  association  o f th e  n -b u tan o l-re -b u ty lam in e  m ix tu re  f ir s t  in creases  
th e n  a t  a n  am ine m ole fra c tio n  of 0.15 i t  re a c h e s  a m ax im um . T he m a x im u m  
is a t  th e  sam e com position  w here  m ax im a  a re  observed  in  th e  d ie lec tric  loss 
f a c to r  a n d  th e  c o n d u c tiv ity  [3 ]. In  acco rd an ce  w ith  our fo rm er s ta te m e n ts  
a n d  co n sid e rin g  th e  ex o th e rm ic  m ix ing  h e a t ,  A;B m ixed  species sh o u ld  be 
fo rm e d  in  th is  range. T h e ir e lec tro ly tic  d isso c ia tio n  resu lts  in  a h ig h  specific  
c o n d u c t iv i ty  of th e  m ix tu re .

C onsidering  th e  en d o th e rm ic  m ix ing  h e a ts  o b ta in ed  in  n -b u ty la m in e — 
h y d ro c a rb o n  m ix tu res  [ 1 2 ], th e  ex o th e rm ic  m ix in g  h ea ts  observed  in  th e
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F ig. 1. A verage degree o f association  in  m o n o -, di- a n d  tr i(n -b u ty l)a m in e  1-butanol m ix tu re s  
as a fu n c tio n  o f com position  in  th e  tem p e ra tu re  ra n g e  o f 2 0 —40 °C

p re se n t m ix tu re  can  on ly  be e x p la in e d  b y  assum ing  th a t  th e  e n th a lp y  of 
О . . .N  bond fo rm a tio n  is la rger th a n  th a t  of O H  . . .0  b o n d in g  even in  p rim a ry  
am ines. The decrease in  th e  average  degree o f asso c ia tio n  o f th e  m ix tu re  inside 
th e  com position  ran g e  show s th a t  u p o n  increasing  th e  b u ty la m in e  c o n c e n tra 
tio n , m ore OH . . .0  bonds in  a lcoho l m u ltim ers are  b ro k en  th a n  O H  . . .N 
b o n d s  form ed in m ix ed  associated  species.

T he excess m ix in g  e n tro p y  show s a w ell-defined m in im u m  in th e  v ic in ity  
o f  eq u im o la r com position  [ 1 ], in d ic a tin g  th a t  th e  n u m b e r  o f in d e p e n d e n t ele
m e n ts  availab le  th e  sy stem  is th e  sm a lle s t in  th is  range . H ow ever, th e  m ax im u m  
o f th e  average degree o f associa tion  is n o t in  th is  ran g e . So we have to  assum e 
th a t  beside undecom posed  m u ltim e rs  and  A,B m ix ed  associa ted  species, 
p re se n t also AB com plexes are fo rm ed  in  la rger a m o u n ts . In  ad d itio n  to  th is , 
acco rd in g  to  c o n d u c tiv ity  d a ta  [8 , 13], we h av e  to  ta k e  in to  co n sid e ra tio n  th e  
fo rm a tio n  of A ,B ; m ixed  species, to o .

T he m in im um  in  th e  excess m o la r  po lariza tio n  us. co m position  d iag ram  [3] 
is also ind ica tive  o f  th e  fo rm atio n  o f  A B  associated  species.

A t am ine c o n te n ts  above th e  equ im olar co m position , th e  slope of th e  
h E/ X a m ( 1-am) vs. X am curve  decreases . This show s t h a t  w hen  m ore am ine 
is a d d ed , th e  d iffe ren tia l m ixing h e a t  decreases. Since in  th is  range  th e  average  
degree  o f association  o f  th e  m ix tu re  show s a m o n o to n o u s decrease u p  to  pu re  
n -b u ty lam in e , we h av e  to  assum e t h a t ,  accord ing  to  fo rm er experience, a lth o u g h  
АВ^ m ixed  species m a y  form , ow ing to  th e  presence o f  undecom posed  alcohol 
m u ltim e rs , the  m ixed  associa ted  species can co n ta in  h u t  a sm all n u m b e r o f 
am ine .
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LONE PAIR ELECTRON CONTRIRUTIONS TO THE 
NATURE OF FORCE FIELD ELLIPSES AND 

SPECTROSCOPIC CONSTANTS OF DIHALIDES OF 
GROUP IVA ELEMENTS AND NO,

K. L. N A R A Y A N A *  and M. K. S O U D A G A R **

( * D e p a r t m e n t  o f  P h y s i c s ,  S h i v a j i  U n i v e r s i t y ,  K o l h a p u r  4 1 6  0 0 4 ,  a n d  * * D e p a r t m e n t  o f  P h y s i c s ,  
R a j a r a m  C o lle g e , K o l h a p u r  4 1 6  0 0 4 ,  I n d i a )

R eceived N o v em b er 1, 1976

The c o n tr ib u tio n  of lone p a ir  e lec tro n s to  th e  m olecu lar c o n s ta n ts  a n d  force 
field  ellipses o f som e d ihalides o f G ro u p  IV  A elem en ts an d  N 0» h as  b een  in v es tig a ted  
b y  ad o p tin g  th e  fo rm alism  of G reen’s fu n c tio n  an d  p a rtitio n in g  tec h n iq u es . E ssen tia lly , 
th e  lone p a ir is considered  in p lace o f  a to m  Z of th e  XY„Z ty p e  s tru c tu re  assum ed  for 
these  molecules. T h e  e v a lu a ted  force co n s tan ts , sym m etrized  m ean  sq u a re  am p litu d es, 
Coriolis coupling coeffic ien ts and  p o te n tia l  en erg y  d is tr ib u tio n  m a trice s  a n d  th e  gener
a te d  force field  ellipses are also re p o rte d  fo r a  c o m p ara tiv e  s tu d y  a n d  discussion.

1. In tro d u c tio n

In  m ost recen t d iscussions o f  m o lecu la r geom etry  [1], th e  presence  of 
lone p a ir electrons on th e  cen tra l a to m  is show n to  cause d is to r tio n s  from  the  
s tru c tu re s  of h ighest sy m m etry , th e re b y  being  responsib le  for th e  p e r tu rb a 
tions in  th e  m olecular force fields. A tte m p ts  have  been m ade p rev io u sly  [2 —5] 
to  d e te rm in e  th e  force fie lds of sy stem s w ith  lone p a irs  b y  a d o p tin g  th e  m olec
u la r geom etries o b ta in ab le  from  e lec tro n  d iffrac tio n  or m icrow ave tech n iq u es. 
R a m a sw a m y  et al. [6]  h av e  u tilized  th e  T o rk ing to n  k in em a tic  m e th o d  [7]  to  
ca lcu la te  th e  p o ten tia l energy  c o n s ta n ts  o f S F 4. W ith  iso top ic  f re q u e n c y  d a ta  
ava ilab le , how ever, th e  Gr e e n ’s fu n c tio n  form alism  of D e w a m e s  et al. [8] is 
th e  m ost a p p ro p ria te  m e th o d  to  e v a lu a te  a u n iq u e  se t o f m o lecu la r co n stan ts . 
T h is form alism , em ploy ing  th e  p a r ti t io n in g  tech n iq u e  has been  successfu lly  
used  b y  us earlier to  o b ta in  m odified  D e w a m e s  fo rm ulae  w hich  ta k e  in to  ac
c o u n t th e  co n trib u tio n s  of lone p a ir  e lec trons. A n acco u n t o f th e  m odified  
fo rm ulae  is given in  o u r re c e n t p ap ers  on  th e  ozone [9] an d  t in  d ich lo rid e  [10]  
m olecules and  on th e  co o rd in a ted  w a te r  o f ti ta n iu m  com plexes [1 1 ] .  The 
pu rpose  o f th e  p re sen t p a p e r  is to  ex am in e  such  lone p a ir e lec tro n  c o n tr ib u tio n s  
to  th e  m olecular force fie ld  ellipses a n d  o th e r  c o n s ta n ts  (u sing  th e  above 
m odified  form ulae) o f N 0 2 an d  th e  fo llow ing d ihalides of G roup IV  A e lem en ts:

CC136’37, S iC lf '37, GeCl35’37, SnCl35’37, PbC l35’ 37 

i2’13C F2, “ -^SiF,,, 72,74G eF 2 an d  110-120S n F 2
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Table I

M o le c u la r  p a r a m e t e r s  u s e d  a n d  m ix in g  p a r a m e t e r s  c a lc u la te d  f o r  th e  lo n e  p a i r  d ih a l id e s  a n d  N O .,

No. Molecule V>1
(cm -*)

(t) 2
(cm ') (cm ■)

Y-X-Y 
Angle, bond 
length® and г

Kef. Assu

u>\
(cm-1)

Mixing param eters 

ned  Calculated

(c m -1)

l 12CC1352 745.7 490 719.5 112°, 743.7 475.97 Complex
12CC1" 743.7 490 716.7 1.7 [19] 742.0 477.06 +  4.627

0.772 740.0 478.35 +  2.262

738.0 479.65 +  1.6002

730.0 484.9 +  1.3712

726.0 487.58 Complex

2 13CC135 723.2 490 698.5 112°, 721.2 475.88 Complex
i3CC lf 721.2 490 695.5 1.7 [19] 720.0 476.67 +  10.983

0.772 718.0 479.99 +  2.546

716.0 479.33 +  1.855

714.0 480.68 +  1.371

706.0 486.12 Complex

3 S iC lf 512.7 248 502 90°, 510.3 240.47 Complex
SiCl’7 510.3 248 498.7 2.01 119] 509.0 241.08 Complex

1.17 507.0 242.03 +  2.174

505.0 242.99 +  1.290

503.0 243.95 +  0.86

501.0 244.93 +  0.544

499.0 245.91 +  0.185

498.0 246.40 Complex

1
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to

4

6

7

8

GeClj5 399.7 162 374.5

G eC lf 396.6 162 371.5

PbC l25 322.3 100 299.3

PbCl?72 319.5 100 295.5

12CF, 1222 668 1102

13CF2 1191 668 1073

2*SiF2 855 345 872

29SiF, 843.1 345 855.1

7<G eF, 692 263 663

72GeF., 686.5 263 656.8

111°, 396.6 156.58 Complex

2.08 [19J 394 157.61 +  2.592

1.22 390 159.23 ±  0.547

389 159,64 +  0.218

388.8 159.72 +  0.093

388.7 159.49 Complex

96°, 319.5 96.088 Complex

2.46 [19] 316 97.153 Complex

1.58 315 97.461 +  1.558

314 97.771 +  0.589

312 98.40 Complex

105.14° 1191 661.74 +  1.707,531

1.3, 120]

0.772

101.13° 843.1 346.166 +  1.759,597

1.595, [21]

1.17 [25]

94.2°, [22] 686.5 266.29 Com plex

1.732, 692.0 264.17 Complex

1.22 694.0 263.41 +  1.357,072

695.0 263.03 +  6.022,07

700.0 261.0 Complex
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Table I (con t.)

No. Molecule
tO l

(cm- 1 )
co2

(cm - 1 )
C> 3

(cm !)
Y-X-Y 

Angje, bond 
lenghta and г

Ref.

Mixing pram eters 

Assumed Calculated

to }
(cm- 1 ) (cm- 1 ) C

9 120SnF„ 592.7 197 570.9 94°, 519.4 196.72 ±  1.382,833
1.91. [23]

124S nF2 519.4 — 569.5 1.4

10 14N0o 1356.91 754.07 1665.5 134° 1343.55 741.162 ±  0.776,660

2.206, [24]

15N 0 , 1343.55 743.76 1628.56 0.74

a B ond len g th  refers to th e  X Y  d istance (Á)
br  is th e  d istance of th e  lone p a ir o f electrons from  th e  cen tra l a tom  X  (Á)
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2. M ethod o f calcu la tions

T he m eth o d  consists o f e s tim a tin g  th e  m ix ing  p a ra m e te r  ‘c ’ from  th e  
know n  iso topic  frequencies an d  o th e r  d a ta ,  using  th e  a p p ro p ria te  su m  an d  
p ro d u c t ru les o f th e  iso tope  s u b s ti tu te d  m olecules; such m ix in g  p a ra m e te r  
d a ta  a re  th e n  u tilized  to  e v a lu a te  th e  m o lecu lar co n stan ts  w ith  th e  help  of 
th e  m o d ified  form ulae re p o rte d  [11]. F o r  th e  Y -su b s titu te d  m olecules, th e  sum  
an d  p ro d u c t ru les m ay  be fo u n d  elsew here [10], while those  fo r X -s u b s titu te s  
are  g iven  below :

m \2 co t?  — -------------to? CO?,

a 2€ +  <r

(ac2 +  a 2Q  cof (crc2J - a 2Cc2)co | 

c2(a2£ +  cr) c2(x2£ a)

( 1 )

( 2)

w here to’s are th e  v ib ra tio n  frequencies , th e  su p ersc rip t ‘Г referring  to  iso topes an d

6 _ m'x r n x
; в  =

m x d
f  l ;  C 2 == 1 +

m x d {

d \ m x +  2 у + m e,  a
Y  2 m

(m x +
у  m'x  

m e) d i

a n d rf5 [  ( m x - f  2  m У +  m e m x . ,
----—  AVltll m x, m

! ( " l x ■F m c)

being  th e  m asses o f a tom s X  an d  Y, a n d  o f th e  lone p a ir resp ec tiv e ly .

3. R esu lts  and  discussion

3.1. Selection o f  M ix in g  Parameters

U sing re la tio n s (1) an d  (2) an d  tho se  g iven in  Ref. [10], th e  m ix in g  
p a ra m e te rs  have been e s tim a te d  a n d  are  rep o rted  in  T ab le  I. S u rp ris in g ly , 
fo r all d ichlorides an d  G eF2, th e  use o f ex p erim en ta lly  re p o rte d  co[ va lu es  
y ields com plex values for th e  m ix in g  p a ram e te rs . C onsequen tly , a n u m b e r 
o f  possib le to] values are  assum ed  a ro u n d  th e  ex p erim en ta l va lu e  in  each  case. 
F o r d ich lorides, these  tu rn  o u t to  be less th a n  th e  ex p erim en ta l v a lu es , e x c e p t
ing  th e  case o f G eF2. T hus fo r each  o f th ese  m olecules, th e  m ix ing  p a ra m e te rs  
form  a range o f fin ite  values w ith  com plex  lim its , th e  sh o rte s t possib le ran g e  
being  found  for PhC l2. These se ts  o f p a ra m e te r  values an d  th e  co rresp o n d in g  
<>A va lu es  e s tim a ted  are  lis ted  in  T ab le  I. F rom  th e  T able I i t  m ay  be n o te d  th a t  
th e  m ix in g  p a ra m e te r  decreases in  ab so lu te  value follow ing th e  decrease in  
th e  va lu es  assum ed fo r co[. D ra s tic  d rops in th e  m ag n itudes o f th e  m ix ing  
p a ra m e te r  upon  a sligh t change in  an y  of th e  co[ values have been  fo u n d  for
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13CC12 an d  GeCl2. H en ce  em pirica l re la tio n s fo r th e  m ix ing  p a ra m e te r  v a lues, 
su ch  as those  g iven  b y  Mo h a n  et al. [12], shou ld  be te s te d  w ith  cau tio n  w hen 
iso to p ic  freq u en cy  d a ta  a re  availab le . S ince u su a lly  ex p erim en ta l frequencies 
a re  assigned  w ith  th e  he lp  o f rough  e s tim a te s  fo llow ing th e  T e l l e r - R e d l ic h  
ru le , th e  p resen t s tu d y  in d ica tes , in  such ass ig n m en ts , th e  necessity  of a com 
b in e d  app ro ach  o f u tiliz in g  b o th  th e  T e l l e r - R e d l ic h  ru le and  ce rta in  c rite ria  
o f  rea lness of th e  m ix in g  p a ra m e te r  va lues.

T he selection  o f  an  a p p ro p ria te  c v a lu e  in  th e  absence of a un iq u e  a>\ 
v a lu e  fo r a given se t o f  iso top ica lly  s u b s ti tu te d  m olecules is a d ifficu lt, b u t  
p e rh a p s  n o t im possib le  ta s k  w hen one app lies th e  follow ing c rite ria  (1). T he 
e x p e rim e n ta l a ss ig n m en t o f  co( m ay  be u n c e r ta in  to  th e  e x te n t o f a few a n g 
s tro m s. H ence, s ta r t in g  from  such  an  assigned  v a lu e , a g rad u a l v a r ia tio n  
on  e ith e r  side o f i t  w ou ld  give rise to  m ix in g  p a ra m e te r  va lues w hich are n o t 
im a g in a ry  (com plex). A m ong  such c’s, th e  sm alle r v a lues m ay  be p re fe rred . 
A lth o u g h  th is  c r ite r io n  reduces th e  a rb itra r in e ss  in v o lved  in  selecting  th e  
e x a c t c va lue , i t  is s till  n o t defin ite  as to  w hich  one o f th e  sm aller c values is 
to  be chosen. H ence follow s the  second c rite r io n : (2). E ach  c value e s tim a ted  
w ith  th e  co rresp o n d in g  o>[ v a lue  assum ed , m a y  th e n  be u tilized  to  ca lcu la te  
th e  sy m m e try  force c o n s ta n ts  and  o th e r re la te d  c o n s ta n ts  of th e  non-iso top ic  
m olecu le . The l a t te r  d a ta  are availab le  from  th e  li te ra tu re  for a n u m b e r o f 
X Y 2 m olecules, e s tim a te d  b y  d ifferen t m e th o d s  such  as G V FF, V F F , e tc ., 
w h ich  ro u g h ly  e s tim a te  th e  probable sm aller c v a lu es . These c rite ria  m ay  lead 
to  a lre a d y  know n fo rce  fie ld s, how ever i t  shou ld  be p o in ted  o u t th a t  G r e e n ’s 
fu n c tio n  an d  th e  p a r ti t io n in g  m e th o d  w ould  y ie ld  a consistent se t o f force 
f ie ld s  (for th e  m olecu les be ing  stud ied ) d is tin c t from  th o se  p ro v id ed  b y  o th e r  
m e th o d s  an d  also g ive  in fo rm a tio n  a b o u t th e  m o lecu la r v ib ra tio n s  o f th e  iso 
to p ic  m olecule.

T he above p ro c e d u re  of selecting  th e  c v a lu es  (as lis ted  in  T ab le  I I )  
is s till am biguous w ith  re sp ec t to  i ts  sign. In s te a d  o f  g iv ing  th e  precise m agni
tude  o f  th e  m ix ing  p a ra m e te r  for th e  d ich lo rides 12CC12, SiCl2, GeCl2 an d  P bC l2, 
we h a v e  used  a few  o f  th e  n ea re s t possible sm all va lu es  of th e  abso lu te  m ix ing  
p a ra m e te r , viz. (2 .26, 4 .63), (2.175, 2.4), (0.024, 0.02) and (0.4, 0.5, 0.55), 
re sp ec tiv e ly . F o r th e  re s t  o f  th e  m olecules u n d e r  co n sid e ra tio n , th e  d e te rm i
n a tio n  o f precise c v a lu e s  is q u ite  s tra ig h tfo rw a rd  via  th e  m od ified  expressions 
re p o r te d  b y  us in  th is  p a p e r  and  elsew here [ 1 0 ], em p loy ing  th e  p rocedure  o f 
D e w a m e s  et al. [8 ]. H en ce  th e re  is no need  to  em p lo y  th e  above tw o c rite ria  
fo r th e se  m olecules w hen  dete rm in in g  th e ir  c va lues.

(3) A n ex ac t know ledge of the  m ix ing  p a ra m e te r  is possible if  th e  com plete  
se t o f  th e  iso topic  freq u en c ies  of a m olecule is av a ilab le . In  ce rta in  cases, as 
th o se  s tu d ied  in  th is  p a p e r , rough e s tim a te s  o f e x p e rim e n ta l со) (or oj12) f re 
q u e n c y  assignm ents m ig h t be availab le . In  such  cases, we have  a th ird  c rite rio n  
fo r fix in g  th e  co rrec t co‘2 v a lu e , w hich w ould y ie ld  re a l m ix ing  p a ram ete rs .
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3.2. Force F ield  E llipses

The force fie ld  ellipses o f  th e  m olecules u n d e r  co n sid e ra tio n  are g en era ted  
b y  v a ry in g  th e  m ix in g  p a ra m e te r  in steps of 0 .251, s ta r t in g  from  th e  v a lu e  
in d ica ted  b y  a cross on th e  re spec tive  cu rves o f  th e  F igs 1, 2 an d  3, an d  using  
th e  m odified  exp ressions [11] fo r F n  an d  F 12. T h e  ellipses fo r SiCl2 resem ble  
closely those  re p o r te d  in  th is  p a p e r and  hence are  n o t  show n. T he ellipses g iven  
in  th e  figures are  m a rk e d  w ith  th e  sam e serial n u m b e rs  as of T ab le  I. F o r  com 
p ariso n , th e  force f ie ld  ellipses o b ta in ed  w ith o u t co n sid e rin g  lone p a ir  effects are 
also  show n fo r a few  m olecules b y  d o tted  lines. C learly , th e  lone p a ir  co n tr ib u tio n  
decreases th e  in c lin a tio n  of a given ellipse w ith  th e  F u  ax is, th o u g h  n o t a p p re 
c iab ly , as o b serv ed  in  o u r ea rlie r stud ies [10] o f  th e  SnCl2 m olecule. A sm alle r 
angle of in c lin a tio n  o f th e  ellipse, accord ing  to  T o r k in g t o n ’s an a ly s is  [7 ] ,  
im plies an  en h an ced  m ass o f  th e  cen tra l a tom . F u r th e r ,  th e  lone p a ir e lec tro n  
c o n tr ib u tio n  causes a ty p ic a l ellipse to  c o n tra c t a long  its  m a jo r ax is (F 12) 
a n d  elongate  a long  its  m in o r ax is (F n ), a fe a tu re  o f  th e  ty p e  n o ted  recen tly  [11] 
in  force fie ld  ellipses o f  w a te r  m olecule c o o rd in a te d  to  a ti ta n iu m  a to m . 
M ul l e r  et al. [13] co m m en t t h a t  tw o e x tre m a l p ro p e rtie s , viz. F n  =  m ax . 
a n d  f 22 =  m in ., can  be s im u ltan eo u sly  fu lfilled  p ro v id e d  mx (m ass of th e  c e n tra l 
a to m ) is v e ry  la rg e . T h u s  e longa tion  along th e  F u  ax is due to  th e  lone p a ir  
c o n tr ib u tio n  sh if ts  th e  F n  (m ax .) p o in t (of th e  X Y 2 s tru c tu re  w ith o u t a lone 
p a ir)  to  h ig h er v a lu es . T h is also ind ica tes th a t  th e  lone p a ir  e lec tron  c o n tr ib u -

-0.4 -0.2 0 0.2 Q4 0.6 0.8 1.0 1.0
Fn (mdyn/Á)

Fig. 1. F u  as a  fu n c tio n  o f F 12; th e  cross in d ica tes  s ta r t in g  v a lu e  of th e  m ix in g  p a ra m e te r
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F ig . 2. F n  as a function  o f F J2; th e  cross in d ic a te s  s ta r tin g  va lue  of th e  m ix in g  p a ram e te r

F ig . 3. F n  as a function  of F 12; th e  cross in d ic a te s  s ta r tin g  va lue  of th e  m ix in g  p a ra m e te r

t io n  in c reases  ap p a ren t m ass  o f  th e  c e n tra l a to m . A gain  i t  m a y  be  po in ted  
o u t h e re  th a t  the in te ra c tio n  te rm  o f th e  G m a tr ix , viz. G12, is in v e rse ly  p ro 
p o r t io n a l  to  the  m ass o f  th e  c e n tra l a to m , i.e. G 12 а  цх fo r  X Y 2 m olecules 
w ith o u t  th e  lone pair e lec tro n s . T he angle o f  inc lin a tio n  defin ed  b y  T o r k in g - 
t o n ’s eq u a tio n

( 2G 12

1 G it G 22
(3)

b eco m es sm aller w ith  G 12 v a n ish in g ly  sm all. C onsequen tly , lone p a ir  con tri-
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Table II

M olecular force constants (m d y n lk )  and  G12 elements fo r  lone p a ir dihalides a n d  N 0 2

No. Molecule 
and angle C F n F „ F,3 g 12 Ref.

l 12CCL 2.26 3.75 1.26 1.4 ) 2.31 )
- 2 .2 6 5.46 0.69 1.0 ) ) -0 .0 6 9 3 th is  w ork

4.63 3.63 1.08 1.07 ) 2.34 )
-  4.63 4.59 0.76 0.85 )

100° — 3.13 — — 2.59 [19]

2 13CCL 2.5375 3.7 1.2 1.28 ) )
) 2.36 ) 0.0669 th is  w ork

- 2 .5 3 7 5 5.16 0.71 0.94 ) )
)

2.59

ооо

- 3.12 - - [19]

3 Si CL 2.175 0.82 0.84 0.19 ) )
) 2.95 )

2.175 2.54 0.27 0.19 ) ) -0 .0 5 3 5 th is  w ork
2.4 0.84 0.8 0.15 ) )

) 2.87 )
- 2 . 4 2.41 0.28 0.15 ) )

90° — 1.89 0.35 - 0 .1 2 3 2.31 127]
120° — 2.71 0.23 - 0 .0 9 6 1.89

4 Ge CL 0.024 2.3 0.43 0.83 ) 1.94 )
- 0 .0 2 4 2.4 0.4 0.81 ) ) -0 .0 3 7 2 th is  w ork

0.020 2.3 0.43 0.83 ) )
- 0 .0 2 0 2.38 0.4 0.81 ) 

)
)

90° _ 2.23 _ 1.95
100° — 2.36 — 1.84 [19]

5 PbCL 0.4 0.62 0.54 0.47 ) 1.61 )
- 0 . 4 1.77 0.15 0.4 ) ) -0 .0 3 2 9 th is  w ork

0.5 0.5 0.56 0.42 ) )
- 0 .5 1.83 0.12 0.34 ) )

0.55 1.86 0.11 0.3 ) )
90° — 1.63 — — 1.59

100° — 1.88 — — 1.54 [19]

6 CF, 1.70753 3.83 2.48 1.68 ) )
) 5.19 ) - 0 .1 0 4 th is  w ork

-1 .7 0 7 5 3 8.67 0.87 0.93 ) )
— 6.77 0.81 0.5 5.22 — [28]

7 SiF , 1.759597 1.15 1.54 0.48 ) 4.87 ) -0 .0 7 9 3 th is  w ork
-1 .7 5 9 5 9 7 4.7 0.35 - 0 .3 5  ) )

— 5.329 0.44 1.174 4.71 [21]

8 G eF, 1.357072 0.65 1.4 - 0 .0 2 4  ) )
) 4.2 ) 0.0646 th is  w ork

-1 .3 5 7 0 7 2 4.21 0.22 - 0 .0 2 5  ) )
- 4.29 0.32 0.0 3.85 [ 2 2 ]
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Table (co n t) .

No.
Molecule 

an d  angle C

F" C , F 1S F „ Gig Ref.

9 S n F 2 1.382833 0.39 1.10 - 0 .0 6 8  ) )
) 3.21 ) -0 .0 6 0 2 th is  w ork

-1 .3 8 2 8 3 3 3.28 0.14 - 0 .1 8  ) )
— 3.55 0.2 0.0 3.27 [23]

10 NO., 0.77666 7.61 2.74 3.38 ) )
) 11.05 ) -0 .0 9 8 1 th is  w ork

-0 .7 7 6 6 6 13.16 0.89 0.53 ) )
— 12.965 0.785 8.89 [26]

b u tio n s  m a y  be consid ered  to  increase th e  m a ss  o f th e  cen tra l a to m . Since 
th e  r a t io  o f th e  m a jo r an d  m inor axes, a]b, te n d s  to  u n ity  in  th e  l im itin g  case 
o f  e lo n g a tio n  along F u  a n d  con trac tio n  a lo n g  F 12, th e  ellipse te n d in g  to  be 
m o re  c ircu la r, we ag a in  a rr iv e  a t  th e  conclu sio n  t h a t  th e  m ass co u p lin g  te rm  
te n d s  to  be sm all w ith  th e  lone p a ir e lec tro n  c o n tr ib u tio n s  ta k e n  in to  acco u n t 
e x p lic itly . A physica l a sp ec t o f th is low m ass  coupling  term  is t h a t  th e  lone 
p a ir  c e r ta in ly  in fluences n a tu re  of chem ical b o n d in g  in  X Y 2 m olecules [13].

A s opposed to  th e  considera tion  of lone p a ir  electron c o n tr ib u tio n s  in  a 
ch o sen  m olecule, an  e n tire ly  d ifferen t s tu d y  w o u ld  be to  exam ine th e  force 
f ie ld  e llipses for a se t o f m olecules (w ith  lone  p a ir  electrons) in  th e  in c reas in g  
o rd e r  o f  ce n tra l a to m  m asses. W ith  th e  m ass o f  th e  o ther a to m  Y  decreasing  
in  a s e t  o f d ich lorides to  t h a t  of d ifluorides a n d  th e  m ass of th e  c e n tra l  a to m  
X  in c re a s in g  (in a g iven  se t), i t  would be in te re s t in g  to  see if F 12 te n d s  to  becom e 
m o re  n e g a tiv e , e.g. to  ex am in e  th e  sets (SiCl2, GeCl2) and  (S iF2, G eF 2). T he 
p h y s ic a l significance o f th is  will be d iscussed . W e would th e n  f in d  t h a t  th e  
d ic h lo rid e  an d  d iflu o rid e  g roups of ellipses in d iv id u a lly  te n d  to  sh if t so as 
to  h a v e  a m ore n eg a tiv e  F 12 and  m in im um  F X1 values.

3.3. Force F ield  C onstants

T h e  m olecu lar force co n stan ts  e v a lu a te d  b y  u tilizing  th e  p o s itiv e  an d  
n e g a tiv e  m ix ing  p a ra m e te rs  es tim ated  from  iso to p ic  frequency  d a ta  a n d  th e  
m o d if ie d  fo rm ulas [11] are  rep o rted  in  T ab le  I I .  T h e  force co n stan ts  e s tim a te d  
b y  e a r lie r  w orkers w ith o u t considering th e  lo n e  p a ir  effects are also in c lu d ed . 
A c o m p a ra tiv e  s tu d y  rev ea ls  th a t  of th e  tw o  possib le values o f th e  m ix ing  
p a ra m e te r  m o stly  n e g a tiv e  values seem to  b e  physica lly  reaso n ab le , giv ing
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rise  to  force c o n s ta n t va lues close to  th o se  re p o rte d  by  o th e rs . H ow ever, 
fo r th e  m olecules 12CC12, 13CC12 a n d  GeCl2, th e  positive m ix in g  p a ra m e te rs  
y ie ld  b e t te r  re su lts . I n  general, th e re  seem s to  he a g radual d ecrease  in  each 
o f  th e  sy m m e try  force c o n s ta n ts  w ith  in c reas in g  m ass of th e  c e n tra l a to m  o f th e  
d iha lid es , e.g. fo r n eg a tiv e  m ix ing  p a ra m e te rs  in  a given se t o f  d ihalides. 
T h is tre n d , how ever, is n o t follow ed b y  SiCl2, fo r w hich a less n e g a tiv e  v alue  
o f th e  m ix ing  p a ra m e te r , such  as — 1.29 (see T ab le  I), w ould be m o re  likely  
to  y ie ld  a set o f force c o n s ta n ts  c o n s is ten t w ith  th e  above o b se rv a tio n . In  th e  
e v e n t o f  such a c o n jec tu red  v a lue , i t  is in te re s tin g  to  no te  th a t  th e  F 12 va lues 
fo r S iF 2, G eF 2 an d  S n F 2, e v a lu a te d  w ith  n eg a tiv e  m ixing p a ra m e te rs , tu rn  
o u t to  be n eg a tiv e  in  c o n tra s t to  b o th  th e  p o sitiv e  and  zero v a lu e s  re p o rte d  
b y  o thers.

T he claim  o f F a d i n i  [14] th a t  th e  sign  of th e  in te ra c tio n  te rm  F 12 is 
oppo site  to  th a t  o f  th e  te rm  G 12 an d  th is  is genera lly  valid  for p ro b lem s even 
w ith  jq =  r2 (a ru le  called  “ V orzeichenregel” ) is reg a rd ed  by  P e a c o c k  et al. [15] 
as th e  reason  w h y  th e  ap p ro x im a tio n  L 12 =  0 has a physical sign ificance . 
U n d e r th is  ap p ro x im a tio n  F 12 is p ro p o rtio n a l to  G12, w hich im p lies  th a t  
G 3, i s  p o sitive  fo r neg a tiv e  F 12 values. W ith o u t th e  lone pa ir c o n tr ib u tio n , th e  G 12 

valu es  in  fa c t te n d  to  zero a t  large m x. W ith  lone p a ir  electron  c o n tr ib u tio n s , from  
th e  Gj., va lues g iven  in  T ab le  I I ,  i t  is e v id e n t t h a t  G 12is no longer sm a ll fo r large 
c e n tra l a to m  m asses. In  conclusion we s ta te  t h a t  for sm all m ass  coupling  
w ith  th e  lone p a irs  th e  a p p ro x im a tio n  m e th o d s  m ay  no t y ie ld  e x a c t force 
fie ld  e s tim a te s  [15]. F ro m  T able I I  we see t h a t  th is  conclusion is v a lid , how ever, 
o n ly  fo r S iF 2, G eF 2 an d  S n F 2 since here  th e  F 12 values are n e g a tiv e  in  sp ite  
o f  th e  n eg a tiv e  v a lu es  of G 12 [16, 17]. A m ore n eg a tiv e  F 12 im plies t h a t  th e  lone 
p a ir  fav o u rs  a decrease in  th e  bond  angle a n d  so to  some e x te n t  ou tw eighs 
th e  repu lsive  forces betw een  th e  n o n -b o n d ed  a to m s. For o th e r  cases, w here 
F 12 is p o sitive , we agree w ith  th e  conclusions o f S mith and  L i n n e t  [18] th a t  
o th e r  effects (due to  a lone p a ir  o r an  in te ra c tio n  betw een b o n d s) e ith e r  in 
fluence  th is  c o n s ta n t so w eakly  th a t  th e y  do n o t outw eigh th e  X —X  repu lsion  
o r th e y  m ake a po sitiv e  co n tr ib u tio n  to o .

In  T ab les I I I ,  IV  and  V are  lis ted , re sp ec tiv e ly , th e  Coriolis coupling  
coeffic ien ts , sy m m etrized  m ean  sq u are  a m p litu d e s  an d  p o ten tia l e n e rg y  d is tr i
b u tio n  m a tr ix  e lem en ts  ev a lu a ted  b y  u s in g  positive and  n e g a tiv e  m ix ing  
p a ra m e te rs  fo r each  o f th e  m olecules u n d e r  considera tion . I t  is p o in te d  o u t in  
th e  d iscussion o f force co n stan ts  th a t  n e g a tiv e  m ix ing  p a ra m e te r  v a lu es  seem 
to  be m ore reaso n ab le  for th e  se t o f d iha lides w ith  th e  ex cep tio n  o f 12CC12, 
13CC12 a n d  GeCl2, a fa c t t h a t  should  be b o rn e  in  m ind  in  th e  su b se q u e n t d iscus
sion  o f  o th e r  sy m m e try  q u an titie s .

NARAYANA, SOUDAGAR: LO N E P A IR  ELECTRO N  CONTRIBUTIONS 113

Acta Chim. (B udapest) 94, 1977



1 1 4 NARAYANA, SOU DAGAR: LONE PAIR ELECTRO N  CONTRIBUTIONS

Table II I

Coriolis coupling coefficients

No. M olecule
Mixing

param eter i i f . «; «:

l 12CC1, 2.26 -1 .2 5 8 9 0.2083 1.5850 0.0434

- 2 .2 6 1.4155 1.1195 2.0037 1.2532

4.63 -1 .2 8 1 5 -0 .0 5 1 1 1.6423 0.0026

- 4 .6 3 1.1462 0.5754 1.3138 0.3311

2 13CC1, 2.5375 -1 .2 7 7 2 0.1469 1.6315 0.0216

- 2 .5 3 7 5 1.0341 0.764 1.069 0.5837

3 SiCl2 2.170 -1 .3 6 3 6 0.0805 1.8593 0.0065

- 2 .1 7 0 0.8247 1.0889 0.6800 1.1858

2.40 -1 .3 5 9 7 0.1310 1.8487 0.0172

— 2.40 0.8644 1.0572 0.7472 1.1178

4 G eC l, 0.024 -0 .5 9 6 1 1.1411 0.3554 1.3021

- 0 .0 2 4 -  0.5407 1.1684 0.2924 1.3651

0.020 -0 .5 9 1 6 1.1435 0.3500 1.3076

— 0.020 -0 .5 4 5 4 1.1662 0.2975 1.3601

5 P b C l, 0.4 -1 .0 7 6 1 0.6287 1.1580 0.3953

— 0.4 -0 .3 4 5 6 1.1974 0.1195 1.4339

0.5 -1 .1 2 4 6 0.5372 1.2647 0.2886

- 0 . 5 -0 .2 4 5 0 1.2220 0.0600 1.4933

- 0 .5 5 -0 .1 9 6 9 1.2307 0.0388 1.5146

6 c f 2 1.707,5307 — 1.2914 0.2230 1.6677 0.0497

-1 .7 0 7 ,5 3 0 7 0.8262 1.0172 0.6828 1.0347

7 S iF , 1.759,597 -1 .2 8 1 1 0.1324 1.6413 0.0175

-1 .7 5 9 ,5 9 7 0.7693 1.0329 0.5919 1.0670

8 GeF„ 1.357,0715 -1 .2 6 8 3 - 0 .0 6 0 0 1.6086 0.0036

-1 .3 5 7 ,0 7 1 5 0.3183 1.2292 0.1013 1.5109

9 SnFo 1.382,8327 -1 .2 4 1 0 - 0 .0 6 9 7 1.5401 0.0049

-1 .3 8 2 ,8 3 2 7 0.3225 1.2004 0.1040 1.4410

10 n o 2 0.776,6597 -1 .0 8 1 3 0.7433 1.1693 0.5526

-0 .7 7 6 ,6 5 9 7 0.4526 1.2317 0.2048 1.5170
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Table IV

Sym m etrized mean square amplitudes in (  k ) 2

Molecule
Mixing r 1

JTгг
V33

p a r a m e t e r
0 к 298 К. 0 К 298 К 0 К 298 К 0 к 298 К

12CC1, 2.26 0.002436 0.002846 0.009836 0.026874 0.003087 0.003283 0.003310 -0 .0 0 3 6 2 4
- 2 .2 6 0.001832 0.001939 0.011649 0.061229 0.003087 0.003283 0.002887 -0 .0 0 2 9 8 9

4.63 0.002244 0.002558 0.009709 0.024469 0.003056 0.003250 -0 .0 0 2 9 6 4 -0 .0 0 3 1 0 5
- 4 .6 3 0.001907 0.002052 0.010720 0.043628 0.003056 0.003250 -0 .0 0 2 7 2 8 -0 .0 0 2 7 5 1

,3CC12 2.5375 0.0023135 0.002697 0.009446 0.010073 0.002940 0.003147 -0 .0 0 3 0 5 2 -0 .0 0 3 3 2 5
-2 .5 3 7 5 0.0018064 0.001930 0.010966 0.012372 0.002940 0.003147 -0 .0 0 2 6 9 8 -0 .0 0 2 7 8 8

SiC.l, 2.17 0.003547 0.006082 0.006366 0.01108 0.001736 0.002075 -0 .0 0 1 8 5 0 -0 .0 0 1 9 4 6
2.17 0.002121 0.002519 0.010644 0.03833 0.001736 0.002075 0.001850 -0 .0 0 1 9 4 6
2.40 0.003466 0.005879 0.006404 0.004811 0.001736 0.002075 -0 .0 0 1 7 4 4 -0 .0 0 1 6 8 1

- 2 .4 0 0.002134 0.002551 0.010401 0.006723 0.001736 0.002075 0.001743 -  0.001680

GeCl„ 0.024 0.002729 0.006294 0.012788 0.032717 0.001913 0.002670 -0 .0 0 3 7 3 8 -0 .0 1 1 4 1 2
- 0 .0 2 4 0.002619 0.005895 0.013119 0.033914 0.001913 0.002670 -0 .0 0 3 6 6 5 -0 .0 1 1 1 4 6

0.020 0.002720 0.006261 0.012816 0.032820 0.001913 0.002670 -0 .0 0 3 7 3 3 0.011392
- 0 .0 2 0 0.002628 0.005929 0.013093 0.033818 0.001913 0.002670 -0 .0 0 3 6 7 1 0.011171

PbCL, 0.4 0.005002 0.021058 0.008324 0.002954 0.001843 0.002987 -0 .0 0 3 5 7 5 -0 .0 1 8 2 9 9
- 0 . 4 0.002368 0.006276 0.016227 0.004095 0.001843 0.002987 -  0.003093 0.015595

0.5 0.005203 0.022188 0.007513 0.009982 0.001843 0.002987 -  0.003199 -0 .0 1 6 1 8 6
- 0 .5 0.002148 0.005040 0.016679 0.027603 0.001843 0.002987 -  0.002640 -0 .0 1 3 0 5 0
- 0 .5 5 0.002058 0.004536 0.016841 0.027916 0.001843 0.002987 -0 .0 0 2 4 0 9 0.011753

CF„ 1.7075307 0.002611 0.002806 0.006680 0.013511 0.002106 0.002125 -  0.002323 -  0.002406
-1 .7 0 7 5 3 0 7 0.001576 0.001585 0.009783 0.037222 0.002106 0.002125 -0 .0 0 1 8 3 8 -0 .0 0 1 8 3 3

SiFo 1.759597 0.003488 0.005074 0.006111 0.008229 0.001778 0.001832 0.001565 -0 .0 0 1 9 3 3
-1 .7 5 9 5 9 7 0.001613 0.001761 0.011747 0.025106 0.001778 0.001832 -  0.000252 0.000387

G eF, 1.3570715 0.004074 0.007141 0.004851 0.005206 0.001565 0.001698 0.000362 - 0.000151
-1 .3 5 7 0 7 1 5 0.001617 0.001735 0.012223 0.021425 0.001565 0.001698 -  0.000361 0.000495

SnF , 1.3828327 0.005039 0.011425 0.005281 0.005980 0.001764 0.002002 0.000077 0.000490
-1 .3 8 2 8 3 2 7 0.001770 0.002079 0.015087 0.034020 0.001764 0.002002 0.000321 0.001629

NO- 0.7766597 0.002213 0.002305 0.007987 0.027516 0.001495 0.001496 0.002619 -  0.002737
-0 .7 7 6 6 5 9 7 0.001239 0.001246 0.010908 0.052422 0.001495 0.001496 0.001644 -  0.001676
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Table V

P otential energy distribution ( P E D )  m a tr ix  elements

Molecule
Mixing

p a r a m e t e r P E D „ p e d 12 P E D „ P E D « p e d „

I2CC1., 2.26 0 .3 2 8 0 1.3817 1.6077 1.1020 1.00

- 2.26 1 .3 3 2 3 0.0308 0 .5567 0.8064 1.00

4.63 0 .4 9 8 0 0.9197 1 .4125 0.0052 1.00

- 4.63 1 .0 2 9 0 0.2337 0 .7 9 7 3 0.4654 1.00

13C C L , 2.5375 0 .3 5 0 1 1.2426 1.5481 0.0446 1.00

- 2.5375 1 .2 5 3 0 0.0671 0 .6 0 3 0 0.7170 1.00

SiClo 2.17 0 .1 2 4 7 0.9299 1.0391 0.0155 1.00

- 2.17 1 .0 3 8 9 0.0155 0 .1248 0.9297 1.00

2.40 0 .1 3 9 5 0.8935 0 .9 9 3 6 0.3940 1.00

- 2.40 0 .9 9 3 4 0.0395 0 .1396 0.8933 1.00

GeClo 0.024 0 .4 4 9 0 2.7821 0 .1377 3.0934 1.00

- 0.024 0 .5 1 1 4 2.6144 0 .1055 3.0202 1.00

0.020 0 .4 5 4 1 2.7691 0 .1348 3.0885 1.00

- 0.020 0 .5 0 6 1 2.6293 0 .1080 3.0275 1.00

PbCL, 0.4 0 .0 4 7 0 2.9717 0 .6 6 4 0 2.3547 1.00

- 0.4 0 .7 8 8 7 1.6751 0 .0 1 9 6 2.4442 1.00

0.5 0 .0 2 3 9 2.5537 0 .7648 1.8128 1.00

- 0.5 0 .8 7 4 7 1.1480 0 .0 0 8 0 2.0150 1.00

0.55 0 .9 0 9 4 0.9189 0 .0045 1.8238 1.00

C F, 1.7075307 0 .1 0 2 7 1.3223 1 .2958 0.1293 1.00

- 1.7075307 1 .1 2 3 6 0.0059 0 .1 8 6 0 0.9435 1.00

S iF 2 1.759597 0 .0 1 6 0 1.1334 1 .0786 0.0707 1.00

- 1.759597 0 .7 6 8 5 0.3109 0 .0 8 9 4 0.9899 1.00

GeFo 1.3570715 0 .0 0 9 6 0.9911 0 .9 8 5 4 0.0153 1.00

- 1.3570715 0 .9 8 5 3 0.0154 0 .0 0 9 6 0.9911 1.00

S n F 2 1.3828327 0 .0 0 4 2 1.0064 0 .9825 0.0281 1.00

- 1.3828327 0 .9 4 2 8 0.1363 0 .0085 1.0707 1.00

NOo 0.7766597 0 .7 0 7 2 2.2063 0 .8748 1.3387 1.00

- 0.7766597 1 .1 6 5 3 0.0831 0 .050 1.1985 1.00
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3.4. Coriolis Coupling C oefficients

T ab le  I I I  rev ea ls  t h a t  w ith  increasing m ass  o f  th e  cen tra l a to m , th e  
ab so lu te  v a lues o f decrease an d  those of | 2 g ra d u a lly  increase for b o th  se ts  
o f d ihalides. T his is n o t t ru e  fo r th e  SnF 2 m olecu le . F o r  th e  N 0 2 m olecule th e  
m ost a p p ro p ria te  a n d  | 2 v a lu es  are those lis te d  a g a in s t th e  nega tive  m ix in g  
p a ra m e te r  value g iven in  T ab le  I I I .

3.5. Sym m etrized  M ean Square A m p litu d es

I t  is a p p a re n t from  T ab le  IV  th a t  th e  e lem en ts  of th e  sy m m etrized  
m ean  square  am p litu d e  a re  re la tiv e ly  te m p e ra tu re  sen sitiv e  w ith  th e  ex cep tio n  
o f GeCL an d  PbC l2- G enera lly , th e  elem ents fo r  th e se  tw o  m olecules are  fo u n d  
to  v a ry  ap p rec iab ly  w ith  th e  te m p e ra tu re . In  th is  c o n te x t th e  sm all v a lu es  of 
th e  m ix in g  p a ra m e te r  fo r th e se  tw o  m olecules sh o u ld  be no ted .

3.6. P otentia l Energy D istribu tion  M atrices

T he P E D n  e lem en ts  lis ted  in  Table Y fo r  th e  m olecules 12CC12, 13CC12, 
GeCl2 an d  PbC l2 are fo u n d  to  be sm aller th a n  th e  co rresp o n d in g  P E D 12 e lem en ts , 
w hile th e  reverse  is t ru e  fo r re s t  o f th e  m olecu les. Surprising ly , th e  P E D 12 

e lem en ts  of GeCl2 an d  P bC l2 a re  g rea te r th a n  th e  co rresp o n d in g  P E D U e lem en ts , 
a fe a tu re  in d ep en d en t o f th e  signs of th e  m ix in g  p a ra m e te r  ad o p ted . A  co m 
p a ra tiv e  s tu d y  of P E D 21 a n d  P E D 22 e lem ents show s th a t  th e  fo rm er are g re a te r  
th a n  th e  la t te r  in  th e  case o f  12CC12, 13CC12, GeCl2 a n d  PbC l2, while th e  rev e rse  
ho lds fo r th e  rem ain in g  m olecu les. A gain, fo r  GeCl2 an d  PbC l2, th e  P E D ^  
e lem en ts  p red o m in a te  o v e r th e  P E D 21 e lem ents fo r b o th  th e  positive a n d  n e g a 
tiv e  m ix in g  p a ra m e te rs  considered  in  th e  T ab le . As th e  P E D 33 e lem ent re fe rs  
to  a p u re  sy m m etry  c o o rd in a te , its  value is u n i ty  fo r all th e  m olecules.

4. Conclusions

In  su m m ary , th e  fo llow ing conclusions h a v e  been  draw n: (1) A te s t  of 
th e  re a li ty  of th e  m ix in g  p a ram e te rs  by  th e  a p p ro p r ia te  sum  an d  p ro d u c t 
ru les m a y  be usefu l in  th e  ex p erim en ta l f re q u e n c y  assignm ents o f X Y 2 ty p e  
m olecules an d  th e ir  iso to p ic  su b s titu te s . (2) In c lu s io n  o f th e  lone p a ir  e lec tro n s  
e ffec tively  increases th e  m ass o f th e  cen tra l a to m , th e re b y  changing  th e  sizes 
of th e  ellipses a n d  th e ir  in c lin a tio n s  w ith  th e  F n  ax is as well th e ir  sh if t in  a 
se t o f d ich lorides o r d ifluorides. (3) In  general, a ll th e  sy m m etry  force c o n s ta n ts  
decrease g rad u a lly  w ith  in c reas in g  m ass of th e  c e n tra l  a tom  (w ith  lone p a ir  
effect) fo r X Y 2 m olecules belonging  to  a d ich lo rid e  or d ifluoride g ro u p
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(4). A ll th e  E  e lem ents fo r GeCl2 and  P b C l2 a re  found to  be v e ry  te m p e ra tu re  
s e n s it iv e . Also th e  P E D  e lem en ts for th e se  tw o  m olecules b e h a v e  excep
t io n a l ly  as com pared  w ith  th o se  for o th e r  m olecules.

*

T h e  au th o rs  are in d e b te d  to  Professor G y ö rg y  V a r s á n y i  for his c ritica l re a d in g  of th e  
m a n u s c r ip t  and  for his v a lu a b le  com m ents .
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KINETICS OF PLATINUM CATALYZED HYDROCARBON
TRANSFORMATIONS

Z. PaÁL, K. MATUSEK and P .  T É T É N Y I  

( I n s t i t u t e  o f  I s o t o p e s  o f  th e  H u n g a r i a n  A c a d e m y  o f  S c i e n c e s ,  B u d a p e s t )

R eceived  N ovem ber 3, 1976

Y ields o f iso m eriza tio n , cycliza tion  an d  hydro g en o ly sis o f  3 -m eth y lp en tan e  as 
well as ring  open ing  o f m eth y lcy c lo p en tan e  o v er p la t in u m  b lack  c a ta ly s t  show  m ax im a  
as a fu n c tio n  of h y d ro g en  p ressu re , b o th  in  c ircu la tio n  a n d  pulse system s, w hereas a 
L an gm uir-H inshelw ood  ty p e  b eh av io u r has been  fo u n d  as a fu n c tio n  o f h y d ro carb o n  
pressure . A k in e tic  t r e a tm e n t  h as been p u t  fo rw ard  in  te rm s of singly a n d  m u ltip ly  
d issociated  h y d ro c a rb o n  species, th e  fo rm er being  a c tiv e  in te rm ed ia te  o f  isom erization , 
cyclization  a n d  rin g  o pen ing  w hereas th e  la t te r  o b s tru c tin g  these  reac tio n s. A ssum ing 
th a t  h y drogen  effec t is m a in ly  suppressing  th e  fo rm a tio n  of th e  la t te r ,  w e c an  exp la in  
th e  m ax im um  curv es th eo re tica lly . K ine tic  d a ta  a re  d iscussed  an d  used  as a d d itio n a l 
evidences in  th e  in te rp re ta tio n  of th e  m echanism s o f v a rio u s surface  processes.

Introduction

I t  has been fo u n d  ea rlie r th a t  — as opposed  to  d e h y d ro g en a tio n  being  
th e  m a in  reac tio n  in  helium  — in th e  presence o f  h y d ro g en , C6 a lk an es m ay  
undergo  a g rea t v a r ie ty  o f  ca ta ly tic  reac tio n s o v er p la tin u m  b lack , inc lud ing  
C5-cyclization , hy d ro g en o ly sis , isom eriza tion  [1, 2]. T he y ields of th e se  re a c 
tions show , as a ru le , m ax im a  as a fu nc tion  o f th e  h y d ro g en  pressure  [3 ]. A p os
sible reac tio n  m echan ism  fo r ske le ta l re a rra n g e m e n t has been suggested  th e  
m ain  p a th w a y  o f iso m eriza tio n  invo lv ing  C5-cyclic in te rm e d ia te s  in  hyd ro g en  
th e  fo rm atio n  o f w hich  w ould  ta k e  place th ro u g h  h a lf-h y d ro g en a ted  surface 
species [4].

W hereas th e  pu lse  sy stem  app lied  for th ese  s tu d ie s  w as ex ce llen t to  tra c e  
in te rm ed ia te s  a n d  follow  u p  th e  changes o f c a ta ly s t  a c tiv ity  [5 7], no  q u a n ti
ta t iv e  d a ta  could be o b ta in e d  w ith  resp ec t to  th e  k in e tic  p a ra m e te rs  o f th e  
reac tio n s due to  th e  b asica lly  tra n s ie n t c h a ra c te r  o f  th e  pulse re a c to r . A s ta tic  
system  w ould be a m ore  su itab le  ex p e rim en ta l device fo r th is  p u rp o se , as 
show n b y  th e  stud ies o f hydrogeno lysis an d  H  D exchange of v a rio u s h y d ro 
carbons (e thane , p ro p a n e , b u ta n e  etc .) [8 , 9].

I t  seem ed reaso n ab le  to  com pare th e  tra n s fo rm a tio n s  of se lec ted  m odel 
sub stan ces in  pulse an d  s ta tic  system s u n d e r e x p e rim e n ta l co n d itio n s as close 
to  each  o th e r as possib le.

Such a com parison  could  help  us to  decide w h e th e r th e  m ax im u m  yields 
o f m o st o f these  reac tio n s  as a fu n c tio n  of th e  h y d ro g en  pressure  [4 — 8 ] can  be
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a t t r ib u te d  to  th e  special c h a ra c te r is tic s  o f th e  pu lse  system  or to  m ore  general 
re g u la r itie s  governing th e  b e h a v io u r  of th e  sy stem  co n ta in in g  h y d ro g en  and  
h y d ro c a rb o n  in  th e  p resen ce  o f p la tin u m  c a ta ly s t .  I f  th e  l a t te r  w ere tru e , 
th e  p h en o m en a  could  b e  in te rp re te d  th e o re tic a lly ; th is  can  be done easier i f  
q u a n t i ta t iv e  k inetic  p a ra m e te rs  are  availab le . T hese  d a ta  could  also be useful 
e v id en ces  in  e lu c id a tin g  th e  m echan ism s o f v a rio u s  reactions.

1 2 0  PAÁL et a!.: K IN E TIC S O F PLA TIN U M  CATALYZED HYDROCARBON TRANSFORM ATIONS

Experimental

T h e  p u lse -m icroca ta ly tic  sy s te m  h as  been  described  in  de ta ils  earlie r [5, 6]. T he descrip 
t io n  o f  th e  s ta tic  (c ircu la tio n ) a p p a ra tu s  as w ell as th e  m e th o d  of calcu la tio n  of k in e tic  p a ram 
e te rs  c a n  also be found  in  th e  l i te r a tu re  [8, 9].

T h e  p la tin u m  b lack  c a ta ly s t  w as p re c ip ita te d  from  H ,P tC lc w ith  H C H O  a t  20 — 25 °C 
in  th e  p resence of K O H  [10]. T h e  sam e b a tc h  of p la tin u m  w as used  fo r th e  p u lse  an d  s ta tic  
e x p e r im e n ts , the  hydrogen  p re tr e a tm e n t  p rio r to  use  [11] w as, how ever, carried  o u t  sep a ra te ly ; 
th e  sp ec ific  surface of p la t in u m  u se d  in  s ta tic  s tud ies w as 2.1 m 2/g; (m easu red  w ith  N 2-adsorp- 
t io n  b y  B E T  m ethod), t h a t  o f P t  fo r  pu lse  s tud ies 1.6 m 2/g; ageing decreased  th is  la t t e r  v a lu e  to  
1.1 m 2/g. R egeneration  w as c a rr ie d  o u t b y  a ir  a n d  su b seq u e n t hy d ro g en  t r e a tm e n t  o f  th e  
c a ta ly s t ;  th u s  only a s lig h t a c t iv i ty  decrease  could  be  o b se rv ed  over a len g th y  p e rio d  of th e  
c a ta ly s t  life tim e [5].

P ro d u c t analysis w as c a rr ie d  o u t gas c h ro m a to g rap h ica lly ; using  sq u a lan e  colum ns 
in  b o th  cases.

C o n tac t tim es in  th e  c irc u la tio n  a p p a ra tu s  w ere 5 o r 10 m inu tes. In  p u lse  sy s tem , th e  
a v e ra g e  h y d ro carb o n /h y d ro g én  r a t io  can  be  e s tim a ted  to  b e  a b o u t 1 : 10, an d  th e  a p p ro x im ate  
c o n ta c t  tim e  ab o u t 1/30 s.

Results

Comparison o f data obtained in pulse and static system s

T ab le  I  co n ta in s  com para tit^e  d a ta  on p ro d u c t com positions o b ta in ed  
fro m  3 -m eth y lp en tan e  a n d  m e th y lcy c lo p en tan e  in  pulse an d  s ta t ic  system s. 
I n  s p ite  of the  v e ry  d iffe re n t c o n ta c t tim es, b a s ica lly  sim ilar p ro d u c t sp ec tra  
a re  p ro d u c e d . I t  is n o t  su rp ris in g  th a t  re su lts  o b ta in e d  a t  h ig h er h y d ro ca rb o n  
p re s su re s  are closer to  th o se  o f  th e  pulse sy stem . B o th  m e th y lcy c lo p en tan e  and  
3 -m eth y l-2 -p en ten e  (w hich  is basica lly  a b y -p ro d u c t o f C5-cy c liza tio n  [4], 
a c c u m u la te d  w ith  longer c o n ta c t  tim es in  th e  c ircu la tio n  a p p a ra tu s .

T ab le  I gives som e in d ic a tio n  on effect of h y d ro g en  on p ro d u c t com posi
t io n ;  fo r  m ore clear d ire c t co m p ariso n , th e  p e rcen tag e  o f m e th y lcy c lo p en tan e  
fo rm e d  from  3 -m e th y lp e n ta n e  in  pu lse  an d  s ta tic  system  has b een  se lec ted  to  
d e m o n s tra te  the  s im ila r h y d ro g e n  dependence a n d  also th e  s im ila r te m p e ra tu re  
e ffe c ts  (F igures la  an d  lb ) .  T h e  ana logy  can  be o bserved  for th e  y ie ld s o f iso
m e r iz a tio n , hydrogenolysis a n d  rin g  opening, to o .

O n th e  basis o f o u r d a ta ,  i t  seem s to  be c lear th a t  re su lts  o b ta in e d  w ith  
1/30 a n d  120 s c o n ta c t t im e s  c a n n o t be as s im ila r as show n in  F ig u res  la  and  
l b  d u e  to  mere co incidence. I f  i t  is so, th e  p h en o m en o n  m u st be long  in tr in 
s ic a lly  to  th e  ca ta ly tic  re a c tio n  (an d  n o t to  th e  pu lse  reac to r) an d  i ts  th e o re tic a l 
e x p la n a tio n  m ay be possib le .
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Table I

P r o d u c t  p a t t e r n s  o f  3 - m e th y l p e n ta n e  a n d  m e th y lc y c lo p e n ta n e  c o n v e r s io n  m e a s u r e d  in  p u l s e  a n d  c i r c u l a t i o n  a p p a r a t u s

Catalyst;
system

Starting
hydro
carbon

t, °c
Hydrocarbon:

hydrogen
ratio*

Effluent composition %

2MP/nH
ratio

<  t:. 2,2-DMB 3M1P = 2MP 3MP n il
c + t 

3M2P = MCP Bz 1-M C P =

0.157 g P t: 3MP 300 5 20 0.86 _ 0.01 0.41 94.91 0.03 1.15 2.50 0.12 — 13.7

s ta tic 5 300 1.08 0.03 — 4.90 91.74 0.63 0.01 1.27 — — 7.7

г  =  10 min 30 160 0.36 0.02 0.02 1.57 95.08 0.22 0.08 2.30 - — 7.1

330 5 50 3.89 — 0.08 1.09 89.60 0.04 0.06 3.40 0.66 - - 27.3

5 200 13.14 — — 11.54 65.87 4.20 0.37 3.93 0.73 — 2.7

5 500 9.91 0.15 — 17.60 66.01 3.83 — 2.21 - - 4.6

30 400 1.69 0.09 - 7.04 85.96 0.82 0.13 3.74 -  ■ - 8.6

360 5 125 11.28 — 0.23 3.57 71.18 0.42 2.31 8.24 1.73 — 8.5

5 300 17.64 0.19 - 21.42 48.17 6.95 0.04 4.46 0.72 — 3.1

0.157 g P t ;  s ta tic MCP 300 5 180 0.18 — — 2.69 0.98 0.72 0.16 94.50 — 0.75 3.7

T  =  5 m in 330 5 300 0.56 - - 6.22 2.54 1.91 0.35 87.22 — 1.19 3.3

0.4 g P t 3MP 300 1 10 0.40 0.03 — 1.38 96.02 0.13 0.09 1.96 — — 10.6

pulse 330 1 10 2.63 0.17 — 7.47 86.25 1.32 0.25 1.89 — — 5.7

r ~  1/30 s 360 1 0.5 5.21 0.01 0.13 1.52 87.35 0.31 1.74 1.92 1.18 0.62 4.9

1 10 10.29 0.21 0.05 13.33 68.62 2.84 0.44 3.95 0.15 0.18 4.7

MCP 300 1 10 0.37 — — 6.28 2.12 0.48 — 90.70 — 0.11 3.0

330 1 10 - - 17.51 6.51 1.24 0.04 73.67 — 0.17 2.7

* The num bers show n are  ac tu a l h ydrocarbon  and  hydrogen pressures fo r s ta tic  system  and  ap p ro x im ate  values for th e  pulse system  
w here th e  carrier gas pressure was ab o u t 1000 to rr  w ith  3 p i  pulses o f giving ju s t  above 100 to rr  pressures in  th e ir  m axim um . H ydrogen  pressures 
were ad ju s ted  b y  using ready-m ade hydrogen-helium  m ix tu res  as carrier gases [6].
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F ig . 1. M e thy lcyclopen tane  y ie ld  from  3 -m eth y lp en tan e  as a  fu n c tio n  of th e  hydrogen  p ressu re , 
a) P u lse  system ; b) C ircu la tio n  system . R eac tio n  c o n d itio n s are given in T ab le  I.

D eterm ination of kinetic parameters

T h e logarithm s o f th e  reaction  ra te s  o f  v a rio u s  groups o f reac tio n s  
d e te rm in e d  in  th e  c irc u la tio n  a p p a ra tu s  w ere p lo tte d  as a function  o f th e  lo g a
r i th m  o f th e  h y d ro g en  p re ssu re  a t  various te m p e ra tu re s . F igure 2 show s th e  
co rresp o n d in g  d a ta  fo r  iso m er and m e th y lc y c lo p e n ta n e  fo rm atio n  from  3- 
m e th y lp e n ta n e .

B o th  these cu rv es  a n d  th e  p lo ts for h y d ro g cn o ly sis  of 3 -in e th y lp en tan e  
(F ig . 3) have  m ax im a . T h e  rin g  opening o f m e th y lcy c lo p en tan e  (F ig . 3) p ro 
ceeds a t  a m uch h ig h er r a te .  E v e ry  reac tio n  e n u m e ra te d  has its  own ( te m p e ra 
tu re  d ep en d en t) o p tim u m  h y drogen  pressure.

T h e  ra te s  o f v a rio u s  reac tio n s p lo tte d  as a fu n c tio n  of th e  h y d ro c a rb o n  
p re ssu re  (Fig. 4) in crease  m onoton ica lly . R e su lts  show n were o b ta in ed  u n d e r  
c o n d itio n s  w here fo r m o st o f  th e  reactions th e  o rd e r  in  respect to  h y d ro g en  w as 
n e a r  to  zero, i.e. a t  th e  m a x im u m  of the  cu rv es  on F ig u res  2 and  3.

W hereas th e  re a c tio n  ra te s  do n o t v a ry  co n sid e rab ly  in  fu n c tio n  o f th e  
h y d ro c a rb o n  pressure, h y d ro g e n  (either as s to ich io m e tric  or non -sto ich io m etric  
co m p o n e n t [12]), a ffec ts  th e  ra te s  very  s tro n g ly . I n  pulse system , th e  co n d itio n s, 
as a ru le , resu lt in zero o rd e r  in  respect to  h y d ro c a rb o n  b u t  th e  o rder in  re sp ec t 
to  h y d ro g e n  m ay  be p o s itiv e , zero or n e g a tiv e , d epend ing  on th e  h y d ro g en  
p re ssu re  an d  te m p e ra tu re . C onsequently , a c tiv a tio n  energy  d e te rm in a tio n s  in  
th e  pu lse  system  b ased  on  th e  conversion v a lu es  [13] a t  co n s tan t hyd ro g en  p re s 
su re  shou ld  be tre a te d  w ith  ex trem e  cau tio n , s ince  d u e  to  th e  sh ift of th e  m a x i
m u m  reac tio n  ra te s  as a fu n c tio n  of h y d ro g en  pressure, A rrhen ius p lo ts  
te n d  to  dev iate  from  th e  s tra ig h t lines a t  h ig h e r  te m p e ra tu re s  (T able  I I ) .
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'9 PH2
F ig. 2. R a te s  o f 3 -m e th y lp cn tan e  isom erization  a n d  cy c liza tio n  as a functionro f th e  h y d ro g en  
p ressure . Sym bols: X , О  a n d  •  : isom erization  a t  300, 330 a n d  360 °C, resp ec tive ly ; fX], Q  an d  
■ :  m eth y lcy c lo p e n tan e  fo rm atio n  a t  300, 330 an d  360 °C, resp ec tive ly . H y d ro carb o n  p ressu re :

5 to rr .

'9 p h2
Fig. 3. R a te s  o f 3 -m e th y lp en tan e  hydrogenolysis a n d  m eth y lcy c lo p en tan e  rin g  o p en in g  as a 
fu n c tio n  of th e  h y d ro g en  p ressu re . Sym bols: X , + ,  О  a n d  •  : 3 -m ethy lpen tane  h y d ro g en o ly s is  
a t  300, 315, 330 a n d  360 °C, respectively . (g>, © a n d  m eth y lcy c lo p en tan e  r in g  o p en in g  a t  

300, 315 an d  330 °C, respec tive ly . H y d ro c a rb o n  pressure: 5 to rr.

E x p e rim e n ts  in  c ircu la tion  a p p a ra tu s  p e rm it m ore accu ra te  c a lc u la tio n  
(T able I I ) . H y d ro g en  effects were e lim in a te d  b y  p lo ttin g  reac tio n  r a te  va lues 
in  th e  ran g e  w here  th e  o rd er in  re sp ec t to  h y d ro g en  is zero co rresp o n d in g  to  
op tim u m  h y d ro g en  coverages b u t n o t to  c o n s ta n t  hydrogen p ressu res.
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' 9  Р э - м р

F ig . 4 . R a te s  o f v a rio u s  re ac tio n s  o f 3 -m eth y lp en tan e  as a  fu n c tio n  of h y d ro carb o n  p ressu re . 
S y m b o ls : <g>, -f- and  ф  : hy d ro g en o ly sis  a t  300. 315 a n d  330 °C, respectively , X an d  Q  : iso m eriza 
t io n  a t  300 an d  330 °C, re sp ec tiv e ly , □  an d  ■ :  m e th y lcy c lo p e n tan e  fo rm atio n  a t  300 a n d  
330 °C, re sp ec tiv e ly . Hy d rogen  p ressu re : 300 °C: 160 to r r ,  315°: 260 to rr, 330°: 400 to rr .

Table I I

A ctivation energy values determined in  p u lse  and static system 
(determ ined between 270 and  360 °C)

System C atalyst

E j i  kcal/m ole

MCP ring 
opening 3MP hydrogenolysis* 3MP isomerization

S ta tic F resh  P t 23.5 34.8 21.5

Pulse F re sh  P t 26.5 40.3 (27.0) bending dow n

Pulse Aged P t — 19.7 (11.4) 23.8

* V alues in  paren th eses o b ta in ed  a t  h igher (330 — 375 °C) tem peratures.

Discussion

D iscussion of the kinetic curves

O u r ap p ro ach  is b a sed  on  th e  suggestion  [14] t h a t  reac ting  h y d ro c a rb o n s  
su ffe r a t  le a s t tw o ty p e s  o f d issociative a d so rp tio n , one of them  losing one, th e  
o th e r  a h y d ro g en  a to m s, resp ec tiv e ly . In  a d d itio n  to  these processes — fo r 
m a lly  sh o w n  b y  E qs (1) an d  (2) th e  d isso c ia tiv e  ad so rp tio n  of h y d ro g en  m u s t 
be co n sid e red  (3):
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C6H 14(g )+ 2  M ^ C0H 13M +  HM ( 1 )

CeH 14(g) + 2 a M K̂ C«Hi4—A  +  a HM (2 )
Kh

H 2(g) +  2 M - 2 H M (3)

L e t us assum e R eac tio n s (1) (3) to  be in  equ ilib rium  an d  exp ress th e  surface
c o n c e n tra tio n s  (0 CH, 0 x  an d  0 H, respec tive ly ) o f th e ir  p ro d u c ts  b y  m ean s of 
th e  equ ilib riu m  c o n s ta n t an d  th e  gas p ressu re . L e t us assum e, fu r th e r , th a t  
(u n d e r o u r conditions, in  th e  excess o f hyd rogen ) 0 H is governed  b y  th e  h y d ro 
gen p ressu re  only  (i.e. th e  h y d ro g en  coverage from  dissociative a d so rp tio n  is 
neglig ib le)

0 H =  У K hP h (4)

T h en , hydrogen  can  be s u b s titu te d  in to  th e  equa tions 
from  E q u a tio n  (4):

0 С Н
K chPch

V K hP h

fo r 0 x  a n d  0 CH

( 5 )

K XjPch

( | k „ p Ü ),!
( 6)

E x p e rim en ta l ev idence in d ica te  t h a t  th e  a ssum ption  o f a t  le a s t tw o  ty p es  
o f  ch em iso rp tio n  (lead ing  to  exchange an d  hydrogenolysis) describes th e  s i tu 
a tio n  a d e q u a te ly  [9]. T h e  fo rm a tio n  o f d e a c tiv a tin g  deposits w as fo u n d  to  be a 
v e ry  ra p id  process even  in  h y d ro g en  a tm o sp h ere  an d  th e  su rface  frac tio n  
o ccu p ied  by  th em  w as co n tro lled  b y  th e  a c tu a l hydrogen  p ressu re ; th e  a c tiv ity  
o f  th e  c a ta ly s t decreased  su b se q u e n tly  r a th e r  slowly [7].

S i n f e l t ’s k in e tic  analysis  fo r e th a n e  hydrogenolysis w as b ased  on th e  
a ssu m p tio n  th a t  m u ltip ly  d issoc ia ted  species are  ac tive  in te rm e d ia te s  [15, 16]. 
I n  cycliza tion  and  iso m eriza tio n  o f  3 -m e th y lp en tan e , th e  h a lf-h y d ro g e n a ted  
p ro d u c t of reac tio n  (1) (d en o ted  b y  su b sc r ip t “ C H ” ) is th e  ac tiv e  in te rm e d ia te
[4 ]. T h e  presence o f a n y  o th e r, m u ltip ly  d issocia ted  species (su b sc rip t X ) is 
u n fav o u rab le . T hus, th e  k in e tic  e q u a tio n  w ill be th e  follow ing (using  a L an g 
m u ir-H inshe lw ood  a p p ro x im a tio n ; cf. F ig .4 ):

K chP ch

w  =  k _______ ^ ch__________ k _____________ УКнрн_____________
1 +  0H  +  0СН +  0 x  1 4 - l/ТГ..п.. 4- K chP ch K x P ch—

* НРН +  У К ^ Г  (УКнРн)“
(7)
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A cco rd in g  to  (4), th e  te rm  correspond ing  to  © x w ill resp o n d  m ost sen siv ite ly  
to  a change in  hyd ro g en  p re ssu re  (since i t  is v e ry  p ro b ab le  th a t  a >  2). A t low er 
h y d ro g e n  pressures, th e re fo re , every th ing  else ca n  be neglec ted  in  th e  den o m i
n a to r  an d  th e  exp ression  w ill give a positive h y d ro g en  order:

W  =  к ^ К н Р н ^  (8)
K x

A t h ig h e r hydrogen  p re ssu re s , th e  te rm  c h a ra c te riz in g  © x can be neg lec ted  
(“ h y d ro g e n  suppresses m u ltip le  dissociation” ) a n d  th e  expression w ill be th e  
fo llow ing:

W  =  к  — -----Ксн/>сн------------------ (9)
V КнРн +  Кнрн +  KCH/iCH

re su ltin g  in  a n eg a tiv e  h y d ro g e n  exponen t b e tw een  0.5 and  1. The reac tio n  
r a te  w ill have a m ax im u m  as a function  of th e  h y d ro g e n  pressure.

T h e  tre a tm e n t can  be  ex tended  to  o th e r  re a c tio n s  invo lv ing  m u ltip ly  
d isso c ia ted  active in te rm e d ia te s  (losing b h y d ro g en  a to m s per m olecule). 
T h is  m u s t be th e  s itu a tio n  fo r hydrogenolysis [15, 16]. W e are p resu m ab ly  
r ig h t to  suggest t h a t  su rface  species leading to  hyd ro g en o ly sis  lose less h y d ro 
gen  a to m s th a n  th o se  re su ltin g  in  carbonaceous d ep o sits , th u s  a b ]> 1 . 
T h e n , th e  ra te  of h y d ro g en o ly s is  a t low h y d ro g en  p ressu res  can be expressed

a — b a — 1
b y  an  e q u a tio n  sim ilar to  (8 ) h u t  th e  hydrogen  e x p o n e n t will be — -—  <C — - —-

i.e. lo w e r  th a n  fo r  i s o m e r iz a t io n  or c y c liz a tio n . A t h ig h e r  h y d ro g e n  p re ssu re s , 
S i n f e l t ’s o r ig in a l t r e a t m e n t  c a n  be ap p lied .

A s for th e  h y d ro c a rb o n  o rder, E q. (7) sug g ests  a co n v en tio n a l L angm uir- 
H inshe lw o o d  b eh av io u r. T h is  is  in  ag reem ent w ith  ea rlie r re su lts  on h y d ro g en o 
lysis a n d  isom eriza tion  o f  lo w er alkanes [9] a n d  w ith  d a ta  in  Fig. 4.

D ue  to  th e  sev era l ap p ro x im a tio n s  in c lu d ed , no  fu r th e r  m a th e m a th ic a l 
t r e a tm e n t  o f th e  d a ta  h a s  b e e n  a tte m p te d , in s te a d , th e  ag reem en t b e tw een  
th e o ry  a n d  ex p e rim en ta l d a ta  w ill be ev a lu a ted .

— T he above t r e a tm e n t  gives a th e o re tic a l ex p la n a tio n  fo r th e  dual 
b e h a v io u r  of hyd ro g en , in h ib itin g  in  low er c o n c e n tra tio n s  th e  fo rm a tio n  of 
p o iso n o u s deposits b u t  in  h ig h e r co n cen tra tio n s , ev en  th e  useful reac tio n .

a — 1
— T he hydro g en  e x p o n e n t in  th e  p o sitiv e  ra n g e  is equal to  --------  an d

2
can  be  used  to  e s tim a te  th e  average degree o f d isso c ia tio n  ( a )  of m u ltip ly  
a d so rb e d  species d e a c tiv a tin g  th e  surface. N u m erica l va lu es  o f hyd rogen  ex p o 
n e n ts  a n d  a values c a lc u la te d  on  th e ir  basis a re  show n  in  T ab le  I I I .  T h ey  show  
th a t  d issocia tion  lead in g  to  c a ta ly s t  d e a c tiv a tio n  is v e ry  deep, indeed : i t  m ay  
in v o lv e  th e  sp littin g  o ff u p  to  8  hydrogen a to m s from  3 -m eth y lp en tan e .
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Table III

Hydrogen and hydrocarbon exponents fo r  various reactions

Tem per
ature

Hydrogen exponent
Position of 

m axim um , 
to rr

a 6
Hydrocarbon

exponentReaction before after

the  maximum

3MP hydrogen- 300 i l 8 0 - 1 0 0 4 (1 )* ~ 1  — 0

olysis 315 l l 1 3 0 - 1 8 0 4 - 5  ( 5 - 6 ) > 1 - 0

330 l l 2 0 0 - 3 0 0 5 (5  6) > 1 — 0

360 l — n o t reach ed —

3M P isom eriza- 300 2.5 l 1 2 0 -1 8 0 6 —  1.5 -  0

tion 330 2 .5 - 3 — 4 0 0 - 5 0 0 6 - 7 2 —  0

360 3 — >  500 7

3M P Cj-cycliza- 300 < 1 ( ~  0.7) l 5 0 - 1 0 0 2 - 3 1

tion 330 3 - 3 .5 l 1 0 0 - 1 3 0 7 - 8 1

360 3 - 3 .5 l ~  200 7 - 8 1

MCP ring 285 < 1  (—0.5) — n o t reached 2 —

opening 300 < 1  ( ~ 0 .5 ) - n o t reach ed 2 -
315 2 - 2 0 0 - 3 0 0 5 —
330 3 — 300 7 —

•V a lu e s  in  p a ren theses calcu la ted  from  a (cycliza tion ), others from  a (isom eriza tion ).

T he em pirica l fa c t t h a t  a t  h igher te m p e ra tu re  th e  ex ten t o f d isso c ia tio n  
m u st in crease  h as  o b ta in e d  a q u a n ti ta t iv e  su p p o rt.

T he p o sitive  o rd er in  resp ec t to  h y d ro g en  of C6H 14 h y d ro g en o ly sis  
is low er in d eed , as co m p ared  w ith  cy c liza tio n  a n d  isom erization , th e  b va lu es  
(ca lcu la ted  from  a va lues) in d ica te  t h a t  in te ra c tio n s  leading to  h y d ro g en o ly sis  
invo lve  species w ith  th e  loss o f 4 - 5 h y d ro g e n  a to m s.

T he o rd er in  re sp ec t to  h y d ro c a rb o n  fo u n d  corresponds to  th e  p re d ic t
ed b e h a v io u r , ex cep t fo r m e th y lc y c lo p e n ta n e  fo rm atio n  from  3 -m e th y lp e n -  
ta n e , w hose co n c e n tra tio n  is, how ever, g o v ern ed  b y  th e  reactions of i ts  fo rm a tio n  
and  decom position .

Conclusions concerning the reaction mechanism

T h e com parison  o f k in e tic  b e h av io u r o f  d iffe ren t reac tions m a y  allow  
to  d raw  conclusions w ith  re sp ec t to  th e ir  m ech an ism , too.
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E v e ry  reac tio n  h as  its  o p tim um  h y d ro g en  coverage ; a t h igher te m p e ra 
tu re s  K H decreases a n d  h ig h er and  h igher h y d ro g e n  pressures are  re q u ire d  to  
m a in ta in  th is ; th e  p o sitio n s o f  m ax im a co rresp o n d  to  th e  sam e o rder o f  h y d ro 
gen se n s it iv ity  of in d iv id u a l reac tions as p o in te d  ou t earlier [17]. V arious 
h y d ro g e n  sen sitiv ities can  be in te rp re te d  in  te rm s  o f th e  constan ts  in  E q . (4) 
for in d iv id u a l reac tio n s  b e ing  different.

T h e  d ifferen t k in e tic s  o f  isom erization  a n d  hydrogeno lysis can  reso lv e  th e  
a p p a re n t  c o n tra d ic tio n  th a t  w ith  increasing  h y d ro g e n  pressures th e  se le c tiv ity  
in c reases  in  fav o u r of iso m eriza tio n  and  th e  re la t iv e  im p o rtan ce  of h y d ro g e n o ly 
sis a lth o u g h  i t  in v o lv es  sto ich iom etric  h y d ro g e n  u p ta k e  — decreases. T h e  
en e rg y  b a rr ie r  for h y d rogeno lysis  is h igher (cf. T ab le  I I ) ;  therefo re , a t  h ig h e r 
te m p e ra tu re s  i t  becom es m ore  an d  m ore p re d o m in a tin g .

T h e  k ine tic  b e h a v io u r  of C5-cycliza tion  a n d  rin g  opening is id e n tic a l 
g iv ing  th u s  an  a d d itio n a l su p p o rt th a t  th e y  m u s t invo lve  sim ilar Surface in te r 
m e d ia te s  p ro b ab ly  a t  th e  sam e sites. On th e  o th e r  h a n d , th e  ring  o p en in g  is a 
p rocess basica lly  d iffe ren t from  hydrogeno lysis as in d ica ted  by  th e  fa c ts  t h a t
(i) th e  r a te  of ring  o p en in g  is considerab ly  h ig h e r  a n d  its  a c tiv a tio n  en e rg y  is 
low er as com pared  w ith  hydrogeno lysis, (ii) th e y  show  d ifferent p o sitiv e  o rders 
an d  h y d ro g en  sen sitiv itie s  (in  ag reem ent w ith  re c e n t  lite ra tu re  d a ta  [18 ]), (iii) 
c y c lo p e n ta n e  fo rm a tio n  from  m e th y lcy c lo p en tan e  is negligible as co m p ared  
w ith  r in g  opening, (iv) th e  se lec tiv ity  for rin g  o p en in g  vs. hydrogenolysis is v e ry  
h igh  a n d  increases w ith  th e  hydrogen  p re ssu re  [19].

T h e  cause o f th e  difference lies n o t o n ly  in  th e  h indered  g eo m etry  o f th e  
c y c lo p e n ta n e  ring  [2 0 ] b u t  ev id en tly  th e  rin g  o p en in g  involves a less d isso c ia ted  
in te rm e d ia te . A t h ig h e r te m p e ra tu re s  th e  p o s itiv e  orders of th e  tw o  processes 
a p p ro x im a te  each o th e r  as th o u g h  a change in  th e  m echanism  w ould m a n ife s t 
itse lf.

T h e  positive h y d ro g en  exponen ts fo r C .-cyc liza tion  and  iso m eriza tio n  of 
3 -m e th y lp e n ta n e  are  n o t  id en tica l, especially  a t  low er tem p era tu res , a n d  th e
2 -m e th y l-p e n ta n e /n -h e x a n e  ra tio s  from  3 -m e th y lp e n ta n e  are m u ch  h ig h e r 
th a n  th e  analogous v a lu e  o b ta in ed  from  m e th y lcy c lo p en tan e  rin g  open in g  
(T ab le  I ) . A ll these  s u p p o r t  th a t  u n d er th e se  co n d itio n s  bond  sh ift (p ro d u c in g  
on ly  2 -m e th y lp e n ta n e  a n d  no  n-hexane from  3 -m e th y lp en tan e ) m u s t p la y  a n o t 
neg lig ib le  role in  iso m eriza tio n . All these  co n firm  o u r  previous conclusions t h a t  
b o n d  sh if t m echan ism  is fav o u red  by  h y d ro g en -d e fic ien t cond itions [ 2 —4], 
b u t  i ts  r a te  is n o t h igh  as com pared  w ith  C5-cyclic  isom erization .
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*

T h e  a u th o rs  w ish  to  exp ress  th e ir  g ra ti tu d e  to  M rs. D o b r o v o l s z k y  fo r h e r  ac tiv e  
p a r tic ip a tio n  in  pe rfo rm in g  p u lse  experim ents as w ell a s  to  D r. A. S á r k á n y  fo r v a lu a b le  
d iscussions.
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Several new  4 -h y d ro x y ca rb o sty ril d e r iv a tiv e s  h av in g  heterocyclic  s u b s t i tu e n t  
and  a long acy l c h a in  in  th e  3-position  h av e  b een  sy n th es ized  from  3 -a ce ty l- l-a lk y l-(o r  
p h e n y l)-4 -h y d ro x y -ca rb o sty rils  (I). T he m o n o b ro m o d e riv a tiv e  of la  was m ad e  a n d  its  
s tru c tu re  e s tab lish ed .

C om pounds co n ta in in g  th e  4 -h y d ro x y c a rb o s ty ril system  are of p a r t ic u la r  
biological im p o rtan ce  [1 ]. M any of th ese  co m p o u n d s  p roved  to  be ac tiv e  in se c 
tic ides [2], a n tip a ra s itic  agen ts [3], a n tim a la r ia ls  [4 ], tran q u ilize rs , h y p n o tic s  
and  m uscle re la x a n ts  [5 , 6 ]. In  th e  course o f th e  p re sen t w ork sev e ra l new
4 -h y d ro x y ca rb o sty rils  su b s ti tu te d  in  th e  3 -p o sitio n  have been sy n th e s iz e d  
from  3 -a c e ty l- l-a lk y l-(o r  p h en y l)-4 -h y d ro x y carb o sty rils  Ia-c. C o m p o u n d s 
l a c  w ere p rep a red  b y  th e  F ries re a rra n g em e n t o f  4 -a c e to x y -I-a lk y l-c a rb o s ty -  
rils [1], or b y  th e  a lk a lin e  hydro lysis o f  5 ,6 -d ih y d ro -4 -hydroxy-2 ,5 -d ioxo-6 - 
a lky l-(or p h en y l)-2 if-p y ran o -(3 ,2 -C )-q u in o lin es  [7 , 8 , 9].

T he 3 -a c e to a c e ty l- l-a lk y l (or p h en y l)-4 -h y d ro x y carb o sty rils  I la -c  w ere 
syn thesized  b y  th e  C laisen condensation  of I  w ith  e th y l a ce ta te  in th e  p resen ce  
o f m eta llic  sodium .

OH  OH

a C H 3 a  CH.,
ь C2H 5 b C2H 5
С C„H5 c C„H5

H a w hen  k e p t  in  c o n ta c t w ith  aqueous N aO H  regenerates la . T h e  IR  
sp ec tru m  of lib  show s s tre tch in g  frequenc ies a t  1720 cm - 1  (3 -y  — C =  0), 
1660 cm 1 (C =  0 a t  2 -position), 1630 cm 1 (3 a  C =  0) an d  rO H  a b so rp tio n  
a t  2 8 0 0 -2 5 0 0  c m “ 1.
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C om pounds Ila -c  condense  w ith  one m ole o f am ines to  give th e  enam ine  
d e r iv a tiv e s  IIIa-k. S u b s titu tio n  b y  th e  am in e , as in  m an y  analogous /S-diketo- 
n e s  [ 1 0 ], occurred  a t  th e  3 у —position  in  II, since th e  IR  sp e c tru m  o f IIIc  
t a k e n  as exam ple rev ea ls  th e  absence o f th e  b a n d  a t 1720 cm -1 .

OH

/ C O . C H = C - -C H 3

.  XI R'

I
4 )

1
R

I I I R R '
a C H 3 N H • C6H 5
b C H 3 NH • CeH 4CH3(p )
c C H 3 N H • C H 2C6H 5
d C H 3 N H ■ c 6H u
e C H 3 N  • C5H ,0(piperidyl)
Í C Á N H • C2H 5
g C2H 5 N H • C4H 9(n)
h C2H 5 N H • C6H 5
i C6H 5 N H • C2H 5
j C6H 5 N H • C4H 9(n)
к c GH5 N H • CeH 3

T h e  co n d en sa tio n  o f  Ila -c  w ith  h y d ra z in e s  and  h y d ro x y lam in e  led  to  
th e  fo rm a tio n  of p ro d u c ts , re su ltin g  from  th e  e lim ina tion  of tw o  m olecu les of 
w a te r ,  ass how n b y  th e ir  e lem en ta l analyses. B ased  on th e  reac tio n  o f /1-diketones 
w ith  h y d raz in es  [1 0 ] a n d  h y d ro x y lam in e  [ 1 1 ] giving pyrazo le  a n d  isooxa- 
zo le d e r iv a tiv e s , re sp e c tiv e ly  th e  p ro d u c ts  o b ta in e d  from  th e  re a c tio n  o f  Ila -c  
w ith  th e s e  reagen ts m a y  h a v e  fo rnm las IV  a n d  V, or possib ly  th e ir  isom eric 
fo rm u la s  IV i and  Yi.

IV R ' R ' R" V R R '
a C H 3 H H a CH3 H
b CH3 H c eH5 b C2H 5 H
c C2H 5 H H c C0H 5 H
d c 2h 5 H Cr,H5 d C H 3 COC6H 5
a C6H 5 H H
f CSH 5 H C6H 5
g CH3 H COCeH 5
h C H 3 COCcH 5 COC6H 5
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OR' O R'

C H 3

T he s tru c tu re s  o f com pounds IY an d  V f in d  su p p o rt in  th e  IK d a ta ,  -which 
show  b an d s  a t  3160 cm - 1  (N H ), 3100 cm - 1  (O H ) an d  1620 cm - 1  (C =  N) in  
th e  sp ec tru m  of IYa, an d  b an d s  a t  3100 cm ^ 1 (O H ) an d  1620 cm - 1  (C =  N) 
in  th e  sp ec tru m  o f Va. F u r th e r  su p p o rt for s tru c tu re s  IV and  V is th e  fo rm a tio n  
of th e ir  m ono- (IVg an d  Vd) an d  d ibenzoyl (IVh) derivatives.

T he I R  sp ec tru m  o f IVh and  Vd each  d isp lay s no O H  a b so rp tio n , b u t  
ex h ib its  a b a n d  a t  1720 cm - 1  due to  th e  C =  0 e s te r  group. The sp e c tru m  of 
IVh h as no N H  b a n d , b u t  show s a b so rp tio n  at. 1720 (C =  0, benzoyl).

I t  is w ell k n o w n  th a t  o -hydroxy-/?-d iketones cyclize read ily  w h en  ac ted  
up o n  b y  d e h y d ra tin g  ag en ts  to  give 2 -m eth y lch ro m o n es [11, 12]. W h e n  th e  
d icarb o n y l co m p o u n d  l ib  an d  l i e  w ere tr e a te d  w ith  cold cone, su lfu ric  acid , 
or w ith  bo iling  e th an o lic  h yd roch lo ric  acid , o r bo iling  acetic acid , a p ro d u c t 
w as o b ta in e d  believed  to  h av e  s tru c tu re  VI, since th e  O H  group in th e  4 -p o sitio n  
in  analogous co m pounds h as  been rep o rted  to  ta k e  p a r t  in  a sim ilar c y c liza tio n  
reac tio n  [9, 13].

CH3

R

a C2H 5
b CiiHs

C om pounds V ia an d  VIb, re spond ing  p o sitiv e ly  to  th e  know n p o ta ss iu m  
h y d ro x id e  te s t  o f  ch rom ones [14] are  read ily  hy d ro ly zed  w ith  2iV sod ium  h y d ro x 
ide in to  lb  an d  Ic; th e y  re a c t w ith  a p p ro p r ia te  am ines, h y d raz in e  h y d ra te , 
ph en y l h y d raz in e  an d  h y d ro x y lam in e  g iv ing  p ro d u c ts  id en tica l w ith  III/-k , 
IVc-/, Vb an d  Vc, re sp ec tiv e ly . T he d ike tones l ib  an d  l i e  m ay be in te rm e d ia te  
p ro d u c ts  in  th e se  reac tio n s. T he IR  sp ec tru m  o f V ia an d  VIb each re v e a le d  th e  
presence o f tw o  ca rb o n y l frequencies a t  1680 a n d  1700, w hich are in  a g reem en t
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w ith  th e  values observed  fo r  th e  C =  0 g ro u p  o f  chrom ones [15] a n d  C =  0 of
2 -q u in o lo n es  (fused o x y g en  rings in  th e  3,4 p o sitio n s  [16]).

B ro m in a tio n  o f la  w ith  brom ine in  a c e tic  ac id  or chloroform  re su lte d  in  
th e  fo rm a tio n  of a m o n o b ro m o  d eriva tive . T h e re  are  th ree  possible s tru c tu re s  
fo r  th is  com pound:

OH

I
CH3

VII VIII

OH

S tru c tu re s  V II and  V III w ere  e lim inated  b y  con sid era tio n  of th e  chem ical 
p ro p e r t ie s  of the  p ro d u c t:

a th e  reflux ing  o f  th e  m onobrom o d e r iv a tiv e  w ith  alcoholic K O H  left 
th e  m a te r ia l  unchanged  g iv in g  positive m -d in itro b en zen e  te s t  [17];

b th e  brom o d e riv a tiv e  condensed w ith  one  m olecule o f b en zy lam in e  in  
b o ilin g  e th an o l to  give a p ro d u c t co n ta in in g  b ro m in e . The la t te r  w as read ily  
re c o n v e r te d  to  th e  s ta r t in g  m a te ria l b y  bo ilin g  w ith  d ilu te  HC1. T h is ev idence  
su g g e s te d  th a t  su b s ti tu tio n  b y  th e  brom ine a to m  to o k  place in  th e  a ro m a tic  
r in g  a n d  th a t  th e  p ro d u c t o b ta in e d  in th e  re a c tio n  o f th e  m onobrom o d e riv a tiv e  
w ith  benzy lam ine  was a S ch iff base h av in g  fo rm u la  X [18].

T h e  brom ine a to m  w as found  to  occupy  th e  6 -position  in  th e  b ro m o  d e riv 
a t iv e  IX . T his was e s ta b lish e d  by  syn thesis acco rd in g  to  th e  p ro ced u re  describ -
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ed  fo r th e  p re p a ra tio n  of la  [8 , 9 ]; th u s  w hen  p -b ro m o m eth y lan ilin e  w as 
con d en sed  w ith  m alon ic  e s te r in n itro g en  a tm o sp h e re  and  a t th e  b o ilin g  p o in t 
o f  th e  reac tio n  m ix tu re , X I was iso la ted , w h ich  up o n  hydrolysis w ith  2 ЛГ sod ium  
h y d ro x id e  y ielded  IX  (in .p . an d  m ixed  m .p .).

IX

E x p erim en ta l

M .p.’s are  unco rrec ted . T he IR  sp e c tra  w ere o b ta in e d  w ith  a P e rk in -E lm er In f ra c o rd  
S p e c tro p h o to m e te r  M odel 1378. using  K B r w afer tech n iq u e .

3-Acetoacetyl-l-alkyl-(or phenyl)-4-hydroxycarbostyrils, II a—c

A m ix tu re  o f la  c (0.03 m ole), fin e ly  d e v id ed  sod ium  m eta l (0.15 m ole) a n d  d ry  e th y l 
a c e ta te  (0.68 m ole) w as re fluxed  fo r 4 h rs. T h e  re ac tio n  m ix tu re  was k ep t a t  ro o m  te m p e ra tu re  
o v e rn ig h t, th e n  p o u red  in to  d ilu te  ace tic  acid. T h e  solid  w hich  form ed was co lle c ted , w ashed  
th o ro u g h ly  w ith  w a te r  an d  crysta llized  from  a n  a p p ro p ria te  so lvent to  o b ta in  y e llo w  c ry s ta ls  
o f Ila  —c.

3-Acetoacetyl-4-hydroxy-l-methylcarbostyril ( Ila )  crystallized  from  e th a n o l ,  m .p.
142 143 °C; y ield  7 6% . (F o u n d : C 65.07; H  5.11; N  5.41. C |4H l3N 0 4 req u ires: C 65 .21 ; H 
5.00; N 5 .40% .)

3-Acetoacetyl-l-ethyl-4-hydroxycarbostyril ( lib )  crystallized  from  e th a n o l ,  m .p.
143 144 °C; y ield 74% . (F o u n d : C 65.56; H  5.58; N  5.29. Cl5H 15N 0 4 requ ires: C 65 .93 ; H  5.49; 
N 5 .1 2 % .)

3-Acetoacetyl-4-hydroxy-l-phenylcarbostyril(IIc) crystallized  from  m e th a n o l,  m .p. 
176 -1 7 7  °C, y ield  65% . (F o u n d : C 71.08; H  4 .75; N 3 .9 3 . С|9Н |5Ш 4 re q u ire s : C 71.02; 
N  4.67; N 4 .3 6 % .)

Action of sodium hydroxide on Ila

A so lu tio n  o f 0.5 g of Ila  in 2]V sod ium  h y d ro x id e  (5 ml) was allowed to  s ta n d  a t  room  
te m p e ra tu re  fo r 48 hrs. I t  was th e n  acid ified  w ith  d ilu te  hydroch loric  acid an d  th e  so lid  w hich 
fo rm ed  w as filte red  off and  crysta llized  from  m e th a n o l to  give la  in 93%  y ie ld  (m .p . and 
m ix ed  m .p .).
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3-(/?-A lkyI- o r a rv la m in o o ro to n v l)- l-a lk y l-(o r phenyl)-4- 
-hydroxycarbostyrils , I I I

A solu tion  of each  o f  I l a  — c (0.002 mole) in e th a n o l  (5 m l) was trea te d  w ith  an  excess of 
th e  a p p ro p ria te  am ine a n d  k e p t  a t  room  tem p e ra tu re  fo r 1 h r  (in th e  case of a ro m a tic  am ines 
th e  re ac tio n  m ix tu re  w as re flu x e d  for 3 hrs). T he c ry s ta l l in e  p ro d u c ts form ed w ere  filte red  
o ff a n d  recrysta llized  fro m  an  a p p ro p ria te  so lven t to  g ive  I I Ia -k  as yellow c ry sta lliz ed  (cf. 
T ab le  I).

Table I

Z-( ß -A lkyl- or arylam inocrotonyl)-1-alkyl-(or phenyl)-4<-hydroxycarbostyrils ( III)

Com
pound

III
Yield,

о//о
M.p.,
°c

Solvent 
o f cry s tn . Formula Car

Analysis

ion Hydrogen N itrogen

calcd. found calcd. found calcd. found

a 73 1 6 3 - 4 m eth a n o l OiO-H 18^2^3 71.85 71.65 5.38 5.22 8.38 8.32
b 70 186 - 7 e th a n o l c21h , 0n 2o 3 72.41 72.35 5.74 6.15 8.04 8.24
C 72 1 8 4 - 5 e th an o l c21h 20n 2o 3 72.41 72.62 5.74 5.71 8.04 8.04
d 75 176- 7 e th a n o l c20h 24n 2o 3 70.51 70.21 7.05 7.13 8.23 8.13
e 59 274 m e th an o l c 19h 22n 2o 3 69.93 69.94 6.74 6.40 8.58 8.45
r 62 167 m eth a n o l c17h 20n 2o 3 68.00 67.86 6.66 6.60 9.33 9.40

g 71 153 m eth an o l c ,9h 24n 2o 3 69.51 69.50 7.31 7.52 8.53 8.23
и 80 180 e th a n o l c2Ih 20n 2o 3 72.41 72.12 5.74 5.94 8.04 8.27
r 88 2 1 9 -2 0 e th an o l c21h 20n 2o 3 72.41 72.21 5.74 6.04 8.04 7.78

j 84 2 1 8 - 9 e th a n o l c23h 24n 2o 3 73.40 73.20 6.39 6.21 7.44 7.58
к 83 240 d io x an c25h 20n 2o 3 75.75 75.96 5.05 5.34 7.07 6.95

4 -H y d ro x y - l-a lk y l- (o r  phenyl)-3 [5 (o r3 )-m e th y l- l-su b s ti tu te d  
p y razo l-3 (o r 5 )-y l]-c a rb o sty rils , IV

E ac h  of I la  — c (0 .002 m ole) was trea te d  w ith  h y d ra z in e  h y d ra te  (or phenyl h y d ra z in e )  
(0 .002 m ole) in acetic  acid  o r e th a n o l (5 ml), and th e  re a c tio n  m ix tu re  was re flu x ed  fo r 4 hrs. 
T h e  solid  w hich d ep o sited  a f te r  cooling was filte red  o ff  a n d  crysta llized  from  an a p p ro p ria te  
о v e n t  to  a f fo rd  colourless c ry s ta ls  of IVa — f  (cf. T ab le  I I ) .

Table I I

4-H ydroxy-l-a lky l (or p h e n y l) -3-[5 (or 3 )-m ethyl-l-substitu ted  pyrazol-3 (or 5)-yl]-carbostyrils
(IV )

Com
pound

IV
Yield,

%
M.p.,
°c

Solvent 
o f cry s tn . Formula

Analysis

Carbon Hydrogen N itrogen

calcd. found calcd. found calcd. found

a 74 309 e th a n o l c 14h 13n 3o 2 65.88 66.07 5.09 5.00 16.47 16.47

b 63 2 9 4 - 5 ace tic c20h „ n 3o 2 72.50 72.39 5.13 5.38 12.68 12.65

C 80 268 anisol c 15h 15n 3o 2 63.15 63.31 5.26 5.27 14.73 15.03

d 72 229 benzene c21h 19n 3o 2 73.04 73.20 5.50 5.85 12.17 11.88

e 93 312 d im e th y l- Ci9H i5N 30 2 71.92 71.76 4.73 4.86 13.24 13.13

fo rm am id e

f 75 3 0 7 - 9 e th a n o l c25h 19n 3o 2 76.33 75.52 4.83 4.88 10.68 11.00
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B enzoylation of IV a

A m ix tu re  o f IV a (0.5 g) in  pyrid ine  (5 nil) a n d  one eq u iv a len t of benzoyl c h lo rid e  was 
sh ak en  for 10 m in. a t  room  tem p e ra tu re . T he reac tio n  m ix tu re  w as th en  poured in to  co ld  d ilu te  
HC1, a n d  th e  p ro d u c t o b ta in ed  was crysta llized  from  ace to n e  to  give w hite  c ry s ta ls  o f

4 -h y d ro x y -l-m e th y l-3 -[5 (o r (o r  3 )-m eth y l-l-b en zo y lp y razo l-3  (o r 5 )-y l]-c a rb o sty ril, IVg, 
m .p. 253 — 254 °C, y ie ld  41% . I t  gave a d a rk  colour w ith  aq . FeCl3. (Found: C 70 .22 ; H  4.77; 
N 11.58. C2IH 17N 30 3 req u ire s  C 70.19; H 4.73; N 11 .69% .)

W hen IV a (0.4 g) was re fluxed  w ith  tw o e q u iv a le n ts  of benzoyl chloride in  p y rid in e  
(5 m l) for 3 h rs, th e  p ro d u c t o b ta in ed  on c ry s ta lliz a tio n  from  acetone was w h ite  c ry s ta ls  of

4 -b en zo y lo x y -l-m e th y l-3 -[5 (o r 3 )-m eth y l-l-b en zo y lp y razo l-3  (o r 5 )-y l]-c a rb o sty ril, IVh, 
m .p. 173 — 174 °C; y ie ld  89% . I t  gave no colour w ith  aq . FeCl3. (Found: C 72 .84 ; H  4.79; 
N 9.25. C28 C28H 21N 30 4 req u ires  C 72.57; H 4.53; N 9 .0 6 % .)

4 -H y d ro x y -l-a lk y l (o r  p h en y l)-3 -[5 (o r 3 )-m eth y liso x azo l-3 (o r 5 )-y l]-ca rb o sty rils , V

To a so lu tion  o f each  of H a — c (0.002 m ole) in  e th a n o l or pyrid ine  (5 m l) h y d ro x ila m in e  
h y droch lo ride  (0.002 m ole) w as ad d ed , and  the  m ix tu re  w as re fluxed  for 3 hrs. T he so lid  w hich 
se p a ra ted  on cooling w as f ilte red  off and c rysta llized  from  an  a p p ro p tia te  so lvent to  g iv e  yellow  
c ry s ta ls  of Va c (cf. T ab le  I I I ) .

Table I I I

\-H y d ro xy -\-a lk y l (or phenyl)-3-[5  (or 3)-m ethylisoxazol-3 (or 5)-yl]-carbostyrils, V

Com
pound,

V

Yield,
/0

M .p.,
°c

Solvent 
ot crystn. Formula

Analysis

Carbon Hydrogen N itrogen

cal cd. found ealed. found ealed. found

a 66 2 3 0 - 1 ethano l c 14h 12n 20 3 65.62 65.88 4.68 4.91 10.93 10.88

b 91 184 ethanol c 15h 14n 2o 3 66.66 66.65 5.18 5.33 10.37 10.54

C 75 270 acetic c I9h 14n 2o 3 71.69 71.56 4.41 4.51 8.80 8.68

4 -B e n zo y lo x y -l-m e th y l-3 -[5 (o r 3 )-m eth y liso x azo l-3 (o r 5 )-y l]-carbosty ril, Vd

T his co m p o u n d  w as o b ta in ed  by  reflux ing  e q u im o lecu la r  qu an titie s  of Va a n d  b enzoy l 
chloride in  p y rid in e  (5 m l) fo r 4 hrs. I t  was rec ry s ta llize d  from  acetone to o b ta in  co lourless 
c ry sta ls , m .p. 197 — 198 °C, y ield  84% . I t  gave no co lo u r w ith  aq. FeCl3. (F o u n d : C 69 .62 ; H 
4.81; N 7.38. C21H leN 20 4 req u ires  C 70.00; H 4.44; N 7 .7 7 % .)

Cyclizalion of l ib  an d  l ie

l ib  a n d /o r l i e  (0.5 g) w as shaken  w ith  cone, su lfu ric  acid  (6 ml) for 15 m in. T h e  reac tio n  
m ix tu re  was p o ured  in to  ice-cool w ater, and  th e  so lid  w h ich  form ed was filte red  o f f  a n d  c ry s
tallized  from  a su itab le  so lven t.

6 -E th y l-2 -m eth y l-4 -o x o -[4 H ]-p y ran o -[3 .2 -C ]-carb o s ty ril, V ia

T his co m p o u n d  crysta llized  from  benzene as a colourless substance, m .p. 208 °C, y ield 
83% . (F o u n d : C 70.69; H 5.23; N 5.22. C16H 13N 0 3 re q u ire s  C 70.58; H 5.09; N 5 .4 9 % .)

2 -M eth y l-6 -p h en y l-4 -o x o [4 H ]p y ran o -[3 ,2 -C ]-ca rb o sty ril, VIb

VIb was o b ta in e d  from  m ethano l as colourless c ry s ta ls , m .p. 270 °C. (F o u n d : C 74.92; 
II 4.60; N 4.35. ClyH 13N 0 3 requ ires C 75.24; II 4.29; N 4 .6 2 % .)

C yclization  w as ach ieved  in  good yields w hen l i b  an d /o r l ie  was re flu x ed  w ith  glacial 
acetic  acid  for 3 h rs , o r w ith  e th an o l-h y d ro ch lo ric  acid  m ix tu re  for 1 hr.
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A ction  o f sodium  hydroxide o n  V ia  and  VIb

V ia  an d /o r VIb (0.1 g) w as refluxed  w ith  o f 2 N  N a O H  (8 ml) for 30 m in ; th e  m ix tu re  
w as th e n  cooled, acid ified  w ith  d ilu te  HC1 and th e  p ro d u c t  w hich sep ara ted  was f i l te re d  o ff to 
g ive  l b  a n d  Ic  in  90 — 92%  yields (m .p . and m ixed m .p .).

A ction  of am ines on V ia  a n d  VIb

T o  a  so lu tion  of V ia  o r VIb (0.001 mole in 2 ini o f  e th a n o l)  the  a p p ro p ria te  am in e  (0.001 
m ole) w as ad d ed  an d  th e  re ac tio n  m ix tu re  was h e a te d  fo r  5 m in, allowed to s ta n d  1 h r  a t 
ro o m  te m p e ra tu re  (o r re flu x e d  fo r 3 h rs w hen using  an ilin e ). T he yellow c ry sta ls o f  th e  p ro d u c t 
w ere  id e n tif ie d  as n i f  к ( m .p. a n d  m ixed m .p.). (Cf. T a b le  I.)

The reac tio n s  o f V ia  or VIb w ith  h y d ra z in e  hydrate , phenyl 
h y d raz in e  and w ith  h y d ro x y lam in e

T h ese  reac tio n s w ere c a rried  o u t u n d e r c o n d itio n s  s im ilar to  those of th e  re a c tio n s  of
3 -a c e to a c e ty l-c a rb o s try r il l ib  a n d  l i e  w ith  th e  above re a g e n ts  and  gave p ro d u c ts  id e n tif ie d  as 
IV c —f, Vb a n d  Vc (m .p . a n d  m ixed  m .p .). (Cf. T ab les  I I  a n d  I I I .)

P rep a ra tio n  of 3 -a ce ty l-6 -b ro m o -4 -h y d ro x y -l-n ie th y l-ca rb o sty ril (IX )

(1) B y  brom ination o f  l a  : — To a so lu tion  of l a  (0 .005  m ole) in glacial ace tic  acid  (5 m l), 
b ro m in e  (0.005 m ole) w as ad d ed  dropw ise, w ith  sh a k in g . T he reaction  m ix tu re  w as le t to 
s ta n d  a t  ro o m  te m p e ra tu re  o v e rn ig h t, and th e  yellow  c ry s ta ls  which form ed w ere co llected  
w a sh e d  w ith  e th an o l an d  recry sta llized  from  ace tic  to  g ive  (IX) in 75%  yield, m .p . 197 °C. 
I t  d e v e lo p ed  an  orange red  co lou r w ith  aq. FeCl3. (F o u n d : C 48.50; H 3.50; N 5.27: B r27.32. 
C12H 10N O 3B r requ ires C 48.64; H 3.37; N 4.72; B r 27.73% ,.)

F ro m  p -b ro ino -N -m ethy lan iline  a n d  d ie th y l m alonate:

A m ix tu re  o f p -b ro m o -N -m e th y lan ilin e  (5 m l) a n d  d ie th y l m alonate (25 m l) w as h e a ted  
in n i tro g e n  a tm o sp h ere  fo r 6 hrs. T he e thanol fo rm ed  w as allow ed to escape free ly  th ro u g h  a 
s h o r t  co lu m n . The reac tio n  m ix tu re  was cooled an d  th e  so lid  p rec ip ita te  w ashed w ith  p e tro leu m  
e th e r . I t  w as th en  s tirred  in b o iling  e th an o l (20 m l) a n d  th e  insoluble m ateria l w as s e p a ra te d  
b y  f i l t r a t io n  an d  c ry sta llized  fro m  d io x an  to  give 2 g o f  9 -b rom o -5 ,6 -d ih y d ro -4 -h y d ro x y -2 ,5 - 
d io x o -6 -m e th y l-2 H -p y ra n o  3 .2-C -quino line  (X I) as co lo u rless crystals, m .p. 306 — 309 °C.
(F o u n d :  C 49.08; H  2.67; B r 24.69. C ,3H 8N 0 4B r req u ire s  C 48.44; H  2.48; Br 24 .84°,,.) X I (1 g) 
w as r e f lu x e d  w ith  10 m l o f 2iV N aO H  for 2 hrs. A fte r coo ling , th e  reaction  m ix tu re  w as filte red  
fro m  a n y  inso lub le  m a te ria l, ac id ified  w ith  d ilu te  h y d ro c h lo ric  acid, and the  solid  p ro d u c t 
w as c ry s ta ll iz e d  from  ace tic  acid  to  give X (0.8 g) (m .p . a n d  m ixed m.p.).

A ction  of alcoholic K O H  o n  IX

A  m ix tu re  o f IX  (0.45 g) a n d  po tassium  h y d ro x id e  (1 g) dissolved in a m in im u m  a m o u n t 
o f w a te r  (1 m l) and  e th an o l (9 m l) was refluxed  for 4 h rs . T he p recip ita ted  solid w as filte red  
off, w a sh e d  w ith  d ilu te  h y d ro ch lo ric  acid and c ry s ta ll iz e d  from  ethanol: IX  w as recovered  
u n c h a n g e d  (m .p . and  m ixed  m .p .).

A ction of am ines on  IX

IX  (0.0013 m ale) was tre a te d  w ith  b en zy lam ine  (0 .002 mole) in e th an o l (5 m l) a n d  the  
m ix tu re  w as h e a ted  till i t  becam e clear, th en  allow ed to  s ta n d  a t  room  tem p e ra tu re  o v e rn ig h t. 
T h e  y e llo w ish  w h ite  c ry s ta ls  fo rm ed  were filte red  off a n d  recry sta llized  from  e th a n o l to  o b ta in  
p a le  y e llo w  needles o f th e  S ch iff base X, m .p. 2 1 1 —212 °C; yield 74°,,. (F o u n d : C 59.45; 
H  4 .6 8 ; N  7.03. C19H 17N20 .,B r req u ire s  C 59.22; H 4 .41 ; N  7 .27% .)

O n  re flu x in g  X (0.2 g) in  e th a n o l (7 ml) w ith  cone. HC1 (3 ml) for 4 h rs., th e  p ro d u c t 
o b ta in e d  a f te r  c ry s ta lliz a tio n  from  acetic  acid was id e n tif ie d  as IX  (m .p. and  m ix ed  m .p .); 
y ie ld  9 6 % .
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A C O M PA R A TIV E  STUD Y B E T W E E N  T H E  2 P (X )-P IIE N Y L -4 (R )-O X A Z O L E  A N D  
2 P (X )-P H E N Y L -4 (R )-T H IA Z O L E . Q U A N T U M -C H E M IC A L  C A LC U LA TIO N S

I . S c h w a r t z , R . D . P o p  a n d  I . S i m i t i

(In s titu te  o f  M edicine  and P harm acy, Departm ent o f  P harm acy, Laboratory o f  Organic and
P hysica l C hem istry, C lu j-N apoca)

R eceived  F e b ru a ry  14, 1976; in revised  fo rm  N o vem ber 1, 1976

W e perfo rm ed  a c o m p a ra tiv e  s tu d y  b e tw een  th e  th iazo le  and th e  o x azo le  nucleus 
in th e  series I and  I I ;  we con clu d ed  th a t  th e  ch em ica l ch arac te r  of th e  th ia z o le  d e riv - 
a tie s  is m ore a ro m atic  th a n  th e  oxazole ones. T h ere fo re  Q (th e  reaction  c o n s ta n t  o f  th e  
H a m m e tt  eq u atio n ) is g re a te r  in  th e  oxazole series th a n  in  th e  thiazole one.

T h e  re a c tiv ity  indices a re  in  good ag reem en t w ith  th e  ra te  c o n s ta n ts , a n d  th e  
c a lcu la ted  m olecu lar p a ra m e te rs  w ith  th e  e x p e rim e n ta l d a ta .

T h ere  resu lts  p rove  th e  c o p la n a rity  o f th e  tw o  nucleus.

In  dealing  w ith  th e  h e te ro -a ro m a tic  co m p o u n d s  we payed a sp ec ia l a t 
te n tio n  to  th e  re a c tiv ity  of th e  2 -ary l-th iazo le  (I) and  2-ary l-oxazo le  (II) 
fram ew orks [ 1 , 2 ].

Q u an tu m -ch em ical s tu d ies  tr ie d  to  co m p le te  o u r  knowledge on  th e  s t ru c 
tu re  of th e  series I  [3, 4, 5]. T he HM O ca lcu la tio n s are  in  good ag re e m e n t w ith  
th e  ex p erim en ts , th a t  m eans th e  re a c tiv ity  in d ices , especially th e  su p e rd e lo 
ca liza tion , show ed th a t  positio n  fiv e  is th e  m o s t re a c tiv e  one. T he lo g a rith m  
of th e  ra te  co n stan ts  could be co rre la ted  w ith  th e  corresponding e lec tro p h y lic  
su p erde loca liza tion  indices.

T he SCF-M O m eth o d  [5] acknow ledged  b o th  th e  arom atic  n a tu r e  o f  th e  
th iazo le  an d  th e  c o p lan a rity  o f  th e  tw o rings.

Ga l a sso  an d  T r in a js t ic  b y  E H T  c a lc u la tio n  [6] found an  a b o u t 40°  
tw is t angle betw een  th e  tw o  rings in  th e  2 -p h en y l-th iazo le , and a t th e  sam e  tim e  
th e y  found  th a t  th e  ca lcu la ted  p o te n tia l b a r r ie r  is low, 0.3 eV. T h e  a u th o rs  
m en tio n  th a t  th is  u n p la n a r  co n fo rm atio n  is a su rp ris in g  one and i t  m a y  be due  
to  th e  ex ag g e ra ted  s teric  fa c to r  in  E H T  m eth o d .

One o f o u r m ain  aim s b e ing  th e  c o m p a ra tiv e  s tu d y  of th e  a ry l- th ia z o le , 
re sp ec tiv e ly , ary l-oxazole  sy s tem , th e  p re sen t p a p e r  deals w ith  th e  q u a n tu m - 
chem ical s tu d ies  and  th e  e x p e rim e n ta l d e te rm in a tio n s  concerning series I  an d  
I I :  a) a ro m a tic ity  indices; b) th e  indices of re a c tiv i ty  for e lectrophy lic  s u b s t i tu 
tio n ; c) som e m olecu lar p ro p e rtie s  (electronic tra n s it io n s , dipole m o m en t) .
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C alculations

T h e  HM O an d  D e l  R e param ete rs  h av e  b een  chosen from  St r e i t w i e s e r

[7] re sp ec tiv e ly , from  D e l  R e [8 ] and  A. P u l l m a n  [9].
In  o u r f irs t H M O  ca lcu la tions [4] in  th e  series I, th e  chosen  coulom b 

in te g ra l fo r th e  su lp h u r  a to m  gives a qs to o  p o sitiv e . T h a t is w h y  we have 
re c o n s id e re d  th e  choice o f th ese  p a ra m e te rs  in  th e  p resen t p a p e r as follow s:

<*s =  x c ß i ßcs  =  0 - 8  ß

T h e  values of th e  io n isa tio n  p o ten tia ls , e le c tro n  affinities a n d  th e  reso 
n a n c e  in te g ra ls  ßij, in  th e  P P P -C I (lim ited  C l) m e th o d  have been ta k e n  from  
M e t z g e r  [10].

T h e  atom ic  d is tan ces  h av e  been c a lc u la ted  from  the  HMO b o n d  orders 
w ith  th e  w ell-know n fo rm u la :

drs =  —  (1-52 O .I9 p „ )

w here  drs - in te ra to m ic  d is tan ce ; z =  (zr -f- zs) /2 a n d : ,  =  z®—0.35qr (zr =  ef
fec tiv e  n u c lea r  charge o f  th e  bonded  a to m ; z® =  e ffec tive  nuclear ch a rg e  o f th e  
n e u tra l  a to m ; qr — n e t л  charge); p rs =  H M O  b o n d  order.

T h e  ca lcu la tions h av e  been  perfo rm ed  on  a F e lix  C —256 c o m p u te r , based  
on p ro g ram m es  as follow s: th e  HM O an d  th e  D e l  R e program m e done by
R . D . P o p ; for th e  P P P  —C l we used a p ro g ram m e  from  R. B oskovic I n s t i tu te ,  
Z ag reb . W e have used a p rog ram m e o f th e  T ex as  U n iv e rs ity  in o rd e r to  ca lcu 
la te  th e  angles of th e  cycles. T he geom etry  o f  th e  m olecule a lready  k n o w n  we 
c a lc u la te d  th e  a tom  co o rd in a te s  using a P R O  X Y Z  program m e, o b ta in e d  
from  th e  Q C PE , U n iv e rs ity  o f Ind ian ap o lis .

E xperim en ta l

T h e  UV  sp ec tra  w ere reco rd ed  on a V SU  2 P  sp e c tro m e te r  (GD R), b e tw een  200 — 380 
nm  in  h e p ta n e ,  m ethano l a n d  d im e th y l fo rm am ide  (D M F ) so lu tions. The d ie lectric  c o n s ta n ts  
hav e  b e e n  d e term ined  b y  a U n iv ersa l d ie lec tro m eter O H  — 309 (H ungary), th e  re fra c tio n  
ind ices w ith  a  Carl-Zeiss J e n a  R e frac to m e te r (G D R ). A s so lv e n t we used benzene, ch lo ro fo rm  
an d  CC1, a t  2 5 ^ 0 .2  °C (H o ep p le r  te rm o s ta t) .

T h e  d ipole m o m en t w as ca lcu la ted  according th e  D e b y e ,  H a l v e r s t A d t - K u m l e r ,  

G u g g e n h e i m  and , resp ec tiv e ly , th e  H i g a s h i  fo rm ulas, u s in g  a  program m e from  th e  l ite ra tu re
111 I-
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Table I
A rom aticity indices

X

HMO
■ in ß

D .E .
units A*

i
A \ '  —  A /x  — A j H

H am m ett
constants

series I series I I series I series II series I series II cr

— N H , — 0.8090 0.7958 0.028 0.0258 - 0 .3 0

— C H 3 3.386 3.319 0.8037 0.7901 0.033 0.0316 0.13

- H 3.750 3.720 0.8374 0.8216 - 0.00
Cl 3.896 3.830 0.7955 0.7868 0.041 0.0348 0.24

- B r 3.886 3.870 — — — — 0.27

- ^ 0 , 5.946 5.400 - - - - 0.78; (1.25)

Regression ecjuations: n I t

о D.E. = 1.797 a  -+ 3.608 (series 1) 5 0.993
2 ) D . E .  = 1.405 </ - f 3.597 (series II) 5 0.993
3) A A j  = - 0 .2 3 7  a 0.355 (series I) 3 0.997
4)

* C alculated

.1Ay = 
n =  

R =  
by th e  P P

0.154 о  

th e  num b 
th e  regres 

P-CI m eth

0.317 (series I I )  
er o f the  a lready  stu  
sion coefficient, 
ad.

3
d ied  su b st ances

0.932

Result» and discussion

T he HM O d e lo ca liza tio n  energies and  th e  a ro m a tic ity  indices [12] in  
b o th  series are in  T ab le  I . T h is tab le  m akes c lea r t h a t  th e  values of D E  d ep en d  
up o n  th e  n a tu re  o f th e  su b s titu e n ts  in  b o th  series o f heterocycles. F o r  b o th  
series we have succeeded  in  estab lish ing  a q u a n ti ta t iv e  linear re la tio n sh ip  
betw een  D E  an d  th e  H a m m e tt su b s titu e n t c o n s ta n ts  (regression e q u a tio n s  
1 an d  2).

B ecause som e a u th o rs  [13] have c ritic ized  th e  D E  cap ac ity  to  re f le c t 
th e  a ro m a tic  c h a ra c te r , we have  ca lcu la ted  one m ore ind ex  of a ro m a tic ity , 
A;, in tro d u c e d  by  J ulg  [12].

W e have n o ticed  th a t  b o th  th e  D E  an d  th e  Aj indices of th e  c o m p o u n d s  
in  th e  2 -ary l-oxazole  series are  sm aller th a n  th e  co rrespond ing  indices in  th e  
2 -a ry l-th iazo le  series. T h is proves th a t  th e  th iazo lic  rin g  has a stro n g er a ro m a t
ic c h a ra c te r  th a n  th e  oxazole as i t  was e x p e c te d . The AAy =  AJx A /H 
values can  be co rre la ted  w ith  a co n stan ts  to o  (reg ression  E qs. 3 an d  4).

B y  m eans o f th e  HM O and P P P  C l m e th o d s  we have ca lcu la ted  th e  
follow ing ind ices: n e t charge , e lectrophylic  su p erd e lo ca liza tio n , bond  o rd e r; 
th e ir  va lues are show n in th e  T ables I I  an d  I I I .

B o th  m eth o d s show  in  good ag reem en t w ith  th e  k ine tic  s tu d ie s  [14], 
position  five  as beeing  th e  m o st reac tiv e  in  b o th  series I and I I .  T h e  H M O  
re a c tiv ity  indices (superdelocaliza tion) show  th e  fo llow ing re a c tiv ity  co n cern in g  
th e  co m p etitiv e  p o sitio n s: Cu  >  C4 „ >  C2 >  C37 (accord ing  to  our n o ta tio n s , 
T ab les I I  and  I I I ) .
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Table II

< e 12

Reactivity indices o f  series I

X
Position

— n h 2 - c n . H — Br —Cl —N <  ° la 
l

Indices a a b a b b a b b

1 0 .0 3 6 0 .0 2 7 0 .0 1 3 0 .0 2 3 0 .0 2 4 0 .9 9 1
2 0 .0 2 2 0 .0 2 4 0 .0 2 1 0 .0 1 2 0 .0 0 8 0 .0 1 4 0 .0 2 3 0 .0 2 2 0 .0 0 3

3 , 7 - 0 . 1 6 9 - 0 . 0 1 4 - 0 . 0 7 5 0 .0 0 2 - 0 . 0 0 1 - 0 . 0 0 8 - 0 . 0 1 3 0 .0 1 3 0 .0 1 8
4 , 6 0 .0 2 0 0 .0 1 9 0 .0 1 9 0 .0 1 6 0 .0 1 0 0 .0 1 0 0 .0 1 9 0 .0 1 0 0 .0 0 9

5 - 0 . 0 2 2 - 0 . 0 2 1 - 0 . 0 4 9 - 0 . 0 1 3 - 0 . 0 0 9 - 0 . 0 1 3 - 0 . 0 2 0 - 0 . 0 1 7 0 .0 0 6

Q r 8 0 .1 3 5 0 .1 3 5 0 .0 9 0 0 .1 3 4 0 .0 8 4 0 .0 8 6 0 .1 3 5 0 .0 8 6 0 .0 8 5
9 - 0 . 0 2 6 - 0 . 2 6 2 - 0 . 2 9 3 - 0 . 2 5 9 - 0 . 2 8 2 - 0 . 2 7 8 - 0 . 2 6 2 - 0 . 2 8 0 - 0 . 2 7 0

10 0 .0 1 3 0 .0 1 3 0 .0 9 8 0 .0 1 3 - 0 . 0 5 3 - 0 . 0 9 7 0 .0 1 3 - 0 . 0 9 5 - 0 . 0 9 4
11 - 0 . 0 4 4 - 0 . 0 4 3 0 .0 0 1 —  0 .0 4 2 - 0 . 0 1 7 0 .0 1 3 0 .0 4 3 0 .0 1 2 0 .0 2 0
12 0 .1 1 9 0 .1 1 9 0 .2 5 0 0 .1 2 0 0 .2 5 2 0 .2 5 7 0 .1 1 9 0 .2 5 3 0 .2 5 6

1 3 , 1 4 — — — — — — — — - 0 . 5 2 3

1 - 2 0 .1 9 0 0 .1 6 6 _ _ _ 0 .1 1 2 0 .1 5 4 0 .1 4 9 0 .2 6 5
2 - 3 ,  2 - 7 0 .6 5 0 0 .6 5 3 0 .6 4 3 0 .6 6 1 0 .6 5 8 0 .6 5 4 0 .6 5 4 0 .6 5 1 0 .6 3 2
3 - 4 , 6 - 7 0 .6 7 8 0 .6 7 7 0 .6 8 5 0 .6 7 5 0 .6 7 9 0 .6 8 1 0 .6 7 6 0 .6 8 2 0 .6 8 5
4 - 5 ,  5 - 6 0 .6 2 4 0 .6 2 3 0 .6 0 5 0 .6 2 6 0 .6 1 0 0 .6 1 0 0 .6 2 4 0 .6 0 9 0 .6 0 5

5 - 8 0 .3 4 4 0 .3 4 3 0 .4 0 6 0 .3 4 1 0 .4 0 1 0 .4 0 1 0 .3 4 3 0 .4 0 3 0 .4 0 4

P r s 8 - 9 0 .8 1 7 0 .8 1 7 0 .7 0 4 0 .8 1 8 0 .7 0 2 0 .7 0 7 0 .8 1 7 0 .7 0 6 0 .7 0 0
9 - 1 0 0 .3 8 0 0 .3 8 0 0 .5 3 1 0 .3 8 1 0 .5 3 9 0 .5 3 5 0 .3 8 0 0 .5 3 4 0 .5 3 9

1 0 -  11 0 .9 0 8 0 .9 0 8 0 .8 0 3 0 .9 0 8 0 .7 9 9 0 .7 9 7 0 .9 0 8 0 .7 9 9 0 .7 9 4
1 1 - 1 2 0 .2 6 0 0 .2 5 1 0 .4 1 0 0 .2 5 2 0 .4 0 7 0 .4 1 5 0 .2 5 1 0 .4 1 5 0 .4 2 0

8 12 0 .3 0 8 0 .3 0 9 0 .4 2 1 0 .3 0 9 0 .4 2 4 0 .4 2 0 0 .3 0 8 0 .4 2 1 0 .4 2 O
1 - 1 3 ,  1 - 1 4 — — — — — — — — 0 .6 7 7

2 _ _ _ _ 0 .9 0 6 _ _ —

Sf 3 , 7 — — 0 .9 7 5 — 0 .8 2 8 0 .8 4 9 — 0 .8 6 5 0 .8 1 4
4 . 6 — — 0 .9 1 8 — 0 .9 2 3 0 .9 2 3 — 0 .9 2 3 0 .9 2 0

11 — — 1 .3 3 5 — 1 .3 2 7 1 .2 7 0 — 1 .2 7 5 1 .2 3 7

a) P P P -C I; b ) HMO
where Qr =  n e t л  charge; p rs =  bo n d  order; S f  =  e lectrophylic  superdelocalization  index.
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Table III

7 S 12

Reactivity indices o f  the series I I

X
Position

— N H , - C H , H — Br Cl
o , .

— N <  "
1 0 14

Indices a a b a b b a b b

l 0 .0 3 6 0 .0 2 7 0 .0 1 3 0 .0 2 3 0 .0 1 3 0 .9 9 2

2 0 .0 2 2 0 .0 2 4 0 .0 2 1 0 .0 1 3 0 .0 1 4 0 .0 1 7 0 .0 2 4 0 .0 2 4 0 .0 0 5

3 , 7 - 0 . 0 1 7 - 0 . 0 1 4 - 0 . 0 7 4 0 .0 0 2 0 .0 0 8 - 0 . 0 0 8 - 0 . 0 1 2 - 0 . 0 1 6 0 .0 7 1

4 , 6 0 .0 2 0 0 .0 1 6 0 .0 1 8 0 .0 0 5 0 .0 1 2 0 .0 1 3 0 .0 1 8 0 .0 1 3 0 .0 1 1

O r 5 - 0 . 0 2 6 - 0 . 0 2 5 - 0 . 0 5 1 - 0 . 0 1 6 - 0 . 0 0 9 — 0 .0 1 4 - 0 . 0 2 4 - 0 . 0 1 8 0 .0 0 4

8 0 .1 3 4 0 .1 3 4 0 .1 0 4 0 .1 3 3 0 .0 9 9 0 .0 9 9 0 .1 3 4 0 .1 0 0 0 .1 3 3

9 - 0 . 2 4 3 - 0 . 2 4 3 - 0 . 2 8 6 - 0 . 2 4 0 - 0 . 2 6 9 - 0 . 2 7 1 - 0 . 2 4 3 - 0 . 2 7 2 - 0 . 2 6 2

10 0 .0 0 8 0 .0 0 8 - 0 . 0 9 1 0 .0 0 8 - 0 . 0 8 9 - 0 . 0 8 9 0 .0 0 8 - 0 . 0 8 9 - 0 . 0 8 9

11 — 0 .0 3 1 - 0 . 0 3 1 0 .0 0 9 - 0 . 0 2 9 0 .0 2 2 0 .0 2 1 - 0 . 0 3 1 0 .0 2 0 0 .0 2 9

12 0 .0 9 7 0 .0 9 7 0 .2 1 0 0 .0 9 7 0 .2 1 3 0 .2 1 3 0 .0 9 7 0 .2 1 3 0 .2 1 0

1 3 , 14 — — — — — — — — — 0 .5 2 5

1 - 2 0 .1 9 1 0 .1 6 6 _ _ 0 .1 1 2 0 .1 5 3 0 .1 5 0 0 .2 6 4

2 - 3 ,  2 - 7 0 .6 4 9 0 .6 5 5 0 .6 4 6 0 .6 6 2 0 .6 5 8 0 .6 5 4 0 .6 5 4 0 .6 5 0 0 .6 3 2

3 - 4 ,  6 - 7 0 .6 7 8 0 .6 7 7 0 .6 8 7 0 .6 7 4 0 .6 7 9 0 .6 8 0 0 .6 7 8 0 .6 8 1 0 .6 8 6

4  5 . 5 — 6 0 .6 2 4 0 .6 2 8 0 .6 0 5 0 .6 2 9 0 .6 0 9 0 .6 0 8 0 .6 2 7 0 .6 0 7 0 .6 0 5

5 - 8 0 .3 2 9 0 .3 2 8 0 .4 1 0 0 .3 2 6 0 .4 0 4 0 .4 0 4 0 .3 2 8 0 .4 0 5 0 .4 0 7

8 - 9 0 .8 3 3 0 .8 3 2 0 .7 1 3 0 .8 3 4 0 .7 1 7 0 .7 1 9 0 .8 3 3 0 .7 1 6 0 .7 1 6

8 - 1 2 0 .2 7 5 0 .2 7 5 0 .3 8 9 0 .2 7 5 0 .3 9 0 0 .3 8 8 0 .2 7 5 0 .3 8 9 0 .4 1 4

9 — 10 0 .3 7 6 0 .3 7 6 0 .5 2 2 0 .3 7 6 0 .5 2 7 0 .5 2 7 0 .3 7 6 0 .5 3 2 0 .5 3 0

1 0 - 1 1 0 .9 1 1 0 .9 1 0 0 .8 1 3 0 .9 1 0 0 .8 0 8 0 .8 3 9 0 .9 1 0 0 .8 0 9 0 .8 0 5

1 1 - 1 2 0 .2 3 6 0 .2 3 6 0 .3 7 6 0 .2 3 6 0 .3 8 3 0 .3 8 2 0 .2 3 6 0 .3 8 1 0 .3 5 9

1 3 — 1 , 1 - 1 4 — — — — — — — — 0 .6 7 7

2 _ _ 0 .8 9 7 — — — —

3 , 7 _ _ 0 .9 7 4 _ 0 .8 2 9 0 .8 0 9 — 0 .8 8 6 0 .8 1 4

S E 4 . 6 _ _ 0 .9 1 4 — 0 .9 1 8 0 .9 1 7 — 0 .8 2 9 0 .9 1 6

11 — — 1 .3 4 5 — 1 .2 8 9 1 .2 7 0 1 .2 7 5 1 .2 3 7

a) P P P -C I; b ) HMO
w here Qr =  n e t л  charge; =  e lectrophylic  superdeloealization  index ; p rs =  bon d  order.
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Table TV

E nergy levels in  e V  (P P P - C I )

—X
2p(X)-aryI-thiazole 2p(X)-ar 'l-oxazole

HOMO LEMO HOMO LEMO

— NHo — 9.3486 -2 .0 2 2 9 9.5108 -1 .9 0 9 3

— CH3 - 9 .3 7 8 5 -2 .0 3 1 8 9.5471 -1 .9 1 8 4

- C l 9.3936 -2 .0 4 0 4 -  9.5636 1.9272

- H — 9.4888 -2 .1 0 4 1
-

-  9.6689 -1 .9 9 4 3

Follow ing  th e  su p erd e lo ca liza tio n  in d ices , Sf l5 from  th e  5 th  p o sitio n  of 
th ia z o le ,  respective ly , o x azo le , we noticed  t h a t  th e ir  values depend  u p o n  th e  
n a tu r e  o f  th e  su b s ti tu e n t X , th e re fo re  th e  o rd e r  o f  e lec trophy lic  r e a c tiv i ty  is th e  
fo llo w in g : C H 3 >- B r >  Cl >  N 0 2. This o rd e r ru n s  paralle l th e  va lu es  o f th e  
r a te  c o n s ta n ts  d e te rm in ed  ex p erim en ta lly  [14].

T h e  bond orders o f  th e  oxazole ring  u n d e rlin e  th e  m ore p ro n o u n ced  die- 
n ic  c h a ra c te r  of th is  h e te ro cy c les  com pared  w ith  th e  co rresponding  th iazo lic  
d e r iv a tiv e s ,  in good a g re e m e n t w ith  th e  v a lu es  o f  th e  D E and  A ■ index .

T h e  qu ite  high v a lu e  o f  th e  in te rn u c lea r b o n d  o rd er (C5 Cg) in  acco rd an ce  
b o th  w ith  th e  HMO an d  th e  P P P - C I ,  p lead  fo r  th e  p la n a rity  o f th e  tw o  
n u c le u s .

W e have ca lcu la ted  th e  HOM O and L E M O  indices (Table IV). T he h igher 
o c c u p ie d  energy  level (H O M O ) of th e  th iazo le  d e riv a tiv es  show s th e  m ore 
e le c tro n d o n a tin g  c h a ra c te r  o f  th e  th iazo le  c o m p a re d  w ith  th e  oxazole. In  our 
f u tu r e  s tu d ie s  we shall dea l w ith  ex p erim en ts  concern ing  th e  a b ility  o f th e  
th ia z o lic  deriva tives to  fo rm  m olecu lar com plexes m ore facile th a n  th e  oxazolic  
ones.

I n  tab le s  V and  V I a re  g iven  th e  e lec tro n ic  tra n s itio n s , ca lcu la ted  by  th e  
P P P  C l m ethod . T hey  are co m p ared  w ith  th e  e x p e rim en ta l d a ta .

F ro m  th e  positive so lv a toch rom ie  an d  esp ec ia lly  from  th e  h igh  v a lu e  of 
th e  m o la r  ex tin c tio n  co e ffic ien t (log e 4) i t  r e s u lts  th a t  th e  tra n s itio n s  are
П  — *  7 1 *  .

I t  is obviously  a good ag reem en t of th e  th e o re tic a l values w ith  th e  e x p e r
im e n ta l  ones. F o r a c o m p a ra tiv e  s tu d y  th e re  h a v e  been  ta k e n  only  th o se  va lu es  
w h ich  h a v e  a high o sc illa to r s tre n g th . F o r e x a m p le  in  th e  case of th e  u n s u b s ti
t u t e d  d e r iv a tiv e , tra n s itio n  xF m —> W m+1, W m —*■ tP m +2 respective ly , tra n s i t io n  
y>m_ i —*■ y>m+i have been n o tic e d  as being th e  p r in c ip a l com ponen ts of th e  2 0 0  

380 n m  sp e c tra  range.
W e have co rre la ted  th e  Amax of the e x p e rim e n ta l abso rp tio n  sp e c tra  to  

th e  (TpKuv in d ex , in tro d u ced  b y  P . T o m a sik  [1 3 ]. T h e  regression e q u a tio n s  a re :

5. Amax =  0.0518 crpKuv -f- 0.2857 n  =  4 ; r =  0.937 (th iazo le)
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Table V

Calculated and experimental electronic transitions o f  series I

X

Calculated Experimental (nm)
The contribution  of 
d ifferent transitions

o.o
eV

Oscillator
strength nm heptane

m etha
nol DMF

Singlet 4.45 0.922 278.90 99.1»
4.87 0.010 254.68
5.74 0.012 216.34 — — -- _
6.03 0.551 205.89 58 .8b: 41.0-

—  NH„ 6.43 0.224 193.14
T rip le t 2.83

3.52
3.95
4.25
4.93

Singlet 4.46 0.914 277.98 294 296 303 99.0*
4.89 0.014 253.47
5.79 0.011 214.24
6.05 0.548 205.11 218 220 — 61.0b: 38.5°

C H 3 6.44 0.244 192.86
T rip le t 2.81

3.51
3.97
4.25
4.99

Singlet 4.49 0.881 276.26 291 295 302 98.9»
4.94 0.033 251.40
5.88 0.009 211.35

- H 6.09 0.525 203.73 218 220 65 .8b: 32.0°
T rip le t 2.76

3.52
4.03
4.22
5.14

- B r _ _ _ 296 301 305 _
220 223 — —

Singlet 4.47 0.911 277.66 99.0»
4.90 0.016 253.10
5.90 0.010 213.70 — — —
6.06 0.545 204.87 61 .7b; 37.6“

- C l 6.44 0.250 192.78
T rip le t 2.81

3.51
3.98
4.25
5.01

_ _ 325 335 347 _
NO, 243 248 —

“ Vm -»  V’m+1 tran sitio n  
b Vm — VW i tran sitio n  
cVm-i -+ V’m ti tran s itio n

/Id a  Chim. (B udapest) 94, 1977
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Table VI

Calculated a n d  experimental electronic transitions o f  series I I

X

Calculated E xperim ental (nm)
The contribution  of 
different transitions

%eV
O scillator
s treng th nm hep tan

m etha
nol DMF

Singlet 4 . 7 0 0 . 8 6 0 2 6 3 . 9 1 9 8 . 1 “

4 . 8 9 0 . 0 1 5 2 5 3 . 5 5

5 . 8 8 0 . 0 2 1 2 1 0 . 9 9 — — —

6 . 1 7 0 . 6 2 8 2 0 1 . 2 3 5 6 . 5 b ;  4 3 . 3 “

- N H , 6 . 5 5 0 . 3 4 2 1 8 9 . 5 8

T rip le t 3 . 0 4

3 . 6 7

4 . 0 1

4 . 2 4

4 . 9 3

Singlet 4 . 7 2 0 . 8 5 2 2 6 2 . 7 6 2 7 0 2 7 2 _ 9 8 . 1 “

4 . 9 2 0 . 0 1 8 2 5 2 . 0 4

5 . 9 4 0 . 0 1 7 2 0 8 . 8 6

6 . 1 9 0 . 6 2 5 2 0 0 . 3 3 — — — 5 8 . 9 b : 4 0 . 7 “

- C H 3 6 . 5 5 0 . 3 5 8 1 8 9 . 3 9

T rip le t 3 . 0 3

3 . 6 6

4 . 0 2

4 . 9 9

6 . 3 5

Singlet 4 . 7 6 0 . 8 2 2 2 6 0 . 7 5 2 6 7 2 7 0 — 9 8 . 0 “

4 . 9 7 0 . 0 3 7 2 4 9 . 2 9

6 . 0 2 0 . 0 1 2 2 0 6 . 0 9

6 . 2 4 0 . 5 8 9 1 9 8 . 9 6 — — — 6 4 . 7 » ;  3 3 . 8 “

- H 6 . 5 7 0 . 4 0 4 1 8 8 . 9 7

T rip le t 2 . 9 9

3 . 6 4

4 . 0 4

4 . 2 3

5 . 1 7

- B r — — - 2 7 8 2 8 1 - -

Singlet 4 . 7 3 0 . 8 5 1 2 6 2 . 4 0 2 7 6 2 7 7 — 9 8 . 1 “

4 . 9 3 0 . 0 2 0 2 5 1 . 5 3

5 . 9 6 0 . 0 1 6 2 0 8 . 3 6

6 . 2 0 0 . 6 2 0 2 0 0 . 0 4 — — — 5 9 . 8 » ;  3 9 . 7 “

- C l 6 . 5 6 0 . 3 6 5 1 8 9 . 3 4

T rip le t 3 . 0 3

3 . 6 6

4 . 0 3

4 . 2 5

5 . 0 2

- n o 2 — — — 3 0 5 3 1 0 3 2 7 —

“ Vm -*• V m + 1 t ra n s it io n
b V m  - *  V m * 2 t r a n s it io n
° V m - 1  V m *  1 t ra n s it io n .
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6 . Amax =  0.065 <7PKUV +  0.2617 n =  4 ; r  =  0.939 (oxazole)

The slope (p =  reac tio n  c o n s tan t in  th e  H a m m e tt  equation ) of th e  re g re s 
sion e q u a tio n s  5 an d  6 , are in  good ag reem en t w ith  th e  observations o f  P e r - 
JESSY [15] an d  K r y g o w s k i [16] th a t  th e  decrease o f  a ro m a tic ity  increases th e  
sen s itiv ity  o f th e  system  a g a in s t th e  s u b s ti tu e n t effects.

The c a lcu la ted  va lu e  (HM O m eth o d  in d ic a te d  b y  J a f f e  [17]) £?thjazoie =  
=  0.484 is in d eed  sm aller th a n  poxazoie =  0.819.

In  o rd e r to  o b ta in  th e  th eo re tica l value o f th e  d ipo lem om ent of th e  tw o  
u n su b s titu te d  d e riv a tiv e , 2 -p h en y l-4 -ch lo ro m eth y l-th iazo le , re spec tive ly , 2- 
-p h en y l-4 -ch lo rom ethy l-oxazo le , we have  ca lcu la ted  th e  electronic d en sities by  
th e  D el R e m eth o d .

Table VII

a  and total charges

Positions
Series I ( Y = S ) Series I I  (Y =  O)

Q t Q-P Q t Q i

1 -0 .1 8 5 8 7 0.06611 0.41668 0.31958
2 0.00491 -0 .0 3 6 5 6 0.12963 0.10050
3 0.10780 0.12120 0.10270 0.11030
4 -0 .2 7 6 8 5 -0 .5 3 5 8 0 -0 .2 8 4 7 5 0.52460

5 0.17353 0.30740 0.30246 0.43580
6 0.03394 0.02100 0.02970 0.01290

7 -0 .0 5 1 3 5 0.03560 0.05179 -0 .0 4 7 3 0

8 -0 .0 5 2 8 2 0.05100 - 0 .0 5 2 8 7 -0 .0 5 1 1 0

9 -0 .0 5 2 9 7 0.04100 0.05298 -0 .0 4 0 3 0
10 —0.05282 0.05100 — 0.05287 0.05110
11 -0 .0 5 1 3 5 -0 .0 3 5 6 0 - 0 .0 5 1 7 9 -0 .0 4 7 3 0
12 0.07441 0.07441 0.07038 0.07038
13 0.06403 0.06403 0.06353 0.06353
14 0.05317 0.05317 0.05313 0.05313

15 0.05303 0.05303 0.05303 0.05303
16 0.05302 0.05302 0.05302 0.05302
17 0.05303 0.05303 0.05303 0.05303

18 0.05317 0.05317 0.05313 0.05313

Qt  — Q <7 +  QjjPPP-CI
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T ab le  V II also co n ta in s  th e  to ta l  Q T, electron ic d ensities o b ta in e d  by 
su m m in g  and  q r/PPP.CI-

Table VIII

E xperim enta l and calculated d ipole moment (in  Debye)

(j. experim ental calculated

(2-phenyl-4 -ehloromethyl-thiazole) (2-ph enyl-thiazole)

solvents method
*  ! ± Л com ponents angles

D 1.289 0.173

B en zen e H .K 1.126 0.131 ^ P P P _ C I X  0.896 65° 44 '

G 1.158 0.160

H 1.310 0.031 2.181 Y - 1 .9 8 8 24° 16'

D 0.966 0.037

C arb o n H .K 0.873 0.035 /V X  -0 .0 2 8 88° 14'

te trac h lo rid e G 0.890 0.044

H 1.023 0.011 0.906 Y 0.906 1° 46'

D 1.157 0.166

C yc lo h ex an e H .K 1.208 0.112 />T = X  -  0.924 49° 30 '

G 1.256 0.105 l“ P P P _ C I  +  f t r

H 1.401 0.008 1.423 Y - 1 .0 8 2 40° 30 '

(2-phenyl 4-chloromethyl-oxazole' (2-phenyl-oxazole)

D 1.540 0.297 i 'P P P - C I X  — 1.050 59°

2.040 Y  - 1 .7 5 0 31°

B en zen e H .K 1.334 0.114 X  0.317 75° 58'

Y 1.233 14° 42'

G 1.371 0.134 1.273 X  - 0 .7 3 3 35° 12'

II 1.449 0.020 p T  — Y  - 0 .5 1 7 54° 48 '

i“ P P P _ C [  + / V

D D e b y e ; H .K  — H alv ersta dt  and  K u m l e r ; G — G u g g en h eim ; H  — H ig a sh i

A cta  Chim . ( Budapest) 94, 1977
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In  T ab le  V I I I  are given th e  ca lcu la ted  a n d  ex p erim en ta l d ipole m o m e n t 
values of 2 -p h en y l-4 -ch lo ro m eth y l-th iazo le  a n d  o f 2 -pheny l-4 -ch lo rom ethy l- 
oxazole. The ca lcu la tio n s  have  been m ade fo r u n su b s titu te d  2 -p h en y l-th iazo le , 
resp ec tiv e ly , 2 -pheny l-oxazo le , as we do n o t h a v e  th e  abso lu te  c o n fig u ra tio n  
o f R  =  — CH 2C1 g roup .

As i t  ap p ea rs  from  T ab le  V I I I ,  th e  c a lc u la ted  value is in  good a g reem en t 
w ith  th e  ex p e rim en ts , de te rm in ed  b y  d iffe ren t m ethods.

I t  also agrees w ith  th e  d e te rm in a tio n  o f  G alasso  and  T r i n a j s t i c  [16] 
concern ing  2 -p h en y l-th iazo le .

K in e tic  m easu rem en ts , th e  in te rn u c le a r  b o n d  o rder, b o th  in  P P P  — C l 
m e th o d  and  in  H M O  m eth o d , th e  value o f th e  ca lcu la ted  dipole m o m e n t fo r a 
p la n a r co n fo rm atio n  n e a r  to  th e  e x p e rim e n ta l one, suggest a p la n a r c o n fo rm a
tio n  fo r th e  s tu d ie d  system s.
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REACTION OF SUGAR DERIVATIVES WITH 
«-DIHALOGENO ETHERS

S Y N T H E S IS  O F  GLYCO SYL C H L O R ID E S  W IT H  T H E  R E A G E N T  
D IC H L O R O M E T H Y L  M E T H Y L  E T H E R - T I N  T E T R A C H L O R ID E

I .  F a r k a s , I . F .-S zabó , M. M. Me n y h á r t , É .  R . -D á v i d , and R . B o g n á r

( In s titu te  o f  Organic Chem istry, K ossu th  La jos U n iversity , Debrecen, and Chemical Research  
Group fo r  A ntib io tics o f  the H ungarian  A ca d em y  o f  Sciences, Debrecen)

R eceived  M arch  25, 1976

P e r-O -ace ta tes  o f m ono- an d  d isacch arid es can  be converted  in to  th e  m ore 
s ta b le  anom eric  glycosyl chloride  d e riv a tiv e s  w ith  d ich lo rom ethy l m e th y l e th e r-S n C l4 
in  h igh  y ields. A ccording to  po larim etric  m ea su re m e n ts , th e  reac tion  follow s f i r s t-o rd e r  
k in e tics . On th is  basis, a  reac tio n  m ech an ism  is p ro p o sed .

In  an  ea rlie r p a p e r  [1] th e  p o ss ib ility  o f  co n v e rtin g  mono- a n d  d isa c c h a 
rid e  per-O -acetates in  h igh y ield  in to  th e  m ore  s ta b le  anom eric glycosyl ch lo rid e  
d e riv a tiv e s  w ith  d ich lo ro m eth y l m e th y l e th e r-Z n C l2 was re p o rte d . W h en  
B F 3-e th e ra te  c a ta ly s t is used , only  a c e ta te s  w ith  1 ,2 -irans c o n fig u ra tio n  re a c t 
to  y ie ld  th e  co rrespond ing  1 ,2 -irans per-O -acetylg lycosyl ch lo rides in  th is  
s te reose lec tive  reac tio n ; th is  m e th o d  can  g en era lly  be applied to  th e  sy n th e s is  
o f less s tab le  /?-chlorosugars [2, 3].

I n  search  of o th e r  c a ta ly s ts , t in  te tra c h lo r id e , a com pound w ith  p seu d o  
Lewis acid  c h a ra c te r , w as found  to  h av e  good c a ta ly tic  action  in  th e  re a c tio n  
o f su g a r a c e ta te s  w ith  d ich lo ro m eth y l m e th y l e th e r , and th e  m ore s ta b le  ano- 
m ers o f th e  co rrespond ing  glycosyl ch lo ride  d e riv a tiv e s  could be iso la te d  in 
ex ce llen t y ields. The reac tio n  is ca rried  o u t w ith  an  excess of d ic h lo ro m e th y l 
m e th y l e th e r  in  th e  presence of 1 0 %  tin  te tra c h lo r id e  in  a su ita b le  so lv e n t 
(d ich lo ro m eth an e  o r chloroform ) or w ith o u t so lv e n t, a t  20 °C. T h e  re a c tio n  
m ix tu re  w as processed in  th e  usual m an n e r. D e ta ile d  d a ta  concern ing  th e  s y n 
th esis  are  sum m arized  in  T ab le  I. T he re a c tio n  can  be reproduced  on la rg e  scale , 
also g iv ing  h igh  yields. A n o th e r a d v a n ta g e  o f  th e  m eth o d  is th a t  in  c o n tra s t  
to  th e  reac tio n  ca ta ly zed  b y  ZnCl2 — i t  ta k e s  p lace  in  d ich lo ro m eth an e  so lu 
tio n , in  hom ogeneous phase. T hus k in e tic  s tu d ie s  o f  th e  processes c a ta ly z e d  w ith  
ZnCl2 w ere n o t feasib le an d  th e  m echan ism  o f th e  reac tio n  was co n c lu d ed  on ly  
from  o th e r  d a ta  (e.g., th e  b y -p ro d u c ts  fo rm ed).

T he reac tio n  o f su g ar ace ta tes  w ith  d ich lo rom ethy l m e th y l e th e r  in  
d ich lo ro m e th an e  so lu tion  in  th e  presence o f SnCl4 c a ta ly s t m ade possib le  th e  
d e te rm in a tio n  of th e  k in e tic  o rder o f th e  re a c tio n . T he reaction  ra te  w as d e te r 
m ined  by  th e  p o la rim e tric  tech n iq u e . T he m easu rem en ts  were ca rr ied  o u t w ith
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Table I

Synthesis o f  tx-acetochlorosugars w ith dichloromethyl methyl ether/SnCl4

Reaction 
(min 

a t 20

tim e
Isolated a-acetochlorosugar 1-10

Sugar acetate*
Yield

M.p °C [«to (c h ci,) Г1 °//О

% Found. Lit. Found Lit. Found Calcd.

Tetra-O-acetyl-jS-D-xylopyranose 40 l 65 104 105 [8] +  173.6 +  171.2 [8] 11.84 12.03

Penta-O -acetyl-a-D -glucopyranose 180 2 79 7 3 - 7 4 76 [8] +  167.1 +  166 [8] 9.55 9.66

Penta-0-acetyl-|3-D -glucopyranose 30 2 80 74 76 [8] +  172.0 +  166 [8] 9.57 9.66

Penta-0-acetyl-ß-D -galactopyranose 60 3 89 78—79 7 8 - 7 9  [9] +  178.5 +  177.5 [9] 9.67 9.66

Penta-0-acetyl-/?-D -m annopyranose 30 4 91 80 81 [81 +  88.3 + 9 0 .6 [8] 9.73 9.66

Tetra-O-acetyl-L-ramnose** 30 5 74 73 73 [8] - 1 2 5 .6 - 1 2 7 [8] 11.54 11.48

Octa-0-acetyl-/?-lactose 30 6 97 143 — 144 144 [10] +  89.7 + 8 5 .7 [10] 5.64 5.41

O cta-0-acetyl-/J-m altose 60 7 91 124 125 [111 +  162.4 +  159.15 [П ] 5.45 5.41

Octa-O-acetyl-a-cellobiose 45 8 80 1 9 3 -1 9 4 178 [12] 

1 8 6 -1 8 7  

2 0 0 -2 0 1

+  71.1 +  71.3 

+  73

[12] 5.57 5.41

Octa-O-acetyl-jS-genciobiose 30 9 77 143 137 [13]

1 4 2 -1 4 3

148

+  84.1 +  80.5 

+  89.2

[13] 5.48 5.41

H epta-0-acetyl-/?-rutinose 30 10 73 150 150 150.5 

[14]

+  67.7 + 6 6 .5 [14] 5.88 5.94

* In  th e  experim en ts, 1 g ace ta te  was processed in  each case 
** S yrupy  p ro d u c t.
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Tabic II

Rate constants fo r  the reaction o f  penta-O-acetyl-ß-D-glucopyranose 
and dichloromethyl methyl ether / SnClA in  dichloromethane solution at 27  ° C  

(C oncentration  of d ich lorom ethyl m e th y l e ther: 0.4 mole/1. 
C oncentration  of SnCl4: 0.01 m ole/1)

Cone, of s u g a r  a c e t a t e к ■ 10 2 • m i n -1

0.05 4 .97

0.10 5.32

0.15 5.17

0.20 5.21

0.25 5.25

penta-0-acety l-/3 -D -glucopyranose. The re a c tio n  ra te  was ex am in ed  f i r s t  as a 
fu n c tio n  of th e  su g a r a c e ta te  c o n c e n tra tio n  in  0 .0 5 —0.25 m o le /lite r d ich lo ro 
m e th a n e  so lu tion . (In  all cases, th e  c o n c e n tra tio n  of t in  te tra c h lo r id e  an d  
d ich lo ro m eth y l m e th y l e th e r  w as 0.01 an d  0.4 m ole /lite r, re sp ec tiv e ly .)

As show n in  F ig . 1, th e  reac tio n  ra te  increased  w ith  in c reasin g  co n cen 
t r a t io n  of th e  su g a r a c e ta te ; th e  v alue  o f  th e  r a te  co n stan t, k , w as ca lc u la ted  
acco rd ing  to  th e  co rre la tio n  g iven  fo r f ir s t-o rd e r  reactions, and  i t  p ro v e d  to  be

a „  — a0
n e a rly  c o n s ta n t (Table I I ) .  A ccord ing ly , th e  co rre la tion  2.303 lo g -----------

«oo — «/
p lo tte d  versus tim e  y ielded  a s tra ig h t line (F ig . 2). Changes in  th e  d ic h lo ro m e th y l 
m e th y l e th e r  c o n cen tra tio n  d id  n o t a ffec t th e  reac tio n  ra te  (F ig . 3), t h a t  is, 
th e  reac tio n  is o f  zero -o rder in  re sp ec t o f th e  reag en t. All th e se  fa c ts  p rove 
u n am b ig u o u sly  t h a t  a -ace to ch lo ro su g ars  are  fo rm ed  in  a k in e tic a lly  f irs t-  
o rd e r reac tio n . H ow ever, th is  sim ple k in e tic  o rd e r belongs to  a co m p lex  re a c tio n .

10 20 30 40 50 60 70 80 90 100 
1 (min)

Fig. 1. R eac tion  o f p en ta-0 -acety l-/? -D -g lucopyranose  w ith  d ich lorom ethyl m e th y l  e th e r  in  th e  
p resence  of SnCl4 c a ta ly s t  in d ich lo ro m eth an e  so lu tio n  a t  27 °C. Cone, o f su g a r  a c e ta te :  (1) 

0.25 m oie/1; (2) 0.20 m ole/1; (3) 0.15 m ole/1 ; (4) 0.10 m ole/1; (5) 0.05 m ole/1 
Cone, o f  c a ta ly s t: 0.01 mole/1 
Cone, o f  reag en t: 0 .4  m ole/1

Acta Chim. (B udapest) 94, 1977
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t (min)

F ig . 2. R eac tio n  of pen ta -0 -ace ty l-/J -D -g lu co p y ran o se  w ith  d ich lo ro m eth y l m e th y l ether/SnCl,,
in  d ich lo ro inethane  a t  27 °C

10 20 30 Д0 50 60 70 80 90 100 
1 (min)

F ig . 3. R eac tio n  of pen ta-0 -ace ty l-/? -D -g lu co p y ran o se  (0 .10  mole/1) w ith  d ich lo ro m eth y l 
m e th y l  e th e r  (0.3 —1.2 m ole /1 ) c a ta ly se d  w ith  SnCl4 (0.01 m ole /1 ) in  d ich lo rom ethane  a t  27 °C

(. (min)
F ig . 4. A nom erization  o f te tra -0 -ace ty l-/? -D -g Iu co p y ran o sy l ch lo ride  (0.1 mole/1) w ith  SnCl4
(0.01 m ole/1) in  d ich lo ro m eth an e  a t  27 °C ( --------- ) A n o m e riz a tio n  of p en ta -0 -acety l-/? -D -g luco-

p y ra n o se  (0.2 mole/1) w i th  SnC l4 (0.01 mole/1) in  d ich lo ro m e th an e  a t  27 °C ( ---------- )

In  o rd e r  to  o b ta in  in fo rm a tio n  on th e  p a rt-p ro cesse s , anom eriza tion  o f  te t r a -  
-0 -ace ty l-/3 -D -g lucopyranosy l chloride w ith  SnC l4 w as exam ined  u n d e r id e n tic a l 
c o n d itio n s , and  a c u rv e  e x a c tly  iden tica l w ith  th e  reac tio n  o f su g ar a c e ta te  
w as o b ta in e d  (Fig. 4). T h e re fo re  th e  reac tio n  is a ssu m e d  to  consist o f  tw o  p a r t-  
p ro cesses : in  th e  f ir s t ,  te tra -0 -ace ty l-/3 -D -g lu co p y ran o sy l chloride is fo rm ed

A cta  Chim . (Budapest) 94, 1977
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in v o lv in g  th e  p a r t i c ip a t io n  o f  th e  C2-a c e to x y  g ro u p , a n d  th e  p ro d u c t  o f  th e  
f i r s t  r e a c t io n  u n d e rg o e s  is o m e r iz a tio n  in a se c o n d , s lo w e r  p a r t-p ro c e s s , y ie ld in g  
t h e  th e rm o d y n a m ic a l ly  m o re  s ta b le  an o m er. L e m ie u x  a n d  B r ic e  [4] a r r iv e d  
a t  t h e  sa m e  co n c lu s io n  in  t h e  k in e tic  e x a m in a t io n  o f  th e  re a c tio n  b e tw e e n  
p e n ta -0 -a c e ty l- /3 -D -g lu c o p y ra n o s e  a n d  TiCl4.

T h e  assum ption  o f  a f i r s t ,  rap id  p a rt-p ro cess  is su p p o rted  b y  th e  o b ser
v a t io n  th a t  u n d er id e n tic a l co n d itions b u t u sing  B F 3-e th e ra te  c a ta ly s t , ace
ta te s  w ith  1 ,2 -irans c o n fig u ra tio n  yield 1 ,2 -iran s  ha logeno-sugars [2 ].

F u rth e rm o re , n o n -d e s ire d  anom eriza tion  o f p en ta -0 -aee ty l-/J-D -g lucopy- 
ra n o se  w ith  SnCl4 [5] is, in  p ra c tic e , com pletely  su p p re sse d  u n d e r  th e  e x p e ri
m e n ta l  cond itions (F ig . 4).

A s show n by  p re p a ra t iv e  s tud ies and  p o la r im e tr ic  m easu rem en ts , p en ta - 
-O -acety l-a-D -g lucopyranose  h av in g  1,2-cis c o n fig u ra tio n  re a c ts  fa r  m ore 
s lo w ly  (b y  an o th er m ech an ism ), in  accordance w ith  th e  ex p e c ta tio n s  [6 ].

O n th e  basis o f k in e tic  s tu d ie s  and  o b se rv a tio n s  in  connec tion  w ith  a n a l
ogo u s reactions, th e  m e c h a n ism  show n in Fig. 5 is assum ed  fo r th e  reac tio n  
o f  1 ,2 -trans  sugar a c e ta te s  w ith  d ich lo rom ethy l e th e r—SnCl4. T he SnCl4 com 
p lex es  form ed in th e  re a c tio n  w ere no t exam ined  in  d e ta il;  th e  s tru c tu re  of I I  
w as  g iv en  on th e  basis o f  l i te r a tu r e  d a ta  [7].

E xperim ental

S y n th esis  of a-acetoch lo rosugars

T h e  sugar ace ta te  (1 g) w as allow ed to  reac t w ith  d ich lo ro m eth y l m e th y l e th e r  (1 m l) 
a n d  t in  te trach lo rid e  (0.1 m l) u n d e r  th e  conditions given in  T ab le  I. In  th e  cases o f 6 — 10, th e  
c o m p o n e n ts  were dissolved in  c h lo ro fo rm  (2 — 4 ml).

A f te r  th e  accom p lish m en t o f  th e  reac tion , th e  m ix tu re  w as ev ap o ra te d  to  d ryness in  
v a c u u m  on a w ater b a th  a t  50 °C, th e  residue was d issolved in  ch loroform , m ade  n e u tra l  w ith  
10%  K H C O 3 and, a fte r  d ry in g  o v e r  M gS 04, i t  was again  e v a p o ra te d  to  d ryness in v acuum . 
T h e  s y ru p y  residue was re c ry s ta lliz e d  from  e th e r-p e tro leu m  e th e r  (1 — 5, 7), a n h y d ro u s e th an o l 
(6. 10), an h y d ro u s  benzene (8) o r c h lo ro fo rm -e th e r  (9).

Pen ta-O -acety l-jd -D -g lucopyranose  (10 g) and o c ta -O -ace ty l-a -ce llob iose  (10 g) were 
a llo w ed  to  re a c t un d er th e  c o n d itio n s  g iven  in  Table I an d  p ro cessed  as described above; 2 and  
8 w ere  o b ta in e d  in 85%  an d  80%  y ie ld , respectively .

I n  th e  reaction kinetic  m easurem en ts , pen ta-0 -ace ty l-/? -D -g lu co p y ran o se  dried  in vacu u m  
o v e r p h o sp h o ru s  p en tox ide  a t  40 °C w as used (0.5 — 2.5 m m o le ); th e  req u ired  a m o u n t o f a 
s to c k  so lu tio n  of d ich lo ro m eth y l m e th y l  e th e r and SnCl4 in  d ich lo ro m eth an e  w as added , an d  
th e  so lu tio n  was m ade u p  to  10 m l w ith  d ich lo rom ethane . (D ich lo ro m eth an e  w as fresh ly  
d is til le d  fro m  P 20 5.)

T h e  d ich lorom ethyl m e th y l e th e r  stock  solu tion  w as p re p a re d  from  1.78 m l (2.299 g) 
o f d ich lo ro m e th y l m ethy l e th e r , a n d  th is  was m ade u p  to  10 m l w ith  d ich lo rom ethane . T here  
w as 1 m m o le  (115 mg) of d ic h lo ro m e th y l m ethy l e th e r in  0.5 m l o f  th e  s to ck  solu tion .

A n h y d ro u s  SnCl4 (1.15 m l) w as  dissolved in d ich lo ro m eth an e  and  m ade  u p  to  50 m l; 
0.52 m l o f th is  stock  so lu tion  c o n ta in e d  0.1 mmole (26 m g) o f SnCl4.

P o la rim e tric  m easu rem en ts  w e re  carried  ou t w ith  a  S c h m id t-H a en sch  v isua l p o la rim éte r  
in  a  10-cm  tu b e  a t  27 °C.

A cta  Chim. (Budapest) 94, 1977
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CONVERSIONS OF TOSYL AND MESYL DERIVATIVES 
OF THE MORPHINE GROUP, XX*

S Y N T H E S IS  O F  M E SY L  E S T E R S  

( S H O R T  C O M M U N I C A T I O N )

S. M a k l e it , S. B e r é n y i , R . B o g n á r  and S. E l e k **

( Organic Chemical D epartm ent, K ossuth  L a jos U niversity , Debrecen, and  
**A lka lo ida  Chemical W orks, T iszavasvári)

R eceived  Ju n e  25, 1976

A  sim ple an d  co n v en ien t m e th o d  h a d  been developed  fo r th e  p re p a ra tio n  of 
d ih y d ro  d e riv a tiv e s o f m o rp h in e  a lkalo ids. In  th is  w ay , 3 -O -e th y ld ih y d ro m o rp h in e  
w as o b ta in ed  in  c ry s ta llin e  fo rm . T his co m pound  is d escribed  in  th e  l i te r a tu re  as an 
o ily  p ro d u c t. Several 6 -0 -m esy l d e riv a tiv e s  h av e  been  sy n th es ized  in  good y ie lds also 
on  a la rg e r scale from  th e  d ih y d ro  co m pounds by  th e  use o f C rossland’s m eth o d .

P ro ced u res  fo r th e  sy n th e s is  o f m esy l esters  lis ted  in  T ab les  I  an d  I I  
h a v e  b een  p u b lished  ea rlie r [1 9]. In  th e se  p rocedures th e  w ide ly  applied
m e th o d s  fo r th e  p re p a ra tio n  o f  a lk y l an d  ary lsu lfon ic  es te rs  (p y rid in e , sulfonic 
ac id  ch lo ride , 24 hrs) h av e  been  a d o p ted . T he d isad v an tag e  o f th is  m eth o d  
is  t h a t  i t  can  only  be used  i f  th e  en d  p ro d u c ts  are n o t to o  sensitive  a n d  th e re fo re  
in  th e  p re se n t case re la tiv e ly  low  y ields w ere o b ta in ed , fu rth e rm o re , d ifficu lties 
arise  w hen  ap p ly ing  i t  to  a large-scale sy n thesis .

In  som e of th e  com pounds exam ined , a te r t ia ry  alcoholic h y d ro x y l 
g ro u p  (C 14) is also p re sen t, in  ad d itio n  to  th e  seco n d ary  alcoholic h y d ro x y l 
g roup  (C — 6 ) (Ic , l id ,  l i e ) .  T he phenolic h y d ro x y l g roup  (C 3) w as p ro te c te d  
b y  a c e ty la tio n  before m esy la tio n  in  each  case.

C r o s s l a n d  et al. [10] re c e n tly  rep o rted  th e  p re p a ra tio n  o f m esy l esters, 
ev en  w ith  te r t ia ry  alcoholic h y d ro x y l groups, in  a fa s t re a c tio n  a n d  in  high 
y ie ld s, u n d e r very  sim ple e x p e rim e n ta l cond itions (d ich lo ro m eth an e , m eth an e- 
su lfo n y l chloride, tr ie th y la m in e ) . U sing th is  m ethod , we ex am in ed  th e  m esy la 
tio n  o f 1 4 -h ydroxym orph ine  de riv a tiv es .

In  th ese  com pounds, how ever, th e  te r t ia ry  alcoholic h y d ro x y l group 
(C 14) d id  n o t undergo  m esy la tio n , b u t  th e  m esyl es te rs  o f th e  C 6 -alcoholic 
h y d ro x y l group  w as fo rm ed  in  h igh  y ields.

In  v iew  o f th ese  re su lts , i t  was considered  n ecessary  to  re -ex am in e  th e  
p re p a ra tio n  of th e  6 -O -m esyl es te rs  also o f o th e r  com pounds, w h ich  are  of 
th e o re tic a l an d  p rac tica l im p o rta n c e  o f o u r w ork; th e  re su lts  a re  show n in 
T ab les  I  an d  II .

* P a r t  X IX : M a k l e i t , S., K n o l l , J . ,  B o g n á r , R ., B e r é n y i , S., S o m o g y i , G., K is s  
G .: A c ta  Chim. (B u d a p es t)  ( In  p ress) a n d  M agyar K ém . F o ly ó ira t 82, 434 (1976)
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Table I

I

No. R R ' R " Compound Ref.
Yield,

%
L it.

Yield, %

Ia C H 3C0 CH3S 0 2 H 3-0-acetyl-6-0-m esyl- [ l ,  3, 4 , 6] 71 20

m orphine*

lb C H 3 CH3S 0 2 H 6-0-mesylcodeine [1, 2, 4, 5] 7 9 16.4

Ic C H 3 CH3SO, O H 6-0-m esyl-14-hydroxy- [ 7 , 8 ] 64 66.7

codeine

* 3 -ace to x y -4 ,5 a-ep o x y -6 a-m eth an esu lfo n y lo x y -7 ,8 -d id eh y d ro -1 7 -m eth y lm o rp h in an

Table II

R"

No. R R ' R " Compound Ref.
Yield,

%
L it.

Yield, %

H a C H 3C0 CH3S 0 2 H 3-0-acetyl-6-0-m esyl-

dihydrom orphine [1 ,3 ,4 ,  6] 65.5 47.5

l ib C H 3 CH3S 0 2 H 6-0-m esyl-dihydrocodeine [1 ,2 ,4 ,  5] 80 23

l ie C2H 5 CH.,S02 H 6-0-m esyldihydroethyl-

m orphine [9] 80 66

1Ы C H 3CO CH3S 0 2 O H 3-0-acetyl-6-0-m esyl-14-

hydro  xydihydro- 

m orphine
[9] 63 44

H e C H 3 CH3S 0 2 O H 6-0-m esyl-14-hydroxy-

dihydrocodeine [7 ,8 ] 80 20
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In  connection  w ith  th e se  s tud ies i t  m a y  he m en tioned  th a t  a  s im p le  and 
re liab le  m ethod  has been  developed  for th e  syn th esis  o f th e  d ih y d ro  d e riv a tiv es  
(d ih y d ro m o rp h in e , d ih y d ro co d e in e , d ih y d ro e th y lm o rp h in e , 1 4 -hydroxv-d i- 
hyd rocodeine). (1 4 -H y d ro x y d ih y d ro m o rp h in e  w as p repared  acc o rd in g  to  the 
m e th o d  suggested  b y  W e is s  [11]. A ccord ing  to  our m e th o d , th e  u n s a tu ra te d  
co m p o u n d s ( /l7’8) are  h y d ro g e n a te d  in 5 — 10%  m ethano lic  or e th a n o lic  solu
tio n s  in  th e  presence o f  2 0 %  R an ey  Ni a t  room  te m p e ra tu re , u n d e r  a tm o sp h eric  
p ressu re . H y d ro g en a tio n  ta k e s  p lace ra p id ly  an d  q u a n tita tiv e ly , w h ich  can n o t 
be ach iev ed  w ith  10%  P d /C  o r even w ith  P t 0 2 ca ta ly s ts .

T h is m eth o d  m ad e  possib le th e  p re p a ra tio n  o f 3 -O -e th y ld ih y d ro m o rp h in e  
in  c ry s ta llin e  s ta te , w h ich  com pound  h a d  been  described  [ 1 2 ] as a n  oil in  the  
l i te ra tu re ;  m .p . 94 — 95 °C (from  n -hexane), [a ]D —131° (c =  1.0, an h y d ro u s  
e th an o l) .
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A NEW AND EFFICIENT METHOD FOR THE 
PREPARATION OF NEOPINE

( P R E L I M I N A R Y  C O M M U N IC A T IO N S )

S. M a k l e it , S. B e r é n y i  and R . B ogn ár

( In s titu te  o f  Organic C hem istry, K ossu th  L a jo s University, Debrecen)

R eceived  A pril 15, 1977

T h e f irs t syn thesis  o f neop ine (4) w as ach ieved  by  Co n r o y  [1 ] as follow s: 
th e b a in e  (1) was b ro m in a te d  w ith  N -brom osuccin im ide to  y ie ld  14-brom o- 
codeinone (2a) in  85%  y ie ld ; th e  p ro d u c t w as reduced c a ta ly t ic a l ly  u n d e r 
special cond itions re su ltin g  in  neop inone (3) in  81%  yield and  th is  co m p o u n d  
w as red u ced  w ith  sodium  te tra h y d r id o b o ra te ( I I I ) ,  w hen ncopine w as o b ta in e d  
( th e  p a p e r  did n o t specify  th e  y ield  o f th e  la s t step). (See th e  sch em e  on the  
n e x t  page).

Co n r o y  developed  a n o th e r v a r ia tio n  o f  th e  m ethod, too  [1 ] :  2 a  was 
re d u c e d  w ith  sodium  te tr a h y d r id o b o ra te ( I I I )  to  14-brom ocodeine (5a) in 
7 6 %  y ie ld  in  th e  0 —5 °C te m p e ra tu re  ra n g e , an d  the  p ro d u c t w as  red u ced  
fu r th e r  w ith  th e  sam e re a g e n t a t 40 °C to  4; th e  y ield  was n o t s ta te d .

L a th e r  m ethods, v a ry in g  th e  red u c in g  ag en ts  and  reac tio n  co n d itio n s , 
an d  s ta r t in g  from  2 a  or 5 a , gave th e  fo llow ing  resu lts : K r a u sz  a n d  R ü ll  [2] 
used  lith iu m  te tra h y d r id o a lu m in a te ( I I I )  a n d  2 a  (47%  yield); 5 a  a n d  th e  sam e 
red u c in g  agen t gave a y ie ld  of 3 4 ,7 % ; f in a lly  in  th e  ca ta ly tic  re d u c tio n  o f 5a 
th e  y ie ld  w as 4 2 %  n eop ine , ca lcu la ted  fo r th eb a in e .

O k u d a , T s u d a  a n d  J am ag uch i  [3 ] s t a r t e d  from  5a a p p ly in g  C o n r o y ’s 
m e th o d ,  a n d  iso la te d  n e o p in e  in  2 5 %  y ie ld  (c a lc u la te d  fo r th e b a in e ) .

In  1976, B a r b e r  an d  R apo po rt  [4] re p o rte d  a fu n d a m e n ta lly  d iffe ren t 
m e th o d  fo r th e  p re p a ra tio n  o f neop inone in  h igh y ield : 1  was c o n v e rte d  w ith
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m ercu ry (II)  a c e ta te  in to  a m ercu ry  d e riv a tiv e  (6 ) consisting  m ain ly  o f  th e  
/З-isom er, and  th is  could  b y  hydro lyzed  w ith  ace tic  acid  to  3 in  93 100%
yield  (calcu lated  fo r th eb a in e ) w ith o u t p rev io u s iso la tion .

The value o f th e  m e th o d  is affected  b y  th e  fa c t th a t ,  on one h a n d , i t  
y ields neopinone co n ta in in g  codeinone (2 c) w h en  ca rried  o u t w ith o u t p ro p e r 
carefulness, as m en tio n ed  b y  th e  au tho rs th em se lv es ; on th e  o th e r h an d , th e re  
is no d a ta  in th e  l i te ra tu re  regard ing  th e  y ie ld  o f th e  red u c tiv e  conversion  of 
neopinone to  neop in . F u rth e rm o re , th e  n on -ste reospec ific  n a tu re  [3] o f th e  
red u c tio n  of n eop inone  w ith  sodium  te tr a h y d r id o b o ra te ( I I I )  also in d ica tes  
th a t  th e  m ethod  can  h a rd ly  he ev a lu a ted  in  re sp e c t o f th e  p re p a ra tio n  of 
neopine.

The p re p a ra tio n  o f  th e  cliloro d e riv a tiv e  (2b) o f  ty p e  2a w as d esc rib ed  
b y  B r a d l e y  an d  L u t z  [5 ]; th e  com pound w as o b ta in e d  from  th e b a in e  w ith  
p h en y l iodide d ich lo ride  in 80%  yield. In  1975, H o l m e s  [6 ] q u estio n ed  th e  
correctness of th e  s tru c tu re  g iven for th e  c o m p o u n d  a n d  supposed  a 7-chloro- 
ncopine s tru c tu re  (7).

A ccording to  o u r in v estig a tio n s, th e  co m p o u n d  can be p rep ared  in  a n o th e r  
reac tio n  p a th , to o  [7] an d  its  s tru c tu re  d e fin ite ly  corresponds to  2b ( IR  and  
N M R  evidence). I t s  red u c tio n  w ith  sod ium  te tra h y d r id o h o ra te ( I I I )  a t  0 °C 
gives com pound 5b, u n k n o w n  up  to  now , in  9 0 %  yie ld . This p ro d u c t h as  a 
s tru c tu re  of ally l alcohol an d  allyl halide c h a ra c te r , s im ila r to  5a, how ever, 
i t  is m ore stab le  th a n  5a  an d  its  conversion re a c tio n s  arc m ore co n tro llab le  
an d  m ore selective.*

Of these reac tio n s , in  th e  p resen t p a p e r o n ly  th e  red u c tio n  re su ltin g  in 
neopine is rep o rted * * , w hich  ta k e s  place q u a n ti ta t iv e ly  w ith  sodium  d ih y d ro - 
-b is-[2 -m e th o x y e th o x y ]a lu m in a te . Since 5b is o b ta in e d  froq j th eb a in e  in  72%  
y ie ld , th is  m e th o d , in  com parison  w ith  o th e r re a c tio n  ro u tes , can  be reg a rd ed  
as th e  m ost co n v en ien t an d  b es t rep roducib le  p re p a ra tio n  of neopine in  th e  
h ighest yield.

* Some reac tio n s o f 5b were described by  A b e , N a k a m u ra  a n d  On d a  [8].
** O th er reac tio n s  o f 5b, as well as the  re su lts  o f  fu r th e r  conversion  s tu d ies on  ueop ine  

will be published  in  th e  n e a r fu tu re .
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I n  sum m ing  up , a sim p le , co n v en ien t and  reliab le  m eth o d  h as  been 
d ev e lo p ed  for th e  p re p a ra tio n  o f neopine. S ta r tin g  w ith  th e b a in e , co m p o u n d  
2 b w as m a d e  and  th e  s tru c tu re  o f th e  p ro d u c t, d isp u ted  in  th e  l i te ra tu re ,  was 
e lu c id a te d . This com pound  w as reduced  w ith  sodium  te tr a h y d r id o b o ra te ( I I I )  
to  5b, a new  com pound, in  9 0 %  yie ld . R ed u c tio n  o f th is p ro d u c t w ith  sodium  
d ih y d ro -b is - [2 -m e th o x y e th o x y ]a lu m in a te  y ie ld ed  neopine q u a n ti ta t iv e ly . The 
o v e r-a ll y ie ld , ca lcu la ted  fo r th e b a in e  w as 7 2 %  in th is p rocedure .
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P u b lica tio n  p o stponed  by  w ish o f th e  au th o rs

S u b s titu te d  (4 -m eth y l, 6 -m eth y l-, 5 -e th y l- , 5 -acety l- and  5 -n itroso -8 -qu ino ly l 
esters o f pen ic illin  G, penic illin  Y and  of sev era l sem i-sy n th e tic  penicillins (I  -X )  have  
been  p re p are d . T he co m pounds p roved  to  be e ffec tiv e  i n  v i t r o  ag a in st M y c o b a c t e r i u m  
tu b e r c u lo s i s  H ^ R V a n d  o th e r  IN H — and  s tre p to m y c in -re s is ta n t tu b ercu lo s is  s tra in s . 
I t  has been  verified  t h a t  th ese  com pounds are  n o t  on ly  biologically b u t  also chem ically  
activ e . T he 8 -qu ino ly l este rs  o f various ca rb o x y lic  acids have  been successfu lly  app lied  
in th e  sy n th esis  o f 3 -m ethy l-7-acy lam ino-ceph-3 -em -4-carboxy lic  acids (X V a-c) and 
th e ir  tr ic h lo ro e th y l este rs  (X V Ia-e).

O f th e  n u m ero u s know n  penicillin  e s te rs , m a in ly  th e  d ia lk y lam in o  [1] 
an d  acy lo x y a lk y l esters  [2] o f penicillin  G possess pharm aco log ical im p o rtan ce . 
B y  th e  per os ap p lica tio n  o f  th e  a c e to x y m e th y l e s te r o f penicillin  G (P enam e- 
cillin , M aripen)  a h igh  an tib io tic  level can  be  a t ta in e d  in  th e  o rgan ism  (serum , 
u rin e , tissue), an d  u n like  th e  sim ple alky l e s te rs  o f  penicillins, th is  com p o u n d  
in  h y d ro ly zed  b y  th e  h u m a n  esterase  enzym es [3].

L a te ly  H a r d y  et al. [4] p repared  es te rs  h a v in g  considerab le  a n titu b e r-  
cu lo tic  an d  a n tifu n g a l a c tiv ity , b y  th e  re a c tio n  o f penicillins w ith  8 -h y d ro x y - 
qu inolines s u b s ti tu te d  b y  ch lorine, alky l, acy l, a ra lk y l, and  a lk o x y  g roups.

In  th e  e x p e c ta tio n  o f o b ta in in g  s im ila r b io logical a c tiv ity , w e  u sed  4-, 
as well as 6 -m e th y l-, 5 -e thy l-, 5-n itroso- a n d  5 -ace ty l-8 -h y d ro x y q u in o lin e  
an d  v a rio u s penicillins as s ta r tin g  m a te ria ls , to  syn thesize  th e  e s te rs  I —X 
(cf. T ab le  I) in  d ich lo ro m eth an e  (0—4 °C, 12 h rs) b y  m eans o f d icyclohexy l- 
ca rbod iim ide  or d iisop ropy lcarbod iim ide . O f th e se  com pounds, II a n d  IV—VI 
w ere iso la ted  as c ry s ta ls , th e  o thers as am o rp h o u s  m ateria ls .

T he penicillin - an d  sem i-sy n th e tic  p en ic illin  esters II—V III in h ib ite d  
in  vitro  th e  g ro w th  o f  M ycobacterium  tuberculosis H 31R V a t  a c o n cen tra tio n  
o f 1— 5 yUg/ml, an d  th e y  also had  biological a c t iv i ty  ag a in st tu b e rcu lo sis  s tra in s  
re s is ta n t to  ison ico tin ic  acid  h yd razide  (Iso n ic id ) an d  s tre p to m y c in . A t th e  
sam e tim e  th e  8-(5-n itroso-qu ino ly l) e s te r o f  penicillin  V (IX) w as effective 
on ly  a t  a c o n c e n tra tio n  as h igh as 2 0 —50 /tg /m l, a n d  th e  8 -(6 -m e th y lq u in o ly l) 
e s te r o f  pen ic illin  V (X) a t  a still h igher c o n c e n tra tio n .

8 -Q uinolyl es te rs  o f am ino  acids a rc  k n o w n  to  have fo u n d  w ide-sp read  
ap p lica tio n  in  p ep tid e  ch em istry  [5], like m a n y  o th e r ac tive  este rs . T h u s  th e
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T ab le  I

Substituted 8-quinoline esters o f pen ic illin s and  semi-synthetic pen ic illins

N o . R i к 2
M .p.,

°С

Yield,

\

Cryst. or 

precip.

A n a l

Calcd.

у s i s

Found

S ° 0 N-% N*°o

I * н 133—135 34.4

II < О У - о с н г- 4-Ме ПО—120 71
ethyl acetate 

petroleum ether
(5.53 8.54

6.46

6.35

8.53

8.50

III

* ч о / ^ ' г н ,

4 Мс S3—87 32 petroleum ether 5.89 10.33
5.74

5.78

10.11

10.13

IV 4 Me 166— 168 31.5
dich loromet haue— 

petroleum ether
6.73 8.84

6.53

6.48

8.80

8.80

V

ű r " " -
4 Me 150— 152 11.4

dich loromet hane— 

l»etroleum ether
13.29 8.72

12.01

12.81

8.70

8.77

VI

О О Н ,

4
ОС Из

4 Me 177- 178 38.7
dichloromethane— 

petroleum ether
(5.15 8.07

5.(51

5.50

8.35

8.46

VII 5 - A c 78—81 38 petroleum ether 6.17 8.00
5.94

5.93

8.03

8.12

VIII ( 0 > — .
5-Et 78 -82 а petroleum ether 6.34 8.32

6.37

6.42

8.23

8.13

IX \СУ/ 01 н ‘ 5 NO 8 0 -8 2 35.7 ether 6.33 11.08
5.70

5.57

10.15

10.04

X (О Ь о,:н! (»Me 80—82 35.7 ether 6.53 8.54
6.55

6.41

8.48

8.34

* F irs t prepared by H a r d y  ct al. (4] M.p. 133- 135 C
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pen ic illin  8 -qu inoly l es te rs  show n in  T a b le  I  m a y  be o f  in te re s t n o t o n ly  because 
o f th e ir  biological b u t  also th e ir  ch em ica l a c tiv ity .

To verify  th is  s ta te m e n t, th e  8 -(4 -m eth y lq u in o ly l) ester o f  pen ic illin  V 
(П ), as a m odel co m p o u n d , was a llow ed  to  r e a c t w ith  th e  well c ry s ta lliz a b le
l-fN -g ly cy lam in o )] a d a m a n ta n e  [6 ], in  e th y l a c e ta te  (room  te m p e ra tu re  
24 h rs) (F ig. 1). l-[V -P en ic illy l-g ly cy lam in o ] ad am a n ta n e  (X lb ) a n d  th e

XHIa, ь

RiCOXH-

0= :C x  
I H XH 
I
R

.('Hj

C'Hn

COX HRs

Xllb

F i g .  1. R eac tio n s  o f th e  8 -(4 -m eth y lq u in o ly l)  este rs  of penicillin  V

a - a n d  /3-biscarboxam ide o f V -penicillo ic ac id  (X llb ) , re su lting  fro m  cleavage 
o f  th e  /З-Iactam  w ere iso la ted  from  th e  re a c tio n  m ix tu re . B esides th e  d a ta  of 
e le m e n ta ry  analysis, th e  presence o f  th e  /З- la c ta m  carbony l group  w as c o n f irm 
ed  b y  th e  in tense  v C =  0  b and  a t  1778 c m - 1  in  th e  IR  sp e c tru m  o f X lb . 
T h is b a n d  was e n tire ly  m issing in  th e  I R  sp e c tru m  o f X llb .

F o r  th e  sake o f  com parison , X lb  w as also p re p a re d  from  pen ic illin  \  an d  
l-[N -g ly cy lam in o ] a d a m a n ta n e  w ith  d icy c lo hexy lcarbod iim ide ; th e  p ro d u c t 
w as id e n tic a l w ith  th e  com pound  o b ta in e d  as described  above. H o w ev er, u n d e r 
th e se  reac tio n  co n d itio n s X llb  d id  n o t  fo rm  (F ig . 1). The iso la tio n  o f  X lb  
in  th e  course o f th e  re a c tio n  affords ev id en ce  to  show  th a t  th e  p en ic illin  e s te r 
I I  b eh av es  as an  “ ac tiv e  este r” . O n  th e  o th e r  h a n d , th e  a p p e a ra n ce  o f  X llb  
a lo n g  w ith  X lb  in d ic a te s  a d ifference in  th e  re a c tio n  ra tes  b e tw een  a c y la tio n  
a n d  /З-lac tam  ring  open ing . In  o u r o p in io n , th is  difference m a y  a lso  p la y  an 
im p o r ta n t  p a r t  in  th e  biological e ffec t o f  p en ic illin -8 -quinolyl e s te rs .
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T h e  tra n se s te r if ic a tio n  of th e  above m e n tio n e d  penicillin -8 -q u in o ly l 
e s te rs  occurs s im ila rly  to  th e  reac tio n  of o th e r  e s te rs  of 8 -h y d ro x y q u in o lin e  [7] 
(F ig . 1). T hus, e. g ., I  a n d  I I  gave, on s ta n d in g  in  abs. m ethano l (room  te m p ., 
12 h rs  th e  m e th y l e s te rs  o f  penicillin  G a n d  V ( X l l la  and  b), w hich w ere id e n 
tic a l  in  every  re sp ec t (m . p ., [«]d, TLC, IR  sp ec tru m ) w ith  th e  a u th e n tic  
sam p le s  [8 , 9] p re p a re d  b y  m eth y la tio n  w ith  d iazo m e th an e . T he t r a n s e s te r i
f ic a t io n  o f I  and  I I  in  e th a n o l and  re-propanol w as followed by  TLC .

F o r  th e  p re p a ra tio n  o f  sem i-sy n th e tic  /?-lac tam  an tib io tics , besides th e  
ac id  ch lo ride , m ixed  an h y d rid e , ke tene  a n d  carb o d iim id e  m eth o d s, la te ly  
th e  u se  o f  th e  a c tiv a te d  e s te r  m eth o d  has also b e e n  a tte m p te d . T h u s  severa l 
se m i-sy n th e tic  pen ic illins h a v e  been p rep a red  b y  th e  acy la tion  o f 6 -am ino- 
p en ic illan ic  acid (in th e  fo llow ing: 6 -A PA ) w ith  3 -p y rid y l- [10], cy a n o m e th y l-
[11], p en ta c h lo ro p h e n y l-  [12] and  8 -qu ino ly l e s te rs  [13] of various ca rb o x y lic  
ac id s . 4 -N itro - an d  2 ,4 -d in itro p h en y l esters  [14] h a v e  been used fo r th e  a c y la 
tio n  o f  b o th  6 -A PA  a n d  7 -am in o cep h a lo sp o ran ic  acid.

S em i-sy n th e tic  pen ic illins h ad  been p re p a re d  in  our la b o ra to ry  b y  th e  
8 -q u in o ly l este r p ro ced u re  even before th e  co rresp o n d in g  p a te n t  [13] was 
k n o w n  to  us, m o reo v er th is  m ethod  has been  e x te n d e d  to  th e  sy n th e s is  o f  
d eace to x y cep h a lo sp o rin  d e riv a tiv e s  as well (F ig . 2). The este rs  X IV a-e , 
sy n th e s iz e d  from  th e  a p p ro p ria te  ca rboxy lic  a c id  an d  8 -h y d ro x y q u in o lin e  in  
d ic h lo ro m e th an e  w ith  d icy c lohexy lcarbod iim ide  (0 —4 °C, 20 h rs.) w ere used  
p a r t ly  w ith o u t iso la tio n , a n d  in  th e  iso la ted  fo rm .

T h e  sodium  s a lt  o f  7 -am in o d eace to x y cep h a lo sp o ran ic  acid (7 -A D C A -N a) 
a n d  th e  tr ic h lo ro e th y l e s te r  o f 7 -am in o d eaceto x y cep h a lo sp o ran ic  ac id  (7- 
A D C A —T C E ) were a c y la te d  w ith  th e  esters X IV a -e  a t  room  te m p e ra tu re  in  
a m ix tu re  o f te tra h y d ro fu ra n  an d  w a te r (4:1) a n d  in  d ich lo rom ethane , resp ec
tiv e ly . W ith  th e  n o n -iso la ted  esters X IV a-e y ie ld s o f  30— 40%  w ere o b ta in e d . 
H o w ev er, w hen th e  iso la te d , c ry sta llin e  e s te r X lV a w as used, th e  y ie ld  o f  ac y la 
tio n  w as as h igh as 6 5 % .

T h e  m ain  a d v a n ta g e  o f  th is  p ro ced u re  is t h a t  th e  8 -h y d ro x y q u in o lin e  
l ib e ra te d  du ring  th e  a c y la tio n  can be q u ick ly  a n d  conven ien tly  s e p a ra te d  b y  
e x tra c t io n  w ith  d ilu te  ac id ; th u s , i f  req u ired , i t  c a n  be recovered. F u r th e rm o re , 
w hen  th e  acy la tio n  is e ffec ted  w ith  an  o p tica lly  a c tiv e  am ino acid  d e riv a tiv e  
(X lV e), no  racem iza tio n  occurs.

T h e  3 -m ethy l-ceph-3 -em -4-carboxy lic  ac ids (X V a-e) and  th e ir  tr ic h lo ro 
e th y l  e s te rs  (X V Ia-e) p re p a re d  w ith  th e  8 -q u in o ly l es te rs  o f th e  above c a rb o x y 
lic ac id s  p ro v ed  to  be  id e n tic a l w ith  th e  a u th e n tic  com pounds sy n th esized  from
7-A D C  A (X lla ) an d  7-A D C A —TCE (X H b) b y  th e  a c id  chloride or d icy c lo h ex y l
c a rb o d iim id e  m eth o d . I d e n t i ty  was e stab lish ed  b y  e lem en ta ry  ana ly sis , m . p ., 
m ix ed  m . p ., TLC, a n d  I R  spectroscopy . E lim in a tio n  o f th e  tr ic h lo ro e th y l-  
a n d  tr ic h lo ro e th y lc a rb o n y l g roup  o f X V Ia-e  w ith  m eta llic  zinc in  fo rm ic  acid 
[15] g av e  com pounds X V a-e .
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Fig. 2. A cy latio n  o f 7-A D C A  and  7-ADCA—T C E  w ith  8 -qu ino ly l esters of ca rb o x y lic  acids
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E x p erim en ta l

M .p .’s w ere d e te rm in ed  b y  th e  cap illa ry  tu b e  m e th o d , and  are  u n c o rre c te d . T he IR  
s p e c tr a  w ere  o b ta in e d  in  K B r p e lle ts  wri th  a U N IC A M  S P  200 G sp e c tro p h o to m e te r. T h in- 
la y e r  c h ro m a to g ra p h ic  in v es tig a tio n s  w ere m ad e  on  0.4 m m  th ic k  silicagel G la y e r  on  glass, 
in  b e n z e n e -e th y l  a c e ta te -g la c ia l  ace tic  acid  (7 :3 :1 ) (sy s tem  A) or e th y l a c e ta te -b e n z e n e  
(1 :1 ) (sy s te m  B ); th e  sp o ts w ere v isu a lized  b y  m ea n s  o f iodine v ap our.

8-Q uinoIyl esters o f penic illin  and  sem i-sy n th e tic  penicillins ( I — X )

D icy clo h ex y lcarb o d iim id e  (or d iiso p ro p y lca rb o d iim id e ) (0.01 m ole) w as ad d ed  to  a 
so lu t io n  o f th e  8 -h y d ro x y q u in o lin e  d e riv a tiv e  (0.01 m ole) and  penicillin  (0.01 m ole) (or 
p e n ic ill in -N a , К  sa lt an d  0.01 m ole o f p y rid in e  h y d ro c h lo rid e ) in d ry  d ich lo ro m eth an e  (35 ml). 
T h e  so lu tio n  w as allow ed to  s ta n d  12 h rs  a t  0— 4 °C. T h e  p rec ip ita ted  d icy c lo h ex y l u rea  
w as f i l te r e d  off a n d  w ashed w ith  a  sm all a m o u n t o f  d ich lo ro m eth an e . T h e  o rg an ic  so lu tion  
w as s h a k e n  successively w ith  5%  h y d ro ch lo ric  acid  (10 m l), w a ter (10 m l), 5 %  sodium  
h y d ro g e n  c a rb o n a te  (10 m l) a n d  w a te r , a n d  d ried  o v e r m agnesium  su lfa te . T h e  d ry in g  ag en t 
w as re m o v e d  by  f i lt ra tio n  an d  th e  so lu tio n  e v a p o ra te d  to  dryness. T he resid u e  w as re c ry s
ta l l iz e d  fro m  an  a p p ro p ria te  so lv en t (с /. T ab le  I), o r ru b b e d  w ith  p e tro leu m  e th e r  to  o b ta in  
a n  a m o rp h o u s  m ate ria l.

R e a c tio n  o f  th e  8 -(4 -inethy Iqu ino ly l) ester o f pen ic illin  V ( I I )  w ith l-(N -g ly cy lam in o )ad am an tan e
( a )  l-(V -peiiic illy lg lycyam ino) a d a m a n ta n e  (X lb )

A  so lu tio n  o f V -p en ic illin -8 -(4 -m ethy lqu ino ly l) e s te r  (0.49 g; 0.001 m ole) a n d  1-(N- 
-g ly cy lam in o )  a d a m a n ta n e  (0.20 g; 0.001 m ole) in  e th y l  a c e ta te  (15 m l) w as le t  to  s ta n d  24 hrs 
a t  ro o m  te m p e ra tu re . T h e  so lu tio n  w as e x tra c te d  successively  w ith  w a te r  (5 m l), 5 %  HC1 
(5 m l) , w a te r , 5%  sod ium  h y d ro g en  c a rb o n a te  (5 m l) a n d  w ater, and  d ried  o v er a n h y d ro u s  
M g S 0 4 . T h e  so lu tion  w as th e n  e v a p o ra te d  to  d ry n e ss  a n d  th e  rem ain in g  oil re c ry s ta llized  
fro m  a  m ix tu re  o f c a rb o n  te tra c h lo r id e  an d  e th e r , to  o b ta in  93 m g (1 7 .2 % ) of X lb  m . p. 
135— 138 °C.

T h is  p ro d u c t p ro v ed  to  be  id en tica l w ith  X lb  p re p are d  b y  th e  d icy c lo h ex y lca rb o 
d iim id e  co n d en sa tio n  m eth o d , as show n b y  T LC , I R  sp e c tra , e lem en tary  analy sis  a n d  m .p. 
m e a su re m e n ts .

C28H 3eN40 5S (540.6). Calcd. S 5.91; N  1 0 .3 3 % . F o u n d  S 5.75; 5.63; N  9.68, 9 .4 5 % .
R /  (sy s tem  A): 0.30.
I R  sp ec tru m  (K B r): r>NH (am ide) 3400; rC  =  0  (/9-lactam) 1778, vC =  0  (am id e  I) 

1660, (a m id e  I I )  1520; i>CH2 2916, 2858 c m - 1.

(b )  a- and ß -b is-X IIb-C arboxam ide o f  V-penicilloic acid

T h e  co m pound  w as o b ta in e d  as c ry s ta l  s e p a ra t in g  from  th e  re ac tio n  m ix tu re  o f  X lb  
a f te r  s ta n d in g  fo r 2 d ay s. Y ield : 180 m g (4 9 % ); m . p . 195.

C40H 57N 6O6S (733.9). Calcd. S 4.28; N  1 1 .2 2 % . F o u n d  S 4.30, 4.31; N  11.30, 11 .42% . 
I R  sp e c tru m  (K B r): vN H  (am ide) 3315; i>C =  0 (am ide  I) 1660, (am ide  I I )  1530; 

rC H 2 2905, 2848 c m “ 1.

T ran ses te rific a tio n  of I an d  I I  in  m ethanol

I  o r  I I  (0.002 m ole) w ere d isso lved  in  d ry  m e th a n o l (20 m l) and th e  so lu tio n  w as a llow ed  
to  s ta n d  12 h rs  a t  room  te m p e ra tu re . T he so lu tio n  w as th e n  e v ap o ra ted  to  d ry n ess  a n d  th e  
re s id u e  d isso lved  in  d ich lo ro m eth an e  (30 m l). T h e  o rg a n ic  so lu tion  w as ew ashed  w ith  5%  
HC1 (10  m l) a n d  w a te r  (10 m l), d ried  o ver a n h y d ro u s  M g S 0 4 , and  e v ap o ra te d  to  d ry n ess.

X l l l a :  550 m g (7 9 % ). [« ]$  + 1 7 2 °  (c =  1, CHC13); l it . [8] [а ]$  + 1 7 2 °  (c =  1, CHC13). 
M .p . 90 — 91 °C; l it . [8] m .p . 89.5— 92.2 °C a n d  97— 98 °C.

I R  sp e c tru m  (K B r): rN H  (am ide) 3359; v C = 0  (/9-lactam ) 1785; r C = 0  (am id e  I)  1676, 
1>C =  0  (e s te r)  1740 c m -1 .

A cco rd in g  to  T LC  (sy stem  A, R f  =  0.68) th e  c o m p o u n d  is iden tica l w ith  th e  a u th e n tic  
p ro d u c t  p re p a re d  fro m  G -penicillin -K  by  th e  m ix ed  a n h y d rid e  m eth o d  [8].
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X H Ib: 610 m g (83% ). ] a ] 25 +  142.1° ( c = 1 . 2 2 ,  ace tone); l it . [9] [ a ] 26 + 1 5 0 .2 °  
(c =  1.3725, acetone).

In  TLC  (system  A, R f  — 0 .5) i t  w as id en tica l w ith  th e  a u th e n tic  c o m p o u n d  p rep ared  
from  penicillin  У by m eans of d iaz o m e th an e  [9].

T h e  tran ses te rif ic a tio n  o f I a n d  II in e th a n o l and  n -p ropano l to  XHIa a n d  XHIb was 
follow ed by  T LC  (system  A). T h e  sp o t I or II d isap p eared  from  th e  re a c tio n  m ix tu re , and 
th e  sp o ts  o f th e  e th y l an d  n -p ro p y l e s te rs  an d  th e  lib e ra ted  8 -h y d ro x y q u in o lin e  a n d  4 -m ethy l- 
-8 -h y d ro x y q u in o lin e , re sp ec tiv e ly , ap p ea red . I: /fy =  0.57; 8 -h y d ro x y q u in o lin e : R f  =  0.24; 
e th y l e s te r  o f penicillin-G : R f  =  0 .71 ; n -p ro p y l e s te r  o f penicillin  G: R f  — 0.77. II: R f =  0.50;
4 -m eth y l-8 -h y d ro x y q u in o lin e : JR y = 0 .1 7 ;  e th y l e s te r  o f penicillin  У : R j  =  0 .66;  n -p ropy l 
e s te r  o f  penicillin  V: R f  =  0.72.

Acylation of 7-ADCA with 8-quinolyl esters of carboxylic acids

A so lu tion  of th e  a p p ro p ria te  carb o x y lic  acid  (0.01 m ole), 8 -h y d ro x y q u in o lin e  (0.01 
m ole) an d  d icyc lohexy lcarbod iim ide  (0.01 m ole) in d ich lo roethane  (50 m l) w as le t  to  s tan d  
a t  0— 4 °C fo r 20 hrs. A fter f ilte r in g  off th e  d icy c lohexy lu rea  th e  so lu tio n  w as e ev a p o ra te d  
to  d ry n ess. T he residue was d isso lved  in  te tra h y d ro fu ra n  (40 m l) an d  a so lu tio n  o f  7-ADCA 
(2.14 g; 0.01 m ole) and  sod ium  h y d ro g e n  c a rb o n a te  (0.84 g; 0.01 m ole) in  w a te r  (10 m l) was 
ad d ed . T he m ix tu re  was s tirred  fo r  24 h rs , th e n  for rem o v a l o f th e  te tra h y d ro fu ra n  i t  was 
e x tra c te d  w ith  e th y l a ce ta te  (2 X 20 m l). T he aqueous phase  was th e n  ac id ified  w ith  5%  
HC1 to  p H  2, and  e x tra c te d  w ith  e th y l  a ce ta te  (3 X 10 m l). A fter d ry in g  o v e r N a 2S 0 4 th e  
so lu tio n  w as e v ap o ra ted  to  d ry n e ss , a n d  th e  resid u e  w as ru b b ed  w ith  e th e r.

XVb: 1.0 g (29% ), m .p . 178 °C; R f  (system  A) =  0.40. A ccord ing  to  T L C , m .p . and 
IR , th e  p ro d u c t was iden tica l w ith  XVIb p re p are d  w ith  m etallic  Zn in  fo rm ic  acid  (54% ), 
m .p . 177— 178 °C (sec below).

C14H 14N20 4S (338.4). Calcd. S 18.95, N 8.25. F o u n d  S 19.11, 19.20; N  7.92, 7 .85% .
IR  (K B r): j>NH (am ide) 3267; j>C =  0 (/1-lactam ) 1768; i>C =  0  (am ide  I)  1660; rC =  0 

(C O O H ) 1708 c m - 1.
XVd: 0.82 g (28 .3% ), m .p . 174 °C, R j  (system  A ) =  0.41. A ccord ing  to  T L C , m .p. 

an d  IR , th e  p ro d u c t p roved  to  be  id en tica l w ith  an  a u th e n tic  sam ple  p re p a re d  fro m  Xlla 
w ith  ch lo ro ace ty l chloride, m .p . 174 °C (64% ).

C10H „ N 2O4S Cl. (291.0). C alcd. S 11.01, N  9.62, Cl 12 .19% . F o u n d  S 11,05, 11.23; 
N  9.51, 9.40; Cl 12.22, 12 .44% .

IR  (K B r): rN H  (am ide) 3301; r C = 0  (/3-lactam) 1765; vC- О (am ide  I)  1679; C = 0  
(C O O H ) 1710 c m '1.

8-Quinolyl ester of phenoxyacctic acid (XIV)

A so lu tion  of p h e n o x y ac e tic  acid  (1.52 g; 0.01 m ole), 8 -h y d ro x y q u in o lin e  (1.44 g;
0.01 m ole) a n d  d icy c lo h ex y lca rb o d iim id e  (2.0 g; 0.01 m ole) in  d ich lo ro e th an e  (60 m l) was 
allow ed to  s ta n d  a t  0— 4 °C fo r 20 hrs. T he p re c ip ita te d  d icy c lohexy lu rea  w as f ilte re d  off, 
th e  so lu tio n  w as e x tra c te d  w ith  5 %  HC1 (10 m l), w a te r  (10 m l), 5%  N a H C O , (10 m l) and 
w a te r , an d  dried  over M gS 04 . A fte r  f i ltra tio n , th e  so lu tion  was e v ap o ra te d  to  d ry n ess. The 
re s id u a l colourless oil w as c ry s ta lliz ed  from  a m ix tu re  o f e th y l a ce ta te  an d  p e tro le u m  ether.

1.55 g (55 .8% ), m .p . 126— 129 °C, R f  (system  B) =  0.60.
C „ H 13N 0 3 (279.2). Calcd. N  5.03. F o u n d  N 4.95, 4 .83% .

Acylation of 7-ADCA-TCE- with 8-quinolyl esters of carboxylic acids

A so lu tion  of th e  a p p ro p ria te  carboxy lic  acid  (0.01 m ole), 8 -h y d ro x y q u in o lin e  (0.01 
m ole) and  d icyc lohexy lcarbod iim ide  (0.01 m ole) in  d ich lo ro m eth an e  (60 m l) w as allowed 
to  s ta n d  for 20 hrs a t  0— 4 °C. T h e  d icy c lo h ex y lu rea  w hich p re c ip ita te d  w as f i lte re d  o ff and 
a so lu tio n  of 7-ADCA— T C E  h y d ro c h lo rid e  (0.01 m ole) an d  tr ie th y la m in e  (0.01 m ole) in 
d ich lo ro m eth an e  (40 m l) w as a d d e d  to  th e  f i ltra te . T he reac tio n  m ix tu re  w as th e n  le t to  stand  
20 h rs  a t  room  tem p e ra tu re , e x tra c te d  w ith  5%  HC1 (20 m l), w a te r  (20 m l), 5 %  N a H C 0 3 
so lu tio n  (20 m l) and  w a ter (20 m l), a n d  d ried  over M gS 04 . A fter rem o v a l o f th e  d ry in g  agent 
by  f i ltra tio n , th e  so lu tion  w as e v a p o ra te d  to  d ry n ess an d  th e  resid u e  ru b b e d  w ith  e ther. 
In  th e  case o f XVIe, th e  p ro d u c t w as c rysta llized  from  carbon  te trac h lo rid e .

XVIa: 1.83 g (3 9 .6% ), m .p . 113— 116 °C, l it  [16] m .p . 114— 116 °C, R j  (sy s tem  A) =  
=  0.80.
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I f  th e  acy lation  w as c a r r ie d  o u t w ith th e  iso la te d  8 -q u in o ly l e ste r o f p h en o x y acetic  
a c id ,  th e  y ield was 3.03 g (6 5 .1 % ), m .p . 115— 117 °C, R r  (sy s te m  A) =  0.80.

XVIh: 0.85 g (1 6 % ), m .p .  1 4 6 - 8  °C, Rf  (sy s tem  A ) 0.72.
A ccording to  TLC a n d  I R ,  th e  p roduct was id en tica l w ith  th e  p u re  com pound  p rep ared  

b y  th e  acy la tio n  of XHb w ith  2 - th ien y lace ty l ch loride  (7 7 % ).
C16H 15N20 4S2C13 (469.8). C a lcd . S 13.64, N  5.96, Cl 2 2 .8 5 % . F o u n d  S 13.60, 13.47: 

N  5 .9 4 , 5.86; Cl 22.78, 2 2 .9 0 % .
I R  (K B r): t>NH (am id e) 33 2 0 ; t>C =0 (/3-lactam) 1768; г>С =  0  (am ide  I)  1682; rC =  0  

( e s te r )  1732 c m -1 .
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В . L i n d m a n , S .  F o r s é n : Chorine, B rom ine and  Iod ine  N M R  Physico-C hem ical
and Biological A pp lica tio n s.

S p rin g e r V erlag, B erlin , H e id e lb erg , N ew  Y o rk , 1967 (368 p .)

T his book is th e  1 2 th  vo lum e of th e  series “ N M R  B asic Princip les an d  P ro g re ss”  s ta r te d  
in  1969 (E d ito rs : P . D r e h l , E . F lu c h , R . K o s f e l d ). P rev io u s volum es d e a l t  w ith  special 
fie ld s  o f NM R sp ec tro sco p y , being  d ev o ted  m ain ly  to  th eo re tica l and p h y sical a sp ec ts . D ue  to  
th e  increasing  im p o rta n c e  of th is  m eth o d , in  th e  p re face  o f th e  p re sen t v o lu m e  th e  ed ito rs  
ex p ress th e ir  in te n tio n  to  devo te  m ore a tte n tio n  to  th e  p rob lem s of app lied  sp ec tro sco p y  in  
fu r th e r  issues.

T his a im  w as realized  in V olum e 12, in  w h ich  th e  au th o rs  illu s tra te  th e  th eo re tic a l 
co n sid era tio n s w ith  p ra c tic a l resu lts .

T h e  specia l scope allow ed a  com ple te  t r e a tm e n t  o f th e  re lev an t l i te ra tu re  p ra c tic a lly  
u p  to  th e  tim e th e  m a n u sc rip t w as sen t to  p ress (sev era l, p rev iously  u n p u b lish ed  d a ta  ap p eared  
in  th is  volum e) a n d , as a  re su lt o f  th e  e x tre m e ly  sh o r t  p rin tin g  tim e, th e  v o lu m e  offers th e  
re a d e r  u p -to -d a te  rev iew  of halogen (ex cep t f lu o rin e ) N M R .

T he concise f i r s t  c h ap te r  (21 pp .) app lies th e  N M R  th eo ry  to  halogens, i.e. deals b riefly  
w ith  th e  NM R p ro p e rtie s  o f  halogen  a to m s w hich  possess p a r ticu la r  fe a tu res  becau se  o f th e ir  
n u c lea r q u ad ru p o le  m o m en ts. T he phen o m en a  o f q u a d ru p o le  sp littin g , n u c le a r  sh ie ld ing  and  
sp in -sp in  coupling , q u ad ru p o le  a n d  o th e r  re la x a tio n  m echanism s, chem ical e x ch an g e  effects 
a n d  th e  ex p erim en ta l asp ec ts  fo r d e te rm in in g  th e  N M R  p a ram ete rs  o f h a lo g en s are  sh o rtly  
discussed .

R e la x a tio n  processes in  m olecules o r ions w ith  co v alen tly  bonded ha lo g en s a n d  e v a lu a 
tio n  of th e  co rre la tio n  tim e  are  described  in  C h a p te r  2 (38 pp .).

C h ap te r 3 (24 p p .)  d iscusses th e  chem ical sh if t o f co v alen t halogen c o m p o u n d s , halide 
io n s in  c ry sta ls  a n d  aqueous so lu tions using  n u m ero u s  ex p erim en ta l d a ta . M eth o d s fo r ap p ro x i
m a te  ca lcu la tions o f  n u c lear sh ie ld ing  an d  m ed iu m  effec ts on shielding va lues a re  desc rib ed  too.

Spin  co up ling  c o n s tan ts  o f halogens a n d  th e  e ffects w hich c o n tr ib u te  o r  d e te rm in e  
th em  are  re p o rte d  in  C h ap te r  4 (1 8  pp .).

T he len g th y  C h ap te r  5 (100 pp .) is d ev o ted  to  th e  re lax a tio n  of ha lide  ions. T h e  th e o re ti
cal t r e a tm e n t o f  th e  e le c tro s ta tic  an d  e lectron ic  d is to r tio n  m odel for in f in ite ly  d ilu te  aqueou  
so lu tions o f a lk a li h a lides an d  several o th e r  co m p o u n d s con ta in ing  p a ra m a g n e tic  species are 
i llu s tra te d  b y  ex p erim en ta l resu lts . T his c h a p te r  is co m p le ted  w ith  th e  N M R  s tu d y  o f liq u id  
ex change  m echan ism s o f ino rgan ic  halide  com plexes.

Shielding v a lu es o f  ha lide  ions can  be  fo u n d  in  C h ap te r 6 and  th e  q u a d ru p o le  sp littin g  
va lues in  liqu id  c ry s ta ls  in  C h ap te r 7 (30 a n d  16 p p ., respec tive ly ).

C hap ter 8 (77 p p .)  deals w ith  biological sy s tem s co n ta in in g  halide  io n s  re fe rrin g  to  th e  
con n ec tio n s b e tw een  chem ical s tru c tu re , re la x a tio n  a n d  chem ical exchange processes. In  su b 
c h a p te rs  th e  d a ta  re fe rrin g  to  sm all m olecules o f b io log ical in te res t, p o ly p ep tid es , p ro te in  s and  
o th e r  com pounds are  sum m arized .

N M R  p a ra m e te rs  o f p e rch lo ra te  ions are  d esc rib ed  in  C hap ter 9 (12 p p .)
C h ap te r 10 in fo rm s a b o u t re ce n t w ork  a n d  tren d s .
A t th e  en d  o f th e  book m ore th a n  500 references a n d  a su b jec t in d ex  (6 p p .) a re  g iven .
T his c o n c e n tra te d , com ple te , u p -to -d a te  w o rk  m ay  prov ide m u ch  u se fu l in fo rm a tio n  

fo r re sea rch  w orkers engaged  in  th is  field .
P . SOHÁR

Acta Chim. (B udapest) 94, 1977
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A tla s  o f  Therm oanalytical Curves (TG, D TG , D T A  curves recorded  s im u l
tan eo u sly ) V olum e 5

E d ite d  b y  G. L ip t a y
A k a d ém ia i K iad ó , B u d a p es t, a n d  H ey d en  an d  Son L td . ,  L o n d o n , New Y ork , R h e in e , 1976

(169 pages, 75 d iag ram s)

T h e  m eth o d s  of th e rm a l ana ly sis  w ere ex ten siv e ly  dev elo p ed  during  th e  la s t  tw o  d ecades 
s im u lta n eo u s ly  w ith  w iden ing  ap p lica tio n s . T he series A tlas  o f  T h erm o an a ly tica l C urves p lay s  
a  spec ia l ro le  in  th e rm a l ana ly sis  l i te ra tu re  because of th e  w ide  scale o f selected m a te ria l  an d  
u n ifo rm  t r e a tm e n t  o f th e  re su lts  o b ta in ed .

T h e  g re a te r  p a r t  o f th e  in v es tig a tio n s  re p o rte d  in  th is  v o lu m e is b y  H u n g a rian  c o n tr ib 
u to rs  b u t  th e re  are  also severa l d iag ram s reco rded  ab ro ad .

V o lu m e 5, co n ta in in g  d iag ram s no. 276 — 350, is a rra n g e d  sim ilarly  to  th e  p rev io u s 
vo lum es. E a c h  m a te ria l w as m easu red  u n d e r  tw o co n d itio n s o f  u n ified  param ete rs:

a ) sam p les of sm all in it ia l  m ass, slow h e a tin g  (red  cu rv es  in  th e  d iagram s)
b ) sam p le s of g re a te r  in itia l m ass, ra p id  h e a tin g  (b lack  cu rves in  th e  d iag ram s) 
S im u ltan eo u s  m easu rem en ts  carried  o u t w ith  a  D e riv a to g ra p h  (MOM) an d  a M e ttle r

T h e rm o an a ly ze r, in  som e cases, like  in  V olum e 4, w ere su p p le m e n ted  by  TG /D TG , D T A  a n d  
DSC c u rv es  o b ta in e d  se p a ra te ly  w ith  a D u  P o n t 990 T h erm al A nalysis System , using  m illig ram  
sam ples. T h e  in s tru m e n ts  a re  described  in  appendices.

C arefu lly  com piled  d iag ram s p u b lished  in  V olum e 5 co n cern  41 pure  in o rgan ic  a n d  22 
o rg an ic  co m p o u n d s , a n d  4 n a tu ra l  coals. T he ju d g em e n t o f  th e  E d ito r  should be  p ra ised  fo r 
in c lu d in g  9 s ta n d a rd s  se lec ted  b y  th e  In te rn a tio n a l C o n fed era tio n  for T herm al A nalysis fo r 
te m p e ra tu re  ca lib ra tio n . S im u ltan eo u s an d  su p p lem en ta l D SC , D TA  and  TG /D TG  cu rv e  of 
IC TA  s ta n d a rd s  offer an  o p p o r tu n ity  to  check va rio u s th e rm o a n a lit ic a l  in stru m en ts .

A n o th e r  in te re s tin g  group  o f th e  m ate ria l se lec ted , re fe rs  to  d ifferen t in o rg an ic  a n d  
organ ic  s a lts  o f ra re -e a r th  m eta ls , w hich  are  o f g re a t im p o rta n c e  in  several p ra c tic a l fie lds.

T h e  d iag ram s are c lear an d  un ifo rm . D escrip tion  of th e  sam ple  an d  ex p erim en ta l p a ra m 
e te rs , th e  n o tes  ex p la in in g  th e  processes in d ica ted  on  th e  cu rv es an d  references a re  concise 
an d  v a lu a b le . So th is  vo lu m e c e rta in ly  is useful fo r e x p e rts  w o rk in g  in th is fie ld  o r fo r th o se  
a p p ly in g  th e rm o a n a ly tic a l resu lts .

P re se n ta t io n  of th e  vo lu m e is fau ltless, d em o n s tra tin g  th e  carefu l w ork of the  P ub lish e rs .

G y. P o k o l

G. S. H a m m o n d , J .  O s t e r y o u n g , T. H . Cr a w f o r d  a n d  H . B. Gr a y : M odell
vorstellungen in  der Chemie.

W alte r  de G ru y te r, B erlin , New Y o rk , 1976. (X V I. 526 pp.)

N u m ero u s  ch em istry  te x t  books of in tro d u c to ry  n a tu re  h a v e  been published  d u rin g  th e  
p a s t 20 y e a rs . T hese books h av e  so u g h t th e  b e s t d id ac tic  p o ss ib ility  fo r th e  p re sen ta tio n  o f th e  
law s of c h em is try , an d  fo r th e  d e sc rip tio n  of th e  m o st im p o r ta n t  chem ical substances (e lem en ts  
and  th e ir  com pounds). T he p ro p o rtio n s  d ev o ted  to  th e  g en era l p rinc ip les  and to  an  a cc o u n t o f  
th e  m ore  p ra c tic a l su b jec t m a t te r  d iffe r considerab ly  from  b o o k  to  book. The tre n d  a t  p re se n t 
is fo r less a n d  less space to  be occupied  b y  ch em istry  o f  a  “ d e sc rip tiv e ”  n a tu re ; i t  has  becom e 
a fash io n  to  re g ard  a know ledge of su b s tan ces as a  n ecessa ry , o r  even  an  u n n ecessary  ev il in  
ed u ca tio n . T h e  book  in  q u estio n  fa lls in  th is  category . T h e  w o rk  is  th e  G erm an tra n s la t io n  
( tra n s la to r :  H . W . Sic h t in g ) of th e  book  w hich  ap p ea red  in  E n g lish  in  1971.

T h e  b o o k  has som e u n d o u b te d ly  a d v an tag eo u s  fe a tu re s . I t  is useful th a t  th e  v a rio u s  
co n cep ts , su m m arized  se p a ra te ly  a t  th e  end  o f th e  ch ap te rs , a re  ex p la ined  in d iv idua lly . A s th e  
d iscussion  p rogresses, c e r ta in  co n cep ts are  d e a lt  w ith  ag a in , n ow  analyzed  m ore deep ly . T h e  
p ro b lem s h a v e  been  well se lec ted , a re  s tim u la tin g  an d  su itab le  fo r beginners to  te s t  th em se lv es 
as to  w h e th e r  th e y  hav e  re a lly  u n d e rs to o d  th e  tex t. T he F ig u re s  are  generally  c lear a n d  w ell 
a rran g ed .

H o w ev e r, th is  e x h au s ts  th e  good th a t  can  be sa id  o f th e  book . T he space d ev o ted  to  th e  
know ledge o f  m a t te r  is in ad m issib ly  in su ffic ien t. T he in te n tio n  to  in tro d u ce  th e  m ore co m plex  
co n cep ts in  a sim ple w ay  is o ften  overdone. T he in fan tile  “ s to ry ”  concocted  to  p re se n t th e  
law  of m ass a c tio n  is h a rd ly  lik e ly  to  becom e w idesp read  in  teach in g .

Acta Chim . ( Budapest)  94, 1977
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I t  is d ifficu lt to  d efine  p recise ly  j u s t  w ho th e  boo k  is w ritten  for. D e fin ite ly  n o t  for 
beg in n ers  w ho w ish to  becom e a c q u a in te d  w ith  th e  e lem en ts  of chem istry . I t  m a y  be  useful 
fo r those  de livering  in tro d u c to ry  chem ica l lec tu res  as a  s ta n d b y  in  th e  se lec tion  o f  ex am p les, 
a n d  in  th e  m ould ing  of c lear c o ncep ts .

T h e  ty p o g rap h ica l p ro d u c tio n  o f th e  book  is exem plary .
M. T . B eck

A rno H ö p f e r : Irreversible T herm odynam ik fü r  C hem iker,
S am m lu n g  G öschen 2611

W alte r  de G ru y te r, B erlin  — N ew  Y o rk , 1976 (182 pp .)

In  th is  lit t le  book a n  e le m en ta ry  t re a tm e n t  o f th e  th eo ry  of irreversib le  th e rm o d y n a m ic s  
w ith  ap p lica tio n s fo r d isco n tin u o u s m acroscop ic  sy s tem s of p a r ticu la r  im p o rta n ce  fo r  chem ists 
i s  p re sen ted . In  th e  f ir s t  c h a p te r  th e  b asic  co n cep ts o f phenom enological a n d  s ta tis t ic a l  th e rm o 
d y n am ics a re  b riefly  sum m arized . I n  th e  n e x t  fo u r c h ap te rs  th e  fu n d a m e n ta ls  o f  th e  l in e a r 
O nsag erian  th eo ry  are  p re sen te d  a n d  ap p lied  to  sy s tem s rep re se n ta tiv e  o f  th e  m o s t  re le v a n t 
p ro b lem s of physical ch em istry . I n  th e  se v e n th  c h ap te r  th e  th erm o d y n am ic  th e o ry  o f s ta tio 
n a ry  system s is analyzed  a n d  a p p lied  to  sim ple system  m odels in  th e  tra d itio n a l fo rm  a d e q u a te  
to  P rigog ine’s o rig inal fo rm u la tio n , w h ich  is, a t  least no w ad ay s , a little  o bso la te . I n  th e  follow 
in g  th e  G lansdorff-P rigogine m acroscop ic  ev o lu tion  c rite rio n  is d ea lt w ith  a n d  a p p lie d  to  
c a ta ly t ic  reac tio n s an d  chem ical o sc illa tions. T he la s t th re e  ch ap te rs  are d ev o ted  to  fu n d a m e n ta l 
a n d  in te re s tin g  p rob lem s of th e rm o d iffu s io n , th erm o d y n am ic  s ta b ility  an d  to  som e im p o r ta n t  
b io p h y sica l p rob lem s of liv in g  organ ism s.

A lth o u g h  th e  book  is v e ry  e le m en ta ry , i t  m ig h t be  useful for those  n o t y e t  fa m ilia r  w ith  
th e  m o d ern  th eo ry  of th e rm o d y n am ics . I t  is p a r ticu la r ly  recom m ended  fo r c h em ists , b io p h y s
ic is ts  an d  b iologists.

I. G y a r m a t i

Structure and B onding , Yol. 27.

Springer-V erlag , B erlin , H eidelberg , New Y ork , 1976 (217 pp .)

T he vo lum e co n ta in s rev iew s o f th re e  fields:
1. M. S im o n etta , A. Ga v e z o t t i: E x te n d ed  H iickel In v estig a tio n  of R e ac tio n  M echanism s 

(p p . 1 - 4 3 ) .
T he a u th o rs  review  th e  m ore re ce n t calcu la tions based  on th e  E x te n d ed  H iick e l T h eo ry  

(E H T ), an  ap p ro x im ate  q u a n tu m -ch e m ic a l m eth o d  f i r s t  described in  1962 — 1963. T h e  review  
to u ch es  th ree  top ics: a d iscussion  of o rgan ic  reac tio n  m echanism s, c a lcu la tio n s  re la tin g  to 
co o rd in a tio n  com pounds of h eav y  m eta ls , a n d  th e  ap p lica tio n s of th e  E H T  to  d esc rib e  surface  
p h en o m en a  on solids.

A large p ro p o rtio n  of th e  re su lts  o b ta in ed  w ith  th e  calcu la tions c an n o t be c h ec k ed  ex p eri
m en ta lly . T he re su lts  are in  ag reem en t w ith  th e  W oodw ard-H offm ann  ru les w h en  i t  is possible 
to  m ake  a com parison.

T he rev iew  prov ides a good p ic tu re  o f th e  e ffo rts being  m ade to  e x te n d  th e  ran g e  of 
a p p lica tio n  of th e  E H T  m eth o d , an d  u rges th e  checking of th e  re liab ility  o f  th e  ca lcu la tio n s 
w ith  fu r th e r  ex p erim en ta l stud ies.

2. K . D. W a r r e n : L igand  F ie ld  T h eo ry  of M etal Sandw ich  Com plexes (p p . 45 159).
Since th e  d iscovery  of ferrocene  (1951), in ten siv e  resea rch  has been  c a r r ie d  o u t  w ith

re g ard  to  the  p re p a ra tio n  an d  th eo re tic a l in v es tig a tio n  of sim ilar tran s itio n  m e ta l тг-com plexes.
A fte r an  acco u n t o f th e  lig an d  fie ld  th eo ry  fo r th e  d  co n figu ra tions, th e  a u th o r  deals 

in  tu rn  w ith  th e  m o st im p o r ta n t  ex p erim en ta l m eth o d s used  to  s tu d y  com plexes, a n d  exam ines 
th e  e x te n t  to  w hich th e  ex p e rim e n ta l re su lts  can  be exp la in ed  in  term s of th e  lig a n d  f ie ld  th eo ry . 
D iffe ren t sections a re  d ev o ted  to  e lectron ic  sp ec tra  re su ltin g  from  d-d tra n s it io n s , m ag n e tic  
su scep tib ility  m easu rem en ts , a n d  E S R , ch arg e -tran sfe r  and  p h o to c lec tro n ic  sp e c tra .

A t p re sen t, q u a n tu m  ch em istry  can  describe  th ese  com pounds co n ta in in g  m a n y  a to m s 
a n d  m an y  electrons on ly  to  a ra th e r  ro u g h  a p p ro x im atio n . A b in itio  ca lcu la tio n s g iv in g  a good 
ap p ro x im atio n  are used  on ly  ra re ly , as th e y  are  v e ry  expensive. The sem iem p irica l m eth o d s 
h av e  n o t been a p p ro p ria te ly  developed  fo r m e ta l a tom s.

W ith  180 references, th e  rev iew  gives a v e ry  good p ic tu re  of th e  ra p id  a d v a n c e s  in th is 
new  fie ld  o f chem istry .

Acta Chim. (B udapest) 94, 1977
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3 .  О. E r m e r : C a lc u la tio n  o f  M olecular P ro p e r tie s  u s in g  F o rce  Fields. A p p lica tio n  in 
O rg a n ic  C hem istry (pp . 161 — 211).

T h e  ap p ro x im ate  m e th o d  described p e rm its  c a lc u la tio n  of th e  equ ilib rium  g eo m etry  
a n d  fo rce  co n stan ts o f a  fa m ily  o f  m olecules. As a  s ta r t in g  p o in t i t  is necessary  to  know  th e  
a v e ra g e  geom etry  and  fo rce  c o n s ta n ts  for th e  ty p e  o f  m o lecu le  stu d ied . T he p o te n tia l  energy  
o f  th e  m olecule exam ined  c a n  t h e n  be  given as a fu n c tio n  o f  th e  n u c lear coord ina tes. T he equ i
l ib r iu m  geom etry  is o b ta in e d  b y  displacing th e  n u c le i f ro m  th e  in itia l positions, w ith  th e  aid 
o f  c o m p u te r  program s, u n t i l  th e  d e riv a tiv e s  of th e  p o te n tia l  en erg y  w ith  respec t to  th e  nu c lear 
c o o rd in a te s  vanish. T he fo rce  c o n s ta n ts  are given b y  th e  seco n d  d e riv a tiv es o f th e  p o ten tia l 
fu n c tio n s  th u s ob tained.

T h e  au th o r describes th e  p a ram e te rs  serv ing to  c h a ra c te riz e  th e  geom etry  of th e  m ole
c u le s , a n d  gives an  acc o u n t o f  th e  va rio u s force c o n s ta n t  sy s te m s , th e  m eth o d s fo r d e te rm in in g  
th e s e  fro m  th e  ex p erim en ta l d a ta ,  a n d  th e  p rocedures su i ta b le  fo r energy m in im iza tio n . An 
e x a m p le  o f th e  ap p lica tio n  o f  th e  m eth o d  is also p re se n te d . F in a lly , th e  m ost im p o r ta n t  areas 
o f  a p p lic a tio n  are d iscussed : c a lcu la tio n  of th e  fo rce  c o n s ta n ts  o f sa tu ra te d  h y d ro carb o n s, 
h y d ro c a rb o n s  w ith  iso la ted  o r  c o n ju g a ted  double b o n d s , am id es, p ep tid es an d  c ry s ta ls , th e  
so lu t io n  of confo rm ational p ro b le m s , and the  s tru c tu re s  o f  t ra n s it io n  s ta tes . T he rev iew  is 
c o m p le te  w ith  113 references.

L itt le  is said a b o u t c o m p a r iso n  of the  q u a n tu m c h em ic a l eq u ilib riu m  geom etries a n d  th e  
fo rc e  c o n s tan ts  calcu la ted  b y  th is  m e th o d , though  i t  is lik e ly  t h a t  th is  w ould  be v e ry  in stru c tiv e .

F .  T ö r ö k

J .  U . K eller  and C. G. S t o j a n o f f : Journal o f  N o n -E q u ilib riu m  Therm odynam ics 

W alter de G ru y te r ,  B e rlin  —New Y ork, 1976 V ol. 1. N o. 1. pp. 1 —78

T h e  Jo u rn a l o f N o n -E q u ilib r iu m  T h erm odynam ics ( JN E T D )  is  th e  f irs t  in te rn a tio n a l 
jo u r n a l  d evo ted  to the p u b lic a tio n  o f  original research  c o n ce rn ed  w ith  b o th  th e  p h y sical fo u n d a 
t i o n s  a n d  th e  engineering a p p lic a t io n s  of the  m odern  d isc ip lin e , th e  th ern o d y n am ics o f irrevers- 
b le  processes. This in c lu d e s  m a n y  fields of science a n d  tec h n o lo g y  based  on e x a c t p h y sical 
law s , e.g. therm om echan ics, f lu id  dynam ics, rheo logy , v a r io u s  p a r ts  of physical ch em istry  
(e sp ec ia lly ; diffusion, e le c tro c h e m is try , reac tion  k in e tic s  e tc .) ,  w ith  n um erous asp ec ts  o f  p las
m a  p h y sic s , general en erg e tic s , m ec h an ic a l, chem ical a n d  p o w e r engineering , an d  so on.

T h e  m ain aim  of J N E T D  is  to  reduce the  gap b e tw e e n  to d a y ’s th eo re tica l adv an ces and  
u r g e n t  p rac tica l needs in  m a n y  f ie ld s  o f science and  e n g in eerin g  w h ich  deal w ith  n o n -equ ilib rium  
p h e n o m e n a . The E d ito rs  w ish  to  m ak e  JN E T D  a b ro a d ly  b a se d  co m m unica tion  m ed iu m  of 
h ig h  s ta n d a rd s  for all a sp e c ts  o f  non-equ ilib rium  th e rm o d y n a m ic s . T he E d ito rs  a n d  th e  m em 
b e rs  o f  th e  E ditioria l A d v iso ry  B o a rd  (EA B ) are all p ro m in e n t  sc ien tis ts  active  in  ex p erim en ta l 
a n d  th eo re tic a l research  a n d  w ill a c t  according to  th e  p r in c ip le  o f u n p re ju d iced  v a lu a tio n .

JN E T D  will p u b lish  se le c te d  articles so licited b y  th e  E d ito rs  an d  th e  E A B . as well as 
o r ig in a l  papers and sh o r t  co m m u n ica tio n s  n o t ex ceed in g  25 ty p e -w ritte n  pages a n d  1000 
w o rd s  respec tive ly . T he s u b m itte d  pap ers  will be re fe reed  b y  th e  E A B . As a rule, fo r a p a p e r to  
b e  a c c e p te d  i t  is necessary  to  o b ta in  th e  recom m endation  o f  tw o  referees, one of w hich  should  
b e  a  m em b e r of the  EA B .

I n  th e  f irs t vo lum e one  re v ie w  article, six  o rig in a l p a p e rs  an d  one book  rev iew  are 
p u b lish e d . In  the  review  b y  B r a n d t  and  Neu er  ( S tu t tg a r t )  m ore  th a n  300 p u b lica tio n s have 
b e e n  u se d  fo r discussing th e  t h e r m a l  conductiv ity  a n d  th e  th e rm a l  ra d ia tio n  p ro p e rtie s  o f U 0 2. 
I n  a  p a p e r  by  Ba ta ille  a n d  K e s t in  (Lyon), th e  v a r io u s  fo rm s of th e  d issipa tion  in eq u a lity  
a re  an a ly ze d . I t  is su rp risin g , h o w e v e r , th a t  certain  specia l fo rm s of th e  trad itio n a l fo rm u la tio n  
o f  th e  second law in  th e  fo rm  o f  th e  classical (O n sag e rian ) th e rm o d y n am ics  o f  irrev ersib le  
p ro c esse s  a re  considered as new  r e s u l ts  of “ ra tio n al th e rm o d y n a m ic s”  m ay  p e rh ap s  be  “ ra tio 
n a l”  as a  pu re  m ath e m a tic a l s u b je c t ,  b u t  i t  is n o t a  re a l p h y s ic a l th eo ry . T he p a p e r o f H ie r - 
n a u x  a n d  B abloyantz (B ru x e lle s )  is devoted to  th e  p ro b le m  of em bryogenesis, a n d  “ n o n 
l in e a r  therm o d y n am ics”  is u se d  to  evaluate  d issip a tio n  d u r in g  em bryogenesis. H ow ever, we 
c a n n o t  f in d  any th ing  a b o u t n o n -lin e a r itie s  in th is p a p e r. T h e  p a p e r  o f P ic c ir e l i an d  I m (D e t
r o i t )  d e a ls  w ith  the  aco u stic  p ro p a g a tio n  co n stan t a t  h ig h  freq u en c ie s  from  ex p erim en ta l an d  
th e o re tic a l  po in ts of view . W e n - J e i  Y ang  (Ann A rbor) a n a ly ze s  th e  m o tio n  of a  spherica l gas 
b u b b le  in  th e  flow around  a f l a t  d is k  w hich ro ta tes  a b o u t  a n  ax is  p e rp en d icu la r to  its  p lan e  in  a 
f lu id  a t  re s t  or in axial flow . I n  a  p a p e r  by  Mu sc h ik  a n d  S z e r  (W est B erlin) i t  is show n th a t

A c ta  Chim. (Budapest) 94, 1977
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th e  m a tr ix  o f th e  O n sag e rian  law s m ay  be sym m etrized  also fo r sy s tem s w ith  a m ag n e tic  field , 
co n seq u en tly , th e  v a r ia tio n a l  p rincip le  o f Gy a rm a ti can  be ap p lied  to  system s w ith  m ag n e tic  
fie lds. K e l l e r  (W est B erlin ) d iscusses th e  fu n d a m e n ta l in e q u a lity  o f Me ix n e r  in  th e  case o f 
a sim ple  m odel o f a  d isc o n tin u o u s  system .

T he rev iew er is co n v in ced  t h a t  th e  Jo u rn a l o f  N o n -E q u ilib riu m  T h erm o d y n am ics will 
becom e an in te rn a tio n a l  m ed iu m  fo r fa c ilita tin g  th e  ex ch an g e  o f b asic  ideas a n d  ap p lica tio n s 
o f  n o n -equ ilib rium  th e rm o d y n am ics . T he f irs t  n u m b er o f th e  jo u rn a l is v e ry  a ttra c t iv e ly  p r in t 
ed  a t  a price of DM 45.

J .  SÁNDOR

Acta Chim. ( Budapest)  94, 1977
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ACTA CHIMICA
TOM 94, ВЫ П. 2

РЕЗЮМЕ

С е н с и б и л и з и р о в а н н а я  ф л у о р е с ц е н ц и я  н а ф т а ц е н а  3 , 4 - б е н з п и р е н о м  и ее
а н а л и т и ч е с к о е  п р и м е н е н и е

И. Х О РН Я К

Под влиянием УФ света 3,4-бензпирен на ватмановской бумаге испускает спектр 
флуоресценции, состоящий из широкой полосы. При температуре 77°К полоса расщепля
ется на три полосы. Твердый 3,4-бензпирен сенсибилизирует флуоресценцию нафтацена; 
это явление хорошо объяснимо на основе механизма замедленного перехода триплет- 
триплет. Описывается применение этого явления для количественного определения 
нафтацена.

С в о й с т в а  с м е с е й  с п и р т - а м и н ,  X I V

Исследование средней степени ассоциации
Ф. РАТКОВИЧ и T. ШАЛАМОН

Была определена плотность смесей 1-бутанола с моно-, ди- и три(н-бутил)-аминами 
при 20°С, а также исследована их динамическая вязкость в интервале температур 
20—40°С. Из вискозиметрических данных была определена энтальпия активации ламинар
ного течения в зависимости от средней степени ассоциации смесей и состава. Заключения, 
полученные из результатов, пополняют более ранние сведения относительно ассоциации 
смесей спирт — амин. Было доказано, что энталпия образования водородных мостиков в 
случае О— Н . . . N больше, чем в случаях О -  Н . . .  О и N - H  . .  . N. Были сделаны также 
качественные заключения относительно вероятности образования различных структур 
смешанных ассоциатов спирт — вода.

В к л а д  с в о б о д н о й  п а р ы  э л е к т р о н о в  в  э л л и п с ы  с и л о в о г о  п о л я  и 
с п е к т р о с к о п и ч е с к и е  к о н с т а н т ы  д и г а л о и д о в  э л е м е н т о в  г р у п п ы

IV  А  и  N 0 2

К. Л . НАРАЯНА и М. К. СОУДАГАР

Вклад свободной пары электронов в молекулярные константы и эллипсы силового 
поля некоторых дигалоидов элементов группы IV А и N 02 исследовали, принимая во 
внимание формализм функций Грина и используя технику разложения. По существу, 
считается, что свободная пара находится при атоме Z структуры типа x y 2Z, полагаемой 
для таких молекул. Приводятся также рассчитанные силовые постоянные, симметрич
ные среднеквадратичные амплитуды, константы Кориолиса, матрицы распределения 
потенциальной энергии и генерированные эллипсы силового поля. Все они подвергаются 
сравнению и обсуждению.



К и н е т и к а  п р е в р а щ е н и й  у г л е в о д о р о д о в ,  к а т а л и з и р о в а н н ы х  п л а т и н о й

3. ПАЛ, К . М АТУШ ЕК и П. Т ЕТ ЕН И

Выходы изомеризации, циклизации и гидрогецолиза 3-метилпентана, а также ра
скрытие кольца метилциклопентана на катализаторе платиновой черни дают максимумы в 
зависимости от давления водорода как в циркуляционной, так и в импульсной системе, а 
поведение типа Лангмюра-Хиншельвуда наблюдается в зависимости от давления угле
водорода. Кинетическая обработка производилась; исходя из углеводородных частиц, обра
зующихся в однократной и многократной диссоциации, причем первые являются актив
ными промежуточными продуктами изомеризации, циклизации и раскрытия кольца, а 
последние препятствуют этим реакциям. Полагая, что эффект водорода в основном про
является в подавлении образования последних, могут быть объяснены теоретические 
кривые с максимумом. Кинетические данные обсуждаются, а также используются как 
дополнительные свидетельства в интерпретации механизмов различных поверхностных 
процессов.

И с с л е д о в а н и е  н е к о т о р ы х  3 - з а м е щ е н н ы х  4 - г и д р о к с и к а р б о с т и р и л о в

А. А. САЕД, С. М. САМИ, А. ЭЛЬФАЙОУМИ и Э. А. МОХАМЕД

Некоторые новые производные 4-гидроксикарбостирила, обладающие гетероцикли
ческим заместителем и длинной ацильной цепочкой в положении 3, были синтезированы из
3-ацетил- 1-алкил(или фенил)-4-гидроксикарбостирила I. Было получено монобромное 
производное 1а и определена его структура.

И с с л е д о в а н и е  в  о б л а с т и  г е т е р о ц и к л о в ,  X L I I I

Сравнительные исследования 2р(Х)-фенил-4(Г?)-оксазола и 2р(Х)-фенил-4(1 )̂- 
тиазола. Квантово-химические расчеты

И. Ш В А РЦ , р. д . поп и и. сим ити

Было проведено сравнительное исследование тиазольных и оксазольных колец в 
сериях I и II. Было заключено, что по химическому характеру тиазольные производные 
более ароматичны, чем оксазольные. Так, а (константа реакционности в уравнении Гаммета) 
больше в оксазольной серии, нежели в тиазольной.

Индексы реактивности находятся в хорошем согласии с константами скоростей, а 
рассчитанные молекулярные параметры с экспериментальными данными.

Результаты указывают на копланарность двух колец.

В з а и м о д е й с т в и е  п р о и з в о д н ы х  с а х а р о в  с  а - д и г а л о г е н о в ы м и  э ф и р а м и

Синтез гликозилхлоридов с помощью реагента дихлорметилметилового
эфира/четыреххлористое олово

И. ФАРКАШ, И. Ф. САБО, М. М. МЕНЬХАРТ, Е. Р. Д А В И Д  и Р. БОГНАР

Перекисные ацетаты моно- и дисахаридов с дихлорметилметиловым эфиром/SnClj 
могут быть превращены в стабильные производные аномерного гликозилхлорида с очень 
хорошим выходом. Согласно полариметрическим измерениям, кинетически реакция проте
кает по закону первого порядка. На основе этого предлагается вероятностный механизм 
реакции.

И с п о л ь з о в а н и е  8 - г и д р о к с и х и н о л и н а  в с и н т е з е  а н т и б и о т и к о в  п о л у с и н т е т и -  
ч е с к и х  / 3 - л а к т а м о в  и и х  э ф и р о в

Ф. СТАРИЧКАМ, И. М И Ш КОЛЬЦИ, Р. Е. Ф А РКА Ш  и Р. БОГН АР

Были получены О- и V-пенициллин, а также 4- и 6- метил-, 5-этил-, 5-ацетил- и
5-нитрозохинолил-8-эфиры полусинтетического пенициллина (I—X), которые оказались 
эффективными in vitro по отношению к Mycobacterium tuberculosis H37RV, а также к тем 
породам туберкулеза, которые устойчивы к INH и стрептомицину. Было доказано, что 
эти соединения являются активными не только биологически, но и химически. Различные
8-эфиры карбоновых кислот хинолила были использованы в синтезе З-метил-7-ациламино- 
цеф-З-ем-4-карбоновых кислот (XVa— е) и их трихлорэтильных эфиров (XVIa—е).
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A c t a  C h i m i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e , T o m u s  9 4  ( 3 ) ,  p p .  1 8 3 — 1 9 0  ( 1 9 7 7 )

ABHÄNGIGKEIT DER LEISTUNGSFÄHIGKEIT DER 
SPEKTROCHEMISCHEN METHODEN VOM 

AUFLÖSUNGSVERMÖGEN DER SPEKTROGRAPHEN, II*

K . F l ó r i á n  und M. M a t h e r n y  

( L e h r s t u h l  f ü r  C h e m ie  d e r  T e c h n i s c h e n  H o c h s c h u le  i n  K o s i c e )

E in gegangen  am  26. O k to b e r 1976

E s w u rd e  die A b h än g ig k e it de r W e rtu n g sp a ram e te r der sp ek tro ch em isch en  
an a ly tisch en  M ethoden vom  th e o re tisc h e n  A uflösungsverm ögen  u n te rsu c h t. B ei den 
U n te rsu ch u n g en  w urde v o rh e r d ie  U n te rg ru n d sch w ärzu n g  o p tim alis ie rt. D ie V e rä n 
d erung  des th eo re tischen  A u flö su n g sv erm ö g en s w urde  m itte ls  O rd n u n g sän d e ru n g , 
G itte rfu rch en zah län d e ru n g  u n d  sch ließ lich  d u rc h  A nw endung  des sog. d o p p e lte n  
S trah len d u rch g an g es erre ich t.

In  einer frü h e ren  A rbeit [1] w urde  gezeigt, d aß  die W e rtu n g sp a ra m e te r  
d e r spek tro ch em isch en  an a ly tisc h e n  M ethoden  d u rch  die V e rän d e ru n g  des 
th eo re tisch en  A uflösungsverm ögens v o n  G itte rsp e k tro g ra p h en  b e e in f lu ß t w er
den  können . D iese U n te rsu ch u n g  w u rd e  ab e r bei k o n s ta n te n  B e lich tu n g sze iten  
fü r  alle v ie r angew endete  O rd n u n g en  d u rch g e fü h rt, w as bei d en  S p e k tre n  
m it s te ig en d er O rdnungszah l v o n  e in er p rä g n a n te n  V erm inderung  d e r U n te r 
g ru n d sch w ärzu n g  beg le ite t w ird . S o g ar in  S p ek tren , die fü r  die v ie r te  O rd n u n g  
m it H ilfe  eines V orzerlegers au fg en o m m en  w u rd en , w ar es sehr p ro b le m a tisc h , 
m eß b a re  U n te rg ru n d sch w ärzu n g sw erte  zu  e rre ichen . S e lb s tv e rs tän d lich  w u rd e n  
u n te r  diesen B ed ingungen  die M ög lichkeiten  e iner w eiteren  O p tim a lis ie ru n g  
d er L e is tu n g sfäh ig k e it der sp ek tro ch em isch en  M ethoden  schon seh r b eg re n z t. 
D esh a lb  w u rd en  bei den n e u k o n z ip ie rte n  U n te rsu ch u n g en  in  e rs te r  L in ie  die 
ex p erim en te llen  B edingungen , n ä m lic h  die U n te rg ru n d sch w ärzu n g , n a c h  den  
v o n  D o e r f f e l  u n d  D e m uth  [2] fe s tg e leg ten  R egeln  op tim a lis ie rt.

Experim enteller Teil

U ntersch ied lich e  B edingungen fü r  das th eo re tisch e  A uflösungsverm ögen  u n d  d a m it 
u n tersch ied lich e  rez ip ro k e  D ispersionsw erte  w u rd en  d u rch  A nw endung  von v ie r  G it te rn  m it 
den  in  T abelle  I  angegebenen  L e is tu n g sp a ram e te rn  geschaffen. In  T abelle  I I  sin d  d ie a llg em e in 
gü ltig en  u n d  d ie v e ränderlichen  e x p e rim e n te llen  V ersuchsbed ingungen  z u sa m m en g e fa ß t.

I n  R ah m en  d e r  v e ränderlichen  ex p erim e n te llen  B ed ingungen  w u rd en  w echselsw eise 
G ra p h it-  u n d  q u asiam o rp h e  K o h lee lek tro d en , 60 u n d  90 S ekunden  lange B e lic h tu n g sze ite n

* V org e trag en  a u f  der S itzung  d es S p ek tro ch em isch en  A rbeitskom itees d e r U n g a risch en  
A k adem ie  de r W issenschaften , B u d a p e s t, D ezem b er 1975.

1 A d a  Chim. ( Budapest)  94, 1977
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Tabelle I

Leistungsparam eter der angewendeten Gitter

Untersuchungsmodell l a

G esam tfu rchenzah l

F u rc h e n za h l pro 
M illim eter

45600

651

lb  2 3a

91000

1302

45600

651

зь 4

45600

651

Äbiaze [n m ]
O rd n u n g  der 

D iffrac tio n , m

S trah lu n g sd u rch 
g a n g sa rt *

S trah lu n g san te il [% ]

R ezip roke  D isper
sion  X IO“ 6

T heoretisches
A uflösungsverm ögen 
X 105

320

1 1

E  D

87 41

0,737 0,368

0,451 0,902

270

1

E

80

0,368

0,911

280 350

1 2 3

E D E

67 31 57

0,368 0,184 0,246

0,922 1,845 1,368

* Bem erkung : E  — e in fach er, D — d o p pelte r D u rch g an g

Tabelle I I

Experimentelle Versuchsbedingungen  

A. A llgem eine, optische u n d  A nregungsbedingungen

S p ek tro g rap h G itte rsp ek tro g rap h  PG S — 2, C. Zeiss, Je n a

A bb ildungs a r t dreilinsig m it Z w ischenabbildung

S p a ltb re ite 0,040 m m

E le k tro d en m ate ria l G ra p h it (SU) und  K o h le  (SW ), У Е В  E lek tro k arb o n , Topol сапу  

T  schechoslowakei

E le k tro d en a b s tan d 5,0 m m

E m u lsio n V E B  ORW O, W olfen, D D R

E n tw ic k le r V E B  ORW O, F —43; 10 M in u ten  bei 20 °C

A n reg u n g sa rt e lek tron isch  g esteu erte r A bre ißbogen

A nregungsquelle G enera to r B IG —100

P rim ärsp an n u n g 220 V

P rim ä rin te n s itä t 7,2 A

P o la r itä t +

Z ü n d u n g sp u n k t A/4

Z ü ndungszah l 100 p ro  Sekunde

Acta Chira. (Budapest) 94, 1977
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В. V eränderliche experim entelle  A ngaben

Untersuchungsmodell la lb 2 3a 3b 4

E m ulsion W U - 3 W U - 3 W U - 3 W U  3 W U — 2 W U  2

T  rägere lek trode SU  304 S U - 3 0 4 S U - 304 S U - 3 0 4 S W - 3 0 4 S W - 3 0 4

G egenelektrode S U - 201 S U - 201 S U - 201 S U -  201 SW 201 SW  — 201

A bbildungsb lende [m m ] 5 5 12 12 12 5

B elich tungsze it [s] 60 60 60 90 90 90

sowie zw ei u n tersch ied lich e  Ö ffnungen  de r A b b ild u n g sb len d e  angew endet, u m  die o p tim a le  
U n te rg ru n d sch w ärzu n g  im  D u rc h sc h n itt zu gew äh rle is ten . K o m b in a tio n en  dieser B ed in g u n g en  
b ild e ten  d a n n  die sechs ( l a ,  lb ,  2, 3a, 3b u n d  4) U n te rsu ch u n g sm o d elle .

D ie gem essenen Schw ärzungsw erte  w urden  a n h a n d  d e r  1 -T ran sfo rm atio n sp ro zed u r [3] 
in  1 -W erte  um g ese tz t. D ie n ö tig en  T ran s fo rm a tio n sp a ra m e te r  w u rd en  m itte ls  des P ro g ram m es 
G A M A /K A -L M -7 0  e rm it te lt  [4].

H ie r is t  zu  e rw äh n en , d a ß  bei der E rm ittlu n g  d e r Rtheor- W ert e fü r  die F ä lle , bei d enen  
der d o p p e lte  D u rch g an g  zu r A nw endung  ge lang t, e ine  gew isse U n sich erh e it b e s te h t. T h eo re 
tisch  m u ß  dieser W ert d as D o p p e lte  des dem  e in fach en  D u rch g an g  en tsp rech en d en  W ertes  
sein. D ie ak tu e lle  op tisch e  A n o rd n u n g  (z. B. G itte rb len d e n ) k a n n  ab er diesen W ert u n k o n tro l
lie rb a r he rab se tzen .

F ü r  die B eu rte ilu n g  des e rö rte rte n  P ro b lem en k reises w u rd en  ausschließlich  solche P a ra 
m ete r  d e r  a n a ly tisch e n  E ich g erad en  angew endet, d e ren  l in e a re r  V erlau f du rch  T e s tp rü fu n 
gen [5] g esich ert w urde . B ei d e r  E rm ittlu n g  de r A Y -W erte  w u rd en  die In te n s itä te n  d e r  a n a ly 
tischen  L in ien  k o n se q u e n t m it d e r U n te rg ru n d in te n s itä t  k o rrig ie rt, w obei die E rgebn isse  frü h e 
re r A rb e iten  [6, 7] b e rü ck s ic h tig t w urden. F ü r  d ie F es tleg u n g  de r an a ly tisch en  E ich g erad en  
w urde d as R ech en p ro g ram m  K F  F L M — 72 an g ew en d e t [8].

Diskussion

D ie an g ew en d eten  sechs K o m b in a tio n en  d e r experim en te llen  U n te r 
suchungsm odelle  e rla u b e n  in  w eiten G renzen  zu b eu rte ilen , wie sich die W e r
tu n g sp a ra m e te r  d er an a ly tisch en  M ethoden  in  A b h än g ig k e it von den  W e rte n  
der rez ip ro k en  D ispersion , des th eo re tisch en  A uflösungsverm ögens, d er a k tu e l
len S tra h lu n g sa n te ilw e rte  sowie bei A n w en d u n g  des doppe lten  S tra h le n 
du rchganges än d e rn . D ie T eilergebnisse s in d  zw eckm äßig  in  der fo lgenden  
R eihenfo lge zu d isk u tie ren .

A. E in flu ß  d e r V erm inderung  der rez ip ro k en  D ispersion  d u rch  A n w en 
dung  v o n  m eh re ren  G itte rn  m it u n te rsch ied lich em  »blaze« W inkel u n te r  g le ich 
zeitiger V erbesserung  des th eo re tisch en  A uflösungsverm ögens (T ab. I I I ) .

B . E in flu ß  d er A nw endung  des sog. d o p p e lte n  S trah len d u rch g an g es  fü r  
zwei G itte r  m it u n te rsch ied lich en  »blaze« W in k e ln  (T ab . IV).

C. E in flu ß  d er E rh ö h u n g  der S tra h lu n g sa n te ile  u n te r  K o n s ta n th a ltu n g  
der rez ip ro k en  D ispersion  und  des th e o re tisc h e n  A uflösungsverm ögens 
(T ab. V).

Acta Chim. (Budapest) 94, 1977



1 8 6 FLÓRIÁN, M ATHERNY : A BH Ä H G IG K EIT D E R  LEISTU N G SFÄ H IG K EIT, I I

T abelle  I I I

W ertungsparameter der Cr/Pd-, M n /P d - u n d  V /P d-Linienpaare

P aram ete r
A nalytische Linienpaare

Cr 302,16 / P d  302,79 Mn 278,27 / P d  302,79 V 318,40 / P d  302,79

U n tersu ch u n g sm o d ell l a  3a 4 l a  3a 4 la 3a 4
B x 0,88 0.83 1,04 0,90 0,92 0,92 0,99 0,96 0,98
t B x  —  1 0  © © ©  ©  © © © ©
P  =  9 5 %
- T ,  [% ] 1 16,4 T  6,4 +  5,3 +  14,8 + 4 ,7  + 1 3 ,3 +  6,9 + 11,6 +  8,7
CL  • 10* [%1 1.1 0,31 0,47 1,6 1,7 0,63 1,0 0,22 0,32
* *  • 104[% ] ±  0,2 + 0 ,1 +  0,1 +  0,6 + 0 ,9  +  0,1 + 0 ,4  + 0.01 +  0,1

Tabelle IV

W ertungsparameter der M n /P d - u n d  V /P d-Linienpaare

P aram ete r
A nalytische Linienpaare

Mn 280,11/ P d  302,79 V 318,40/ P d  302,79 Mn 280,11 /P d  302,79 V 318,40 / P d  302,79

U n te rsu ch u n g s -
m o d e ll l a  lb la lb 3a 3h 3a 3b

в х 0,90 0,87 0,82 0,85 0,82 0,90 0,93 0,92
t B x  =  1 ©  © © © © © © ©
P  =  9 5 %
S c X , r  [ %  ] +  14,8 + 1 3 ,4 +  9,3 +  11,5 +  12,6 +  21.8 +  7,3 + 1 2 ,7
CL  ■ 10* [ % ] 1,6 0.6 0,4 0,2 0,3 0.2 0,1 0,2
s c L  ■ 104 [ % ] +  0,6 +  0,3 +  0,06 +  0.1 +  0,1 +  0,1 +  0,03 +  0,08
S tra h lu n g s -

d u rc h g a n g sa r t E  D E D E D E  D

E  =  einfacher D urchgang; D  =  do p p e lte r S trah lu n g sd u rch g an g

F ü r  die w e ite re  D isk ussion  is t  es n o tw en d ig , zuerst zu k lä re n , w elche 
F a k to r e n  die e rm itte lte n  W e rte  der N achw eisgrenzen  beein flussen . D ie allge
m e in  v e rb re ite te  B e h a u p tu n g  [9], daß  d u rc h  sukzessive V errin g eru n g  der 
r e z ip ro k e n  D ispersion  bis z u r vo llkom m enen  A uflösung  der p h y sik a lisch en  
B re ite  d e r  S p ek tra llin ie  im m e r g ü nstigere  N achw eisgrenzen  e rre ic h t w erden , 
g ilt  n u r  b eg renz t. D urch  die V errin g eru n g  d e r rez ip roken  D ispersion  w ird  
d ie  U n te rg ru n d sc h w ä rzu n g  im m e r g esch w äch t, a b e r n ich t deren  F lu k tu a tio n s 
c h a ra k te r .  D ie W erte  d er N achw eisg ren zen  w erd en , w enn m a n  k eine  U n te r 
g ru n d k o rre k tio n  v o rn im m t, fo lg en d erm aß en  e rm itte lt  [1 0 , 1 1 ]:

cL =  1 о (ЛУ* - Ах’в ) к  (l)

■4Yn  =  log ( i x ,U +  3 S I x , a )  ~~ ^  R . L + U  • (2)
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D as b e d e u te t ab e r, d a ß  der cL-W e rt die fo lgende F u n k tio n sa b h ä n g ig k e it 
au fw eis t:

CL fU x ,u 'i  S‘x,v; B x ] . (3)

F a lls  m an  aber die In te n s i tä t  d er a n a ly tisc h e n  Linie m it d er U n te rg ru n d 
in te n s i tä t  k o rrig ie rt, w as h a u p tsäch lich  bei d e r S purenanalyse  d e r h ä u fig s te  
F a ll is t, ä n d e rt sich die F u n k tio n sa b h ä n g ig k e it der cL-W erte  (3) w ie fo lg t:

CL —  / [ SLy,c ’ ^ X . R '  B x ] i (4 )

d a  d er zlY N-W ert in  diesem  F a ll au s  d e r m o d ifiz ie rten  G leichung (5) e rm itte l t  
w ird  [1 1 , 1 2 ]:

=  log (3 s ix u ) — Y RL+U . (5)

F a lls  m an  auch die B e zu g slin ien in ten s itä t m it der U n te rg ru n d in te n s itä t  
k o rrig ie rt, g ilt die A b h äng igke it (4) w e ite r, a b e r  in  der G leichung (5) w ird  a n 
s t a t t  des Gliedi *  Y R,l+v der m it d e r  U n te rg ru n d in te n s itä t k o rr ig ie r te  Y  R- 
W e r t e ingesetzt.

S e lb s tv e rs tän d lich  m üssen  die A x  R- u n d  B x -G ru n d p a ra m e te rw e rte  der 
an a ly tisch en  E ich g erad en  fü r  die an g ew en d e te  E rm ittlu n g sa r t d e r  A Y -W erte  
g e tre n n t b erech n e t w erden .

D a bei der A u sw ertu n g sm o d ifik a tio n  (5) das Glied I x  v  e n tf ä l l t ,  ist 
d e r  cL-W ert v o r allem  du rch  die S /v ^ -S tan d ard ab w eich u n g  b e d in g t. D esha lb  
m u ß  bei den A u sw ertu n g sv a rian ten , w o m a n  die L in ie n in te n s itä te n  m it der 
U n te rg ru n d in te n s itä t  k o rrig ie rt, die V e rm in d e ru n g  der rez ip ro k en  D ispersion  
n ic h t im m er zur V erbesserung  d er N achw eisgrenzen  führen .

A. E in flu ß  der V erm inderung der reziproken Dispersion

D ie A usw irkung  d er V erm in d eru n g  d e r reziproken  D isp e rs io n  a u f  die 
W e rtu n g sp a ra m e te r  is t  au fg ru n d  d e r  P a ra m e te r  einiger C r/P d-, M n /P d - und  
V /P d -L in ien p aare  in  T abelle  I I I  d a rg e s te llt , d a  diese W erte  als ty p is c h e  B ei
spiele angesehen w urden .

A us dieser T abe lle  is t e rs ich tlich , d aß  die V erm inderung  d e r  rez ip ro k en  
D ispersion , die von  e in er g leichzeitigen  S te ig eru n g  der th eo re tisch en  A uflö su n g  
b eg le ite t is t, bei den re la tiv en  E m p fin d lic h k e itsw e rte n  (P a ra m e te r  B x ) im m er 
eine V erbesserung  h e rv o rru fen . D ieser W e rt is t  im  O ptim alfall m e is te n s  sign i
f ik a n t  gleich 1 oder m indestens h ö h e r  als 0,80.

Die re la tiv e  G enau igkeit d e r K o n zen tra tio n sb es tim m u n g  (P a ra m e te r  
sc ) e rre ich t m eistens bei e iner th e o re tisc h e n  A uflösung v o n  ca . 105, die 
e in e r rez ip roken  D ispersion  von 0,368 • 10-fi en tsp rich t, den o p tim a le n  W ert.
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D ie N achw eisgrenzen  cL weisen eine g u te  K o n fo rm itä t  m it der re la tiv e n  
G en au ig k e it der K o n z e n tra tio n sb e s tim m u n g  au f. B em erkensw ert is t au c h  die 
T a ts a c h e , daß m an  b e i d e r  reziproken D isp e rsio n  v o n  0,368 • 10 6 au c h  die 
g ü n s tig s te n  S ta n d a rd ab w e ich u n g en  sC[ fü r  d ie  N achw eisgrenzen e rre ich t. 
B e i G itte rn , die bei d e r  gegebenen  reziproken  D isp e rs io n  einen höheren  S tr a h 
lu n g sa n te il (ca 85% ) b e s itz e n , is t  sicherlich eine w e ite re  V erbesserung d e r W e r
tu n g sp a ra m e te r  zu e rw a r te n .

B . E in f lu ß  der A n w en d u n g  des doppelten Strahlendurchganges

D iese U n te rsu ch u n g  w u rd e  ausschließlich u n te r  A nw endung von  G itte rn  
m i t  e in e r F u rch en zah l v o n  651 pro M illim eter, a b e r  n ich t n u r in  der e rs ten , 
so n d e rn  auch in der z w e ite n  O rdnung d u rc h g e fü h r t. D ie A usw irkung des d o p 
p e l te n  S trah len d u rch g an g es  wdrd durch die V e rä n d e ru n g e n  der P a ra m e te r  der 
M n /P d - und  V /P d -L in ie n p a a re  in  der T abelle IV  v e ran sch au lich t.

E s  zeigt sich a u f  d e n  e rs te n  Blick, d aß  d ie  re la tiv e n  E m p fin d lich k e iten  
a m  w enigsten  von  d e r  E in sch a ltu n g  des d o p p e lte n  S trah len d u rch g an g es 
b e tro ffe n  w erden. D iese W e r te  sind fast im m er g rö ß e r als 0,80, aber die D if
fe re n z  zw ischen den zw ei verg lichenen  W e rte re ih e n  is t n ich t s ign ifikan t.

D ie W erte der r e la t iv e n  G enauigkeit d e r  K o n z en tra tio n sb es tim m u n g  
h a b e n  sich bei der E in s c h a ltu n g  des d o p p e lten  S trah len d u rch g an g es m it n u r  
e in e r  A usnahm e v e rs c h le c h te r t .  Dieses T e ile rg eb n is  w idersp rich t ab e r n ic h t 
d e n  E rw artu n g en  da  s ich  d u rc h  den d o p p e lten  S trah len g an g  die S tö ru n g s 
fa k to re n  (z. B. S tre u lic h ta n te il)  verm ehren , d ie die endgültigen  S ta n d a rd 
ab w eich u n g en  b e e in flu sse n .

D ie W erte der N ach w eisg ren zen  h ab en  sich  im  ers ten  Fall (m = 1 )  bei 
d e r  A nw endung  des d o p p e lte n  S trah len d u rch g an g es  ganz p räg n an t v e rb esse rt. 
Im  zw eiten  Fall (m  =  2), w o d e r W ert des th e o re tis c h e n  A uflösungsverm ögens 
v o n  0,922 • 105 au f 1,844 • 10 5 angehoben w u rd e , k a n n  m an  jedoch  n ic h t von  
e in e r  so lchen e in d eu tig en  V erbesserung  sp rech en .

B em erkensw ert i s t  a u c h  der Vergleich d e r U n te rsuchungsm odelle  l b  u n d  
3 a , w o n ach  bei g le ich en  W erten  der re z ip ro k e n  D ispersionen u n d  des 
th e o re tis c h e n  A uflösu n g sv erm ö g en s w iederum  b e i e infachem  S tra h le n d u rc h 
g a n g  (F a ll 3a) g ü n stig ere  W e rtu n g sp a ra m e te r  e r re ic h t w urden .

C. E in f lu ß  der Werte der Strahlungsanteile der Gitter

D ie B edeu tung  d e r  W e rte  der S tra h lu n g sa n te ile  der R e flex io n sg itte r 
w u rd e  bei q u as ik o n stan tem  th eo re tisch en  A u flö su n g sv erm ö g en  sowie k o n s ta n 
te n  rez ip ro k en  D ispersionen  u n te rsu ch t. E s w u rd e n  d re i G itte r angew endet, 
u . zw . e in  G itte r m it e in em  »blaze« W inkel fü r  d ie  e rs te  O rdnung, ab e r u n te r  
A n w en d u n g  des d o p p e lte n  S trah len d u rch g an g es , e in  G itte r m it g leicher
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T abelle  V

Wertungsparameter der C r/P d-, M n /P d - und V /P d-Linienpuare

P a r a m e te r
A n a ly t i s c h e  L in ie n p a a re

Cr 30 2 ,1 6  / P d  3 0 2 ,7 9 M n  2 8 0 ,1 1 /  P d  30 2 ,7 9 V  3 1 8 ,5 4  / P d  3 0 2 ,7 9

U  ntersuchungs- 
m odell lb 3a 2 lb  3a 2 lb 3a 2

f ix 0,51 0.83 0.96 0,87 0,82 0,83 0.85 0.96 0.93
tB x  =  1 © © e 0  0  0 0 ® ©
P  =  95%
ScX,r [% ] +  15,1 f  6,4 +  3,2 ± 1 3 ,4  + 1 2 ,6  + 9 .1 +  11,5 +  11,6 +  7,3
c L ■ 10* [% l 1,7 0.3 0.2 0,6 0,3 0.1 0,2 0.2 0,1
*cL • 101 [% ] +  0.1 0,06 +  0,1 +  0,3 +  0.1 + 0 .01 +  0.1 +  0,01 +  0,03

F u rc h e n z a h l w ie das erste, w elches jed o ch  einen »blaze« W inkel fü r  die zw eite  
O rd n u n g  h a t, u n d  schießlich ein G it te r  m it d o p p e lte r F u rch en zah l u n d  in  e rs te r  
O rd n u n g  e in g ese tz t. Die E rgeb n isse  d ieser V erg leichsstud ien  sind  a n h a n d  der 
P a ra m e te r  d er C r/P d -, M n/Pd- u n d  V /P d -L in ien p aare  in  T abelle V v e ra n sc h a u 
lich t.

Die re la tiv e n  E m p fin d lich k e itsw erte  sind en tw ed er fü r die d re i u n te r 
su c h te n  F älle  s ig n ifik an t gleich (M n /P d ) oder ste igen  para lle l m it d e r H e b u n g  
d e r S trah lu n g san te ile  bis zum  O p tim a lw e rt (B  =  1) an . D ie g ü n s tig s te n  
W e rte  fü r die re la tiv e  G en au ig k e it d e r K o n zen tra tio n sb es tim m u n g  w u rd en  
in  d ieser U n tersuchungsserie  im m e r bei dem  U ntersu ch u n g sm o d ell 2, d as  die 
h ö ch sten  S trah lu n g san te ilw e rte  au fw e is t (80% ), e rh a lten . E inen  d u rc h a u s  k o n 
fo rm en  V erlau f zeigen auch die N achw eisg renzen .

Schlußfolgerungen

Bei der V erringerung  d er re z ip ro k e n  D ispersion, w om it g leichzeitig  eine 
E rh ö h u n g  des th eo re tisch en  A uflösungsverm ögens e inhergeh t, v e rb esse rn  sich 
d ie re la tiv en  E m p fin d lic h k e itsw e rte  u n d  e rre ichen  den  O p tim a lw e rt. D ie 
op tim a le  re la tiv e  G enauigkeit d e r  K o n zen tra tio n sb es tim m u n g  u n d  au c h  die 
n ied rig s ten  N achw eisgrenzen  e r re ic h t m an  dagegen schon  bei dem  th e o re t i 
sch en  A uflösungsverm ögen v o n  R theor =  Ю5. E ine  w eitere  V erb esse ru n g  d ieser 
W erte  k an n  im  allgem einen bei g eg eb en er A n reg u n g sa rt n ich t d u rch  E rh ö h u n g  
des th eo re tisch en  A uflösungsverm ögens e rre ich t w erden , da dies k e in en  w e ite 
ren  E in flu ß  a u f  die V erringerung  d er S tan d ard ab w eich u n g  d er U n te rg ru n d 
in te n s itä te n  a u sü b t.

Die A nw endung  des d o p p e lte n  S trah len d u rch g an g es hei dem  G itte r-  
sp ek tro g rap h en  PGS-2 e rm ö g lich t a u f  ziem lich einfache W eise die V errin g e
ru n g  der rez ip ro k en  D ispersion, w obei allerd ings die V erbesserung  d e r W er
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tu n g sp a ra m e te r  d e r a n a ly tisc h e n  M ethoden  n ic h t  so au sg ep räg t is t, wie bei 
V erw en d u n g  von  G it te rn  m it  »blaze«-W inkeln fü r  höhere  O rdnungen , h a u p t
säch lich  fü r die zw eite  u n d  d r it te  O rdnung .

D ie W e rtu n g sp a ra m e te r  der sp ek tro ch em isch en  an a ly tisch en  M ethoden  
w erd en  am  w irk sam sten  v o n  folgenden zw ei F a k to re n  b ee in flu ß t: von  der Z ahl 
d e r  G itte rfu rch en  p ro  M illim eter u n d  v o m  a k tu e lle n  S trah lu n g san te il. D ie 
V erg rö ß eru n g  d ieser zw ei W erte  w irk t sich  im m e r p o sitiv  a u f  die W e rtu n g s
p a ra m e te r , in  e rs te r L in ie  a u f  die N achw eisgrenzen  u n d  a u f  die re la tiv e  G enauig
k e it  der K o n z en tra tio n sb es tim m u n g  aus.

*

Die V erfasser d a n k e n  F ra u  Ing . D. M a k a t u r o v á  fü r  die au ß ero rd en tlich  gew issenhafte 
A u s fü h ru n g  der E x p e rim e n te .

E rlä u te ru n g  d e r Sym bole, die im  T ext u n d  in  den T abellen n ich t 
defin iert w urden

a x ,r 
B x
S c X , r

CL  
ScL

-^theor 
D
Ix, и
s i x . u  
* R ,  L  +

Yr
m
P  =  95%

+ СУ

— P a ra m e te r  d e r  m od ifiz ierten  L om ak in -S cheibe-G le ichung
-  R ic h tu n g s ta n g e n te  der an a ly tisch en  E ich g erad e ; re la tiv e  E m p fin d lich k e it

— re la tiv e  G e n a u ig k e it  der K o n z en tra tio n sb e s tim m u n g  in  %
— N achw eisg renze
— S ta n d a rd a b w e ic h u n g  der N achw eisgrenze
— th eo re tisch es  A uflösungsverm ögen
— reziproke D isp e rsio n
— a rith m e tis c h e r  M itte lw e rt der U n te rg ru n d in te n s itä t
— S ta n d a rd a b w e ic h u n g  der U n te rg ru n d in te n s itä t  

u n k o rr ig ie r te r  Y -W ert der B ezugslinie
— k o rrig ie rte r  Y -W e rt der B ezugslinie
— O rdnung  d e r  D iffrak tio n
— sta tis tisch e  S ic h e rh e it des T es tv e rfah ren s
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COMPLEXES OF Co(II), Ni(II), Zn(II) AND Hg(II) WITH 
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2-CYANO-3,4-HlPHENYL-4-HYDROXYCROTONATE

В. B. MOHAPATRA, В. K . MOHAPATRA and S. GURU 

(D epartm ent o f  C hem istry, R avenshaw  College, Cuttack-3, Orissa, In d ia )
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Com plexes o f th e  com position  M L2, w here  M is C o(II) or N i(II), a n d  MLC1, 
w here  M is Z n (II)  o r H g (II) , a n d  L  is th e  t r id e n ta te  e th y l 2 -cyano-3 ,4 -d ipheny l-4 - 
-h y d ro x y c ro to n a te  (o b ta in ed  from  th e  co n d en sa tio n  o f benzoin  and  cy an o ace tic  e s te r) 
h av e  been  sy n thesized . T he C o(II) an d  N i( I I )  com plexes a re  o c tahedra l, w h e rea s  th e  
Z n (I I)  and  H g (II)  com plexes are te tra h e d ra l  as in fe rre d  from  analy tica l c o n d u c tan c e , 
m ag n e tic  su scep tib ility , I R  an d  e lectron ic  sp e c tra l d a ta .

In tro d u c tio n

T h e  tr id e n ta te  n itro g en  donor lig an d  te rp y r id il  is know n to  fo rm  five- 
c o o rd in a te d  com plexes w ith  N i(II) , C u(II) a n d  Zn (II)  halides [1]. T o  ach ieve  
th is  ra re  co o rd in a tio n  n u m b er, m an y  new' t r id e n ta te  ligands were sy n th es ized  
an d  th e ir  co m p lex a tio n  b e h av io u r w as s tu d ie d . M ore recen tly  B h a t t a c h a r y a  
et al. [2, 3] have  re p o rte d  com plexes w ith  triazen e-N -o x id e . T hough  a  n u m b e r  
of com plexes have  been  sy n th esized  u sin g  b en zo in  [4] or benzoin m o n o x im e  
as lig an d s , no a t te m p ts  h av e  been m ade to  p re p a re  a tr id e n ta te  l ig a n d  from  
benzo in . I t  w as, th e re fo re , th o u g h t w o rth w h ile  to  syn thesize  a new  t r id e n ta te  
ligand  (e th y l 2 -cy an o -3 ,4 -d ip h en y l-4 -h y d ro x y cro to n a te ) b y  condensing  b en zo in  
an d  cy an o ace tic  e s te r an d  to  s tu d y  its  c o m p lex a tio n  w ith  som e d iv a le n t t r a n 
sition  an d  n o n tra n s itio n  m e ta l ions like C o (II), N i(II) , Z n (II) and  H g ( I I ) ,  r e 
spec tiv e ly .

E x p erim en ta l

All chem icals used  w ere o f  A n a laR  grade.

P rep a ra tio n  o f lig an d

A n e th an o lic  so lu tion  of benzoin  (2.12 g) a n d  cy an o ace tic  ester (1.13 m l) w as t r e a te d  
w ith  p ip erid in e  ( 2 —3 m l) an d  th e  so lu tion  re flu x ed  fo r  a b o u t  2 h rs on a w a te r b a th .  T h e  h o t  
so lu tion  w as p o u red  in to  a b e ak e r co n ta in in g  ice cold w a te r , w hen  a yellow p re c ip ita te  se p a ra te d  
o u t im m ed ia te ly . I t  w as allow ed to  s ta n d  o v e rn ig h t, f ilte red  an d  w ashed w ith  w a te r . On 
c ry s ta lliz a tio n  in  alcohol a yellow ish  c ry sta llin e  p re c ip ita te  o f th e  ligand  sep a ra ted  o u t  (m eltin g  
p o in t 112 °C). (C1?H 170 3N. Calcd: C 74.26; H  5.53; IV 4.56. F o u n d : C 73.84; H  5.07; N  4 .1 7 % .) 
E le m en ta l analysis gave th e  com position  C19H l70 3N  a n d  th e  I R  sp ec tra  th e  p resence  o f  fu n c 
tio n a l g ro u p s according to  th e  s tru c tu re  given.
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P re p a ra tio n  of th e  com plexes

T o  an  e th an o lic  so lu tion  o f  a  m e ta l ch lo ride , th e  ligand  was ad d ed  in  1 : 2 ra tio , 
fo llow ed  b y  th e  ad d itio n  o f dropw ise  N H 4O H  u n d e r  s ti r r in g  till a p rec ip ita te  fo rm ed . T h is  w as 
f i l te re d  off, w ash ed  w ith  ab so lu te  e th a n o l an d  e th e r  a n d  d ried  in  vacuum .

M eta ls  in  th e  com plexes w ere e s tim a te d  b y  com p lex o m etric  E D T A  t i t r a t io n  using  
E rio c h ro m e  B lack-T  as in d ic a to r  a t  p H  10. C o n d u c tan ce  was neasured  in  М /1000 ace to n e  
so lu tio n  u sin g  a  T oshn iw al c o n d u c tiv ity  bridge. M ag n e tic  su scep tib ility  m ea su re m e n ts  were 
m ad e  o n  so lid  sam ples a t  room  te m p e ra tu re  by  th e  G ouy  m e th o d  using H g[C o(SC N )4] as th e  ca- 
l ib ra n t .  In f ra re d  sp ec tra  w ere reco rd ed  in K B r p e lle ts  on  P e rk in  E lm er 237 a n d  521 sp e c tro 
m e te rs . E le c tro n ic  sp e c tra  w ere reco rd ed  on a H ilg e r-W a tt U vispeck  P h o to m e te r  w ith  М /100 
(c h lo ro fo rm -lig a n d ) so lu tions o f  th e  com plexes. T he re le v a n t analy tica l d a ta  a re  g iv en  in  
T ab le  I  a n d  th e  sp e c tra l d a ta  in  T ab le  I I .

Table I

A n a ly s is  o f  m .p ., conductance and magnetic suscep tib ility  data o f the complexes studied

Com pound Colour and form
M.p.
(°C)

Conductance 
(mho, cm2)

^eff
B.M.

Meta] % Chlorine %

Found Calcd. Found Calcd.

CoL2 P in k  crysta lline 167 8.5 4.9 9.34 9.67 —

N iL , R ed d ish -b row n  crysta l-

line 198 10.8 2.9 9.51 I 9.64 — —

Z nL  Cl W h ite  c ry sta lline 260 10.5 — 19.47 19.76 8.02 8.59

H g L  Cl W h ite  c ry s ta llin e 202 9.8 — 43.65 43.50 6.27 6.46

Table I I

I R  spectra (cm ~ l)  and  electronic spectral data o f  the complexes studied

Com pounds v ( C — O) ОII i>(C=C) r(CiEN) t»(0—H) r(M—N) p(M—O) Л е т - 1 )
' 'm a x

Dq
(c m -1) ß

L igand
CoL 9

1210
1200

1600
1580

1660
1650

2260
2240

3400
520 450 7,600 20,700 865 0.85

N iL 2 1200 1590 1650 2230 520 460
(15) (19) 

8,300. 13 400 830 0.85

Z nL  Cl 1200 1580 1650 2240 515 420

(9.3) (6) 
24,680 

(19)

H g L  Cl 1200 1580 1650 2230 510 455

R esult and  d iscussion

C om plexes re p o rte d  in  th e  p re sen t in v e s tig a tio n  have th e  com positio n s 
M L ,, w h ere  M =  C o(II). N i(II) , and  MLC1. w here  M =  Z n (II) , H g (II)  an d  L 
is th e  tr id e n ta te  lig an d . Z inc an d  m e rc u ry  com plexes are w h ite , w hereas 
c o b a lt a n d  nickel com plexes are p in k  an d  red d ish -b ro w n , resp ec tiv e ly . T hese
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h av e  fa irly  low m eltin g  p o in ts  an d  are soluble in  ace to n e , g iv ing  low  m olar 
co n d u c tan ce  va lues, w h ich  in d ica tes  (Table I) th e  n o n -e lec tro ly tic  n a tu re  
o f  th e  com plexes. T h e  lig an d  an d  com plex are re p re se n te d  as follow s:

C6H 5 C0H5

H— C-
I

HO

I

c—c
III
N

О "OKt

0 ,;H5
I

H— c —

OiiHs

-c

A
M-
i \

с—c
III

-N

xO''
-OKt

I t  can  fu n c tio n  as a t r id e n ta te  che la tin g  lig an d  w ith  th e  carboxy l 
oxygen , th e  h y d ro x y  o x ygen  an d  th e  cyano  n itro g en  as th e  bon d in g  sites. 
In fra re d  sp ec tra  p ro v id e  ev idence  for these  b o n d in g  s ites. U pon bonding, 
th e  v (C = N ), v (C =  0 )  an d  v (C O) frequencies shou ld  decrease and  th e  
ligand  r (0  H ) shou ld  d isap p ea r in  th e  case o f ch e la tes . F u r th e r  w hen the 
cyano  n itrogen  an d  th e  c a rb o x y  oxygen are bo n d ed , C =  C m a y  be polarized 
an d  v (C =  C) should  be sh ifted  to  lower frequencies . T he ass ig n m en t of IR  
sp e c tra  has been p erfo rm ed  accord ing  to  N a k a m o t o  [5] an d  S i l v e r s t e i n  
et al. [6 ] in co n fo rm ity  w ith  th e  above a ssu m p tio n s . T h e  lig an d  bands 
a t  2260, 1660, 1600 an d  1210 c m -1  are a t tr ib u ta b le  to  v (C = N ) , r (C  =  C), 
r ( C  =  0 )  and  v (C O), resp ec tiv e ly .

A ll these b an d s  a re  sh ifted  to  lower frequencies in  th e  che la tes  and  the  
d isap p earan ce  on co m p lex a tio n  o f th e  3400 cm ~ 1 b a n d  (occu rring  a t  a lower 
freq u en cy  th a n  u su a l, p ro b a b ly  because o f h y d ro g en  bond ing ) a ttr ib u ta b le  
to  v (О H ) of th e  lig an d  p rov ides conclusive ev idence  fo r b o n d in g  of these 
th re e  sites to  th e  m e ta l ions. T h is has been fu r th e r  s u b s ta n tia te d  b y  th e  obser
v a tio n  o f v(M  -N ) an d  v (M 0 )  a t  ab o u t 520 an d  460 c m “ 1, respective ly .

T hree  h an d s  w ere o bserved  in  th e  v isib le  e lec tro n ic  sp ec tru m  of th e  
n ick e l(II)  com plexes, viz . a t  8300 (9.3), 13 400 (6 ) an d  24 680 (19) cm -1 , 
a t tr ib u ta b le  [7] to  3A2g -»  3T 2g, 3A2g 3A2g 3T lg(F) an d  3A2g -► 3T lg(p) 
tra n s itio n s , re spec tive ly . C alcu la tions [8 ] of ligand  f ie ld  p a ra m e te rs  like and  
ß  an d  th e  ag reem en t b e tw een  ca lcu la ted  (on th e  basis  o f th e se  p aram eters) 
an d  ex p erim en ta l va lues fo r th e  3A 2g —*■ 3T 1(,(F) tr a n s it io n  show  th e  sy m m etry  
to  be O h ra th e r  th a n  D 4/,. A ccord ing  to  m ag n etic  m easu rem en ts  th e  /teff is 
2.9 В. M., in d ica tin g  th e  presence  o f tw o u n p a ired  e lec tro n s an d  a spin-free 
o c tah ed ra l co n fig u ra tio n  fo r th e  com plex.

In  case of th e  c o b a lt( I I )  com plex ab so rp tio n  h an d s  a p p e a r  a t  7600 (15) 
and  20 700 (19), assignab le  [9] to  4T ,g(F) -  4Т 2<г(,г) an d  4T lg(F) 4T lg<p)w 
tra n s itio n s , re spec tive ly . T h ree  tran s itio n s  are  e x p e c te d  for C o(II) com plexes 
o f O h sy m m etry . T he 4T lg(F) —► 4A 2g(F) tra n s itio n  in v o lv in g  a tw o-electron  
p rocess gives rise to  a w'eak h an d  on th e  h igh freq u en cy  side o f  th e  4T lg(P)
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b a n d . T h e  low in te n s ity  c o m b in e d  w ith  closeness to  th e  4T x̂ (p) tra n s itio n  
re n d e rs  i t  unobservable  in  th e  p re se n t case. T he c a lcu la tio n  o f lig an d  fie ld  
p a ra m e te rs  and  th e  a g re e m e n t betw een  th e  ca lc u la ted  an d  ex p e rim en ta l 
v a lu e s  fo r  th e  v2 and  v3 b a n d s  p ro v id e  evidence fo r an  O h sy m m e try . The 
fief f  v a lu e  o f 4.9 В. M. is in  c o n fo rm ity  w ith  th e  sp in -free  o c ta h e d ra l geom etry  
o f  th e  com plex .

T h e  Z n (II) and  H g (I I )  com plexes w ith  one m olecule o f  th e  tr id e n ta te  
l ig a n d  b in d  one chloride in  th e  fo u r th  coo rd ination  p o sitio n , p ro b a b ly  giving 
rise  t o  a  te tra h e d ra l g e o m e try  fo r  these  com plexes.
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SCHIFF BASE COMPLEXES OF TITANIUM(III) 
AND VANADIUM(III)
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R eceived  N o v em b er 29, 1976

T he com plexes o f t i ta n iu m (I I I )  w ith  b is(2 -m eth o x y  benzalidene) d ian is id in e , 
b is(2 -m eth o x y b en za lid en e) benzid ine , b is(b en za lid en e) benzid ine, b is(ace ty lace to n e ) 
benzid ine, b is (a ce ty l acetone) e th y len e  d iim in e  a n d  b is(ace ty l acetone) d ian is id in e  
an d  v a n a d iu m (I I I )  w ith  b is(benzalidene) o -p h en y len e  diim ine and  b is(2 -m e th o x y  
benzalidene) o -pheny lene  diim ine h av e  b een  sy n th e s iz e d  and  ch arac te rized  b y  th e ir  
e lem en tal an a ly se s, m elting  p o in ts , m o lar c o n d u c tan c e s , th e rm o g rav im etric  a n a ly s is  
an d  in fra red  sp e c tra . All th e  com plexes show  1 : 1 ra tio  (Schiff base m e ta l sa l t)  an d  
on ly  one ch lo rid e  is in  th e  o u ter co o rd in a tio n  sp h e re .

T he p re p a ra tio n  an d  ch arac te ris tic s  o f  th e  com plexes of ti ta n iu m (IY )  
[1 — 3] and  v an a d iu m (IV ) [4 6 ] w ith  S ch iff b ases  have  been re p o rte d  in  th e
li te ra tu re . H ow ever, th e  in te rac tio n  of t i t a n iu m ( l l l )  and  v a n a d iu m ( l l l )  has 
been stu d ied  v e ry  vag u e ly . We h av e  re c e n tly  r e p o r te d  a num ber of t i ta n iu m ( I I I )  
com plexes w ith  S ch iff bases [7]. T he p re se n t com m unica tion  deals w ith  th e  
com plex fo rm a tio n  betw een  t i ta n iu m (I I I )  c h lo rid e  and  Schiff bases bis(2- 
-m e th o x y b en za lid en e) d ian isid ine, bis(2 -m e th o x y  benzalidene) b en z id in e , 
b is(benzalidene) benzid ine , b is(ace ty lace to n e) benzid ine , b is (ace ty lace to n e) 
d ian isid ine, an d  b is(ace ty lace tone) e th y len e-d iim in e  an d  betw een v a n a d iu m (I I I )  
chloride and  S ch iff bases b is(benzy lidene)-o -pheny lened iim ine  a n d  bis(2- 
-m e th o x y b en za lid en e), o-phenylene-d iim ine. T h e  com plexes were iso la ted , su b 
je c te d  to  e lem en ta l analy sis  for ca rb o n , h y d ro g e n , n itrogen  and  ch lo rine , th e ir  
th erm o g ram s, m o la r  conductances an d  in f ra re d  sp ec tra  ta k e n  a n d  m e ltin g  
po in ts  d e te rm in ed .

E x p erim en ta l

B enzidine (R e a n a l, H u n gary ), d ian isid ine  (E . M erck, G erm any), e th y le n ed iam in e  
(R iedel, G erm any), o -pheny lene-d iam ine  (X en o n , P o la n d ) , benza ldehyde  (R iedel, G e rm an y ), 
2 -m eth o x y b en za ld eh y d e  (N o rd a , U .S.A .), TiCl36 H 20  [8], a ce ty lace to n e  (B .D .H .) a n d  v a n a - 
d iu m (III)  ch loride (B .D .H ., E ng lan d ) w ere used  in  th e se  stud ies. 2 -M eth o x y b en zald eh y d e  
was d istilled  an d  b en zid in e , o -phenylened iam ine w ere rec ry s ta llize d  before use.

T he re sp ec tiv e  a ld eh y d es and  am ines were ta k e n  in  a m ole ra tio  o f 2 : 1 in  b en zen e , 
s tirred  for a b o u t 3 4 h o u rs  an d  th e  re su ltin g  p re c ip ita te  w as w ashed  w ith  e thano l a n d  re c ry s ta l 
lized. T he ligands w ere su b jec ted  to  e lem en ta l an a ly sis  fo r  carb o n , hydrogen a n d  n itro g e n  to  
estab lish  th e ir  id e n ti ty .

Acta Chim. (Budapest) 94, 1977



1 9 6 R1ZV I, AHMAD: SCHIFF BA SE COMPLEXES

P re p a ra tio n  of th e  com plexes

T h e  com plexes of S ch iff b ases w ith  t i ta n iu m ( I I I )  ch loride and  v a n a d iu m (I I I )  ch loride  
w ere  p re p a re d  by  reac tin g  th e  m e ta l  an d  Schiff b a se  in  th e  mole ra tio  of 1 : 1 in  d r y  te tra -  
h y d ro fu ra n .  T he p rec ip ita te  o b ta in e d  was filte red  in  a  B u ch n er base in d ry  te tra h y d ro fu ra n  
to  re m o v e  a n y  excess of th e  lig a n d . As t i ta n iu m (I I I )  a n d  v a n a d iu m (III)  ch lo rid es a re  p rone  
to  o x id a t io n  an d  the  com plexes a re  h igh ly  hygroscop ic , th e  whole process o f p re p a ra tio n  was 
d o n e  in  a n  in e r t  d ry  a tm o sp h ere . F o r  th is  purpose  a  g love bag  w ith  co n stan t flow  o f p u re  and 
d ry  n i tro g e n  was im provized. A f te r  th e  w ashing o f th e  com plex  was co m ple ted  th e  p rec ip i
t a t e  w a s  tran sfe rred  q u ick ly  in to  a v acu u m  d e s ic c a to r  an d  dried. Since th e  c o m p lex es  are 
in so lu b le  in  u su a l organic so lv e n ts , i t  w as n o t possib le  to  crysta llize  them . T he co m p lex es were 
a n a ly s e d  fo r  carbon , h y d rogen  a n d  n itro g en  a t th e  m ic ro an a ly tica l section of th is  d e p a r tm e n t. 
A  g iv e n  a m o u n t of th e  com plex  w as fused  w ith  p u re  p o tass iu m  carb o n a te  in  a  p la t in u m  cru 
c ib le , d isso lv ed  in  d ilu te  n itr ic  ac id  so lu tion  an d  th e  ch loride  de term ined  as s ilv e r chloride. 
T h e  r e s u l ts  a re  given in  T ab le  I.

Table I

SI. m  O hm-1
No. Complex Carbon Hydrogen N itrogen Chloride Colour bility cm2m ole_1

l . D ich lo ro  bis(2-m ethoxy-
-b en z) dian  T i(III)  Cl 56.76 4.45 4.41 16.75 L ight DM SO 27.4
[(C30H 28N2O4Cl2)Ti] Cl (56.89) (4.38) (4.43) (15.17) brown

2. D ich lo ro  bis(2-m ethoxy-
b e n z ) b n  T i(III)  Cl 58.51 4.21 4.87 18.50 L ight DM SO 61.2
- [(C28H 24N20 2C12) T i] Cl (68.48) (4.14) (4.89) (18.47) yellow

3. D ich lo ro  bis(benz) bn
T i( I I I )  Cl 60.67 3.92 5.44 20.66 Y ellow DM SO 58.3
l(C 26H 20N2Cl2) Ti] Cl (60.31) (4.01) (5.11) (20.49)

4. D ich lo ro  bis(acac) bn
T i( I I I )  Cl 52.56 4.81 5.57 21.45 Yellow DM SO 71.1
[(C22H 24N20 2C12) Ti] Cl (52.54) (4.79) (5 .54) (21.15)

5. D ich lo ro  bis(aeac) dian
T i( I I I )  Cl 51.22 5.02 4.98 18.90 Yellow DM SO 70.9
[(C24H 28N20 4C12)] Ti Cl (51.23) (4.87) (4.87) (18.89)

6. D ich lo ro  bis(acac) en
T i( I I I )  Cl 38.07 5.33 7.40 28.10 Yellow DM SO 70.8
[(C ,2H 20N2O2Cl2 T i] Cl (38.88) (5.23) (7.45) (28.09)

7. D ic h lo ro  bis(benz)
o-phene-b is te trah y d ro - 
fu ra n a to  V (III) Cl 
[(C20H 16N2C12 • 57.40 5.51 4.78 Light DM SO 52.3
2 С4Н 80 )  V] Cl (57.94) (5.31) (4.68) pink

8. D ich lo ro  bis(2-m ethoxy-
-b en z) o-phene V (III)  
Cl d ih y d ra te  
[(C22H 20N2O2 Cl2) V] 49.14 4.50 5.21 D irty DM SO 27.6
2 H 20 (48.99) (4.41) (5.13) w hite

(T h e  observed percen tages fo r carbon , hydrogen , n itro g en  and chlorine are g iven  in  p a ren 
th eses)

A b b rev ia tio n s used: en  =  e thy lened iim ine, d ian  =  dianisid ine, bn  =  b en zid ine , o-phene 
=  o -pheny lened iim ine , benz =  ben za lid en e, acac =  ace ty lacetone.

Physico -chem ica l m ea su re m e n ts

F o r  th e  m easurem ents o f m o la r co n d u ctan ce , P h ilip s  co n d u c tiv ity  b ridge m o d e l P R 9500  
w ith  a  d ip  ty p e  co n d u c tiv ity  cell w as em ployed. T h erm o g ram s w ere tak e n  a t  th e  R eg io n a l 
R e se a rc h  L ab o ra to ry , H y d e ra b a d , In d ia , fo r th e  co m p lex es con ta in ing  w a te r, b e tw e e n  room  
te m p e r a tu r e  an d  500 °C in an  in e r t  a tm osphere .

T h e  i.r . spectra  of th e  com plexes an d  th e  l ig a n d s  w ere tak e n  in K B r p h ase  b e tw een  
4000 c m -1  a n d  700 c m -1 .

A c ta  Chim . ( Budapest) 94, 1977
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Results and discussion

E lem en ta l analy sis  o f  ca rbon , h y d ro g en , n itro g en  and  ch lo rine give 
fo rm ulas fo r th e  t i ta n iu m (I I I )  an d  v a n a d iu m (I I I )  Sch iff base com plexes 
(g iven in  T ab le  I) w here th e  m ole ra tio  b e tw een  m e ta l an d  th e  Sch iff base is 
1 : 1 .  Som e o f th e  h y d ro g en  analyses are  q u ite  h igh  because th e  com plexes 
read ily  abso rb  m o is tu re  w hen  exposed to  a ir  d u rin g  m icroanalysis.

Since th e  com plexes are  v e ry  m uch su scep tib le  to  ox ida tio n  from  a tm o s
pheric  oxygen  an d  p ro n e  to  absorb  m o istu re  v e ry  read ily  and  also because 
v e ry  sm all a m o u n ts  o f th e  sam ples w ere av a ilab le , i t  w as n o t possible to  m ea
sure th e ir  m ag n e tic  su scep tib ility  b y  th e  G ouy m e th o d .

T he m o la r co n d u c tan ces o f th e  com plexes o f  tita n iu m  a t 10 3 M  con
c e n tra tio n  lie in  th e  range  o f  27.4 — 71.1 ohm  'e m *  m ole” 1, in  d im eth y l su lph- 
oxidc and  fo r th e  com plexes o f v a n a d iu m (II I )  lie b e tw een  27.6 an d  52.3 ohm  1 

cm 2 m ole” 1, w hich  are  co m p atib le  w ith  1 : 1 e lec tro ly tes  [9]. I t  is th e re fo re  co n 
cluded  th a t  tw o  o f th e  th re e  chlorides p re sen t are  in side  th e  coo rd in a tio n  sphere  
leav ing  one ou ts id e .

T he tw o  com plexes o f v a n a d iu m (II I )  ch lo rid e  w ith  b is(benzylidene)
o -pheny lened iim ine  an d  b is(2 -m etho x y b en zy lid en e) o -pheny lened iim ine w hich  
h ad  in d ica tio n s  o f th e  p resence of te tra h y d ro fu ra n  or w a te r w ere su b jec ted  
to  th c rm o g ra v im e tric  an a ly ses .T h e  b is(benz)o -pheny lened iim ine  com plex  show s 
th e  rem oval o f th e  tw o te tra h y d ro fu ra n  m olecules a t  225 °C (observed  w eig h t 
loss =  2 6 % , th e o re tic a l fo r tw o te tra h y d ro fu ra n  m olecules =  25 .0 3 % ). T he 
to ta l  w eigh t loss is 9 3%  a t  a b o u t 460 °C. T h e  b is(2 -m ethoxybenzy lidene)
o-pheny lened iim ine  com plex  show s th a t  th e  re m o v a l o f tw o  w a te r  m olecules 
is com pleted  a t  on ly  50 °C (observed  w eigh t loss is 5 .6 % , th eo re tica l 6 .38% ). 
T he to ta l  o b serv ed  w e ig h t loss is 99 .5%  a t  425 °C. Since th e  to ta l  w eig h t 
losses are 9 3 %  an d  99 .5%  i t  is possible th a t  d u rin g  h ea tin g  com plex  species 
is fo rm ed  w h ich  vo la tilizes leav ing  little  re s id u e  in  th e  th e rm o g rav im e tric  
b a lance . T he tw o  te tra h y d ro fu ra n  m olecules in  th e  b is(benz) o-phene com plex  
m u s t be c o o rd in a te d  an d  th e  tw o w a te r  m olecules in  th e  v a n a d iu m (I I I )  
chloride com plex  o f b is(2 -m ethoxybenz) o-phene are p re sen t as la ttic e  w a te r .

The i.r . sp ec tra  o f t i ta n iu m (I I I )  com plexes in  th e  region o f 4000 2800
cm ” 1 in  genera l co n ta in  b an d s  in  m e ta l chela tes o f  b is (ace ty lace to n e)-e th y lcn e- 
diim ine an d  re la te d  com pounds [10] for th e  h y d ro g en  bonded  C -H  or N -H . 
T he h y d ro g en  b o n d in g  betw een  n itrogen  an d  h y d ro g en  is v e ry  w eak  an d  hence 
only  in  a few  cases som e b an d s  h av e  ap p eared  in  th e  region of 3700 an d  3000 
c m ” 1. T he b is(ace ty lace to n e) benzid ine, b is(ace ty lace to n e) d ian isid ine  and  
b is(ace ty lace to n e) e th y len cd iim in e  show b an d s  a t  2950 3300 (b), 2980 (w)
and  3450 (b) cm  \  resp ec tiv e ly . T he t i ta n iu m ( I I I )  com plex  w ith  b is(ace ty l- 
acetone) b enz id ine  h as  a b ro ad  b an d  a t  2950 a n d  th a t  of b is(ace ty lace to n e) 
e th y len cd iim in e  a t  2750 w hereas th e  com plex  o f b is(ace ty lace to n e) d ian isid ine
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does n o t  show any  b a n d  in  th is  reg ion . T hese b an d s  m ay  be due to  w eak  h y d ro 
g en  b o nd ing .

I n  th e  region o f  1700 800 c m " 1 th e  m o st im p o r ta n t a b so rp tio n  is th a t
o f  th e  C =  N s tre tch in g . B i r a d a r  an d  K u l k a r n i  [ I I ]  have  re p o r te d  th a t  th e  
C =  N  s tre tch in g  v ib ra tio n  occurs a t 1625 1630 c m " 1 and  is sh if te d  to  h igher
freq u en c ies , i.e. 1630— 1650 on  co m p lex a tio n . T h is ab so rp tio n  occurs a t  1605 (s), 
1630 (s), 1613 (s), 1610 (s), 1606 an d  1603 (s) in  th e  ligands an d  is sh ifted  to  
h ig h e r  frequencies on co m p lex a tio n , t h a t  is to  1640 (vs), 1635 (m ), 1618 (s), 
1615 (s), 1618 (s) a n d  1632 (s), re sp ec tiv e ly , in  th e  o rder g iven  in  T ab le  

I .  T h e  o th e r bands in  th is  reg ion  are due to  p h en y l ring  an d  C H 3 an d  C H , 
d e fo rm a tio n  v ib ra tio n s .

T h e  com plexes o f  S ch iff  bases, d e riv ed  from  ace ty lace to n e  a n d  th ree  
a m in e s , benzidine, d ian is id in e , an d  e th y len ed iam in e  show b an d s  a t  1365 (m ), 
1510 (s); 1355 (s) 1520 (m ); 1380 (s) 1580 (m ) w hich  were p re se n t a t  1345 (s), 
1510 (m ); 1325 (s), 1510 (s); 1350 (m ) in  th e ir  ligands, re spec tive ly . T h e  bands 
sh o w  sh ifts  to  h igher f re q u e n c y  th u s  sign ify ing  t h a t  co o rd in a tio n  also occurs 
th r o u g h  th e  oxygen o f th e  ca rb o n y l g roups o f th e  Schiff bases d e riv ed  from  
a c e ty la ce to n e  [1 2 ].

T h e  m ost im p o r ta n t  fe a tu re  o f i.r . sp ec tra  o f th e  com plexes o f v an a - 
d iu m ( I I I )  Schiff bases is th e  re d u c tio n  in  th e  n u m b e r of b an d s  o f  th e  ligands 
o n  co m p lexa tion .

T h e  bands of te tr a h y d ro fu ra n  do n o t a p p e a r in  th e  IR  sp e c tra  o f  dichloro 
b is(benza lidene) o -pheny lened iim ine  bis te tra h y d ro fu ra n a to  v a n a d iu m (I I I )  
ch lo rid e . T e tra h y d ro fu ran  abso rbs a t  1076 c m " 1. P erh ap s th is  b a n d  v e ry  
m u c h  decreases in  in te n s i ty  and  th u s  d isap p ears  as a re su lt o f co o rd in a tio n  
o f  te tra h y d ro fu ra n  w ith  th e  m eta l.

T h e  com plex b is(2 -m eth o x y b en za lid en e) o-pheny lened iim ine  v an a - 
d iu m ( I I I )  contains tw o  w a te r  m olecules. T he i.r . sp ec tra  show  a s tro n g  b an d  
a t  1651 cm " 1 and  a b ro a d  b a n d  a t  3280 3350 c m " 1, signify ing th e  presence
o f  la t t ic e  w ate r [13].

T h e  i.r. sp ec tra  o f  th e  com plexes do n o t  h av e  an y  b an d s w h ich  m a y  be 
a ss ig n e d  to  V = 0  v ib ra tio n . T his is a c lear p ro o f of th e  fa c t t h a t  th e  com 
p lex es  h av e  been w ell p ro te c te d  from  th e  a tm o sp h eric  oxygen  a n d  are n o t 
o x id ized .

T h e  m ost im p o r ta n t  i .r . ab so rp tio n s  in  th e  ligands occur a t  1630 (s) an d  
1612 (s) cm " 1 w hich sh if t to  h ig h er or low er frequencies on c o m p lex a tio n , 
i.e . to  1605 (s), and  1630 ( v —s) in  th e  com plexes o f v a n a d iu m (II I )  w ith  bis- 
(benz)o -phene and  b is (2 -m e th o x y  benz)o-phene, respective ly . T h is is due to  
C =  N  s tre tch in g  [10].

*

T h an k s  are due to  P ro f. W . R a h m a n , H ead , fo r p ro v id in g  resea rch  facilities.
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MAGNETIC AND SPECTRAL STUDIES ON SOME 
TRANSITION METAL COMPLEXES OF 

DL-a-AMINOBUTYRIC ACID
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( C h e m i c a l  L a b o r a t o r i e s , U n i v e r s i t y  o f  A l l a h a b a d , A l l a h a b a d - 2 1 1002*  I n d i a )

R eceived D ecem b er 6, 1976

M agnetic  an d  spec tra l ( IR , UV a n d  re flec tan ce  spec tra) in v e s tig a tio n s  have  
been  carried  o u t on C u (ll) , N i(II), Z n (I I)  a n d  P d ( I I )  com plexes o f D L -a-am in o b u ty ric  
acid  w hich  coo rd in a tes  th ro u g h  am ino  n itro g e n  an d  carboxy late  oxy g en . C u (II)  and 
N i(II)  com plexes are  p a ram ag n e tic  w ith  m ag n e tic  m om ents o f 1.92 a n d  3.28 B.M ., 
re spec tive ly . S p ec tra l stud ies suggest h e x ac o o rd in a ted  C u(II) a n d  N i( I I )  and 
te tra c o o rd in a te d  Z n (II)  and  P d (II) . I t  also in d ic a te s  th e  presence of tw o  co o rd in a ted  
w a te r  m olecules in  th e  N i(II) com plex p o ss ib ly  h av in g  a d isto rted  o c ta h e d ra l s tru c tu re . 
P d ( I I )  com plex  is square  p lanar.

T he fo rm a tio n  and  s ta b ility  o f som e tra n s it io n  m eta l as w ell as o th e r 
m e ta l com plexes of a -am in o b u ty ric  a c id  h a v e  b e e n  stud ied  earlier in  so lu tio n  by  
sev era l w orkers [1 — 7]. G h a d d o n  andM uNDAY [8 ] s tud ied  th e  sp e c tra l  p ro p 
ertie s  o f  its  C u(II) com plex and  found  th a t  th is  com plex crysta llizes an h y d ro u s  
from  aqueous so lu tion  and  possib ly  С : О Cu linkages are in v o lv e d  in  th e  
co o rd in a tio n . M cA u l if f e  and P e r r y  [9] s tu d ie d  th e  d eh y d ra tio n  o f  n ick e l(II)-  
a -a m in o b u ty ra te  d ih y d ra te  com plex  a n d  o b serv ed  th a t  in  th e  re su ltin g  a n 
h y d ro u s  com plex  n ick e l(II) is h e x a c o o rd in a te  an d  contains t r id e n ta te  ligands 
in  w hich  th e  ca rb o x y la te  group is b o th  b id e n ta te  and  a bridge lig a n d . S h a r m a  
et al. [10] po in ted  o u t a co rre la tion  b e tw een  th e  N H  stre tch in g  fre q u e n c y  and  
th e  s ta b ili ty  o f com plexes of a -a m in o b u ty r ic  acid . T hey  also s tu d ie d  th e  a b so rp 
tio n  sp e c tra  of N i(II)  com plex in  so lu tio n  an d  observed th a t  in  i t  N i( I I )  is 
in  o c ta h e d ra l co o rd ina tion . The p re se n t p a p e r  deals w ith  sy s te m a tic  m ag n e tic  
an d  sp ec tra l ( IR , UV and re flec tan ce ) s tu d y  of some tr a n s i t io n  m eta l 
[C u (II), N i(II) , Z n (II)  and  P d ( I I ) ]  com plexes of D L -a -a m in o b u ty r ic  acid.

Experim ental

Materials

C opper su lfa te  (A n a laR ), nickel su lfa te  (A n a laR ), zinc su lfa te  (A nalaR ), p a lla d iu m  chlo
ride (C hem pure ), D L -a-am inobutyric  acid (B .D .H .)  a n d  sodium  hydroxide (E . M erck).

* P o sta l address: Dr. VI. N. S riv a sta v a , 266, M um fordganj (N ear D is tille ry ), A llaha
bad-211002, In d ia .
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P rep a ra tio n  and  iso la tio n

T h e  so lu tions o f m e ta l ions and  D L -a-am inobutyric  ac id  were m ixed in  th e  m ole  ra tio  
o f  1 : 2 a n d  th e  p H  o f th e  m ix tu re  so lu tions w as a d ju s te d  to  an  ap p ro p ria te  v a lu e  [4.0 fo r 
C u (II) ,  6.0 fo r N i(II)  a n d  Z n (I I)  an d  3.2 for P d (I I ) ]  b y  a d d in g  alkali. The m ix tu re  so lu tio n s  
w ere  th e n  c o n ce n tra ted  o v e r a n  e lectric  w a te r -b a th  a n d  a llow ed  to crystallize. T he p ro d u c ts  
w ere  f i lte re d , th o ro u g h ly  w ash ed  f ir s t  w ith  d istilled  w a te r  a n d  th en  w ith  a lcohol a n d  d ried  
in  a  v a c u u m  d esiccato r. A n a ly tic a l d a ta  are p re se n te d  be low : Bis(DL-a-amino- b u ty ra to )  
c o p p e r( I I ) :  D eep b lu e , sh in ing , c rystalline , so lub le  in  w a te r  on h eating . C alcd. fo r
C u(O O C  C H (N H 2)C H 2 C H 3)2 : Cu, 23.54; C, 35.88; H , 6 .02; N , 10.46% ; found: Cu, 23.66; C, 
36 .01 ; H , 6.13, N , 10 .22% . B is(D L -a-am inobu ty ra to ) n ic k e l(I I )  d ih y d ra te : B lue p o w d er, 
so lu b le  in  w ater. Calcd. fo r  N i(O O C  C H (N H 2) CH2 C H 3)2.2 H 20  : N i, 19.70; C, 32.11; H , 6.74; 
N , 9 .3 6 % ; fo u n d : N i, 19.54; C, 32.30; H , 6.90; N , 9 .6 1 % .

I t  loses its  w a te r  m olecu les an d  an  an h y d ro u s g reen  p ro d u c t is ob tained  b y  h e a tin g  a t  
110 °C in  an  a ir  oven  fo r 2 — 3 h ours.

B is(D L -a-am in o b u ty ra to ) z in c (II): colourless, sh in in g , c rysta llin e , soluble in  w a te r  on 
h e a tin g . Calcd. fo r Zn(O O C  C H (N H 2) CH2 CH3)2 : Z n , 24 .26 : C, 35.63: H , 5.98; N , 10 .3 9 % ; 
fo u n d : Z n, 24.17; C, 35 .84 ; H , 6 .13; N, 10.39% .

B is(D L -a-am in o b u ty ra to ) p a lla d iu m (II)  : L ig h t y e llo w , sh in ing , c rystalline , in so lu b le  in  
w a te r  a n d  o th e r  com m on  o rg an ic  solvents. Calcd. fo r Pd(O O C  C H (N H 2) C H 2 C H 3)2 : P d , 
34 .33 ; C, 30.91; H , 5 .19; N , 9 .0 1 % ; found : P d , 34.58; C, 31 .10 ; H , 5.39; N , 9 .18% .

M agnetic  m ea su re m e n ts  w ere done a t  room  te m p e ra tu re  b y  G ouy’s m eth o d . A sem i
m icro  S a rto riu s  b a lan ce  w as em p lo y ed  and  m e rc u ry (I I )  te tra th io c y a n a to c o b a lta te (I I )  w as 
u se d  as a  s ta n d a rd  fo r c a lib ra tio n .

I R  m easu rem en ts  w ere carried  o u t on a P e rk in -E lm e r  g ra tin g  in frared  sp e c tro p h o to 
m e te r  m odel-337 in  th e  ran g e  4000 -7 0 0  c m -1 in  K B r  d iscs. T he UY spectra  m ea su re m e n ts  
w ere  do n e  on a C ary m odel-14  reco rd in g  sp e c tro p h o to m e te r  in  aqueous solutions. R e flec tan ce  
s p e c tr a  w ere reco rded  in  MgO on aV S U  —2P s p e c tro p h o to m e te r  in  th e  range of 200 — 1000 m,u.

Results and discussion

M agnetic stud ies: M agnetic  stud ies show  t h a t  copper(II) an d  n ic k e l(II)  
co m p lex es are p a ra m a g n e tic  w hereas z in c(II) a n d  p a llad iu m (II)  com plexes are  
d ia m a g n e tic . T he m a g n e tic  m om ents are ; C u (II)  com plex: 1.92 В . M. a t 
304 °K  an d  N i(II)  co m p lex : 3.28 В. M. a t 306 °K . I t  th u s  suggests th e  p resence  
o f  one an d  tw o  u n p a ire d  elec trons, re sp e c tiv e ly , in  th e  C u(II) an d  N i( I I )  
com plexes.

I R  studies: T a b le  I  c o n ta in s  th e  i m p o r t a n t  c h a ra c te r is t ic  f re q u e n c ie s  
o f  d ia g n o s tic  v a lu e  in  th e  i . r .  s p e c tra  o f D L -oc-am inobu ty ric  ac id  a n d  i t s  c o m 
p le x e s . T h e  i .r .  s p e c t r a  o f  a - a m in o b u ty r ic  a c id  h a s  b ee n  s tu d ie d  b y  L e if e r

a n d  L ip p in c o t t  [11 ] w h o  a t t r ib u te d  a h a n d  a t  ~ 3 0 5 0  c m -1 to  N H 3 a n d  a t  
^ 1 6 0 0  c m -1 to  io n iz e d  c a rb o x y l g ro u p . A s a  z w i t te r  io n , D L -a -a m in o b u ty r ic  
a c id  m a y  h e  w r i t te n  as :

N H 3

C H 3 C H , C H - C O O

+
T h u s i t  shou ld  show  all th e  ch a rac te ris tic  b a n d s  o f  an  am ino acid (i.e ., N H 3 

a n d  COO groups). B a n d  assignm ents in  T ab le  I  fo r  th e  i.r. sp ec tra  o f  D L - a -

A cta  Chim. (Budapest) 94, 1977



SRIVASTAVA, SRIVASTAVA: MAGNETIC AND SPECTRA L STUDIES 2 0 3

Table 1
IR  frequencies of diagnostic value of DL-ot-aminobutyric acid and its metal complexes (cm-1)

DL-a-am ino- [ M etal complexes ] Ban(1
butyric acid

Pd(II) Cu(II) N i(II) Z n (II)
assignm ents

3200 s 3285 s 3330 s 3330 9 v(N H 2)
— 3130 s 3146 w. sh. 3280 w. sh. 3270 w. sh. coord in a ted

3120 w. sh.

3065 m - — - — v(N H 3)

2660 w. sh. w eak b an d s of am ino
2600 w — — — — acid
2100 w. b.

1640 w. sh. — — — — da (N H 3) am ino acid
I ban d

1608 s 1640 s 1620 s 1590 3 1580 s vas (C O O - )

— 1603 s 1610 9 1605 s 1613 s 6 (N H S)

1520 m ___ ___ ___ ___ Ss (NII..) am ino acid
I I  h an d

1427 s 1370 s 1389 s 1405 s 1400 s r s (C O O - )

s =  strong; m  =  m ed ium ; w  =  w eak; b  =  b ro ad ; sh  =  shoulder.

am in o b u ty ric  acid  an d  its  m e ta l com plexes h a v e  been  done on th is  basis
+ +

[12, 13]. IR  frequencies a scrib ab le  to  N H 3 g ro u p  (v N H 3 a t  3065 cm “ 1 an d  
+
N H 3 d e fo rm atio n  frequenc ies a t  1640 an d  1520 c m - 1 ) p re sen t in  DL-a-am ino- 
b u ty r ic  acid v an ish  in  th e  case o f  its  m e ta l com plexes, in d ica tin g  co o rd in a tio n  
th ro u g h  n itro g en  o f th e  p r im a ry  am ino  g roup . In s te a d  som e new  b a n d s  ap p e a r 
in  th e  reg ion  3330 — 3100 cm "“ 1 w hich  m ay  be a t t r ib u te d  to  co o rd in a ted  N H 2 

group  an d  solid s ta te  effects. T he d efo rm atio n  freq u en cy  o f th e  N H 2 g roup  
(<5 N H 2) is a t ^ -1610  cm “ 1. F u r th e r  D L -a-am inobu ty ric  acid show s a v e ry  
s tro n g  sh arp  b a n d  a t  1608 c m “ 1 due to  ion ized  ca rb o x y l g roup , asc ribed  as 
its  an tisy m m etric  s tre tc h in g  frequency . T he sy m m etric  s tre tc h in g  freq u en cy  
o f th e  COO-  group  ap p ears  a t  1427 cm -1 . In  m e ta l com plexes th e  vas (COO- ) 
ap p ea rs  a t  ^ 1 6 0 0  c m - 1  a n d  is in  th e  o rd er o f in c reasin g  freq u en cy  w ith  th e  
increasing  s ta b ility  o f m e ta l com plexes i.e ., Z n  <C N i <  Cu <  P d . B u t th e  
sy m m etric  freq u en cy  vs (CO O - ) is considerab ly  low ered  on c o o rd in a tio n  an d  
th e  e x te n t o f low ering also increases in  th e  sam e o rder. T hus th e  sep a ra tio n  
in  vas (COO- ) an d  vs (CO O - ) s tre tc h in g  frequenc ies m ay  be c o rre la ted  w ith  th e  
in creasin g  s ta b ility  o f th e  m e ta l com plexes. A s suggested  b y  N akamoto  
et ál. [14] i t  in d ica tes  th e  in c reasin g  co v a len t n a tu re  o f th e  M О b o n d . DL-a- 
a m in o b u ty ric  acid also show s som e w eak  b an d s  a t  2660, 2600 a n d  2 1 0 0  c m - 1  

w hich  are  ab sen t in  its  m e ta l com plexes an d  are  th u s  assigned as w eak  b an d s
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o f  a m in o  acids. I t  th u s  a p p e a rs  th a t  in  th e  m e ta l com plexes, D L -a-am inobu ty ric  
a c id  show s b id en ta te  b e h a v io u r  an d  co o rd ina tes th ro u g h  am ino n itro g e n  and  
c a rb o x y la te  oxygen. F u r th e r  in  N i(II)  com plex , tw o  ch a rac te ris tic  ab so rp tio n  
b a n d s  a re  also observed  a t  1632 an d  840 cm  1 w h ich  m ay  be assigned  to  defo r
m a t io n  an d  rocking freq u en c ies  o f co o rd in a ted  w a te r  m olecules [15 17].

H2N

u
II /

C H 3— CHs—C H — C-----О

F i g .  1. T ra n s it io n  m e ta l D L -a-am in o b u ty ra te  com plex

U V  spectra-. T ab le  I I  co n ta in s th e  p rin c ip a l bands o b serv ed  in  th e  
U V  s p e c tra  of D L-cc-am inobutyric acid  and  its  m e ta l com plexes. T he U V  sp ec tra  
o f  a m in o  acids have b een  s tu d ie d  earlier b y  a n u m b e r of w ork ers  n o ta b ly  
L e y  a n d  Á rends [18] a n d  Sa id e l  et al. [19]. Sa id e l  et al. h av e  show n th a t  
in  a m in o  acids the  m a in  a b so rb e r  is th e  ca rb o x y la te  group . B a r n es  and  
S im pso n  [20] have assig n ed  th is  b an d  as л  —► л*  tra n s itio n  w hereas th e  
a b s o rp t iv i ty  of « -am m o n iu m  group  is r a th e r  sm all.

T h e  UV sp e c tru m  o f  D L -a -a m in o b u ty r ic  a c id  show s a s tro n g  a b s o rp tio n  
b a n d  a t  47180 c m “ 1 a s c r ib a b le  to  CO g ro u p  w h e re a s  th e  w e a k e r  t r a n s i t io n s

Ч-
o b se rv e d  a t  51810 an d  52360 c m - 1  m ay  co rrespond  to  am ino (i.e ., N H 3) 
g ro u p . T h e  UV sp ec tra  o f C u (II) , N i(II) an d  Z n (I I )  com plexes show  in  all 
cases one  principal a b so rp tio n  b a n d  a t  42020 cm “ 1 (C u11); 47850 c m “ 1 (N i11) 
a n d  49030 cm “ 1 (Z n11) w h ich  can  be a t t r ib u te d  to  a charge tra n s fe r  from  
th e  c a rb o x y l group to  th e  m e ta l [21, 22]. In  a d d itio n  th e re  are  som e b an d s 
a t  50000 -52000 cm “ 1, w h ich  m a y  be ta k e n  to  co rrespond  to  charge  tra n s fe r  
fro m  am in o  group to  m e ta l a n d  som e tra n s itio n s  w ith in  th e  lig an d  itse lf, e.g., 
c a rb o x y l л  —► t i* tra n s it io n s .

Table II
U V  S p e c t r a  o f DL-a-aminobutyric acid and its C u ( I I ) ,  N i (  I I )  and Z n ( I I )  c o m p l e x e s

Compound Bands (cm-1)

D L -a-am inobutyric  acid 48180 (m ain  b an d ); 48180; 50510; 51810; 52360

B is(D L -a-am inobutyrato) copper( 11) 42020 (m ain  b an d ); 50510: 51540; 52360

B is(D L -a-am inobutyrato) n ick e l(II) 47850 (m ain  b an d ); 50510: 51680; 52360
d ih id ra te

B is(D L -a-am inobutyrato) z in c (II) 49030 (m ain  b an d ); 50510; 51680; 52360
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R eflectance spectra

Copper(II) complex: T he re flec tan ce  sp ec tru m  of C u(II) co m p lex  show s 
a v e ry  b ro ad  ab so rp tio n  b and  in  th e  v isib le  region, Amax being o b se rv ed  a t 
^ 6 2 3  т ц  (15 800 c m -1 ). T h is is assigned  as 2E g —* 2T 2? tra n s i t io n  a n d  its  
energy  m a y  be ta k e n  as e q u iv a len t to  10 D q [23]. I t  m ay be n o ted  t h a t  a cco rd 
ing  to  H a r e  et al. [24] a b a n d  a t  ~ 6 2 0  mp, in  C u(II) com plexes co rresp o n d s 
to  a tran sm o d e l. T hus th e  p re sen t ev idences suggest a h e x a c o o rd in a tio n  for 
C u(II) in  th is  com plex possib ly  w ith  a d is to r te d  o c tah ed ra l s tru c tu re . H ow ever, 
since C u(II) com plex  is an h y d ro u s  an d  co n ta in s  only tw o a -a m in o b u ty ra te  
rings, th e  hexa  coo rd in a tio n  of C u(II) a to m s, as suggested  by  G r a d d o n  and
M u n d a y  [8 ] is possib ly  com ple ted  b y  w eak  in te rm o lecu la r C = 0 .................... Cu
linkages.

Palladium (II) complexes: P a lla d iu m (ll)  w ith  4d8 co n fig u ra tio n  is u sua lly  
te tra c o o rd in a te d , d iam agnetic  an d  sq u are  p la n a r [25, 26]. T he re fle c tan c e  
sp ec tra  o f P d ( I I )  com plex show  m ain  ab so rp tio n  bands a t  40000, 28570, 
22730, 20000, 18180, 16660, 12820 and  11 360 cm O ut o f th ese  th e  m ore 
in ten se  b an d s a t  40000 and  28570 cm 1 a re  charge tran sfe r b an d s . T h e  bands 
in  th e  visib le reg ion  a t  22730, 20000 an d  18180 cm - 1  can  be ta k e n  as spin- 
allow ed d d tra n s itio n s . T he rem ain in g  w eaker bands m ay  co rre sp o n d  to  
sp in -fo rb id d en  sing let tr ip le t  tra n s itio n s . T h u s  th e  p resen t ev idences in d ica te  
th a t  P d ( I I )  com plex  has a sq u are  p la n a r  s tru c tu re .

N ickel(II) complex: As a lread y  s ta te d , in  N i(II) com plex i.r . s tu d y  has 
show n th e  presence of co o rd in a ted  w a te r  m olecules in  ad d itio n  to  tw o  a- 
a m in o b u ty ra te  rings. T hus i t  is ev id en t t h a t  in  th is  com plex N i( I I )  is hexa- 
co o rd in a ted . I t  gets fu r th e r  su p p o rt from  m agnetic  m easu rem en t (p —  3.28  
В. M.), a v a lu e  co rrespond ing  to  sp in-free o c tah ed ra l N i(II) com plexes. The 
re flec tan ce  sp ec tra  o f N i(II)  com plex  show  th re e  principal a b so rp tio n  bands 
a t  11100, 16940 and  25970 c m - 1  an d  for an  o c tah ed ra l N i(II)  co m p lex  these  
m ay  be ta k e n  to  co rrespond  to  th re e  spin-allow ed tra n s itio n s  iq, V2 an d  iq 
[26, 27] . B esides th e re  is also a shou lder on th e  v2 b and  a t 16130 c m - 1 , w hich 
m ay  co rrespond  to  a sp in -fo rb id d en  tra n s it io n . H ow ever, w hen  a n  a t te m p t  
is m ade to  e s tim a te  its  10 D q an d  В values from  these tra n s itio n s  (b y  T a n a b e  
S u g a n o ’s d iag ram  [28] an d  tra n s it io n  energy  ra tio  d iagram s o f L e v e r  [26]) it  
leads to  a r a th e r  low v alue  o f В (В =  617 cm -1, i.e., th e  co v a len cy  fac to r 
ß  =  0.59) w hich  does n o t seem  feasib le fo r a N i(II) com plex  w ith  N  an d  0  
as d onor a to m s. T he ca lcu la ted  10 D q value  also comes to  be so m e w h a t h igher 
(10 D q =  11100 cm l) th a n  ex p ec ted  fo r a (N iN 20 4) c h ro m o p h o re  group . 
In  th e  spectrochem ical series its  position  shou ld  lie in  betw een  th e  oxygen 
donor an d  n itro g en  donor ligands. I f  [N i(H 20 ) f>]'2+ and  [N i(N H .i)„]2+ are 
ta k e n  as tw o such re p re se n ta tiv e  species, th e  10 Dq value for an  o c ta h e d ra l 
am ino acid  N i(II)  com plex is ex p ec ted  to  lie in  betw een th em , i.e ., in  th e  range
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o f  8 5 0 0 -1 0 7 0 0  c m - 1 (10 D q for [N i(H 20 ) e ] 2 + =  8500 cm - 1 an d  for 
[N i(N H 3)e]2+ =  10700 c m - 1  [29]. I t  thu s  a p p e a rs  t h a t  th e  p resen t bis(DL-a- 
a m in o b u ty ra to )  n ick e l(II)  d ih y d ra te  com plex does n o t possess a reg u la r o c ta 
h e d ra l  s tru c tu re . P o ss ib ly  i t  possesses a d is to r te d  o c ta h e d ra l s tru c tu re  of 
[N iX 4Y 2] ty p e  [26]. S uch  com plexes are k n o w n  to  h a v e  a visib le sp ec tru m  
ty p ic a l  of regu lar o c ta h e d ra l com plexes, i.e. v2 a n d  vs b an d s are n o t affec ted  
b y  th e  low ering of th e  sy m m e try . B u t v1 b a n d  is fre q u e n tly  sp lit in to  tw o  
b a n d s . In  th e  p resen t case th e  sp litting  o f jq  b a n d  could  n o t be observed  due 
to  th e  lim ita tio n s o f th e  a p p a ra tu s  (sp ec tra l m easu rem en ts  being lim ited  
u p  to  1 0 0 0  m Ц only) b u t  i t  appears th a t  th e  b a n d  observed  a t  1 1 1 0 0  c m “ 1 

re p re se n ts  one of th e  c o m p o n en ts  of the  s p li t te d  jq  b a n d , w hereas th e  o th e r 
c o m p o n e n t m ay  ap p e a r in  th e  n ea r in frared  reg io n . T h u s  th e  p resen t ev idences 
su g g e s t a d is to rted  o c ta h e d ra l s tru c tu re  fo r th is  b is(D L -a-am inobu ty rato ) 
n ic k e l( I I )  d ih y d ra te  co m p lex .

*

A u th o rs  are g ra te fu l to  S .C .S .T ., U .P ., L u ck n o w  fo r  f in an c ia l assistance in  th e  fo rm  
o f a  schem e.
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LIGATIONAL BEHAVIOUR OF THIOSEMICARBAZIDE 
AND THIOSEMICARBAZONE, I

T E T R A G O N A L  C O M P L E X E S  OF N IC K E L (I I )  D E R IV E D  
FR O M  4 -B E N Z Y L A M ID O T H IO S E M IC  ARB A Z ID E  A N D  IT S  T H IO S E M IC A R B A Z O N E

M. C. J a i n  and P . C. J a i n

(D epartm ent o f  Chemistry, M eerut College, M eerut, In d ia )

R eceived  D ecem ber 10, 1976

Som e new com plexes o f n ick e l(II) o f th e  ty p e  N iL 2X 2 (w here L =  BTSC and  
F B T S  and  X  = Cl, B r, I ,  N 0 3 an d  NCS) have  been  p re p a re d  w ith  4 -b en zy lam id o th io - 
sem icarbaz ide  (BTSC) a n d  l-(a -) fu ry l-4 -b en zy lam ido th iosem icarbazone  (F B T S ) and  
ch arac te rized  by  c o n v en tio n a l chem ical and  p h y sica l m easu rem en ts . T e trag o n a l sy m 
m e try  has been p ro p o sed  on th e  basis o f m ag n e tic  a n d  e lectron ic  sp ec tra l s tu d ies . 
T he various te trag o n a l ligand-fie ld  p a ram ete rs  D q (E ), D q(A ) and  D t an d  m o lecu la r 
o rb ita l  p a ram ete rs  dCT a n d  d n have  been ev a lu a ted . T h e  presence of th e  an ions in  th e  
coord in a tio n  sphere  a n d  th e  b id en ta te  n a tu re  o f th e  lig an d s have  been co n firm ed  on 
th e  basis o f th e  ad d itio n a l N i — N, Ni —S an d  Ni - X  frequencies observed  in  th e  fa r  
in fra red  sp ec tra . T he n i tra to  and  th io cy an a to  g ro u p s a c t as m o n o d en ta te  lig an d s an d  
are  coord in a ted  th ro u g h  oxygen  an d  n itrogen  a to m s, respec tive ly .

Introduction

T h e su b s titu te d  th io sem icarbazides and  th io sem icarbazones, w hich  co n 
ta in  n itrogen  and  su lp h u r as p o ten tia l donor a to m s a re  well know n for th e ir  v e r
sa tile  chela tin g  ab ility , fo rm  sq u are -p lan ar, o c ta h e d ra l and  p seu d o -o c tah ed ra l 
n ick e l(II)  com plexes [1 4] depend ing  upon  th e  exp erim en ta l co n d itio n s.
Ca m p b e l l  etal. [4] h av e  re c e n tly  rep o rted  som e te tra g o n a lly  d is to rted  n ick e l(II)  
com plexes of th io sem icarb azo n es w ith  various n ic k e l(II)  sa lts, b u t no sy s te m 
a tic  a t te m p ts  w ere m ade to  asce rta in  th e  n a tu re  o f d is to rtio n , degree o f d is to r 
t io n  an d  causes of d is to r tio n , therefo re , no s ig n if ican t conclusion could  be 
d raw n  fo r such ty p e  o f th e  com plexes. In  th e  p re se n t com m unica tion  a n u m b e r 
of te tra g o n a lly  d is to rted  n ick e l(II)  com plexes o f 4 -b en zy lam id o th io sem icarb a - 
zide an d  l-(ot-) fu ry l-4 -b en zy lam id o th io sem ica rb azo n e  are described  an d  
a t te m p ts  have been m ade in  th e  d irection  of e lu c id a tin g  th e  s tru c tu re  o f th e se  
com plexes.

Results and discussion

T he an a ly tica l d a ta  show  th a t  all the  com plexes have a general fo rm u la  
o f  th e  ty p e  N iL 2X 2 (w here L =  BTSC and  F B T S  an d  X  =  Cl, B r, I , N O ;i an d  
NCS). All these  com plexes, as expected  for su lp h u r-n itro g en  donor se t [5],
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Table I

M agnetic data o f  N i ( B T S C ) 2Cl2 at various temperatures

T e m p e r a tu r e  (°K .) X jji x 10® c .g .s . Mea B .M .

80 13,352 2.93

96 11,306 2.96

118 9,066 2.97

157 7,019 2.98

202.5 5,286 2.99

295 3,886 3.04

a re  sp a r in g ly  soluble in  n o n -p o la r  so lv en ts  an d  possess no sh a rp  m elting  
p o in ts .  T h ey  do, how ever, decom pose on h e a tin g  above 250 °C.

T h e  m agnetic  m o m en ts  o f  all th e  n ic k e l(II)  com plexes of B TSC a n d  FB T S 
h a v e  b e e n  m easured  a t  ro o m  te m p e ra tu re  w h ich  lie betw een  2.95 — 3.27 В. M. 
T h e  g ro u n d  te rm , 3A2g, o f n ic k e l(II)  in  cub ic  lig an d  field  is a lm o s t un affec ted  
b y  lo w  sy m m etry  co m p o n en ts  as o rb ita l d eg en eracy  is n o t lifted . T h e  m ag n etic  
a n is o tro p y  observed, w h en  th is  3A2g te rm  lies low est, is sm all a n d  arises as 
a  co n seq u en ce  of th e  sp lit t in g  o f th e  h igher ly in g  3T 2g te rm  by  th e  low  sy m m etry  
f ie ld  s ince  th e  higher te rm  is n o t sp lit in  th e se  com plexes. M agnetic  m o m en t 
v a lu e s  a re  sim ilar to  th o se  o b serv ed  in  o c ta h e d ra l fields. As a re p re se n ta tiv e  
c o m p le x , th e  chloro co m p lex  o f th e  BTSC w as su b jec ted  to  low  te m p e ra tu re  
m a g n e t ic  m easu rem en ts. T hese  d a ta  re v e a l obeyance of C urie-W eiss law  
( 0  =  — 14 °K ).

T h e  electronic sp e c tra  o f  all th e  com plexes show  a c h a ra c te ris tic  m ark ed  
s p l i t t in g  o f th e  firs t  sp in -a llow ed  b a n d  (jq) b ecau se  of th e  low ering o f  sy m m etry . 
T h e  fo u r  absorp tion  b an d s  a re  observed  in  th e  regions 8290 7650 cm -1 ,
11 ,720  10,950 c m " 1, 15,700 14,250 c m “ 1 an d  27,770 25,640 c m - 1. The
f i r s t  tw o  bands could c o n seq u en tly  be assigned  to  tra n s itio n s  3B lg —► 3B2g 
a n d  3B lg —>- 3E g w hich are  th e  consequence o f th e  sp littin g  o f th e  3T 2o(F) (jq) 
(c o m p o n e n t of Oh e n v iro n m en t) . T he o th e r tw o  b an d s  are assigned to  th e  spin- 
a llo w e d  tran s itio n s  3B lg -► 3T lg(F) (v2) a n d  3B lg -»■ 3T lg(p) (v3) a n d  a re  n o t 
g r e a t ly  affected  by  th e  low  sy m m etry  e n v iro n m e n t on acco u n t o f th e  fac t 
t h a t  th e  levels concerned  a re  3T lg(p) an d  3T lg(P) te rm s w hich  give rise  to  
( 3A 2g -f- 3E g) in  D4/i sy m m e try . T hese tw o  levels sp lit in  th e  rev erse  sense in 
th e  s tro n g  field  lim it, th e  sp littin g s  te n d  to  cancel ou t. S im ila r resu lts  
h a v e  b e e n  ob tained  b y  v a r io u s  w orkers [6 , 7] an d  only one b a n d  (jq) h as  been 
fo u n d  to  sp lit in to  tw o  lev e ls  w hile th e  re s t  o f th e  tw o b an d s  (r2) a n d  (r3)
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rem a in  u n sp lit b y  th e  presence of lo w -sy m m etry  com ponen ts. T he te tra g o n a l  
ligand  fie ld  p a ra m e te rs , D q (E ), (ligand fie ld  s tre n g th  in  xy -d irec tio n ), D q(A ) 
(ligand  fie ld  s tre n g th  in  z-d irection) for d iffe re n t anions and D t (m a g n itu d e  
o f d is to rtio n ) h av e  been  e v a lu a ted  w ith  th e  a id  o f  th e  equa tions su g g ested  b y  
L e v e r  [8]. T he d is to r te d  o c tah ed ra l s te reo ch em is try  is fu r th e r  su p p o r te d  by  
th e  fa c t th a t  th e  ra tio  v jv 1 com es o u t to  be ~ 1 .5  w hereas in  o c tah ed ra l f ie ld  [9 ] 
th is  shou ld  h av e  been ~ 1 .8 .  T he values of D t, w h ich  are th e  m easure o f  te tra g o n -  
a lity , h av e  been  fo u n d  to  increase from  halo  com plexes to  th io c y a n a to  co m 
plexes v ia  n i tra to  com plexes and  m in im um  in  ch lo ro  com plexes an d  m a x im u m  
in  th io c y a n a to  com plexes. I f  a series is d ra w n  on th e  basis o f 10 D q (E ), 
i t  com es o u t as Cl B r I  <  N 0 3 NCS. T h e  d ifficu lty  in  e v a lu a tin g  th e  
v a lu e  o f Ds (k in d  o f d is to rtio n ) arises due to  th e  fa c t th a t  higher te rm s  3T lg(F) 
an d  3T lg(P) do n o t sp lit in  th e  p resen t stud ies.

I f  th e  m o lecu la r o rb ita l in te rp re ta tio n  as developed  by  McCl u r e  [10] 
an d  Y am at ra  [11] is ap p lied  th e n  th e  sp lit t in g  of th e  tr ip le t s ta te  c a n  be 
exp ressed  in  te rm s  o f tw o  p a ra m e te rs , dCT an d  d^, w here d^ (or d j  is th e  m easu re  
o f th e  d ifference betw een  a  (or jz) an tib o n d in g  a b ili ty  of th e  axial (z -d irec tio n al) 
an d  in -p lan e  (x y -d irec tio n a l) ligands. In  th e  p re se n t stud ies th e  d^ sh o u ld  
be n eg a tiv e  due to  th e  w eaker fie ld  in  z -d irec tio n  th a n  in  x y -p lan e  (d u e  to  
BTSC an d  F B T S) an d  d^ positive  since th e  an ions have a n tib o n d in g  lone 
p a irs .

In fra red  spectra l s tud ies

T h e  assignm en ts fo r th e  b an d s  p a r tic u la r ly  in  th io sem icarb azid e  an d  
th io sem ica rb azo n e  com plexes are d ifficu lt b ecau se  o f th e  ex ten siv e  m ix in g  
o f in te rn a l m ode o f th e  ligand . T he a b so rp tio n  b an d s  in  th e  reg ions 3,290 
3,040 c m “ 1 in  th e  in fra re d  sp ec tra  of BTSC o n ly  have  been assigned  to  th e  
N H 2 an d  N H  frequencies on th e  basis o f s im ila r o b serv a tio n s by  Ma s h i m a  [12]. 
M ost o f these  b an d s  are  sh ifted  to  low er freq u en c ies  as a re su lt of th e  d ra in a g e  
o f  th e  e lec trons from  te rm in a l n itro g en  a to m  o f th e  N H  • N H 2 g ro u p  to  th e  
m e ta l ion  w hich in d ica te s  th a t  th is  te rm in a l n itro g e n  is tak in g  p a r t  in  co o rd i
n a tio n . A s tro n g  b a n d  a t  1625 cm _ 1 in  BTSC h as been  observed due to  th e  am id e  
I  an d  N H 2 b an d s  [2 ]. O n co m p lex a tio n  th is  b a n d  sh ifts  s ligh tly  (10 20 cm  ' 1)
to  low er freq u en cy , as c o n tr ib u tio n  of th e  N H 2 g ro u p  to  th is  b an d  is re d u c e d  
w hich suggests th e  p a r tic ip a tio n  o f th e  N H 2 g ro u p  in  coo rd ination . O n  th e  
o th e r h a n d  since th e  N H 2 group d isap p ears  d u rin g  th e  th io sem ica rb azo n e  
fo rm a tio n  th e  am ide I  b a n d  is expected  to  be re la tiv e ly  free from  th e  c o n tr i
b u tio n  o f N H 2 b a n d  an d  there fo re  i t  is observed  a t  1615 cm “ 1 in  F B T S  ( in s te a d  
o f 1625 cm 1 as in  BTSC). F u rth e rm o re  no ch an g e  in  th e  position  o f th is  b a n d
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h a s  b e e n  observed in  F B T S  com plexes. A n o th e r  s tro n g  b an d  a t  1565 c m - 1  in  
B T SC  a n d  1575 c m “ 1 in  F B T S  has been assig n ed  to  the  am ide I I  a n d  v(CN) 
s t r e tc h in g  v ib ra tio n s [12]. I n  case of BTSC th e re  is no change in  th e  p o sitio n  of 
th is  b a n d  on co m plexa tion  w hereas in  FB T S com plexes th is  b an d  sh ifts  e ith e r  to  
low  freq u en cy  up to  2 0  cm  1 o r w eakens in  in te n s i ty  (in few cases w eak en in g  and  
s h if t  b o th  occur). T h is in d ic a te s  th a t  th e  c o n tr ib u tio n  of CN s tre tc h  h as  been 
re d u c e d  as th e  n itro g en  o f CN group is in v o lv ed  in  bond  fo rm atio n  to  th e  m e ta l 
io n . T h e  b ands o b served  a t  ^ 1 2 3 0  c m '1, ~ 7 5 0  cm ” 1 and  650 cm  1 have 
b e e n  assigned  to  th e  am id e  I I I  [2], am ide IV  [13] (due to  th e  m a jo r  c o n tr ib u 
t io n  o f  NCO) and  am ide  V I [13] (due to  th e  c o n tr ib u tio n  of C =  0  o u t  o f p lane 
b e n d in g ) , respective ly . T h e  co o rd ina tion  th ro u g h  am ino group can  be exc luded  
as no  ap p rec iab le  change in  th e  position  of all th e  b an d s  due to  th is  v ib ra tio n  has 
b e e n  observed  in  th e  in f ra re d  sp ec tra  of a ll th e  com plexes of b o th  th e  ligands.

T h e  bands a ro u n d  1290 cm ” 1 and  730 cm  1 w hich m ay  be assigned  to  
r(C S ) v ib ra tio n s , do ch an g e  e ith e r in  energy  o r in  in te n s ity ; g enera lly  in te n s ity  
d e c re a se s  as also th e  en e rg y  is low ered on co m p lex a tio n . These v ib ra tio n s  are 
n o t  free  from  th e  o th e r  v ib ra tio n s , especia lly  CN v ib ra tio n . T he c o n tr ib u tio n  
o f  C N  is sm aller to  b a n d  o bserved  a t  1290 cm  1 and  g rea te r to  t h a t  observed  
a t  ~ 7 3 0  cm 1 since th e  fo rm er changes to  a g rea te r  e x te n t th a n  th e  la tte r . 
T h e se  changes in  th e  r(C S) v ib ra tio n s a re  suggestive of th e  p a r tic ip a tio n  
o f  s u lp h u r  a tom  of th io k e to  group in  c h e la tio n  [14, 15].

T h e  coo rd ination  th ro u g h  th e  te rm in a l n itrogen  a tom  o f h y d raz in ic  
g ro u p  (in  BTSC only) a n d  th e  sam e n itro g e n  a to m  of CN g roups (in  FB T S 
o n ly ) a n d  th io k e to  su lp h u r  is fu r th e r  s u b s ta n tia te d  by  th e  a p p e a ra n ce  of 
a d d it io n a l  M N an d  M S v ib ra tio n s in  th e  low  energy in fra red  sp e c tra  of 
th e  com plexes. The m e ta l-n itro g en  and  m e ta l-su lp h u r  v ib ra tio n s  h av e  been 
o b se rv e d  [16, 17] in  a ll th e  com plexes in  th e  reg ions 490 450 cm 1 a n d  430
405 cm  ', respective ly . In  th e  p resen t s tu d ies  th e  bands th a t  have  been  o b se rv 
ed  a t  315,288 cm \  242,248 cm ' 1 and  208,210 cm 1 have been assigned  to  
r(N i Cl) [18], i’(Ni B r) [18] and  r(N i I) [1 9 1. respectively . In  th e  n itra to  
co m p lex es  th e  b an d s o b se rv ed  in  th e  reg io n s 1535 1510 c m ” 1, 1290 1265
cm  \  995 1005 cm 1 a n d  808 — 790 cm 1 h a v e  been assigned to  a sy m m etric

N 0 2 s tre tch in g , sy m m e tr ic  —N 0 2 s tre tc h in g , NO s tre tch in g  a n d  o u t-o f
p la n e  N 0 2 rocking v ib ra tio n s . These v ib ra tio n s  in d ica te  th a t  n i tra te  is a m ono- 
d e n ta te  ligand  [20]. O ne a d d itio n a l b and  is also  observed  in th e  reg ion  o f 1800 - 
1700 cm  1 w hich has been  found  to  sp lit. T h e  m ag n itu d e  of sp littin g , 23 cm “ 1 

a n d  20 c m ” 1 in  BTSC a n d  F B T S  com plexes, fu r th e r  suggests th e  m o n o d e n ta te  
m o d e  o f  coo rd ination  o f n i tr a to  group. T h e  N -bonded  m ode of c o o rd in a tio n  
o f  th io c y a n a te  group h as  been  confirm ed b ecau se  of the  ap p ea ran ce  o f bands 
a ro u n d  2075 cm ” 1, 870 cm  1 an d  480 c m ” 1 w hich are assignab le  [21] to  
(N i N ) s tre tch in g  o f  NCS group , (C -S ) s tre tc h in g  of NCS g roup  an d  NCS 
b e n d in g  v ib ra tio n s, re sp ec tiv e ly .
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Experimental

(i) P repara tion  of th e  ligands*

T he 4 -b enzy lam ido th iosem iearbaz ide  (B TSC ) w as p rep ared  by  th e  h y d ra z in o ly s is  of
5-benzyl 1 ,3 ,4-oxadiazole 2(3H ) th io n e  and  l- (a -)  fu ry l-4 -b en zy lam id o th io sem ica rb azo n e  w as 
p re p a re d  b y  th e  co n d en sa tio n  o f th e  BTSC w ith  fu rfu ra ld e h y d e  (1 : 1) in th e  m ix tu re  of 
g lacial ace tic  acid  a n d  e th an o l (1 : 4).

(ii) P rep ara tio n  o f th e  com plexes

(a) Dihalobis ( B T S C )  n ickel) 11) , d in itra to b is) B T S C )  n ickel) 11)  and corresponding  
complexes w ith F B T S

A general m e th o d  w as em ployed  fo r th e  p re p a ra tio n  of these  com plexes.
W hen 50 m l o f n ick e l(II)  sa lt (1.0 m m ole) in  e th a n o l w as ad ded  to  125 m l o f  th e  e th a -  

nolic  so lu tion  o f th e  ligand  (2.5 m m ole), a green co lo u red  so lu tion  was ob tained . T h is  m ix tu re  
w as re flu x ed  on a  w a te r  b a th  for tw o hours an d  f in a lly  c o n ce n tra ted  to a sm all v o lu m e. On 
cooling , a p rec ip ita te  w as o b ta in ed  w hich w as f i lte re d  off, w ashed  w ith  ho t e th a n o l a n d  e th e r, 
a n d  d ried  a t  110 °C. Y ield ^ 7 0  pe r cent. T he an a ly se s o f  th e  com plexes give th e  follow ing 
genera l form ulas: N i (C9H j2N4OS)2X 2 and  Ni (C14H ]4N40 2S)2X 2 w here X  =  Cl, B r, I  a n d  N 0 3.

(b ) D ithiocyanalobis (B T S C )  n ic k e l) I I )  and  dithiocyanalobis ( F B T S )  n ic k e l ) I I )  
complexes

An e th an o lic  so lu tion  of am m onium  th io c y a n a te  (3 .5  g) w as added  to th e  g reen  so lu tion  
o b ta in e d  as a re su lt o f  m ix ing  n ick e l(II)  ch loride  a n d  th e  lig an d  in procedure  (a). O n  s tirr in g  
th e  m ix tu re , a w h ite  p re c ip ita te  o f am m onium  ch lo rid e  se p a ra ted  w hich w as d isc a rd e d  a fte r  
f i ltra tio n . T he green coloured f i l t r a te  was condensed  to  a b o u t h a lf  o f its  volum e b y  re flu x in g  
fo r a b o u t tw o hours and  ev ap o ra tin g  on a w a te r b a th .  A g reen  coloured  p rec ip ita te  w as o b ta in ed  
on cooling. I t  was f ilte red  off, w ashed successively  w ith  h o t e thano l and e th e r  a n d  dried  
in  an  oven a t  110 °C. A nalysis o f  th e  com plexes rev ea led  th e  general form ula N i(L )2 (N C S), 
w here  L -  BTSC a n d  FB TS.

Physical m easurem ents

M agnetic m easu rem en ts  were m ade on p o w d er form s of th e  com plexes 
em p lo y in g  G ouy’s b a lance  using  m erc u ry (II)  te tra th io c y a n a to c o b a lta te ( I I )  as 
c a lib ra n t. T he e lec tron ic  sp ec tra  of all th e  com plexes w ere recorded  o n  B eck
m a n n  D K -2 b y  re flec tan ce  techn ique  an d  v ib ra tio n a l spectra  in  th e  range  
4000 200 cm ^ 1 o f th e  ligands as well as th e ir  com plexes on P erk in  E lm e r
471 in  K B r discs. T he B eckm ann  IR -12  in s tru m e n t w as used fo r reco rd in g  
th e  exclusive low energy  v ib ra tio n a l sp e c tra  in  th e  range of 650 200 cm 1

in  n u jo l m ull. T he sp arin g ly  soluble n a tu re  o f  th e se  com plexes has p re v e n te d  
th e  d e te rm in a tio n  o f m olecular w eight, c o n d u c tiv ity  and  solu tion  a b so rp tio n  
sp ec tra l m easu rem en t w hich m igh t have  g iven  m ore in fo rm ation  reg a rd in g  
th e ir  s tru c tu re .

* A p a r t  o f th e  P h .D . T hesis o f M. C. J a in , M eeru t U n iv e rsity , M eerut, 1976.
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Conclusions

(i) T he te tra g o n a lity  decreases from  th io c y a n a te  com plexes to  halo  
c o m p le x e s  via  n itra to  com plexes. T he o rd e r o f  th e  te tra g o n a lity  is as fo llow s: 
Cl <  B r  <  I  <  N 0 :i <  NCS.

(ii) T he ligand fie ld  s tre n g th  in  x y -p la n e , D q(E ), for a g iven  lig an d  is 
n o t  c o n s ta n t  b u t  depends la rg e ly  on th e  n a tu re  o f axial ligands a n d  follow s 
th e  sa m e  o rd er as observed  fo r te tra g o n a l g eo m e try .

(iii) T he difference, D q (E ) — D q(A ), ru n s  para lle l w ith  th e  d iffe rence, 
dn— d a, w h ich  is a th e o re tic a l ex p ec ta tio n .

(iv ) T he values o f d^ an d  dCT also ru n  p a ra lle l w ith  chan g in g  an ions 
w h ic h  is also ex p ec ted  th e o re tic a lly .

*

T h e  a u th o rs  are th a n k fu l to  D r. A. K. S r i v a s t a v a  fo r recording th e  e lec tro n ic  sp e c tra  
a t  U n iv e r s i ty  of R om a, I ta ly ,  a n d  th e  au th o ritie s  o f T .I .F .R .,  B om bay , fo r p e rm iss io n  to  
c a r ry  o u t  low  tem p e ra tu re  m ag n e tic  m easu rem en ts . T h a n k s  are also due to  th e  H ead ,
R .  S .I .C ., I .I .T .,  M adras, fo r reco rd in g  th e  v ib ra tio n a l sp e c tra  and C .S .I.R ., N ew  D elh i, and
S . C .S .T ., L ucknow , for th e  f in an c ia l assistance.

Table II

Electronic spectral data o f  N i ( I I )  complexes o f  B T S C  and F B T S

Complex
3E,60

3B

звг„0'1)

Iff

3TW(r)
b O nr Dq(E)

Dq
(A) D t der d-r—d (j cbj

N i(C9H 12N 4OS)2 Cl, 8200 10.700 15.150 27.020 1070 571 285 833 1247 414

N i(C 9H 12N 4OS)2 B r2 8150 10.850 15.150 26.320 1085 546 308 900 1397 497

N i(C 9H 12N 4OS)„ I2 7650 10.950 14.250 25.640 1095 436 377 1100 1649 549

N i(C 9H 12N 4O S), (N 0 3)2 8150 11.480 15.350 25.810 1128 463 380 1100 1662 552

N i(C9H 12N 4O S), (NCS)2 8290 11.720 15.440 27.270 1172 486 392 1143 1715 572

N i(C 14H 14N 40 2S) Cl, 8230 11.750 15.500 26.320 1075 571 288 840 1260 420

N i(C 14H 14N 40 2S) B r2 8290 10.840 15.700 27.770 1084 565 291 850 1273 423

N i(C 14H 14N 40 ,S )  I 2 7680 10.990 14.320 25.970 1099 480 354 1103 1546 443

N i(C 44H I4N 40 2S) (N 0 3)2 8150 11.430 15.150 27.020 1143 487 375 1093 1548 455

N i(C 14H ,4N 40 ,S )  (NCS)2 8290 11.680 15.350 27.270 1168 491 387 1130 1568 438
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Table III

In frared  spectral bands o f  the complexes o f  n icke l(II) with B T S C

BTSC
(1)

Ni(BTSC)2Cl2
(2)

Ni(BTSC)2Br2
(3)

Ni(BTSC), I 2 
(4)

Ni(BTSC)2 (N O,)2 
(5)

Ni(BTSC)2 (NCS)2 
(6)

T entative assignment
(7)

3290 (s) 3240 (m ) 3200 to 3200 to 3290 to 3270 (m )
3245 (s) 3200 (m) 3060 (br. m) 3065 (hr. m) 3030 (b r. in) 3237 to 1- (N H ) and г (NH„)
3160 (s) 
3090 (s) 
3040 (s)

3150 (m ) 
3070 (m ) 
3030 (m)

•

3 0 3 0 (m )

3050 (m) 

3020 (m)

3157 (br.m ) 
3070 (m ) 
3030 (m )

stre tch .

2940 (m) 2935 (m ) 2940 (m ) 2930 (m) 2935 (s) 2940 (m ) V (C H 2)
- — — — 2075 (v.s) r(CN) of JVCS

— — — 1775 (m ) 
1752 (m )

—
U n id en ta te  n itra te

1625 (s) 1605 (s) 1612 (s) 1610 (s) 1615 (s) 1605 (m ) Am ide I  & N H , bend
1565 (s) 1562 (s) 1560 (s) 1565 (s) 1567 (s) 1562 (s) v Am ide I I  & i(CN)
1495 (s) 1490 (s) 1495 (s) 1497 (s) 1535 (m ) 

1495 (s)
1560 (s) 
1490 (s)

1450 (s) 1450 (s) 1455 (s) 1452 (s) 1460 (s) 1448 (s)
1420 (s) 1 4 2 5 (m ) 1430 (s) 1425 (m ) 1427 (m ) 1427 (m )
1365 (m) 1370 (m ) 1365 (m ) 1370 (s) 1370 (m ) 1365 (m)
1335 (s) 1330 (m ) 1328 (s) 1332 (m) 1337 (m ) 1335 (m)
1315 (m) 1310 (m ) 1320 (sh.m ) 1310 (w) 1315 (m) 1 3 1 7 (m)
1290 (s) 1270 (m) 1275 (s) 1277 (m) 1270 (m ) 1272 (m ) v CS and CN stre tch .
1320 (m) 1235 (m) 1232 (m ) 1230 (m) 1232 (m ) 1228 (m ) v Am ide I I I
1200 (w) 1205 (w) 1202 (w) 1200 (w) 1205 (w) 1207 (w)
1080 (m) 1085 (w) 1085 (m) 1075 (m ) 1080 (m) 1075 (m)
1070 (sh.m .) 1075 (sh.w) — 1067 (w) — —

1050 (s) 1037 (m ) 1035 (m ) 1035 (w) 1040 (w) 1032 (m ) N —C —N s tre tch  &
1035 (sh.s) 1020 (sh.m ) 1025 (sh.m ) — 1030 (w) 

992 (w)
1015 (m) C =  S stre tch .

970 (m) 970 (w) 972 (m ) 968 (s) 965 (m ) 972 (m )
955 (s) — 960 (m ) 950 (m ) 947 (m ) 950 (m )
920 (w) 925 (w) — 920 (w) 925 (w) 925 (w) N —N stre tch .
900 (w) — 915 (w) — — 865 (m )
795 (m) 790 (m ) 785 (m) 792 (m) 789 (m ) 792 (m)
755 (m) 752 (m ) 755 (m ) 750 (m) 752 (m) 758 (m) v (NCO)
730 (s) 732 (s) 728 (s) 730 (s) 732 (s) 730 (s) CS & CN stre tch .
715 (s) 705 (s) 710 (s) 707 (s) 710 (m) 700 (s)
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Table I I I  (co n t.)

B T S C

(1)
N i(B T S C )2 C l2 

(2)
N i(B T S C )2B r 2

(3)
N i( B T S C ) ,  I 2

(4)
N i(B T S C )2( N 0 3)„

(5)
N i(B T S C )2(N C S )2

(6)
T e n t a t i v e  a s s ig n m e n t

(7)

685 (s) 690 (s) 692 (s) 687 (s) 690 (s) 685 (m )
670 (s) 668 (s) 670 (m) 667 (m) — 667 (m)
658 (m) 655 (m) 652 (s) 654 (s) 655 (s) 658 (s) G =  0  o u t o f p lane
632 (s) — 600 (s) 598 (s) 625 (in) 600 (s) bending

604 (s) 590 (sh.s)
572 (s) 578 (s) 580 (s) 574 (s) 568 (m) 570 (m) v (C = S )
542 (s) 540 (m) 548 (m) 540 (w) 542 (w) 555 (w) л (С -С )

— 512 (m) 492 (m) 496 (w) 512 (w) 490 (m) (Ni — N ) stre tch .
487 (s) 482 (m) 480 (w) 478 (w) 475 (w) 475 (w)
480 (sh.m ) 472 (m) 470 (m) 468 (m) 462 (m) 462 (m ) ring  deform ation

432 (w) 440 (w) 442 (w) 445 (w) 442 (w)
418 (w) 430 (w)

378 (m) 385 (w) 378 (w) 380 (w) 402 (w) 378 (w)
340 (w) 355 (w) 342 (w) 340 (w) 358 (w) 328 (w)
300 (m) 315 (w) 300 (w) — 315 (w) 312 (w)

— 290 (w) 280 (m ) 273 (w) 285 (w) 280 (m) (N i— S) s tre tch .
— 276 (w) ( N i - C l ) — — — 265 (w )(N i—1VCS)
— — 242 (w) ( N i - B r ) — — —

208 (w) ( N i - I )
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Table IV

In frared spectral bands o f  the complexes o f  n ickelf I I )  w ith F B T S

F B T S N i( F B T S ) ,  C la N i ( F B T S ) ,B r , N i ( F B T S ) ,  I , N i ( F B T S ) , ( N 0 3) , N i ( F B T S ) 2(N C S )j T e n t a t i v e  a s s ig n m e n t

(1) (2) (3) № (5) («) (7)

3140 (s) 3120 (s) 3120 (s) 3190 (s) 3100 (s) 3120 (in)
3090 (s) 3080 (s) 3085 (m) 3080 (s) 3060 (s) 3060 (s) i(N H )
3040 (s) 3060 (s) 3060 (m) 3035 (s) 3025 (sh.m ) 3035 (s)

3025 (s) 3025 (m)
2935 (m) 2940 (m) 2942 (m) 2 9 3 7 (m ) 2935 (m) 2940 (m) ><CH2)

— — — — 2076 (s) r(CN) of (iVCS)
— — — — 1770 (m ) 

1750 (m) U n id en ta te  n itra te
1615 (s) 1612 (s) 1615 (s) 1618 (s) 1615 (s) 1617 (s) Am ide —  I
1575 (s) 1550 (m) 1550 (m) 1542 (m) 1558 (m) 1555 (m ) A m id e - I I  + (C N )
1500 (m) 1 4 9 5 (m) 1497 (m) 1492 (m) 1 5 0 5 (m ) 1495 (m)
1475 (s) 1475 (m) 1467 (sh.m ) 1 4 8 0 (m) 1 4 7 5 (m ) 1478 (s)
1455 (s) 1 4 4 5 (m) 1440 (s) 1455 (m ) 1455 (sh.m ) 1452 (sh.m )
1430 (m) 1425 (sh.m ) 1442 (m) 1440 (m) 1445 (m)
1415 (s) 1410 (w) 1420 (sh.m ) 1420 (sh.m ) — 1425 (sh.m )
1395 (s) 1390 (m) 1392 (s) 1395 (m ) 1390 (s) 1290 (s)
1390 (m) 1355 (m) 1365 (m) 1350 (w) 1 3 6 0 (m) 1357 (m )
1325 (w) 1335 (m) 1337 (m) 1330 (w) 1332 (w) 1330 (w)
1280 (s) 1280 (m) 1267 (br.m ) 1265 (br.m ) 1267 (m) 1260 (m) CS & CIN stre tch .
1235 (w) 1225 (w) 1230 (w) 1235 (w) 1232 (sh.w) 1235 (sh.m ) Am ide —II I
1 2 0 0 (m) 1195 (s) 1205 (m ) 1195 (in) 1192 (m) 1197 (m )
1155 (m) 1158 (sh.m ) 1160 (m) 1152 (m ) 1152 (m) 1150 (m )
1100 (w) — — 1150 (sh.m ) — —
1070 (s) 1075 (m ) 1075 (m) 1078 (m ) 1072 (m) 1070 (m)
1025 (m) 1018 (m) 1020 (s) — 1018 (m) 1022 (in) N - C -N  stre tch . &
1015 (s) — — 1018 (s) 1 0 0 5 (w) 

990 (m)
1000 (w) C =  S stre tch .

950 (m) 960 (sh.m ) 957 (w) 952 (w) 952 (m ) 950 (w)
935 (s) 
905 (w)

935 (s) 937 (s) 937 (s) 932 (s) 935 (s) IN—IN stre tch .

885 (s) 882 (s) 885 (s) 882 (s) 885 (m) 882 (m )
845 (s) 842 (w) 845 (w) 840 (m ) 840 (m ) 870 (w)
835 (sh.m ) 832 (m) 830 (m) 827 (m ) 828 (m) 840 (w) 

825 (m )
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Table IV (cont.)

FBTS
(!)

Ni(FBTS)2 Cl)2 
(2)

N i(F B T S ), B r2 
(3)

Ni(FBTS)2 12 
(4)

N i(F B T S )2 (N 0 3)2 
(5)

Ni(FBTS)2(NCS)2
(6)

T entative assignment
P)

750 (s) 755 (s) 750 (s) 752 (s)
795 (w) 
757 (m) 745 (s) i’(NCO)

735 (s) 730 (s) 725 (s) 730 (m) 730 (m) 730 (m) C = S  and C = N
705 (s) 697 (m) 697 (s) 700 (w) 705 (m) 697 (s) stre tch .
694 (s) 685 (m) 688 (m) 682 (m ) 688 (m) 680 (m)
650 (s) 665 (m) 652 (m) 655 (m ) 648 (m) 650 (m) C = U  ou t of p lane bend
592 (s) 590 (m ) 595 (m) 592 (m) 596 (m) 590 (m )
580 (sh.m ) 582 (sh.m ) 585 (sh.m ) 585 (sh.m ) 582 (sh.m ) 582 (sh.m ) r(C = S )
548 (s) 540 (m) 537 (w) 560 (m ) 547 (m) 545 (m) v (C -C )
498 (s) 505 (w) 512 (m) 487 (m ) 482 (m) 492 (m)

465 (m) 478 (m) 465 (m) 467 (m)
485 (w) 
472 (m) (N i —N) stre tch .

437 (m) 445 (w) 448 (w) 437 (w) 430 (w) 455 (w)
407 (w) 425 (m) 427 (w) 420 (w) 437 (w) ring  deform ation

387 (m) 380 (w) 832 (w)
420 (w)

400 (w) 390 (w)
346 (m) 342 (w) 338 (w) 345 (w) 335 (w) 350 (w)
330 (m)

288 (m ) ( N i- C l)  
270 (m)

300 (w) 

285 (m)

325 (w) 

282 (m)
290 (m) 
272 (m) 275 (m) (Ni —S) stre tch .

255 (w) _ 248 (in) (N i Br) _ 265 (Ni —NCS)
— — — — 210 (w) (Ni —I) —
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Table У

A nalytical data o f  nickel ( I I )  complexes

Observed percentage

c H N M X c H N j М X

Ni(CgH,tN4O S), Cl2 37.42 4.08 19.42 10.02 12.13 37.39 4.15 19.39 10.16 12.27

N iiQ .H .jN .O S ), B r2 32.67 3.69 16.78 8.76 24.17 32.41 3.60 16.80 8.81 23.98

Ni(C9H 12N4OS)2 I2 28.27 3.01 14.69 7.84 33.94 28.40 3.15 14.73 7.72 33.37

Ni(C9H 12N4OS)2 (N O :,)2 34.48 3.89 22.02 9.42 - 34.25 3.80 22.20 9.31

Ni(C.jHl2N4OS)2 (NCS)2 38.47 3.98 22.59 9.42 38.53 3.85 22.48 9.43 -
N i(C ,4H 14N40 2S)2 Cl2 42.97 3.72 14.39 8.12 9.54 43.43 3.82 14.48 8.00 9.66

N i(C14H I4N40 2S)2 B r2 41.06 3.52 13.67 7.10 19.54 40.84 3.41 13.62 7.14 19.43

N i(C14H I4N40 2S)2 I2 36.79 3.08 12.18 6.29 28.03 36.66 3.05 12.22 6.40 27.69

N i(C14H 14N40 2S)2 (N 0 3) 42.23 3.53 17.68 7.45 — 42.71 3.56 17.79 7.46

Ni(C14H 14N40 2S)2 (NCS), 46.01 3.57 18.82 7.59 — 46.22 3.60 17.97 7.54 —

Calculated percentage
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STEREOCHEMISTRY OF THE REACTIONS 
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The s te reo sp ec ific ity  o f acy lase  I ca ta ly zed  d ip ep tid e  hydro ly sis  h a s  been stu d ied  
an d  in te rp re ted . I f  th e  a -ca rb o n  a to m  of th e  N -te rm in a l acy l m o ie ty  h as D -configura- 
tio n , th e  R  g ro u p  is closer to  th e  c a ta ly tic  site  o f th e  enzym e th a n  in  th e  case of com 
pounds in r.-co nfigu ration . S teric  h in d ran ce  of th e  R  group  in  th e  reac tio n  betw een 
th e  ca ta ly tic  m o ie ty  o f  th e  enzym e a n d  th e  CO g ro u p  o f th e  su b s tra te  is m u ch  g rea te r 
in  th e  case o f su b s tra te s  co n ta in in g  pep tid es w ith  N -te rm in a l am ino  acids of D-con- 
fig u ra tio n , th a n  fo r su b s tra te s  o f I,-co nfigu ra tion . C on seq u en tly , th e  r a te  o f hydro lysis 
o f the  form er is lo w er b y  several o rd e rs  o f m ag n itu d e .

In te rp re ta t io n  of th e  ste reo sp ec ific ity  is b a sed  on a fix ed  co n fo rm atio n  of the  
e n zy m e-su b s tra te  com plex. O w ing to  th e  fix ed  p o sitio n  o f th e  te rm in a l am ino group  
an d  th e  am ide c a rb o n y l group , th e  a -H  a to m  an d  R  g ro u p  o f th e  acy l m oie ty  are  in 
reversed  p ositions in  th e  tw o d iaste reom eric  com pounds.

In tro d u c tio n

A cylase I (N -acy lam in o  acid  am id o h y d ro lase , EC 3 .5.1.14), w hich has 
a w ide range of s u b s tra te  sp ec ific ity  [1 4], ca ta ly zes  th e  follow ing process:

R CH C O O H  R - C H  CO O H
h ,o - f  R ’ —COOH

N H  C - R ’ acyla“e I N H 2

II
О

In  th e  know ledge of th e  m echan ism  [5] a n d  a re c e n tly  rep o rted  new 
free  energy re la tio n sh ip  [6 ], th e  s te reo ch em is try  o f  th e  re a c tio n  can  be in te r 
p re ted .

P ep tides are  considered  one o f  th e  m o st im p o r ta n t  g roups o f su b stra te s . 
T h e  hydrolysis o f d ip ep tid es  [7 10] ca ta ly zed  b y  acy lase I  is h igh ly  s te reo 
specific  depending  on  th e  co n fig u ra tio n  of th e  C- a n d  N -te rm in a l am ino acids. 
T h e  aim  of th is  p a p e r  is an  in te rp re ta tio n  o f th e  spec ific ity , inc lud ing  s te reo 
specific ity  of th e  p e p tid e  hyd ro lysis , in  re la tio n  to  th e  s tru c tu re  o f th e  N -te r
m in a l am ino acid .

* P a rt  V: L. Ö t v ö s , E . Morav csik  and  F . K r a ic so v it s : T e tra h e d ro n  L e tte rs . 29, 
2485 (1975).
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E xperim en ta l

A ll m .p .’s were d e te rm in e d  w ith  a B oetius h o t-s tag e  a p p a ra tu s  a n d  a re  u n eorrec ted . 
C om pounds were checked  fo r  p u r i ty  b y  e lem en tal an alysis, th in - la y e r  ch ro m a to g rap h y  

(K iese lg e l H F 254, M erck; d e te c tio n  w ith  iod ine  v a p o u r or n in h y d rin  reag en t).
S tru c tu re s  were co n firm ed  b y  IR  sp e c tra  recorded  in  K B r p e lle ts  on a P erk in -E lm er 

sp e c tro p h o to m e te r  M odel 137. O p tica l ro ta tio n s  were m easu red  w ith  a S ch m id t-H aen sch  
p o la r im é te r .

M ateria ls  and  m ethods

A cylase I  was p u rc h a se d  from  th e  S igm a C hem ical C om pany . T h e  specific 
a c t iv i ty  o f th e  enzym e w as d e te rm in e d  according to  B r u n s  an d  S c h u l z e  [11]. 
T h e  su b s tra te s  applied w ere d iffe ren t d ipep tides c o n ta in in g  L -norvaline as 
th e  C -te rm in a l am ino acid . A s th e  N -te rm in a l am ino  acid , g lycine, th e  L- and  
D -stereo isom er of a lan ine , v a lin e , as w ell as no rvaline  w ere ap p lied . T h e  en an tio 
m eric  am ino  acids w ith  h igh  o p tica l p u rity  (m in. 99 .5% ) re q u ire d  for th e  
sy n th e s is  o f peptides w ere o b ta in e d  b y  reso lu tion  of th e  N -acyl-D L-am ino 
ac id s  th ro u g h  th e  ac tio n  o f  acy lase  I  [2]. G lycyl-L -norvaline w as p rep ared  
b y  a m in a tio n  of ch lo roace ty l-L -no rva line  accord ing  to  R o b in s o n  et al. [12]. 
T h e  d iffe ren t d iaste reom eric  d ip ep tid e s  were o b ta in ed  b y  th e  reac tio n  of 
c a rb o b e n z o x y  deriva tives o f  th e  am ino  acids w ith  L -norvaline e th y l e s te r in  
a to lu en e -ch lo ro fo rm  m ix tu re , u sin g  isovalery l ch lo ride as th e  co n d en sa tio n  
re a g e n t [9, 13]. O verall y ie ld s w ere 50 65%  of th e  th e o re tic a l. All m ateria ls
w ere p u rif ied  up  to  a c o n s ta n t m e ltin g  p o in t an d  op tica l ro ta tio n . R o ta tio n  
v a lu e s  an d  analy tica l re su lts  a re  co llected  in  T able I .

Table I

Optical rotations and analyses 

[a]ó was m easu red  in  H 20  using a 1-dm po larim éter tu b e

Compound
(-L-norvaline) bln

I
t  C

Calcd. Found

N c H N c H

degree °C % о/
о о//о

G lycyl- — 27.3° 25 2 16.09 48.27 8.10 15.92 48.20 7.98

L -alany l- -  5.1b 23 2 14.89 51.06 8.51 14.81 50.94 8.50

D -alany l- — 47. T 24 2 14.89 51.06 8.56 14.83 51.01 8.38

L -no rv aly l- -(-18.9 25 1 12.96 55.51 9.32 12.87 55.49 9.20

D -norvaly l- - 7 1 .0 25 1 12.96 55.51 9.32 12.91 55.48 9.21

L -valy l- +  13.3 24 0.9 12.96 55.51 9.32 12.87 55.38 9.16

D -valy l- -7 4 .1 24 1 12.96 55.51 9.32 12.92 55.48 9.18

“ L it. [11] [a]], —27.6 °C (in w a te r)
b L it. [14] [a ]=ii — 5.0 °C (in w a te r)
e L it. [9] [a ]u  —47.4 °C (in  w a te r)
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K inetic  procedure

E n zy m atic  h y d ro ly s is  o f th e  d ip ep tid es  w as ca rried  o u t a t  p H  7.15 a t 
37 ^  0.1 °C in 0.1 M  p h o sp h a te  b u ffe r. T he cleavage ra te  w as d e te rm in ed  
on a U NICAM  SP  500 sp e c tro p h o to m e te r  b y  m easu rin g  th e  colours a t  570 nm  
o b ta in ed  from  th e  re a c tio n  of the  lib e ra te d  am ino  acids w ith  n in h y d rin  reag en t, 
accord ing  to  R o s e n  [15].

In  ev a lu a tin g  th e  in itia l velocities of th e  en zy m e-ca ta ly zed  reac tio n s, 
we used th e  co n v en tio n a l g raphic m e th o d  [16], ap p ly in g  on ly  a sm all segm ent 
o f th e  k ine tic  curve on  th e  one h a n d , and  fo r th e  an a lysis  of th e  e n tire  curve 
an  in te g ra te d  ra te  e q u a tio n  (1) d e riv ed  b y  J o h n s t o n  an d  D iv e n  [1 7 ], on th e  
o th e r. T he v a lid ity  o f  la t te r  p rocedure  was re c e n tly  s tu d ied  b y  Z e r v o s  [18], 
w ho claim ed th a t  i t  c an  only  be ap p lied  for a few  ty p e s  o f en zy m e-ca ta ly zed  
reac tio n s , under c e r ta in  ex p erim en ta l cond itions. On th e  basis o f o u r in v e s ti
g a tio n s, how ever, th e  procedure  p ro v ed  to  be app licab le  also fo r acylase- 
c a ta ly zed  d ipep tide  h y d ro lysis , since th e  in itia l velocities e v a lu a te d  b y  th e  
co n v en tio n a l g rap h ic  m e th o d  [16] an d  th o se  o b ta in ed  b y  J o h n s t o n  and  
D iv e n ’s procedure [17] are  id en tica l.

In [P ]

[P] eq

v .t

[P  ieq
( 1 )

K m(app) an d  Umax w ere d e te rm in ed  from  th e  L in e w e a v e r-B u rk  p lo t 
b e tw een  l /v  and  1/S. T h e  kcat v a lu es  were ca lcu la ted  from  th e  re la tio n sh ip  
к cat =  Uma x l^ -  E n z y m e  co n cen tra tio n s in  th e  ex p e rim en ts  ran g ed  betw een
3.2 -1 0  8 M  and  3.2 • 10-7  M  b ased  on 76,500 m olecu lar w eigh t [11] and 
th e  specific a c tiv ity  v a lu es  for N -acety l-L -m eth ion ine  o f th e  p u re  enzym e [11]. 
In  th e  ran g e  s tu d ied , th e  in itia l ra te  o f  hydro lysis w as found  to  change linearly  
w ith  th e  enzym e co n cen tra tio n . T h e  in itia l su b s tra te  c o n c e n tra tio n  varied  
b e tw een  1.0 miff a n d  10.0 mil/.

R esults an d  discussion

K inetic  d a ta  o f th e  hydro lysis  o f th e  d ip ep tid es  (fo rm ula  I )  ca ta ly zed  
b y  acylase I are p re se n te d  in  T ab le  I I .

R (C H 2)2 — C H 3

H2N CH CO NH CH-COOH  

I

R — H, CH3, n-C3H7, i-C3H7
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I n  th e  course o f o u r p rev io u s  stud ies [5] th e  d ecom position  o f th e  en zy m e- 
s u b s tr a te  com plex w as fo u n d  to  be th e  ra te  d e te rm in in g  s tep  o f th e  reac tio n , 
w h e re  iCm(app) is e q u a l to  K s . A ccordingly , J£m(app) is c h a ra c te r is tic  o f th e  
b in d in g  s tren g th  b e tw een  th e  su b s tra te  an d  th e  enzym e.

Table II

K inetic  data o f  the acylase I  catalyzed hydrolysis o f  dipeptides

Compound
(-L-norvaline)

^m (app) 
m  M

^cat
sec-1

kcat/K>»(app)
m M - I sec-1 Qe

Glycyl- 3.2 +  0.4 170 ± 3 0 53

L-alanyl- 2.2 +  0.3 155 ± 1 8 70
D-alanyl- 3.2 +  0.4 О On 1+ © 0.21 333

L-norvalyl- 2.7 +  0.2 102 ±  8.4 38
D-norvalyl 2.2 +  0.2 0 .1 3 +  0.01 0.06 633

L-valyl- 2.0 1.2 0.6

D-valyl- — 0 0

Qe in  the last co lum n is th e  stereospecificity  fac to r:

Q  —  ^ c a t / I ^ m ( a P P ) L

C fecat/Km(a PP)D

T h e ICm(app) v a lu es  o f  th e  com pounds s tu d ie d  w ere fo u n d  to  be n ea rly  
id e n tic a l, irrespective o f  th e  co n fig u ra tio n  of th e  acy l m o ie ty  a n d  th e  n a tu re  
o f  th e  side chain. I t  h as  b e e n  concluded  th ere fo re  th a t  all su b s tra te s  are  bound  
to  th e  enzym e p ra c tic a lly  in  th e  sam e w ay, considering  th e  fa c t th a t  th e  su b 
s t r a te s  differ only in  th e  s tru c tu re  o f one of th e  a lk y l groups. I t  m a y  be p re su m 
ed  t h a t  th e  con fo rm atio n  o f  th e  su b s tra te  in  th e  e n z y m e -su b s tra te  com plex 
is m a in ly  due to  in te ra c tio n  betw een  th e  C -te rm in a l am ino ac id  m o ie ty  (l - 
n o rv a lin e )  and th e  am in o  g ro u p  o f th e  acy l m o ie ty  on th e  one h a n d , an d  the  
co rresp o n d in g  b ind ig  s ite s  o f  th e  enzym e, on th e  o th e r  (Fig. 1).

T h e  above c o n s id e ra tio n  m ay  also p ro v id e  a n  e x p la n a tio n  fo r th e  s te reo 
sp e c if ic ity  depending  on  th e  acy l m oiety .

I n  add ition  to  th e  f ix e d  am ino and  am ide  ca rb o n y l g roups, th e re  are 
tw o  su b s titu e n ts  a t ta c h e d  to  th e  a -c a rb o n  o f th e  N -te rm in a l am ino  acid 
m o ie ty : an  a-h y d ro g en  a to m  an d  a side chain .

S ince th e  am ino g ro u p  o f th e  d iastereo isom ers is b o u n d  in  th e  en zy m e- 
s u b s tra te  com plex a t  th e  sam e  site  (position  “ B ”  in  F ig . 2), th e  acy l m o ie ty  
o f  th e  tw o  d iastereom eric  s u b s tra te s  differs on ly  in  th e  positions o f th e  hyd rogen
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F ig. 1. A tta c h m e n t be tw een  enzym e an d  su b s tra te  in  th e  enzym e—s u b s tra te  co m plex

Fig. 2. C onform ation  o f th e  acy l m o ie ty  o f  d iaste reom ere  in th e  enzym e—s u b s tr a te  com plex: 
A: c a ta ly tic  s ite ; B : am ino b ind ing  site

a to m  and  th e  side chain  re la te d  to  th e  c a ta ly tic  site o f th e  en zy m e  (position  
“ A ”  in  F ig . 2).

Since th e  tw o  su b s titu e n ts  are  n o t in  sym m etrica l p o sitions re la te d  to  the 
c a ta ly tic  s ite  of th e  enzym e, th e  reversed  positions in  th e  tw o  d iaste reo m eric  
com pounds show d iffe ren t s teric  h in d ran ce  to w ard s th e  c a ta ly tic  s ite  a n d  thu s 
invo lve  d ifferen t reac tiv itie s . F ig . 2a show s th e  case, w here  p o s itio n  “ a” 
n e a r  th e  ca ta ly tic  site  is occupied  b y  a hydrogen  a to m  a n d  p o s itio n  “ b ” , 
fa r th e r  aw ay  from  it, is ta k e n  b y  an  “ R ”  group . This s te ric  a rra n g e m e n t is 
c h a ra c te ris tic  of th e  co n fo rm atio n  o f su b s tra te s  in  th e  e n z y m e -s u b s tra te  com 
p lex  w here th e  acy la tin g  am ino  acid  has L -configuration . As th e  u n b ran ch ed  
a lk y l g roups of th e  L-acyl m oie ties do n o t e x e rt considerab le  s te r ic  h ind rance  
in  positio n  “ b ” , th e  s ligh t d ifference in  p o la rity  of th e  m e th y l a n d  n-p ropy l 
g roups causes h a rd ly  an y  d ifference in  th e  kcat values o f L -alanyl-L -norvaline 
an d  L -norvalyl-L -norvaline. A ccord ing  to  th ese  re su lts , in  th e  case  o f  glycyl-L- 
n o rv a lin e  (Fig. 3), w here tw o  h y d ro g en  atom s are b o u n d  to  th e  oc-carbon 
a to m , re a c tiv ity  w as fo u n d  to  be n ea rly  th e  sam e as o b served  fo r L-alanyl- 
an d  L -norvalyl d e riv a tiv es .

F igure  2b show s th e  co n fo rm atio n  o f d iastereom eric  su b s tra te s  con ta in ing  
a D -acyl com ponen t. H ere , p o sitio n  “ a ” , w hich is n ea r th e  c a ta ly t ic  site , is 
occupied  b y  an  “ Ä ” group . Since th e  a lk y l g roups are m u ch  b u lk ie r  th a n  the 
h y d ro g en  a tom , th e  c a ta ly tic  site  is m ore h indered . T he d iffe rence  betw een
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F ig . 3. C onform ation of th e  acy l m o ie ty  o f g lycyl-L-norvaline in  th e  e n z y m e -su b s tra te  com plex: 
A : c a ta ly t ic  site; B: am ino b in d in g  site

F ig . 4 . C onform ation of th e  acy l m o ie ty  o f L-valyl-L-norvaline in  th e  e n z y m e -su b s tra te  com plex: 
A: c a ta ly t ic  s i te ;  B: amino b in d in g  site

s te r ic  h indrance  by  th e  h y d ro g e n  atom  and  th e  a lk y l g roups in  position  “ a”  
re s u l ts  in  great s te re o sp e c if ic ity .

A ccordingly  th e  d iffe ren ces in  s te reo sp ec ific ity  depend ing  on th e  s tru c 
tu r e s  o f  the  side chains o f  v a rio u s  N -term inal a m in o  acids can also be well 
in te rp re te d ,  as it  m ay  be  e x p e c te d  th a t s teric  h in d ra n c e  n ear th e  ca ta ly tic  
s ite  becom es more e ffec tive. I t  follows th a t  th e  co n sid e rab le  differences observed  
in  th e  stereospecificity  o f  co m p o u n d s w ith in  a hom ologous series are due to  
th e  d iffe re n t reac tiv ities o f  th e  su b stra te s  c o n ta in in g  D-acyl groups. A ccording 
to  th e  experim en ta l d a ta ,  th e  re a c tiv ity  is m ore  th a n  six  tim es as h igh in  th e  
case  o f  D -alanyl-L -norvaline, w hich  contains an  a -m e th y l group in  th e  acy l 
m o ie ty  as found for th e  D -norvaly l-L -norvaline, w h ich  has an  n -p ropy l group 
in  t h e  sam e position. T h e  g re a te r  steric h in d ran ce  o f  th e  n -p ropy l group can  
be  in te rp re te d  b y  th e  tw is te d  conform ation  o f  th e  side chain . F o r th e  sam e 
c o m p o u n d s  in L -co n fig u ra tio n , th e  steric h in d ra n c e  o f th e  n-a lky l g roup  of 
N - te rm in a l  am ino acids is r a th e r  low.

T h e  steric effect g re a tly  increases, how ever, i f  th e  side chain  is a b ran ch ed  
a lk y l  g roup  (Fig. 4).

I t  is n o t su rp ris in g , th e re fo r e ,  th a t  th e  r a t e  o f  h y d ro ly s is  fo r L-valyl-L- 
n o r v a l in e  w as fo u n d  to  b e  lo w e r  b y  tw o  o rd e rs  o f  m a g n i tu d e  th a n  in  th e  case 
o f  t h e  ab o v e  s u b s t ra te s  w i th  u n b ra n c h e d  a c y l m o ie tie s  in  L -c o n fig u ra tio n . 
O w in g  to  th e  g re a t s te r ic  h in d r a n c e  of th e  s a m e  s t r u c t u r e  in  D -c o n fig u ra tio n , 
h y d r o ly s is  ta k e s  p la ce  a t  a n  e x tre m e ly  low  r a te .
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SEARCH FOR NEW LOCAL ANAESTHETIC AGENTS, III
S Y N T H E S IS  O F  2-A L K Y L -A R Y L A M IN O -A C E T Y L A M IN O -4-P H E N Y L T H I A Z O L E S  

P . K . S r i v a s t a v a ,*  R .  D . S h a r m a  a n d  S . K . R a i

( S u r g i c a l  R e s e a r c h  L a b o r a to r y , I n s t i t u t e  o f  M e d i c a l  S c i e n c e s , B a n a r a s  H i n d u  U n i v e r s i t y ,
V a r a n a s i  — 2 2 1 0 0 5 ,  I n d i a )

R eceived  J u ly  26, 1976

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 94 (3), pp. 229—232 (1977)

A series of va rio u s 2 -a lk y l-ary lam in o -ace ty lam in o -4 -p h en y lth iazo les  h a v e  been 
sy n th es ized  an d  te s te d  for local a n ae s th e tic  ac tiv ity .

T hiazole a n d  im idazole  g roups are  o f g re a t im p o rtan ce  in  b io logical 
sy stem s. Follow ing th e  local a n a e s th e tic  screen ing  rep o rts  of som e d e riv a tiv e s  
o f b enzo th iazo les , search  fo r b e tte r  local an a e s th e tic  agen ts in  th is  series 
h as  gained  m o m en tu m  [1]. R ecen tly , n u m ero u s deriva tives o f b en zo th iazo le  
an d  benzim idazo le  h av e  been  show n to  possess n o tab le  local a n a e s th e tic  
a c t iv i ty  [2 ].

Since th e  e ssen tia l s tru c tu re  re q u ire m e n ts  [3, 4] fo r a local a n a e s th e tic  
are  th e  presence of a lipoph ilic  en d  co n ta in in g  an  a rom atic  nucleus, a h y d ro 
ph ilic  end  consisting  of a te r t ia ry  am ino  g roup , an d  an  in te rm e d ia te  a lk y l or 
s u b s ti tu te d  a lk y l chain , i t  w as th o u g h t w orth w h ile  to  syn thesize som e 2 -a lky l- 
a ry lam in o -ace ty lam in o -4 -p h en y lth iazo les . T hese com pounds w ere p re p a re d  b y  
co n d en sa tio n  o f ch lo ro ace ty l ch loride w ith  2 -am ino-4 -pheny lth iazo le  fo llow ed 
b y  t r e a tm e n t  w ith  v a rious p r im a ry  an d  seco n d ary  am ines.

T he s tru c tu re s  o f th e se  co m pounds h av e  been  estab lished  on  th e  basis 
o f th e ir  an a ly tica l resu lts  an d  in fra red  sp ec tra . T he IR  sp ec tra  o f  th e se  com 
p o u n d s  show  ch a rac te ris tic  s tro n g  a b so rp tio n  peak s a t  1650 —1625 c m “ 1 an d

* To w hom  all co rrespondence shou ld  be addressed .
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1370 1360 cm “ 1 co rresp o n d in g  to  C =  0  a n d  C N  b ands, resp ec tiv e ly . An
a b so rp tio n  b and  a t  3200 — 3150 cm - 1  in d ic a te s  th e  N H  stre tch in g  freq u en cy . 
A  s tro n g  ab so rp tio n  p e a k  in  th e  region 1700 1670 c m “ 1 shows th e  am ide
( C N < )  band .

II
О

Experimental

2 -A m ino-4 -pheny lth iazo le  w as p repared  b y  a d o p tin g  th e  p rocedure  suggested  b y  
D o d so n  an d  K in g  [5]. C hlo roacety l-2 -am in o -4 -p h en y lth iazo le  was m ade b y  th e  know n 
p ro c ed u re  [2].

P re p a ra tio n  o f 2 -m orpho linoace ty lam ino-4 -pheny lth iazo Ie

T o an  e thanolic  so lu tio n  (20 m l) of ch lo ro ace ty l-2 -am ino-4 -pheny lth iazo le  (5 .04 g; 0.02 
m ole), m orpho line  (1.74 g; 0.02 m ole) was ad d ed  slow ly  w ith  co n stan t shaking. A fte r th e  
a d d it io n , th e  reac tion  m ix tu re  w as refluxed  for 6 h rs. U n re ac ted  m orpholine w as recovered  
b y  d is til la tio n , and th e  re s id u e  w as w ashed w ith  so d iu m  hy d ro g en  carb o n a te  to  rem ove any  
acid  im p u ritie s . The f in a l p ro d u c t  was c rystallized  fro m  e th a n o l to  y ield  4.2 g (7 0 ° ()) o f th e  
p ro d u c t,  m .p . 115 °C. T h e  co m p o u n d  was show n to  be  hom ogeneous (single sp o t on  TLC, 
silica  gel).

I R  ^  1 6 3 0  c m -1 (C =  0 ) ;  ^ 1 3 6 5  c m -1 (C — N ); ^ - 3 1 5 0  c m -1 (N H , s tre tc h in g ) and  
^ 1 6 7 5  c m -1 ( — C — N <  ).

II
О

Ci5H 17N 30 2S. Calcd. C 59 .41 ; H  5.61; N 13.86; S 10.56. F o u n d  C 59.08; H  5.50; N 13.62; 
S 10 .0 3 % .

T h is base was c o n v e rted  in to  its  hyd ro ch lo rid e  fo r biological ev a lu a tio n  b y  passing  
d ry  h y d ro g e n  chloride gas in  i ts  e th e rea l solution.

S im ilarly , d im e th y la m in o a ce ty l- , d ie th y lam in o ace ty l- , d ip ro p y lam in o ace ty l-, isopropyl- 
a m in o a ce ty l- , 4 -d ie th y lam in o p h en y lam in o ace ty l-, p ip e ra z in o a ce ty l- , p ip erid in o ace ty l-, py ri- 
m id in e -2 -am in o acety l-, a n d  2 -(p y rid in e -2 -am in o -)acety lam in o -4 -p h en y lth iazo les w ere p re p are d  
a n d  th e i r  h y d roch lo rides iso la te d  (T able I).

B ioassay

In  th e  p resen t s tu d ie s  a ll th e  th ree  actions, viz. su rface  an aesth es ia  [6], in f il tra tio n  
a n a e s th e s ia  [7] and co n d u c tio n  an aesth es ia  [7] e x h ib ited  b y  th e  syn thesized  co m pounds were 
d e te rm in e d  by  em ploying th e  m eth o d s  given in  l i te ra tu re .  P roca ine  hydroch lo ride  w as used  
as s ta n d a rd  drug.

T h e  resu lts  of b io logical te s tin g  are listed  in  T ab le  I I  (a , b , c). 2 -(D iethy lam inopheny l-4 - 
a m in o -)ac e ty lam in o -4 -p h en y lth iazo le  (Com pd. No. 7 in  T ab le  I l a )  was found  q u ite  ac tive  
w h en  te s te d  fo r surface a n ae s th es ia . O f all th e  co m p o u n d s in  T ab le  l ib ,  com pound  No. 7 was 
th e  m o s t active . The d u ra tio n  o f anaesth es ia  of 2 -d ip ro p y lam in o ace ty lam in o -4 -p h en y lth iazo le  
(T ab le  l i e ,  Compd. No. 3) is co m p arab le  w ith  th e  s ta n d a rd  d ru g  procaine h y d ro ch lo rid e . 
I t  is c lea r  from  these re su lts  t h a t  th e  com pounds c o n ta in in g  a  sa tu ra te d  (e.g., p ip erid ino -) 
a n d  b ra n ch e d  (e.g., N ,N -d im e th y lan ilin o -) h y d ro p h ilic  m o ie ty  ex h ib it enhanced  ac tiv ity .

*

T h e  au th o rs  are th a n k fu l to  P rof. K. N. U d u p a , D irec to r, In s t i tu te  of M edical Sciences, 
В. H . U ., V aranasi, fo r p ro v id in g  th e  necessary la b o ra to ry  facilities. F in ancia l assistance  
fro m  C .S .I .R ., New D elhi, is also g ra te fu lly  acknow ledged .

A cta  Chim. ( Budapest) 94, 1977
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Table I

2 - A lk y l - a r y la m in o - a c e ty la m in o - 4 - p h e n y l th i a z o le s

Oe H 5

.R 4
N H C O O l b — NCT , ) 

R 2" '

(o r  H )

N o .
R , - n ( o r  H ) Y ie ld , M.p.,

c° F o r m u la
A n a ly s is ,  % M.p., °c

(h y d ro c h lo r id e )K.--' % C H N s

1 D im ethyl 72 134 C13H ]5N 3OS F ound 59.92 5.76 15.99 12.19 1 7 5 -7 6
Calc. 59.77 5.74 16.09 12.26

2 D iethyl 70 129 C,5H 1sN3OS Found 62.35 6.64 14.48 10.97 1 9 5 -9 6
Calc. 62.28 6.57 14.53 11.07

3 D ipropyl 65 108 c 17h 23n 3o s Found 64.67 7.15 13.17 10.02 1 8 2 -8 3
Calc. 64.35 7.25 13.24 10.09

4 Isopropyl 68 123 c 15h 19n 3o s Found 62.15 6.61 14.45 11.00 1 8 5 -8 6
Calc. 62.28 6.57 14.53 11.07

5 P yridy l 75 100 c ,6h I4n 4o s Found 61.98 4.53 17.98 10.25 1 4 0 -4 1
Calc. 61.93 4.51 18.06 10.32

6 Pyrim id ino 60 90 c I5h I3n 5o s Found 57.61 4.22 22.43 10.24 1 2 5 -2 6
Calc. 57.88 4.18 22.51 10.29

7 4-D iethy lam inophenvl- 55 45 a .H ^ N .O S Found 66.52 6.35 14.78 8.44 1 2 7 -2 8
am ino Calc. 66.31 6.31 14.74 8.42

8 Piperid ino 75 106 Ci6H 19N 3OS Found 63.88 6.35 13.89 10.57 1 7 5 -7 6
Calc. 63.78 6.31 13.95 10.63

9 Piperazino 60 120 c 15h 18n 4o s F ound 59.82 5.89 18.40 10.48 1 4 8 -4 9
Calc. 59.60 5.96 18.54 10.59

10 M orpholino 70 115 c 16h 17n 30 2s F o u n d 59.08 5.50 13.62 10.03 2 0 0 -2 0 1
Calc. 59.41 5.61 13.86 10.56
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Table II

S c r e e n in g  r e s u l t s  o f  2 - a lk y l - a r y la m in o - a c e t y la m in o - 4 - p h e n y l th ia z o l e s

a
Surface anaesthesia

b
Infiltration anaesthesia

C
Conduction anaesthesia

No.* Concn. 
of drug, In tensity

D u ra 
tion ,

Concn. 
of drug, Intensity

D u ra
tion ,

Concn. 
of drug,

Onset of anaesthesia 
(min) in HC1 of strength

% m in % m in % 0.05 N 0.1 JV 0.2 N

l 2 C om plete 5 0.2 Nil 0.2 20 21 22

2 2 C om plete 6 0.2 Complete 5 0.2 22 22 23

3 2 C om plete 3 0.2 Nil 0.2 16 17 17

4 2 Nil 0.2 Complete 2 0.2 20 22 22

5 2 Nil 0.2 Com plete 6 0.2 18 19 19

6 2 N il 0.2 Complete 2 0.2 18 18 19

7 2 C om plete 27 0.2 Complete 30 0.2 12 13 13

8 2 C om plete 20 0.2 Complete 18 0.2 9 10 11

9 2 C om plete 10 0.2 Complete 15 0.2 8 9 9

10 2 C om plete 8 0.2 Complete 8 0.2 11 12 13

P ro c a in e 2 C om plete 15 0.2 Complete 12 15 16 17

h y d ro c h lo rid e

* N u m b e rs  correspond to  th o se  in  T ab le  I.
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N-(3-QUINAZ0LINI0)-AMIDATES, IV *

J .  F e t t e r , K . L e m p e r t , G. B a r t a -S z a l a i**
( D e p a r t m e n t  o f  O r g a n i c  C h e m i s t r y , T e c h n i c a l  U n i v e r s i t y ,  H - 1 5 2 1  B u d a p e s t )

J .  M 0L L E R

i  D e p a r tm e n t  o f  ! C h e m i s t r y ,  O d e n s e  U n i v e r s i t y ,  D K - 5 2 3 0  O d e n s e  M ,  D e n m a r k )

L .  PÁ R K Á N Y I

( C e n t r a l  R e s e a r c h  I n s t i t u t e  f o r  C h e m i s t r y  o f  th e  H u n g a r i a n  A c a d e m y  o f  S c i e n c e s ,
H - 1 5 2 5  B u d a p e s t )

R eceived  A ugust 25, 1976

Irrad ia tio n s  (h ig h -p ressu re  H g lam ps, P y rex  filte r)  o f th e  t it le  co m p o u n d s 8a-g 
( R 2, R 4 =  H , Me; R  =  O E t, O CH 2P h , P h ) in  e th an o l an d  benzy l a lcohol fu rn ish  in 
a d d itio n  to  th e  am ides 15 co rrespond ing  to  th e  acyl g roups of th e  s ta r tin g  a m id a te s , six 
ty p es  of heterocyclic  t ra n s fo rm a tio n  p ro d u c ts : 4 -acy I-5 -a lk o x y -4 ,5 -d ih y d ro -3 H -l,3 ,4 - 
-benzotriazep ines (9), qu in azo lin es (10), l,2 -d i(4 -q u in azo lin y l) e th a n es  (11), lV -(4-quina- 
zo lin y lm eth y l)-carb am ates (12, R  =  O E t), 4 -a lkoxyqu inazo lines (13) and  3 -acy lam in o - 
-4(3H )-qu inazo linones (14). T h e  yields o f th e  com pounds 9 15 m ark e d ly  d ep en d  on
th e  n a tu re  of th e  su b s ti tu e n ts  p re sen t in th e  s ta r tin g  a m id a te s  8, as well a s  w h e th er 
oxygen  is p re sen t d u rin g  th e  irrad ia tio n s  or no t. T he fo rm atio n  of p ro d u c ts  analo g o u s 
to  th e  ty p e  11 14 co m p o u n d s has never y e t been o bserved  in  p h o to tra n s fo rm a tio n s
of heterocyclic  a m m o n io am id a tes . R a tio n a les  for th e  fo rm atio n  o f all o f th e  p ro d u c ts  
9 15 are p resen ted .

T he p h o to c h e m is try  o f e lec tron  defic ien t h e terocyclic  am m o n io am i- 
d a te s , viz, of iV -(l-p y rid in io )-am id ates  (1) an d  -su lfonam ida tes (2) has b een  firs t 
s tu d ie d  b y  St r e i t h  ei al. [4— 9].  Follow ing th e  p ioneering  w ork  o f th e  F ren ch  
a u th o rs , a large n u m b er o f  sim ple [10 —15] an d  condensed  iV -(l-py rid in io )- 
-am id a te s  and  -su lfo n am id a tes , inc lud ing  iV -(l-quinolin io)- [16— 18], N - ( 2- 
isoquinolin io)- [17 20] a n d  iV -(5 -phenan th rid in io )-am ida tes [2] h a v e  been
ir ra d ia te d . In  general, th e  m onocyclic com pounds undergo  rin g  ex p an sio n s 
(y ie ld ing  th e  co rrespond ing  171-1,2-diazepine d e riv a tiv es , 3) an d  th e  con d en sed  
co m pounds undergo  p h o to iso m erisa tio n  u n d er (form al) [ l , 2 ]-sh ifts  o f  th e  
acy ln itre n e  groups (g iv ing  rise  to  com pounds such  as 2 -acy lam in o q u in o lin es ,
1 -acylam inoisoquinolines an d  6 -acy lam in o p h en an th rid in es). In  a d d itio n  to  
th e se  processes, acyl- o r su lfo n y ln itren e  e lim in a tio n s occur le a d in g  to  th e  
fo rm a tio n  of th e  p a re n t h e te ro cy c les . U n til now  only  a single case o f  a [1,2] 
acy ln itre n e  sh ift has been  re p o r te d  in th e  m onocyclic series: ir r a d ia t io n  of 
IV -(3 ,5 -d im eth y l-l-p y rid in io )-to lu en esu lfo n am id a te  fu rn ish ed  3 ,5 -d im eth y l-2 - 
-to lu en esu lfo n am id o p y rid in e  [14]; an d  tw o  cases are  k now n , in  w h ich  irra -

* P a r t  X I I I  o f “ E lec tro n  D efic ien t H e te ro a ro in a tic  A m m o n io am id a tes” . F o r  P a r ts  
I I I  an d  X I I ,  see K ef’s [1] and  [2], re sp ec tive ly . T he re su lts  p resen ted  in th is  p a p e r  have  
ea rlie r been  described in  th re e  lec tu re s  delivered  b y  one o f th e  a u th o rs  (see R ef. [3]). F o r a 
p re lim in a ry  com m unication  of p a r t  o f th e  resu lts , see Ref. [26]

** Chinoin P h a rm ac eu tica l W orks (B u d ap es t) research  fellow , 1975 1977.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 94 (3), pp. 233—260 (1977)
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d ia t io n  of condensed  lV -(l-p y rid in io )-am id a tes  effects ring  expansions: 
iV -( l-q u in o lin io )-ace tam id a te  in  m ethano l fu rn ish e s , in  ad d itio n  to  th e  acyl- 
n i t r e n e  elim ination  p ro d u c t ,  th e  1 ,2-benzodiazepine d e riv a tiv e  4 [16], and 
lV -(l-q u in o lin io )-e th o x y fo rm am id a te  in e th a n o l gives rise, am ong  o th e r p ro d 
u c ts  to  th e  re la ted  c o m p o u n d  5 [18]. In  b o th  cases th e  rin g  expansions are 
a c co m p an ied  by  a d d itio n  o f  one m olecule o f  th e  nucleoph ilic  so lv en t, conserv 
in g  th e  a ro m atic ity  o f  th e  benzene ring. S im ple  ring  expansions to  7 have 
b e e n  observed on i r r a d ia t io n  of the  ]V -(l-qu ino lin io )-am ides 6  in  m ethy lene  
c h lo r id e  or acetone [2 1 ].

6 7

(R =  H, Me)

T h e lite ra tu re  on  th e  p h o to ch em is try  o f  b o th  sim ple an d  condensed  
iV -(d iazin io)-am idates is r a th e r  scarce. iV -(5-B enzo[c]cinno]in io)-am idates 
h a v e  been found to  su ffe r  acy ln itrene  e lim in a tio n s  on ir ra d ia tio n  [22, 23], 
as is also the case w ith  lV -(l,4 -d iphenyl-2 -p h th a la z in io )-b en z a m id a te  if  th e  
i r r a d ia t io n  is carried  o u t  in  d e a e ra ted  so lu tio n  [24]. H ow ever, w hen  th e  la t te r  
c o m p o u n d  is ir ra d ia te d  in  th e  presence o f a ir , o -d ibenzoy lbenzene is form ed 
as th e  resu lt of a p h o to o x id a tio n  process [24]. I r r a d ia t io n  o f an  lV -(l-qu inoxa- 
lin io )-am id a te  has b een  fo u n d  to  yield th e  co rre sp o n d in g  2 -acy lam inoqu inoxa- 
lin e  v ia  a [1,2] a c y ln itre n e  sh ift [25], a n d  p re lim in a ry  co m m unica tions on 
th e  p h o to ch em is try  o f  a se ries  of iV -(3 -quinazolin io)-am idates in  v a rious sol
v e n ts  have  recen tly  b e e n  p u b lish ed  [1, 26]. D u rin g  th e  p re p a ra tio n  o f th e  
p r e s e n t  paper th e  r in g  c o n tra c tio n  w ith  c o n c o m ita n t f ra g m e n ta tio n  of N-  
-e th o x y carb o n y l-iV -(l-p y raz in io )-am id es to  y ie ld  1 -e th o x y carb o n y lp y razo les  
a n d  n itr ile s  has been  d e sc r ib e d  [40].

A cta  Chim. ( Budapest)  94, 1977
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In  th e  p re sen t p ap e r we w ish  to  describe th e  p h o to ch em ica l t r a n s fo r 
m ations o f th e  iV -(3-quinazolin io)-am idates 8 a - f  [27] a n d  8 g in  e th a n o l and  
benzyl alcohol.

Identification and some reactions o f the 
phototransform ation products

The irra d ia tio n s  w ere p e rfo rm ed  in  a rg o n -flu sh ed  so lu tions w ith  high- 
-pressure m ercu ry  im m ersion  lam p s th ro u g h  P y rex , u n til  th e  s ta r tin g  co m pounds 
8  w ere com plete ly  used  up  acco rd in g  to  TLC. Som e irrad ia tio n s  w ere  carried  
o u t u n d er oxygen . T he n ecessary  reac tio n  tim es  v a ried  s tro n g ly  w ith  th e  n a 
tu re  of th e  su b s titu e n ts  R 2, R 4 a n d  R  (Table У). T h e  resu ltin g  m ix tu re s  were 
w orked  up  b y  ch ro m ato g rap h ic  m e th o d s com bined  w ith  fra c tio n a l c ry s ta l
liza tions. Six d iffe ren t ty p e s  9 —14 of he terocyclic  tra n s fo rm a tio n  p ro d u c ts  
w ere o b ta in ed  in  th e  y ields in d ic a te d  in  T ab le  I ,  in  a d d itio n  to  th e  am ides 
15 corresponding  to  th e  a m id a te  g roups of th e  s ta r t in g  com pounds. C om pounds 
1 1 - 1 4  are o f ty p es w hich  have  n e v e r  been iso la ted  y e t  on ir ra d ia tio n  o f  h e te 
rocyclic  am m o n io am id a tes .

T he s tru c tu re s  of th e  new  com pounds am ong  th e  p ro d u c ts  w ere  derived  
from  th e ir  IR , m ass (see below ), N M R  (Table I I )  an d  UV sp ec tra  (T ab le  I I I ) ,  
an d  were co rro b o ra ted  a t  le a s t fo r one com pound  o f each  ty p e  e ith e r  b y  sy n th e 
sis or b y  X -ra y  m olecu lar s tru c tu re  d e te rm in a tio n . T h e  s tru c tu re  e lu c id a tio n  
o f  th e  rin g  expansion  p ro d u c ts  9 m a y  serve as an  exam ple . T he ty p e  o f th e  
ch rom ophore  p re sen t in  9b (R ’ =  E t)  follow ed from  th e  s im ila rity  o f  its  UV 
spec tru m  to  th a t  o f  th e  m odel com pound  16 (X  =  N H C O O E t) [27]. T his 
w as fu r th e r  su b s ta n tia te d  b y  th e  id e n tity  of th e  positions of sev e ra l signals 
in  th e  N M R sp ec tra  o f th ese  tw o  com pounds. T h e  IR  sp ec tru m  o f  co m p o u n d  
9b (R ’ =  E t)  revealed  th e  p resence  o f an  N H  g ro u p , a u re th a n e  g ro u p in g  and  
o f a C =  N bond . T h e  s ite  o f a t ta c h m e n t of th e  E tO O C  group w as deduced  
from  th e  co m p ara tiv e ly  low  w ave n u m b er (1690 c m -1 ) o f th e  u re th a n e  b an d  
w hich w ould be in co m p atib le  w ith  th e  presence o f th e  —N =  C N  — COOR

I I
group ing  req u ired  if  th e  E tO O C  g roup  were a t ta c h e d  to  N-3 r a th e r  th a n  to  
N -4 as show n. T h is conclusion w as su p p o rted  b y  an  im p o r ta n t d ifference 
b e tw een  th e  *H-NM R sp ec tra  (in  DM SO-d6) o f com pounds 9a (R ’ =  E t) 
a n d  9b (R ’ =  E t) :  w hile in  th e  f ir s t  case th e  coup ling  o f th e  C-2 p ro to n  w ith  
a v ic inal N H  p ro to n  could be observed , th e re  w as no such co u p ling  in  th e  
second case. F ina l p ro o f o f s tru c tu re  for th e  rin g  expansion  p ro d u c ts  cam e 
from  th e  X -ra y  s tru c tu re  d e te rm in a tio n  o f  co m p o u n d  9d (R ’ =  E t)  (see 
below ).

T he ben zo triazep in e  9b (R ’ =  E t)  rem ain ed  com plete ly  u n ch an g ed , 
accord ing  to  TLC an d  IR  sp e c tra , w hen ir ra d ia te d  1.25 tim es th e  reac tio n  
tim e  necessary  for com plete  conversion  of 8 b.
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Cle

22

T he hy d ro ch lo rid es  o f th e  ben zo triazep in es ' 9b (R ’ =  P h C H 2) an d  9c 
(R ’ =  E t)  w ere — in c o n tra s t  to  th e  free bases 9b (R ’ =  P h C H 2, E t)  a n d  th e  
hyd ro ch lo rid e  o f  th e  la t te r  — sm o o th ly  red u ced  in  E tO H  so lu tio n  a t  ro o m  te m 
p e ra tu re  in  th e  presence  o f a Pd/C  c a ta ly s t  to  y ie ld , u n d er rin g  c o n tra c tio n , th e  
hyd roch lo rides [27] of 16, X  =  N H C O O E t an d  X  =  N H 2, re sp e c tiv e ly .T h ese  
re d u c tiv e  ring  c o n tra c tio n s  m a y  he ra tio n a liz e d  b y  assum ing  th e  in te rm e d ia c y  
o f  9b-HCl (R ’ =  H ), 20 (X  =  C O O E t), 8 b H Cl an d /o r its  ty p e  17-HC1 a d d u c ts  
( R 2 =  Me, R4 =  X  =  H , R  =  E t ,  R ’ =  H , E t)  w hich are k n o w n  [27] to  
be  reduced  u n d e r th e  co n d itions ap p lied  to  16-HC1 (X  =  N H C O O E t), an d  
o f 19-HC1, 22, 20 (X  =  H ) an d  21-HC1, re spec tive ly .

9d  (R ’ =  E t)  p ro v ed  in sensitive  to  m e th an o lic  HC1 a t room  te m p e ra tu re  
b u t  w as co n v erted  u n d er rin g  c o n tra c tio n  in to  th e  hyd roch lo ride  o f  th e  M eOH 
a d d u c t 17 (R 2 =  R ’ =  Me, R 4 =  X  =  H , R  =  P h ) [27] of 8 d w h en  re flu x ed  
w ith  th e  above reag en t.

M ass sp ec tra

A genera l fea tu re  o f th e  m ass sp e c tra  o f th e  com pounds 9 is th e  re a d y  
e lim ina tion  o f th e  R ’O- rad ica l from  th e  m o lecu lar ion w ith  th e  fo rm a tio n  of 
a b u n d a n t ions (base peaks in  th e  sp ec tra  o f 9a  an d  9b, R ’ =  E t) .  T h is  process 
in itia te s  th e  p re d o m in a n t f ra g m e n ta tio n  m odes in  th e  case o f  co m p o u n d s 
9a  (R ’ == E t)  a n d  9b (R ’ =  E t ,  P h C H 2) (F ig . 1, w here all deco m p o sitio n s given
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are supported by m etastab le  ion data). In the case of 9b (R ’ =  Et) elem ental 
com positions of im portant ions have been determ ined by exact mass m easure
m en ts , and possible structures are suggested in Schem e 1. The ring contrac
tio n  to  a quinazoline structure assumed for th e  [ M  — O E t]+ ion (m/e 276) is 
b ased  on a com parison w ith  the fragm entation o f the [ M —CH2COCH3] + 
ion  (m/e 276) in the spectrum  of 28 (R 2 =  Me) [28]. The decom positions asso
c ia ted  w ith  m etastable ions o f  the m/e 276 ions in  the tw o com pounds give 
rise to  identical D A D I sp ectra  suggesting the sam e structure for these ions. 
In  th e  MS of 9b (R ’ =  P hC H 2) an alternative fragm entation  mode of the m o
lecular ion gives rise to  th e  form ation of the abundant m/e 190 ion whose ele
m en ta l composition corresponds to C10H 8N O 3. M etastable defocussing has 
in d icated  the m olecular ion  as well as m/e 264 (3% ) and m/e 281 ( <  1%) as 
precursors. This suggests th a t  the m/e 190 ion is generated by losses — both

A cta  Chim. (Budapest) 94, 1977
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* — «OEt

m e  188 Scheme 1 m j e  204
Fragmentation of compound 9b (R’ =  Et) under electron impact

stepw ise  an d  concerted  — o f P h C H 2 an d  H N = N  — C O O E t from  th e  m olecular 
ion. A possible s tru c tu re  fo r th e  mle  190 ion is show n below .

T h e  MS of 9c (R ’ =  E t)  ex h ib its , in  a d d itio n  to  th e  ions co rrespond ing  
to  th o se  o f Schem e 1, an  a b u n d a n t ion  a t  m/e 203 fo rm ed  b y  loss o f •C 02CH2P h  
from  th e  [M  — O E t]+ ion . T h is la t te r  ion is also th e  p recu rso r o f th e tro p y liu m  
ion w hich  form s th e  base  p e a k  of th e  spec trum .
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T h e  m olecular ion  o f 9d (ГГ =  E t)  offers an  a d d itio n a l frag m en ta tio n  
p a th  g iv ing  rise to  th e  ions a t  m/e 193 an d  164: C10H u N O 3 an d  C8H 6N 0 3, 
re sp e c tiv e ly . M etastab le  defocussing  has rev ea led  th e  sequence M  —* 193 —*- 
—e 164 . Possible s tru c tu re s  fo r  th e  tw o  ions m ay  be a  a n d  b, re spec tive ly .

T h e  m ass sp ec tra  o f th e  pho to isom ers 12e a n d  12 f are  show n in  Fig. 2. 
M e ta s ta b le  peaks in d ic a te  th e  decom position  m odes (id en tica l for b o th  com 
p o u n d s )  show n in  Schem e 2. T h is f ra g m e n ta tio n  schem e can  be ra tio n a lized  
b y  assu m in g  th e  s tru c tu re s  c —h.

g -M c ----► d---- *-e

h

h

Scheme 2
F ra g m en ta tio n  of co m p o u n d s 12e and  12f u n d e r  e lec tro n  im p a c t
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F ig .  3  M ass sp ec tra  of th e  p h o to tra n sfo rm a tio n  p ro d u c ts  1 4 a -c

T he m ass sp ec tra  o f  th e  p h o to tra n sfo rm a tio n  p ro d u c ts  1 4 a —c are 
show n in Fig. 3 to g e th e r  w ith  th e  p re d o m in a n t f ra g m e n ta tio n  ro u te s . C harac
te r is tic  fea tu res of th e  sp e c tra  of 14a an d  14b are  th e  a b u n d a n t p e a k s  a t m/e 
176 (C9H f>NO;i) an d  a t  m/e 190 (C10H 8lNO.t), re spec tive ly . A p p lic a tio n  of the 
m e ta s ta b le  defocussing tech n iq u e  has revealed  th e ir  p recu rso rs to  be m/e 205 
an d  m/e 219, re sp ec tiv e ly  (loss o f -N2H ). T he a lte rn a tiv e  s tru c tu re s  Г , i ” or i ’”
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a re  su g g ested  for th e se  ions (c f . th e  m/e 190 ion  in  th e  sp ec tru m  o f 9b, R ’ =  
=  P h C H 2). In  the  case o f  14a, i is fu rth e r d ecom posed  b y  tw o  successive los
ses o f  28 m ass un its (CO a n d  C H 2N , respectively) y ie ld in g  m/e 148 an d  m/e 120. 
In  th e  spectrum  of 14b m /e 190 elim inates CH O  follow ed b y  MeCN y ield ing  
m/e 161 an d  m/e 120. T h e  sp e c tru m  of 14c e x h ib its  th e  tro p y liu m  ion m/e 91 
as th e  base p eak ; th e  frag m en t ion a t  m/e 204 co rresponds to  
[M — N C 0 2CH2Ph] + \

X -R ay m o le c u la r  s tru c tu re  d e te rm in a tio n  o f the  ring  
ex p an sio n  product 9d ( R ’ =  E t)

I n  order to  grow  s u ita b le  crysta ls, co m p o u n d  9d (R ’ =  E t)  h a d  to  be 
re c ry s ta lliz e d  from  a m e th a n o l-b e n z en e  m ix tu re , th e  fo rm er co m p o n en t, 
a p p a re n t ly ,  conta in ing  tra c e s  o f w ate r, since th e  co m p o u n d  c ry sta llized  w ith  
one  m olecule  each o f w a te r  a n d  m ethanol.

B o n d  distances a n d  an g le s  for the  n o n -h y d ro g e n  atom s are g iven in  
T a b le  Y . A diagram  o f th e  m o lecu le  ind ica ting  th e  n u m b e rin g  app lied  is show n 
in  F ig . 4 . The w a te r a n d  th e  m eth an o l m olecules a re  linked  to  th e  seven- 
m e m b e re d  ring  by  h y d ro g e n  b o n d in g  (N 1 .. . .0 6 : 3 .12 ; H(1N 1). . . .0 6 : 2 .0 3  an d  
N 2 . . . .0 5 :  3.08 Á). A d o u b le  b o n d  is found b e tw een  a to m s N2 an d  C9 (1.28 Á)

F i g .  4 .  D iagram  of th e  m o lecu le  9d (R ’ =  E t)  +  M eO H  +  H 20  in d ica tin g  
th e  num bering  app lied
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in  th e  seven-m em bered  ring . T h u s, th e  ta u to m e r ic  s tru c tu re  o f th e  c o m p o u n d  
is d iffe ren t in  th e  c rysta lline  s ta te  from  th a t  in  so lu tion  w here, as sh o w n  by  
th e  U Y  sp ec tra  (T able I I I )  th e  doub le  b o n d  is betw een  a to m s N1 a n d  C9, 
a n d  th e  h y d ro g en  is a tta c h e d  to  N2 r a th e r  th a n  to  N1 (n o ta tio n s  o f  F ig . 4).

L east squares plane: T he a to m s C l, 0 1 , 0 2 , C2 , C3, C4, C5, C6 , C7, C8 , 
N1 an d  C9 form  a p lane  w ith  an  av erag e  d e v ia tio n  of 0.03 Á. A tom s N 2 and  
N3 are  p o sitioned  from  th is  p lane  a t  a d is tan ce  o f  0.90 and  0.48 Á, re sp e c tiv e ly .

R a tio n a le  of fo rm atio n  o f th e  p h o to tran sfo rm atio n  products

As show n b y  th e ir  N M R  sp e c tra , th e  q u in azo lin ioam ida tes 8  do ex ist 
in  C D 3OD so lu tions as equ ilib riu m  m ix tu re s  o f th e  am ida te  fo rm s th em se lv es  
an d  th e ir  CD:sOD ad d u c ts  17 (R ’ =  CD3, X  D). The positions o f  th e  eq u ili
b ria  are  d ep en d en t on th e  n a tu re  o f th e  s u b s titu e n ts  R 2, R 4 an d  R ; in  p a r t ic 
u la r , rep lacem en t of hyd rogen  a t ta c h e d  to  C-4 b y  m eth y l s ta b iliz e s  th e  
a m id a te  w ith  respect to  th e  a d d u c t fo rm s, p ro b a b ly  as a re su lt o f th e  com b in ed  
e lec tron ic  an d  s teric  effects of th e  m e th y l g roup  [27]. E ssen tia lly  th e  sam e 
s itu a tio n  m ay  be assum ed to  p rev a il in  such  so lven ts as e th an o l a n d  ben zy l 
alcohol, a lth o u g h  th e  increasing  b u lk  o f th e  su b s titu e n t R ‘ w ill te n d  to  d e 
s tab ilize  th e  ad d u c ts  17 (R ’ =  E t  an d  P h C H 2, X  =  H ). In  an  a t te m p t  to  r a 
tio n a lize  th e  fo rm atio n  of th e  p h o to tra n s fo rm a tio n  p ro d u c ts  9 — 15, th e  
p resence  o f b o th  th e  am id a te  (8 ) an d  th e  a d d u c t form s 17 in  th e  re a c tio n  
m ix tu re s  has to  be ta k e n  in to  acco u n t.

T he ring  expansion  p ro d u c ts  9 a re  th o u g h t to  arise from  th e  ex c ited  
a m id a te  form s th ro u g h  th e  in te rm e d ia c y  o f th e  condensed d iaz irid in es  23 
w hich , up o n  nucleophilic  a t ta c k  of one m olecule o f the  so lvent a t  th e  o rig inal 
C-4 a to m , are  co n v erted  in to  th e  e n d -p ro d u c ts . R ing  closure in  th e  a l te r 
n a tiv e  d irec tio n , w hich w ould  lead  to  th e  isom eric diazirid ines 24, a p p a re n tly  
does n o t ta k e  p lace because th e  a ro m a tic ity  o f b o th  s ix -m em b ered  rings 
w ould  th e re b y  be destroyed . In  th e  case of th e  am ida tes 8 e g, th e  4 -m e th y l 
g roup  a p p a re n tly  e ith e r p rev en ts  fo rm a tio n  o f th e  ty p e  23 d iaz irid in es  or 
causes th e m  to  re v e rt ra p id ly  to  th e  s ta r t in g  m ateria l (c f . th e  e ffec t o f 
th e  4 -m e th y l g roup  on th e  fo rm a tio n  o f d im ers an d  ad d u c ts  o f th e  a m id a te s  8 , 
see above an d  R ef. [27]), o r ren d ers  nucleoph ilic  a tta c k  o f th e  so lv e n t m ore 
d ifficu lt; as a re su lt, no ring  ex p an sio n  p ro d u c ts  are o b ta in ed  fro m  8 e g.

T he p a re n t quinazolines (10), to o , are  tran sfo rm a tio n  p ro d u c ts  o f  th e  
free am id a te s  8 ; th e y  m ay  be d eriv ed  b y  acy ln itren e  elim inations e i th e r  from  
th e  ex c ited  am id a tes , o r from  th e  ex c ited  d iazirid ines 23. T he a c y ln itre n e s  
are  recovered  in th e  form  of th e  co rresp o n d in g  am ides 15, i.e. e th y l c a rb a m a te  
from  8 b an d  8 f, benzyl c a rb a m a te  from  8 c a n d  benzam ide from  8 d a n d  8 g. 
(F o r  an  a lte rn a tiv e  m ode o f fo rm a tio n  o f  th e  am ides, see below.) T h e  fo rm a tio n
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of th e  ty p e  15 c a rb a m a te s  as th e  sole tra n s fo rm a tio n  p roduc ts o f th e  acy ln i- 
tren es  is n o t su rp ris in g , since no th e rm al o r p h o to -C u rtiu s  re a rra n g em e n ts  have  
been  observed  w ith  az ido fo rm ates , e ith e r [33, 34 ]. P hotolysis o f a lk a n o y l and 
a ro y l azides, on th e  o th e r  hand , is know n  to  y ie ld  isocyanates as a re s u lt  of 
p h o to -C u rtiu s  re a rra n g em e n ts  [33, 34]; a se a rc h  for p roducts su ch  as e th y l 
iV -pheny lcarbam ate  a n d  carbanilide, e v e n tu a lly  form ed th ro u g h  th e  in te r 
m ed iacy  of p h en y l iso cy an a te  has th e re fo re  b een  u n d ertak en  in th e  m ix tu re s  
re su ltin g  from  ir ra d ia tio n  of com pounds 8 d a n d  8 g in E tO H . H o w e v e r, all 
a t te m p ts  to  iso la te  such  p roduc ts fa iled . T h e  pho to lyses of 8 d a n d  8 g are , 
th e re fo re , analogous to  th a t  of iV -(trim e th y lam m o n io )-d o d ecan am id a te  [35] 
(lead ing  th ro u g h  t r ip le t  d o d ecanoy ln itrene  to  dodecanam ide) r a th e r  th a n  to  
th e  pho to lyses o f  a lk an o y l and  aroyl azides.

T he fo rm a tio n  o f th e  ty p e  11 p ro d u c ts  fro m  8 e g m ay he e x p la in e d  by  
assum ing  th a t  th e  in te rm e d ia te  acy ln itren es  a re  capab le  of a b s tra c tin g  h y d ro 
gen a to m s from  th e  4 -m eth y l groups o f  th e  quinazoline fra g m e n ts  10 (cf. 
R ef. [36]). S u b seq u en t recom bination  o f  th e  re su ltin g  4 -q u in azo lin y lm eth y l 
rad ica ls  w ould th e n  lead  to  th e  p ro d u c ts . T h e re  are  indications [28] th a t  th e  
q u in azo lin y lm elh y l rad ica ls  m igh t, a l te rn a tiv e ly , be d irec tly  fo rm e d  b y  
p h o to -in d u ced  hom olysis  of th e  N —N b o n d  o f th e  ty p e  25 ta u to m e rs  (see 
below7) o f th e  a m id a te s .

T he fo rm a tio n  o f th e  ty p e  12 p h o to iso m e riz a tio n  p roducts*  is w ith o u t 
p recedence in  th e  p h o to ch em is try  of h e te ro cy c lic  am m o n io am id a tes , a n d  th e re  
is on ly  a single co m p arab le  reaction  k n o w n  in  th e  re la ted  N - o x id e  series, 
viz. p h o to iso m eriza tio n  in  th e  v ap o u r p h a se  of 2 -picoline-iV -oxide in to
2 -p y rid in em eth an o l, induced  by  ir ra d ia tio n  w ith  3261 Á lig h t [30]. Two 
m echan ism s m a y  be  considered  in  o rder to  e x p la in  th e  fo rm ation  o f  th e  ty p e  
12 p ro d u c ts : (a) p h o to ly s is  of th e  N —N  b o n d  o f th e  s ta rtin g  c o m p o u n d  8 , 
an d  in se rtio n  o f th e  re su ltin g  exc ited  s in g le t n itre n e  in to  a C — H  b o n d  o f th e
4 -m e th y l g roup  o f th e  quinazoline f ra g m e n t 10; (6 ) ta u to m e riz a tio n  o f  th e  
s ta r tin g  com p o u n d  an d  subsequen t [1, 3] s ig m a tro p ic  shift of th e  e th o x y c a r-  
b ony lam ino  g roup  o f th e  resu lting  ty p e  25 (R  =  O E t) tau to m ers . I n  co n n ec
tio n  w ith  m echan ism  (b) it  should be p o in te d  o u t  th a t  th e  h y d ro g en  a to m s  of 
th e  4 -m eth y l g ro u p  o f 8 e and  f  are ra p id ly  ex ch an g ed  in p e rd e u te rio m e th a n o l 
so lu tio n  a t  room  te m p e ra tu re  [27] an d  t h a t  U Y  irrad ia tio n  is k n o w n  to  be 
cap ab le  o f sh iftin g  ta u to m e ric  equilib ria  (see R e f ’s [31] and [32]). T h e  second 
step  of m echan ism  (b) m ay , in princ ip le , ta k e  p lace b o th  as a d a rk  re a c tio n  
and  a lig h t-in d u ced  process, depending  on  w h e th e r  inversion ta k e s  p lace  a t 
th e  m ig ra tin g  n itro g e n  a to m  or no t. E x p e rim e n ts  to  te s t these v a r io u s  m ech a 
nism s are  in p rog ress. In  th e  ligh t of o u r p re lim in a ry  o b se rv a tio n  t h a t  12f 
becom es th e  m ain  p ro d u c t if  irrad ia tio n  o f  8f is perfo rm ed  in ace to n e , m e c h a 
n ism  (a), how ever, ap p ea rs  to  be less lik e ly .

* T he iso m eriza tio n  does n o t tak e  place in  th e  d a rk ,  a t  least no t a t  room  te m p e ra tu re .
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T h e  4 -e th o x y q u in azo lin es  13 (R 2 =  H , M e; R ’ =  E t) are th o u g h t  to  
a rise  th ro u g h  T ype I I  p rocesses from  th e  a d d u c ts  17 (R ’ =  E t ,  X  =  H ). 
T h e  n e c e ssa ry  cond ition  fo r su ch  processes is t h a t  R 4 is hydrogen; acco rd in g ly , 
n o  ty p e  13 p roduc ts are  o b ta in e d  from  8 e — g. T he non-heterocyclic  b y - 
-p ro d u c ts  o f these T y p e  I I  p rocesses are th e  im id ic  ac id  tau to m ers  of th e  am id es 
15 -which rap id ly  ta u to m e riz e  in to  th e  am id es them selves. S u p p o rt fo r  th e  
su g g e s te d  m ode of fo rm a tio n  of th e  ty p e  13 p ro d u c ts  comes from  th e  o b se r
v a t io n  t h a t  com pound 16 (X  =  N H C O O E t) is s im ila rly  p h o to lyzed  to  y ie ld , 
a m o n g  o th e r  p ro d u c ts , 1 0 b a n d  e th y l c a rb a m a te .

T h e  m echanism  o f fo rm a tio n  of th e  4 -e th o x y q u in azo lin es  13 is c o m p le te lv  
d if fe re n t  from  th a t  of th e  4 -e th o x y iso q u in o lin es  o b ta in ed  by  Ja p a n e se  a u th o rs  
as o n e  ty p e  of p h o to p ro d u c ts  on irrad ia tio n  o f  iV-(2 -isoqu ino lin io )-am idates [18]; 
a n d  th e  com pounds 13 a re  th e  f irs t p h o to ly sis  p ro d u c ts  of he te rocyc lic  am - 
m o n io a m id a te s  in genera l w h ich  do arise th ro u g h  adducts of th e  a m id a te s  
w ith  nucleophiles.

In  c o n tra s t to  th e  re la te d  com pound 26 w hose photolysis fu rn ish es  th e  
t l i io n e  27  (X  =  H) [26], th e  com pounds 13 a p p e a r  to  be p h o to s ta b le  since 
no  ty p e  18 (R 3 =  H ) p ro d u c ts  could be d e te c te d  b y  TEC in th e  m ix tu re s  
o b ta in e d  b y  irrad ia tio n  o f com pounds 8 a d.

I t  ap p ears , th e re fo re , ra th e r  un likely  t h a t  th e  p a th w ay  of fo rm a tio n  of 
th e  co m p o u n d s  1 4 a—c is a p h o tochem ica lly  in d u c e d  hom olysis of th e  E t  — О 
b o n d  o f  th e  ty p e  17 ( R 4 =  H . R ’ =  O E t, X  == H ) ethanol ad d u c ts  o f th e  
a m id a te s  8 a ^ c ,  follow ed b y  loss of th e  h y d ro g e n  a to m  in itia lly  a t ta c h e d  to  
C-4 { w h ich  would be an a logous to  th e  p ro b a b le  p a th w ay  of fo rm a tio n  of 
c o m p o u n d  27 (X  =  N H C O O E t) during  i r ra d ia t io n  of com pound 8 b in 
a - to lu e n e th io l CHC13 m ix tu re s  [26]}. A lte rn a tiv e ly , fo rm ation  of th e  ty p e  14 
c o m p o u n d s  could be a ssu m ed  to  involve th e  in te rm ed iacy  of th e  ty p e  17 
( R 4 =  R ’ =  X  — H ) h y d ra te s  of th e  s ta r t in g  am id a te s  8 a —c (fo rm ed  as a 
r e s u l t  o f  th e  presence o f tra c e s  of w ater), a n d  th e  ph o to o x id a tio n  of th e  la t te r  
b y  t r a c e s  of oxygen (or p e rh a p s  even th e ir  d e h y d ro g en a tio n  b y  a c y ln itre n e s  
fo rm e d  as a resu lt of c o n c u rre n t processes, see above). Some su p p o rt fo r  th is  
a s s u m p tio n  esm e from  th e  sign ifican t increase  in  th e  yields of 14a a n d  14b 
w h en  th e  am idates 8 a an d  8 b. respective ly , w ere  irra d ia te d  in n o n -a n h y d ro u s  
so lv e n ts  an d /o r in th e  p resen ce  of oxygen.

E xperim en ta l

I R  a n d  UV spectra  w ere o b ta in e d  on a S p ec tro m o m  2000 IR  sp ec trom eter (H u n g a r ia n  
O p tic a l W o rk s , B udapest), an d  on  C arl Zeiss (Jen a , G D R ) T y p e  Specord, U nicam  T y p e  S P  700 
a n d  M O M  201 (H u n g arian  O p tica l W orks) UV sp e c tro m e te rs , respectively . The N M R  sp e c tra  
w ere re c o rd e d  a t  60 M Hz on a P e rk in -E lm er R 12 sp e c tro m e te r . The m ass sp ec tra  w ere  o b 
ta in e d  o n  a V a rian  MAT 311A (G ra n t  No. 511 3809 fro m  th e  D an ish  Science R esearch  C ouncil)
b y  e le c tro n  im p a c t (70 eV) an d  u s in g  th e  d irec t in se rtio n  sy s te m .
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N -(2 ,4 -D im ethy l-6 ,7 -m ethy lened ioxy-3 -qu iuazo lin io )-benzain idate  (8 g )

T his com pound  was m ade sim ila rly  to  its  analogues 8e and f, described  ea rlie r  [27]. 
Y ields, p h y sica l an d  m ic ro an a ly tica l d a ta  o f  th e  in te rm ed ia te s  and th e  fin a l p ro d u c t  w ere as 
follow s.

4 ,5-M ethylened ioxy-6 -n itroace tophenone  benzoyihydrazone , 79.5%  y ie ld , m .p . 181 °C 
(from  E tO H ).

CleH l3N 3Os (327.28). Calcd. C 58.71; H  4.00; N  12.84. F o u n d  C 58.73; H  4 .26 ; N  13 .04% .
6 -A m ino-4 ,5 -m ethy lened ioxyacetophenone  benzoyihydrazone, 40%  y ield , m .p . 212 °C 

(from  E tO H ).
C1(1H 15N 30 3 (297.30). Calcd. C 64.64; H  5.01; N  14.13. F o u n d  C 64.62; H  5 .19 ; N  13 .88% .
6 -A cetam in o -4 ,5 -m ethy lened ioxyacetophenone  benzoyihydrazone, 47%  y ie ld , m .p . 

284 - 2 8 6  °C (from  B uO H ).
С18Н 17К 30 4 (339.34). Calcd. C 63.71; H  5.05; N  12.38. F o u n d  C 63.46; H  5 .29 ; N  12 .54% .
C om pound 8g, 64%  y ield , co lourless need les , m .p . 196 °C.
C i8H 15N 30 3 (321.32). Calcd. C 67.28; H  4 .70 ; N  13.08. F o u n d  C 66.58; H  4 .87 , N  13 .16% .
I R  (K B r): h ig h est b an d  in  th e  d o u b le  b o n d  reg ion  1590 c m -1 (sh ’s a t  1630 a n d  1610) 

w h ich  p recludes th e  p resence of a p p rec iab le  a m o u n ts  o f th e  d im eric form , cf. R ef. [27].
MS (170 °C): m/e 321 (13% , M +  ), m /e 306 (1 0 0 % , [ M - M e ]  +), m/e 244 (3 % , [ M - P h ] + ) ,  

m /e 218 (4 % , [ M - P h C N ]  + ), m/e  217 (4 % ), m/e 203 (1 4 % ), m/e 202 (2 8 % ), me 188 (5 % ), 
m/e 187 (1 0 % ), m/e 175 (6 % ), m/e 121 (6 % ), m/e 120 (6 % ), m/e 105 (20% ,' P h C O + ), m/e 103 
(7 % ), m/e 77 (2 3 % , P h + ).

Irrad ia tio n  of th e  com pounds 8* a n d  iso la tion  of the  products

T he s ta r tin g  com pounds w ere d isso lved , u n d e r  g en tle  h ea tin g , in  th e  se lec ted  so lven ts , 
a n d  th e  re su ltin g  colourless so lu tions w ere i r ra d ia te d  w ith  a h igh-pressure  m e rc u ry  im m ersion  
lam p  (P h ilip s , H P K -1 2 5 ) th ro u g h  p y re x  a t  ro o m  te m p e ra tu re  u n d e r a rg o n  o r o x y g e n  u n til ,  
a cco rd in g  to  TLC, th e  s ta r tin g  co m p o u n d  w as co m p le te ly  used  up  (T able IV ). I f  a n y  c ry s ta l
line  p ro d u c t w as form ed in  th e  course o f th e  ir ra d ia t io n , i t  w as filte red  off a t  th is  p o in t  (F ra c tio n  
A ) .  S ilica (K ieselgel 60, M erck, size 0.063 -0 .2 0 0  m m ) (2.0 g) was ad d ed  to  th e  c lear b row n  
p h o to ly s is  m ix tu re s  o r f i ltra te s , a n d  th e  so lv e n ts  w ere  ev ap o ra ted  in  v a cu u m . T h e  residues 
w ere tran s fe rre d  o n to  colum ns (d iam e te r 1.5 — 2.0 cm ), p refilled  w ith  silica (50 g) w h ich  has 
b een  in tro d u c e d  in th e  form  of suspensions in  ben zen e—acetone  (4 : 3), a n d  c h ro m a to g ra p h e d  
w ith  th e  sam e so lv en t. 5 — 10 m l frac tio n s  w ere  co llected  and , on th e  basis o f th e ir  T L C ’s, 
com b in ed  in to  5 — 8 m ain  frac tio n s . T he la t t e r  w ere  ev ap o ra te d  to  d ryness in  v a c u u m , an d  
th e  resid u es w ere w orked  up by  re c ry s ta ll iz a tio n  (a ), p re p a ra tiv e  TLC (ß ) o r su b lim a tio n  in  
v a c u u m  (у ). 2 0 x 2 0  cm  p la tes , co a ted  w ith  1.5 m m  lay e rs  o f K ieselgel P F 264+3(le w ere u sed  for 
T L C  o f  th e  p ro d u c t m ix tu res  (0.15 g o r less). T hose  p ro d u c ts  w hich w ere fo rm ed  in  trac e  
a m o u n ts  w ere iden tified  on th e  b asis o f th e  id e n t i ty  o f th e ir  Щ  va lues an d , w h e rev e r possible, 
th e ir  I R  sp ec tra , w ith  those  of a u th e n tic  sam ples. T h e  follow ing com pounds, l is te d  in d ecreas
in g  o rd e r o f th e ir  Hj values in  b e n ze n e -a ce to n e  (4 : 3), were ob tained .

R u n  No. 1

14a (a, from  M eO H , and  ß , so lv en t; ben zen e—E tO A c, 1 : 1), 89 mg (5 .6 % ), m .p . 224 — 
225 °C (from  M eOH ).

C12H n N 30 6 (277.24). Calcd. C 51.99; H  3.99; N  15.16. F o u n d  C 52.06; H  4 .08 ; N  14 .99% . 
I R  (K B r): 3180 (N H ), 1745 (c a rb a m a te ) , 1660 (ring carbonyl).
MS (150 °C): F ig . 3.
13a (R ’ =  E t)  (ß , so lven t: benzene—E tO A c , 1 : 1), traces.
9a (R ’ =  E t)  (a , from  b e n ze n e -lig h t p e tro leu m ), 0.62 g (35% ), m .p . 123 — 124 °C. 
C14H 17N 30 5 (307.30). Calcd. N  13.68. F o u n d  13 .39% .
IR  (K B r); 3 4 0 0 -2 8 0 0  (N H ), 1690 (c a rb a m a te ) , 1650 (C =  N). 1235, 1070, 1030 (e s te r  +  

m e th y len e d io x y  group).
MS (120 °C): F ig . 1.

* T h e  s ta r tin g  com pounds a c tu a lly  e x is t  as m ix tu re s  o f v ariab le  co m p o sitio n s o f th e  
a m id a te  fo rm s 8 an d  th e ir  d im ers, cf. R ef. [27].
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I n  ad d itio n , 95 m g (5 .6 % ) o f com pound  28 ( R 2 =  H ) (a , fro m  M eOH ), m .p . 193 — 195 °C, 
w as o b ta in e d  w hich is a p p a re n tly  an  a r te fa c t fo rm ed  in  th e  course o f th e  co lum n ch ro 
m a to g ra p h y  w ork-up  of th e  re a c tio n  m ix tu re  from  u n re a c te d  8 a  w ith  acetone.

C15H 17N 30 5 (319.31). C alcd. C 56.42; H  5.37; N  13.16. F o u n d  C 56.17; H  5.31; N  13 .39% . 
F o r  sp e c tra l  d a ta  and  th e  p ro o f  o f  s tru c tu re , see R ef. [28].

R u n  No. 2

14a  (a, from  M eO H , a n d  ß , so lven t b e n ze n e -a ce to n e , 1 : 1), 203 mg (13 .4% ). N o a t 
te m p t  w as m ade  to  iso la te  fu r th e r  p ro d u c ts .

R u n  No. 3

15b (y ; b a th  te m p e ra tu re  100 — 110 °C, 15 —20 to r r ) ,  0.12 — 0.15 g (25 — 3 0 % ), m .p . 
4 5 - 4 8  °C, lit. [41] m .p . 49 °C.

14b (ß , so lven t: b en zen e—M eO H , 10 : 1), traces .
13b (R ’ =  E t)  (ß , so lv e n t: benzene—M eOH , 10 : 1), 50 m g (4 % ), m .p. 124 —126 °C. 
M S: see below .
9b (R ’ =  E t)  (a , f ro m  b e n ze n e -e th e r, and  ß ,  so lv e n t b en zen e-ace to n e , 1 : 1), 455 m g 

(2 6 % ), m .p . 174 — 175 °C (fro m  benzene).
C15H 19N 30 5 (321.32). Calcd. C 56.07; H  5.96; N  13.08. F o u n d  C 55.85; H  6.02; N  13 .0 5 % . 
I R  (K B r): 3335 (N H ), 1690 (carb am a te), 1640 ( C = N ) ,  1485 (N H ), 1240, 1080, 1035 

(e s te r  -f- m e th y len ed io x y  g ro u p ).
M S (120 °C): F ig . 1.
HC1 sa lt, m .p . 215 °C (from  M eOH—E t20 ).
I R  (K B r): 3400 a n d  2750, b  (© N H ), 1730 (c a rb a m a te ) , 1630, b (C = N ), 1250, 1100, 

1040 (e s te r  -f- m eth y len e d io x y  g ro u p ). T he MS was id e n tic a l w ith  t h a t  o f th e  free base.
10b (a , from  ben zen e—lig h t p e tro leu m , and  ß , so lv e n t: benzene—acetone, 1 : 1), 0.41 g 

(4 0 % ), m .p . an d  lit. [27] m .p . 180 °C.

R u n  No. 4

14b (ß , so lven t: e th e r) , 22 m g (4 .1 5 % ). No a t t e m p t  w as m ade  to  iso late  fu r th e r  
p ro d u c ts .

R u n  No. 5

14b (ß , so lven t: ben zen e—E tO A c, 5 : 1), 41 m g (2 .6 % ), m .p . 153 —155 °C (from  aq  
M eO H ).

9b (R ’ =  E t)  (ß , so lv e n t: b en zen e-E tO A c , 1 : 1), 160 m g (9 .2 % ), m .p . 165 —168 °C 
(c ru d e  p ro d u c t) .

N o trac e s  o f 10b cou ld  be  d e te c te d  b y  TLC.

R u n s Nos 6— 7

14b (ß , so lven t: e th e r , a n d  benzene—E tO A c, 1 : 1, re sp ec tiv e ly ), 32 m g (6 % ) an d  130 m g 
(8 .2 % ), resp ec tiv e ly . No a t te m p ts  w ere m ade  to  iso la te  f u r th e r  p ro d u c ts .

R u n  No. 8

9b (R ’ =  PhCH „) (/?, so lv en t: b en zen e-ace to n e , 1 : 1), 82 m g (4 % ), m .p. 90 — 93 °C 
(fro m  ben zen e—ether).

MS (130 °C): F ig . 1.
10b (ß , so lven t: b en zen e—ace to n e , 1 : 1), 118 m g (1 1 .5 % ), m .p . 176 —179 °C (from  b e n 

z e n e - lig h t petro leum ).

Acta Chim. (Budapest) 94, 1977



F E T T E R  e t al.: N -(3-Q U IN A Z0LIN I0)-A M ID A TES, IV 2 4 9

Run No. 9

13c (R ’ =  E t)  ( =  13b. R ’ =  E t)  (ß , so lven t: b en zen e-M eO H , 10 : 1), 12 m g (1 .1 % ,) 
m .p . 110 °C (crude p ro d u c t) .

15c (/?, so lven t: benzene—M eOH , 10 : 1), 155 m g (2 3 % ), m .p . 85 °C (from  M eO H ), 
lit. [37] m .p . 86 °C.

14c (/?, so lven t: benzene— M eO H , 10 : 1), 22 m g (1 .5 % ), m .p . 197 °C (from  M eOH ).
IR  (K B r): 3170 (N H ), 1730 (ca rb am a te ), 1650 c m - * (rin g  carbony l).
MS (150 °C): F ig . 3.
9c (R ’ =  E t)  (a , fro m  benzene—eth e r, an d  ß ,  so lv e n t benzene—ace to n e , 1 : 1 ) .  309 m g 

(21% ), m .p . 1 0 5 - 1 0 7  °C.
C20H 21N 3O5 (338.31). C alcd. C 62.66; H  5.52: N  10.96. F o u n d  C 62.71: H  5.58; N  10 .87% .
I R  (K B r): 3380 (N H ), 1700 (carb am a te), 1650 ( C = N ) ,  1495 (N H ), 1240, 1080, 1040 

(este r -(- m e th y len ed io x y  g ro u p ).
MS (155 °C): F ig . 1.

®

H C l sa lt: m .p . 166 °C (from  M eOH—E t20 ) .
IR  (K B r): 3400 a n d  2750, b  (N H ), 1735 (c a rb a m a te ) , 1630 (C = N ) , 1250, 1140, 1100 

a n d  1040 (este r -f- m e th y len e d io x y  group). T he MS w as id en tica l w ith  t h a t  o f th e  free base.
10c ( =  10b) (/?, so lv en t: b en zen e-ace to n e , 1 : 1), 280 m g (3 3 .4 % ), m .p . 178 — 179 °C.

Run No. 10

13d (R ’ =  E t)  ( =  13b, R ’ =  E t)  (ß , so lv en t: b e n ze n e -M eO H , 10 : 2), 103 m g (9 % ), 
m .p . 127 °C (from  E tO H ).

9d (R ’ =  E t)  (a , fro m  b enzene), 625 m g (3 6 % ), m .p . 197 °C (from  benzene).
C18H 19N 30 4 (353.30). Calcd. C 64.57; H  5.30; N  11.89. F o u n d  C 64.48; H  5.46; N  11 .79% . 
MS (190 °C): F ig . 1.
lOd ( =  10b) (ß , so lv en t: b e n zen e-E tO A c , 1 : 1), 65 m g (7 % ), m .p . 175 — 178 °C (crude). 
15d (ß , so lven t: b e n ze n e -E tO A c , 1 : 1), 211 m g (2 3 % ), m .p . 128 — 130 °C, lit. m .p . 130 °C.

Run No. 11

F ra c tio n  A : l i e ,  75 m g (11% ), m .p . >  300 °C.
C2o H 14N40 4 (374.34). Calcd. C 64.17; H  3.77; N  14.97. F o u n d  C 63.91; H  3.80: N  14 .75% . 
MS (190 °C): m/e 374 (9 2 % , M + ), m/e 373 (1 2 % ), m /e  359 (18% ), m /e 345 (5 % ), m/e 344 

(9 % ), m/e 275 (11% ), m/e 201 (100% ), m/e 188 (4 5 % ), m/e 187.5 (3 .5 % ), m /e 187 (2 6 % , M + +). 
12e (a , from  M eÓ H ), 67 m g (6.7), m .p. 178 —180 °C.
C13H 13N 30 4 (257.27), C alcd. C 56.73; H  4.76; N  15.27. F o u n d  C 56.24; H  4.75; N  15 .24% . 
IR  (K B r): 3400 (N H ), 1725, 1210,1035 c m -1 (c a rb a m a te ) .
MS (100 °C): F ig . 2.
lOe (a , from  M eO H ), 0.158 g (23% ), m .p . 165 °C.
C10H 8N 2O2 (188.18). Calcd. С 63.'88; H  4.29; N  14.89. F o u n d  C 63.55; H  4 .39; N  15.29. 
MS (10Ö °C): m/e 188 (1 0 0 % , M +-), m /e  187 (2 7 % ), m /e 173 (4 % ), m/e 160 (3 % ), m/e 

143 (2 % ), m/e 130 (5 % ), m/e 120 (6 % ).

Run No. 12

F ra c tio n  A : I l f ,  200 m g (2 9 % ), m . p. >  300 °C.
С и Н ^ О ,  (402.41). Calcd. N  13.92. F o u n d  N  13 .8 8 % .
MS (185 °C): m/e 402 (8 5 % , ЛГ+-), m/e 401 (1 0 % ), m/e 387 (5 % ), m/e 373 (4 % ), m /e 372 

(3 % ), m/e 215 (100% ), m /e 202 (1 2 % ), m/e 201.5 (4 % ), m /e 201 (1 4 % , JH ++).
15f ( =  15b) (y , b a th  te m p e ra tu re  100 — 110 °C, 15 — 20 to rr) , 210 m g (4 5 % ), m .p . 

4 6 - 4 8  °C, lit. [41] m .p . 49 °C.
12f (a , from  M eO H , a n d  ß, so lven t: benzene—ace to n e , 1 : 1), 66 m g (5 % ), m. p . 168 — 

170 °C.
C14H I6N 30 4 (289.28). Calcd. C 58.11; H  5.23; N  14.53. F o u n d  C 58.36; H  5.38; N  14 .19% . 
I R  (K B r): 3420 (N H ), 1730, 1225, 1035 c m -1 (c a rb a m a te ).
MS (100 °C): F ig . 2.

5* Acta Chim. (Budapest) 94, 1977



2 5 0 F E T T E R  e t al.: N-(3-QUINAZOLINIO)-AM IDATES, IV

lO f  (ct, from  M eOH, a n d  ß ,  so lv e n t: benzene—ace to n e , 1 : 1), 455 m g (4 3 % ). m .p . 185 — 
186 °C (fro m  MeOH).

Cu H u N jOj (202.21). C alcd . C 65.33; H  4.98; N  13.86. F o u n d  C 65.20; H  4.86; N  13 .77% .

R u n  No. 13

F ra c tio n  A : l l g  ( =  I l f ) ,  10 m g (1 % ), m .p . >  300 °C.
15g  ( =  15d) (a, from  b en zen e), 490 m g (8 6 .5 % ), m . p . 128 — 130 °C. 
10g  ( =  10f) (a, from  M eO H ), 547 m g (5 7 % ), m .p . 185 — 186 °C.

X -R ay m olecu lar s tru c tu re  d e te rm in a tio n  of th e  r in g  expansion 
product 9d ( R ’ =  E t)

C ry s ta l  d a ta : C19H 190 4N 3-C H 30 H H 2, fo rm u la  w t. 403.44, a  =  8.989(3), b =  11.886(4), 
c =  19 .161(4) Á, ß  =  91.28(2)°, V  =  2046.71 A 3, Z  =  4 , D m =  1.302, D x =  1.309 g e m “ 3, 
Е (0 0 0 )  =  856, m onoclinic space g ro u p  P 2 ,/c , [ i fo r M o-K a(A =  0.7107 A) 0.55 c m - 1 . In te n s ity  
d a ta  w e re  collected  on a S y n te x  P 2 4 a u to m a tic  fou r-circ le  d iffrac to m e te r w ith  Mo-IC, ra d ia tio n . 
T h e  s t r u c tu r e  was solved b y  d ire c t  m e th o d s. T he w a te r  a n d  th e  m eth an o l m olecu le , as w ell 
as th e  p ro to n  a ttach ed  to  th e  N1 a to m  w ere lo ca ted  in  d iffe ren ce-F o u rier m aps. T h e  h y d ro g e n  
a to m  o f  th e  m ethano l — O H  gro u p  h a s  n o t  been  rev ea led . O th e r h y d ro g en  a to m s w ere in tro d u c ed  
a t  th e  b e g in n in g  of the  re fin e m e n t. T h e  C14 —. . . — C19 p h en y l g roup  was c o n v e rted  in to  a 
re g u la r  h ex ag o n  w ith  С—C a n d  С —H  bond  len g th s  o f 1.395 an d  1.08 Á, re sp ec tiv e ly . T his 
s e g m e n t to g e th e r  w ith  th e  m e th y l g ro u p  has been tre a te d  as rig id  groups so fa r. T he s tru c tu re  
w as  re f in e d  in  iso tropic m ode to  a n  R -value  of 0.089 fo r th e  1607 s tro n g est re flex io n s o u t 
o f  th e  1905 observed ones. T h e  re fin e m e n t w as p e rfo rm ed  fo r “ b locked”  seg m en ts  o f th e  
m o le c u le  u sin g  th e  p rogram  S H E L -X  w ritte n  b y  S h e l d r i c k  [29]. F u r th e r  re fin e m e n t is in  
p ro g re s s .

Pho to lysis o f  com pound 16 (X  NHCOOEt)

A  so lu tio n  of th e  t i t le  co m p o u n d  [27] (0.30 g) in  E tO H  (150 m l) was ir ra d ia te d  u n d e r  
th e  c o n d itio n s  described fo r th e  i r ra d ia t io n  of th e  com p o u n d s 8a-g. T he s ta r tin g  co m p o u n d  
w as u se d  u p  a fte r  12 hrs. T he m ix tu re  w as e v ap o ra te d  to  d ry n ess an d  th e  resid u e  w o rk ed  up  
b y  p re p a ra t iv e  TLC (2 0 x 2 0  cm  p la te s ;  a d so rb en t: K ieselgel P F 254+366, M erck; so lv en t: b e n 
zen e—M eO H , 2 : 1) to y ield 8 m g  (4 .5 % ) o f 10b, id en tica l, acco rd ing  to  th e  I R  sp e c tra , w ith  
a n  a u th e n t ic  p ro d u c t.

R e ac tio n s  o f th e  benzotriazep ines 9

(a )  A  m ethanolic  (10 m l) so lu tio n  of 9b (R ’ =  P h C H ,)(5 3  m g; 0.14 m m ole), w h ich  h ad  
b e en  p re v io u s ly  acidified w ith  m e th a n o lic  HC1, w as c a ta ly tic a lly  red u ced  a t  room  te m p e ra tu re  
a n d  o rd in a ry  pressure in th e  p re sen c e  o f a 8%  P d /C  c a ta ly s t .  T he c a ta ly s t  w as f i lte re d  off, th e  
f i l t r a te  e v ap o ra te d  to d ry n ess, th e  resid u e  w as d isso lved  in  w a te r , and  th e  so lu tio n  m ade 
a lk a lin e  w ith  10%  aq. N aO H . T h e  p ro d u c t was e x tra c te d  w ith  CHC13 to  y ield , a f te r  th e  u su a l 
w o rk -u p , a n  oil which, w hen t r i t u r a te d  w ith  a  few  d ro p s o f benzene, tu rn ed  in to  20 m g (5 3 % ) 
o f  a  co lou rless pow der, m .p . 143 °C; th is  w as fo u n d  id en tica l w ith  co m p o u n d  16 
(X  =  N H C O O E t), lit. [27] m .p . 145 °C.

(b) T h e  m ethanolic  (10 — 15 m l) so lu tion  of 9c (R ’ =  E t)  (65 m g: 0.17 m m ole), w hich  
h a d  b e e n  acid ified  w ith  m e th a n o lic  HC1, was c a ta ly tic a lly  red u ced  as described  ab o v e . T he 
c a ta ly s t  w as filte red  off, an d  p a r t  o f  th e  so lven t e v a p o ra te d . E th e r  was ad d ed  to  p re c ip ita te  
a  c ru d e  p ro d u c t  (0.40 g) w h ich  w as rec ry sta llized  fro m  m e th a n o l-e th e r  to  y ield  0.25 g (63°,0 ) 
o f th e  h y d ro ch lo rid e  of 16 (X  =  N H ,) ,  m .p . 2 6 8 - 2 7 0  °C, l it .  [27] m . p. 2 7 3 - 2 7 4  °C.

(c) T h e  anhydrous e th a n o lic  (10 m l) so lu tio n  of 9d (R ’ =  E t)  (0.10 g; 0.28 m m ole), 
w h ich  h a d  been  previously  a c id ified  w ith  m eth an o lic  HC1, w as re flu x ed  for 30 m in . T h e  r e s u l t 
in g  r e d  so lu tio n  w as e v a p o ra te d  to  d ry n ess in  v a cu u m  a n d  th e  residue rec ry s ta llized  from
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M e O H -e th e r  to y ield  0.08 g (83% ) of th e  h y d ro c h lo rid e  o f com pound 17 (R 2 =  R ’ =  Me; 
R 4 =  H ; R =  P h ; X  =  H ), m .p . 2 3 8 - 2 4 0  °C, lit. |27] m . p. 244 °C (d.).

R eduction  of the  d im er o f  co m pound  8a (cf. R ef. [27])

A so lu tion  o f th e  t itle  com pound (1 .0  g; 3.8 m m oles) in E tO H  (100 m l) w as re flu x ed  
fo r 5 h rs in the  p resence of R aney-N i (10 g). T he c a ta ly s t  was filte red  off an d  th e  g reen ish  
b ro w n  f i ltra te  e v ap o ra te d  to  dryness. T he re s id u e  (0.7 g) was dissolved in h o t E tO I l  (10 m l). 
On cooling 50 mg (5 % ) of 16 (X  =  N H C O O E t, w ith  H  rep lacin g  th e  2-Me g ro u p ), m .p . 165 — 
167 °C (from  E tO H ) sep a ra ted .

IR  (K B r): 1730 c m " 1 (carb am ate).
N M R : see T ab le  I I .
T he e th an o lic  f i l t r a te  o f the  above p ro d u c t  w as ev ap o ra te d  to  d ryness, an d  th e  residue  

w as t r i tu ra te d  w ith  e th e r  (5 ml) to y ield 0.4 g (5 8 % ) o f com pound lOa. m . p. 170 171 °C
(from  E tO H ).

C9H rN.,0., (174.16). Calcd. C 62.06; H  3.47; N 16.09. F o u n d  C 61.59: II  3 .43; N  16 .04% .
MS (1Ö0~°C): m/e 174 (100% , M + ) ,  m /e 173 (7 5 % ), m/e  147 (3 % ), m/e 143 (3 % ), m/e 

120 (15% ).

6-N itrop iperonyla  m ide

A m ix tu re  o f 6 -n itrop iperony lic  acid  [38] (42.2 g ; 0.20 m ole), a n h y d ro u s  d io x an e  (150 ml) 
an d  SOCl, (45 ml; 0.60 m ole) was refluxed fo r 1 h r and  th e n  ev ap o ra ted  to  d ry n ess  in  v a cu u m . 
T he oily  residue w as dissolved in d ioxane (80 m l), a n d  cone. aq . N H ,O H  (420 m l) w as ad d ed  
u n d e r  s tirrin g  an d  ice-cooling; th e  te m p e ra tu re  w as th ro u g h o u t m ain ta in ed  b e low  10 °C. 
T h e  m ix tu re  was a llow ed  to  w arm  up to  room  te m p e ra tu re  un d er s tirrin g , to  y ie ld  36.1 g 
(8 9 % ) of th e  t itle  co m pound , m .p . 202 203 °C (from  E tO H ).

С8Н гД , 0 ,  (210.15). Calcd. C 45.72; H  2.88; N 13.33. F o u n d  C 45.91; H 3.06: N  13 .61% . 
IR  (K B r): 3380, 3220, 3120 (N H ), 1660 ( C = 0 ) .

6 -A m inop iperony lam ide

T he above co m pound  (12.6 g; 60 m m oles) was red u ced  in e thano lic  (500 m l) suspension  
a t  room  te m p e ra tu re  an d  o rd in a ry  p ressu re  in th e  p resence  o f an  8%  Pd/C  c a ta ly s t  (6 g). The 
re su ltin g  so lu tion  w as e v ap o ra ted  to 1/5 i ts  o rig ina l vo lum e to  yield 8.6 g (7 7 % ) o f th e  t itle  
co m pound  on cooling, m .p . 187 °C (from  E tO H ).

C8H 8N20 3 (180.16). Calcd. C 53.33: H  4 .48: N 15.43. F ound  C 53.44; H 4 .74 ; N  1 5 .4 3 % .

6-F orm ) lam ino- a n d  6 -acety lan iinopiperonylam ide

A cetic-form ic a n h y d rid e  (8.5 ml, 0.1 m ole) a n d  ace tic  an h y d rid e  (5.0 m l; 53 m m oles), 
resp ec tiv e ly , were ad d ed  by  drops to  th e  b o iling  m ix tu re s  o f th e  6-am ino d e r iv a tiv e  (9.0 g; 
50 m m oles) in CH2C12 (180 ml). After re flu x in g  for a n o th e r  20 m in., th e  m ix tu re s  w ere  allow ed 
to  cool. 7.5 g (7 2 % ) of th e  form yl d e r iv a tiv e , m .p . 193- 194 °C (from  E tO H ), a n d  8.35 g 
(7 5 % ) of th e  ace ty l d e r iv a tiv e , m .p. 215 216 °C (from  E tO H ), respec tive ly , w ere o b ta in e d .

F o rm y l d e riv a tiv e , C9H 8N.,0, (208.17). Calcd. C 51.92; 11 3.87; N  13.47. F o u n d  C 
51 .18 ; H  3.94; N 1 3 .1 2 % .

IR  (K B r): 3400, 3200 (N H ), 1680 a n d  1635 c m -1 (A m ide I).
A cety l d e riv a tiv e , C10H 10N2O, (222.20). Calcd. C 54.05; I I  4.54; N  12.61. F o u n d  C 

53.90; H  4.67; N 12 .78% .
I R  (K B r): 3350, 3180 N H , 1660 a n d  1630 c m -1 (A m ide 1).

R in g  closures

T he above co m pounds (50 m m oles) w ere  h e a te d  u n d e r argon* to  2 4 5 — 250 °C a n d  k ep t 
for 20 m in . a t  th is  te m p e ra tu re . Melts w ere  in itia lly  fo rm ed  w hich , a fte r  th e  e v o lu tio n  o f w a te r  
v a p o u rs  had  su b sid ed , g rad u ally  reso lid ified . T he p ro d u c ts  were allow ed to  cool a n d  were

* E x ten siv e  co lou ra tion  took  p lace in th e  p resence of air.

Acta Chim. ( Budapest)  94 , 1977



2 5 2 F E T T E R  e t al.: N -(3-Q U IN A Z0LlN I0)-A M ID A TES, IV

t r i tu r a te d  w ith  e th an o l to  y ie ld  8.9 g (94% ) o f 18 ( R 2 =  R 3 =  H ), an d  9.5 g (9 3 % ) o f 18 
( R 2 =  Me, R 3 =  H ), re sp e c tiv e ly , b o th  m elting a b o v e  300 °C (from  DM F).

18 (R 2 =  R 3 =  H ), C9H 6N „ 0 3 (190.15). C alcd. C 56.84; H  3.18; N  14.73. F o u n d  C 
56 .6 6 ; H  3.50; N  14 .63% .

I R  (K B r): 3200 — 2500 (N H ), 1660 (A m ide I), 1635 c m '1 sh  (Am ide I, l ,4 -d ih y d io -4 -  
-o x o  ta u to m e r? ) .

18 (R 2 =  Me, R 3 =  H ), C10H 8N.,O3 (204.18). C alcd . C 58.82; H  3.95; N  13.72. F o u n d  
C 59 .11 ; H  4.03; N 1 4 .2 2 % .

I R  (K B r); 3150 — 2500 (N H ), 1650 (A m ide I), 1630 c m -1 sh  (A m ide I, l ,4 -d ih y d ro -4 - 
-o x o  tau to m er? ) .

A lk y la tio n s o f  th e  quinazolinones 18 ( R 2 =  H , Me; R 3= H )

(a) M ixtures o f th e  t i t l e  com pounds (1.0 m o le ), D M F  or n itro m e th an e  (10 m l), d ry  
A g20  (fresh ly  p rep ared  fro m  4.0 m m oles o f A g N 0 3) a n d  E t I  (2.0 m l) w ere s tir red  a t  room  
te m p e ra tu re  u n til, a cc o rd in g  to  T LC , the  s ta r tin g  c o m p o u n d s  18 w ere com ple te ly  used  up  
(30 — 40 hrs.). The in o rg an ic  co m p o u n d s were f i lte re d  off, th e  f i ltra te s  e v ap o ra ted  to  d ry n ess 
a n d  w o rk ed  up  by  p re p a ra tiv e  T L C  to  yield th e  fo llo w in g  p ro d u c ts :

Product M .p., °c Yield,
%

F orm ula  
(Mol. w t.)

Calcd. / found

c% H% N%

1 3 a  ( R ’ =  E t) 1 3 4 - 1 3 5 41a Cu I110N 2O 3 60.54 4.62 12.84

(218.21) 59.91 4.57 12.43

13b ( R ’ =  E t) 127 62a 62.06 5.21 12.07
. b traces c 12h 12n 2o 3 61.70 5.05 12.32

18 (R 2 =  Me, R 3 =  E t) 156 18a
(232.24)

62.06 5.21 12.07

65b 61.82 5.02 11.84

a In  n itrom ethane  

b in  DM F

13a (R ’ =  E t) ,  MS (50 °C): m/e 218 (100% , M + -), m /e 217 (7 % ), m/e 203 (7 4 % ), m/e 
190 (7 5 % ), m/e 189 (4 5 % ), m /e 174 (28% ), m/e 173 (1 0 % ), m /e 163 (6 % ), m/e 147 (1 7 % .)

13b (R ’ =  E t) ,  I R  (K B r) :  1605 (sh ’s a t  1640 a n d  1620), 1500, 1470 vs; MS (50 °C): 
m /e 232 (91% , M+-), m /e 231 (8 % ) , m/e 218 (100% ), m /e  204 (84% ), m/e 203 (2 0 % ), m /e 188 
(2 5 % ), m/e 187 (10% ), m /e 163 (1 3 % ), m/e 147 (2 2 % ).

18 (R 2 =  Me, R 3 =  E t ) ,  I R  (K B r); 1650 c m “ 1; M S (60 °C): m/e 232 (1 0 0 % , M +-), 
m /e 204 (80% ), m/e 203 (1 3 % ), m /e 190 (9% ), m/e 163 (5 % ) , m/e 149 (16% ).

(6) A m ix tu re  o f 18 ( R 2 =  Me, R 3 =  H ) (0 .3  g ; 1.5 m m ole), n itro m e th a n e  (15 m l), 
b e n z y l iod ide  (0.21 m l; 1.65 m m o le ) an d  dry  Ag20  (fresh ly  p re p a re d  from  3.5 m m oles o f  A g N 0 3) 
w as s t i r re d  for 10 h rs a t  ro o m  te m p e ra tu re , and w o rk ed  u p  as described  un d er (a) (so lv en t used 
fo r T L C ; b en zen e-ace to n e , 1 : 1) to  y ield  80 mg (1 8 % ) o f  13b (R ’ =  PhCH„), colourless c ry s ta ls , 
m . p . 1 4 9 - 1 5 0  °C (from  M eO Il).

C17H u N20 3 (294.31). C alcd . C 69.39; H  4.79; N  9 .52 . F o u n d  C 69.29: H  4.76; N  9 .1 7 % .
I R  (K B r): 1630 w (sh  a t  1640), 1600, 1500, 1460 vs.
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E th y l N -(2 -m eth y l-6 ,7 -m eth y lened ioxy-4 -oxo-3 ,4 -d ihydro -3 -qu inazo liny l)-c a rb a m a te  
14b) (a u th e n tic  p ro d u c t).

E th y l  ch lo ro fo rm ate  (0.19 g; 2.0 m m oles) w as ad d ed  by  drops u n d e r ice-cooling  and  
s tir r in g  to  a m ix tu re  o f co m pound  18 ( R 2 =  Me, R 3 =  N H 2) [39] (0.44 g; 2 m m oles) and  
a n h y d ro u s  p y rid in e  (10 m l). T he m ix tu re  w as g ra d u a lly  h e a te d  to  th e  boiling p o in t  a n d  re flu x ed  
fo r 4 h rs .;  a f te r  2 h rs  a n o th e r  p o rtio n  o f  th e  ch lo ro fo rm ate  (0.19 g) was a d d e d . A t th e  end 
o f th is  p e rio d , th e  s ta r tin g  co m p o u n d  18 w as, a cco rd in g  to  TLC, co m p le te ly  u se d  u p . T he 
d a rk  m ix tu re  w as p o ured  in to  w a te r  (20 m l), a n d  th e  re su ltin g  aqueous so lu tio n  w as e x tra c te d  
w ith  CHC13 (th ree  p o rtio n s , 5 10 m l, each ). T h e  com b in ed  CHC13 solu tions w ere  d r ie d  (M gS 04),
c o n c e n tra te d  to  a sm all vo lum e an d  w o rk ed  up  b y  p re p a ra tiv e  TLC (so lven t: b en zen e—M eO H , 
10 : 2) to  y ie ld  0.11 g (19% ) o f 14b, m .p . 156 °C (fro m  aq . M eOH).

C13H 13N 30 5 (291.25). Calcd. C 53.61; H  4.50; N  14.43. F ound  C 53.53; H  4 .60 ; N  14 .10% .
IR  (K B r): 3180 (N H ), 1750/1740, d  (c a rb a m a te ) , 1680/1660 c m '1, d  (A m ide  I).

*

T h e  a u th o rs  a re  in d eb ted  to  D r. L .  L á n g , D r. I. B a l o g h - B a t t a  an d  M iss Zs. P e t r e s s  
fo r  th e  UV  sp e c tra , to  Dr. P . K o l o n i t s  a n d  D r. P . S o h á r  and staffs fo r th e  I R  a n d  N M R  
sp e c tra , a n d  to  Dr. I. B a l o g h - B a t t a  a n d  s ta f f  fo r th e  m icroanalyses.

T able  I

Phototransformation products o f  the N -  ( 3-quinazolinio)-amidates 8 
obtained in  argon-flushed solutions

S ta rt ini; I I P roducts and yields, % b
! S o l v e n t  ____________ _______________ __ _  — _____________________________________compounda »« 10 n 12 13c 14 13

8a E tO H 35 — X X 4* 5.6 —

8b E tO Il 26 40 X X 4 + 2 5 - 3 0

8b PhC H jO H 4 11.5 X X —
_  d

8c E tO H 21 33 X X 1.1 1.4 23

8d E tO H 36 7.2 X X 9.1 ? 23

8e E tO H X 23 11 6.7 X X _  9

8f E tO H X 43.5e 29 5 X X 45.5

4 E tO H X 57 1 X X 86

a T he s ta r tin g  com pounds w ere in tro d u c e d  as m ix tu res  of v a riab le  co m p o sitio n s of 
th e  m onom eric  a m id a te  an d  th e  d im eric  fo rm s, cf. R ef. [27]. F o r th e  fo rm s a c tu a lly  p resen t 
in  th e  so lu tions, see below.

b T races d e tec ted  b y  TLC  a n d  id en tif ie d  b y  th e  IR  spec trum  
— : N o th in g  d e tec tab le  b y  TLC  
X : In  p rincip le  im possib le p ro d u c ts

c R* =  E t  and  P hC H 2, d ep en d in g  on w h e th e r  e th an o l or benzyl a lcohol w ere used as 
th e  so lv en ts

d F o u r  a d d itio n a l p h o to p ro d u c ts  o f n o t  y e t id en tified  s tru c tu re s , d iffe rin g  fro m  th e  
h ith e r to  know n ty p e  9 — 15 p ro d u c ts , h av e  also been  iso la ted  in th is case.

e T he y ield o f  86%  s ta te d  in R ef. [26] w as erroneous.
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Table II

N M R  Spectra o f  the phototransformation products 9 - 1 4  and o f  some model compounds

Compound Solvent Reference
Chemical shifts (d scale)

R 2 R 5-H a R* A rH ’sa OCH20 NH

9a (R ’==Et) CDCI3 TMS 6.73, db
J  =  4 Hz

1.30, t  +  4.27, q 
J  =  7.5 H z

6.35, s 1.25, t  -j- ^  3.7, m f 
J  =  7.5 Hz

6.35, s -f- 6.70,s 5.90, s 8.10, d 
J  =  4 Hz

9a (R ’ =  E t) DMSO-d„ DSS 6.58, d 
J  — 5 Hz

1.20, t  +  4.06, q 
J =  7 Hz

6.23, s 1.13, t  +  3.4, m 
J  =  7 Hz

6.40, s +  6.77s 5.92, s 9.00, d 
J  =  5 H z

9 a ( R ’ =  E t) CD3OD F i l l ) , 0 1 )
=  3.35

6.77, sd 1.29, t  +  4.24, q 6.36, s 1.21, t  ~  3.6, m 6.44, s +  6.75, s 5.94, s -

9b (R ’ =  E t) CDC13 TMS 2.15, s 1.35, t  +  4.30, q  
J  =  7.1 Hz

6.35, s 1.28, t  +  — 3.6, q 
J  7.1 Hz

6.40, s -(- 6.70,s 5.95, s 7.05, b r

9b (R ’ =  E t) DM SO-d(; HM SO-d5 
=  2.50

1.96, s 1.14, t  +  4.10, q 
J  =  7.3 Hz

6.27, s 1.08, t  +  ~  3.45, q 
J  =  7.3 Hz

6.60, s +  6.89, s 6.01, s 8.84, s

9b (R ’ =  E t) CD.,OD CHD..OD 
=  3.35

2.10, s

II 
's

.

Я
 hU

 
N 

to
 

to 6.22, s 1.21, t  +  3.6, q 
J  =  7 H z

6.49, s +  6.70, s 5.91, s -

9b (R ’ =  E t) CD^OD 
+  T FA

CHD..OD
=  3.35

2.54, s 1.27, t  +  4.21, q 
J  =  7 Hz

6.07, s 1.21, t  +  ~  3.8, q 
J  =  7 H z

6.87, s +  6.98, s 5.87, s -

9b (R ’=
=  PhC H ,)

CDCl^ TMS 2.12, s 1.29, t e 
J  =  7 Hz

6.25, s 7.33, s e 6.31, s - f  6.58, s 5.88, s

9c (R ’ -  E t) CDU., TMS 2.05, s 5.20 +  5.35, b o th  d, 
J  AB =  13 H z;'
+  7.40, s

6.32. s 1.22, t  +  3.7, q 
( +  3.55, q),' 
J =  7 Hz

6.32, s +  6.70, s 5.91, s

HC1 salt CD.,OD CHD..OD 
=  3.35

2.55. s 5.19 +  5.28f,g +  
+  7.42, s

6.22, s 1.29, t  +  3.7, q  
J  =  7 Hz

6.85, s +  6.96, s 6.08. s —

9d (R ’ =  E t) CDCI3 TMS 2.0, s 7.64 br, m (o-H ’s) +  
7.37 br, m  (m --f-p-H ’s)

6.36, s l .  27, t  +  ~  3.6 br,
m , J  =  7 H z

6.80, s 5.87, s
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Table II (continued)

Compound Solvent Reference
Chemical shifts (ó scale)

2-Me COOEt 4-II A rH ’s OCH20

<X =
i6 h

N H C O O E t)
CDC13 TMS 7.30.h s 1.35, t  +  4.30, q 

J  =  7 Hz
4.65, s, 2H 6.38, s +  6.70, s 5.93, s

(X  =
16

N H C O O R t) [27]
CDC13 TMS 2.15, s 1.30, t  +  4.20, q 

J =  7 H z
4.60, s, 2H 6.30, s +  6.70, s 5.90, s

(X  =
16

N H C O O E t) [27]
CD..OD CHD..OD

=  3.35
2.10, s 1.30, t  +  4.25, q 

J  =  7 Hz
4.65, s, 2H 6.50, s -f- 6.55, s 5.95, s

17 (R 2 =  Me, R* =  H , 
R =  O E t. R ’ =  CD3, 
X  =  D ) [27]

CD3OD CHD..OD 
=  3.35

2.22, s 1.30, t  +  4.22, q 
J  =  7 Hz

5.92, s 6.70, s 5.95, s

R* R 4 A rH ’s OCH20

10a CDC13 TMS 9.25, s 9.25, s 7.20, s +  7.38, s 6.23, s

10b [27] CDC13 TMS 2.80, s 9.0, s 7.05, s +  7.20, s 6.12, s

lOe CDC13 TMS 9.06, s 2 .86. s 7.30. s 6.20, s

lOf CDC13 TMS 2.88, s 2.88, s 7.44, s +  7.47, s 6.33, s

l i e T FA TMS
(ext.)

8.85, s 3.75, s 7.10, s +  7.40, s 5.95, s

I l f T FA TMS
(ext.)

2.40, s 3.62, s 6.95, s +  7.30, s 5.90, s

12e DM SO-de 
+  CDC13

TMS 8.97, s 1.20, t  +  4.07, q , J  =  7 H z;
4.75, s +  d, J  =  3.5 H z, CH2N H , w ith  N H  

p a rtia lly  d eu te ra ted ; s, a f te r  add ition  of 
D ,0

7.29, s (8-H ) +  
7.60, s (5-H) 6.25, s

12f' CDC13 TMS 2.85, s 1.35, t  +  4.30, q, J  
4.87, d, J  =  4.5 Hz;

=  7 Hz;
s, a fte r ad d itio n  of D20

7.35, s 6.20, s
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Table I I  (continued)

Compound Solvent Reference
Chemical shifts (ő scale)

R 2 R 2 A ril’s o c h 2o

13a (R ’ =  E t)  

131» (R ’ =  E t)

c d c i3

CDCI3

TMS

TMS

8.73, s 

2.70, s

1.50, t  +  4.65, q 
J  =  7.3 Hz

1.50, t  +  4.65, q 
J  =  7.3 Hz

7.30, s +  7.48, s 

7.25, s +  7.45, s

6.15, 8

6.15, s

R 2 R A rH ’s 0C H 20 NH

14a CDCI3 TMS 7.96, s 1.31, t  +  4.22, q 7.00, s (8-H ) + 6.08, s
+  CD3OD J  =  7 H z 7.55, s (5-H )

141» CDCI3 TMS 2.54, s 1.28, t  +  4.25, q 7.02, s (8-H ) + 6.12, s 8.2, br, s
J  =  7.3 Hz 7.50, s (5-H )

R 2 R A rH ’s OCH20

18 (R 2 =  Me, с п е ц TMS 2.63, s 1.37, t  +  4.20, q 7.05, s (8-H ) + 6.15, s
R 3 =  E t) . /  =  7.1 Hz 7.67, s (5-H)

a T he co rrec t a ssignm en t o f th e  5-H  and  A rH  signals m ay  be reversed  
b T he u p fie ld  p eak  o f th e  d is m erged w ith  th e  signal a t  ő 6.70
0 All peaks o f th e  q  are  slig h tly  sp lit (h indered  ro ta tio n ? )
d T he co rrec t a ssignm en t o f th e  2-H  an d  th e  low -field A rH  signal m ay  be reversed
e T he m eth y len e  p a r ts  o f th e  R  an d  R ’ signal fu rn ish  a com plex m u ltip le t p a tte rn  be tw een  <5 4.00 and  5.06 ppm  
' H in d ered  ro ta tio n
g T he tw o c en tra l peaks o f an  AR sp ec tru m  
h H  rep lacing  2-Me
1 N H : 6.45 bs
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Table III

U V  Spectra o f the phototransformation products 9 —14 and o f  some model compounds in  ethanol

Compound ^max 0°§> e)

9a (R ’ =  E t) 212 (4.40); 224 (4.30), sh; 307 (3.96)

9b (R ' =  E t) 209 (4.56); 220 (4.40), sh; 300 (4.00)

9b (R ’ =  PhCH„) 210; 223, sh ; 302

9c (R ’ =  E t) 209 (4.74); 222 (4.50), sh; 300 (4.10) '

9d (R ’ =  E t) 206 (4.54); 216 (4.50), sh; 315 (4.05)

16 (X  =  H ) [27] 214 (4.25); 221 (4.27), sh; 316 (3.88)

16 (X  =  N H 2) [27] 212 (4.23); 319 (3.89)
16 (X  =  N H C O O E t) [27] 204 (4.28); 316 (3.90)

10a 226 (4.39), sh; 233 (4.41); 317 (3.79): 330 (3.86)

10b [27] 224 (4.52), sh: 234 (4.54); 322 (3.90): 332 (3.96)

lOe 225 (4.38), sh; 234 (4.44); 315 (3.75), sh ; 328 (3.85)
101 226 (4.51), sh: 233 (4.55): 318 (3.80). sh ; 331 (3.87)

l i e 227 (4.07), sh; 236 (4.13); 318 (3.51), sh ; 330 (3.63)
I l f 227 (4.43), sh; 234 (4.45); 322 (3.82), sh ; 334 (3.89)

12e 228 (4.11), sh: 237 (4.70); 321 (3.86), sh ; 331 (3.96)
12f 226 (4.47), sh; 233 (4.48); 322 (3.82), sh ; 333 (3.92)

13a (R ’ =  E t) 231 (4.60); 243 (4.35), sh ; 260 (3.62); 307 (3.75):

314 (3.71), sh: 320 (3.85)
13b (R ’ =  E t) 230 (4.67): 240 (4.41), sh: 260 (3.75); 310 (3.83);

318 (3.78), sh; 323 (3.88)
13b (R ' =  PhC H 2) 232 (4.68); 242 (4.68), sh; 260 (3.77); 310 (3.87);

317 (3.83), sh; 325 (3.93)

14a 241 (4.59); 290 (3.68); 311 (3.70); 324 (3.62)
14b 240 (4.67); 288 (3.76); 316 (3.72); 327 (3.65)
14c 239 (4.61); 287 (3.65); 314 (3.64); 326 (3.56)

18 ( R 2 =  R 3  =  H) 236 (4.17); 286 (3.20); 309 (3.28); 323 (3.25)
18 ( R 2 =  H , R 3 =  B u) [28] 240 (4.58); 288 (3.56); 310 (3.58); 323 (3.50)
18 ( R 2 =  Me. R 3 =  H ) 236 (4.52); 284 (3.59); 314 (3.63); 327 (3.57)
18 ( R 2 =  Me, R 3 =  E t) 239 (4.56); 287 (3.70); 314 (3.64); 326 (3.56)
18 ( R 2 =  Me. R 3 =  B u) [28] 240 (4.54): 287 (3.69): 314 (3.57): 322 (3.49)
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Table IV

Irra d ia tio n  o f  the quinazolinioamidates 8a

R u n
N O .

S t a r t i n g
c o m p o u n d

g
( m m o l e )

S o l v e n t
( m l)

F l u s h i n g
g a s

T i m e  o f  
i r r a d i a t i o n ,  h r

1 8a 1 . 5 0 E tO H argon 8 0

( 5 . 7 5 ) ( 1 5 0 )

2 8a 1 . 5 0 dioxane -f- H.,0 oxygen 4 0

( 5 . 7 5 ) ( 7 5 - 7 5 )

3 8b 1 . 5 0 E tO H argon 4 0

( 5 . 4 5 ) ( 1 5 0 )

4 8I> 0 . 5 0 E tO H  +  H.,0 argon 2 0

( 1 . 8 2 ) ( 5 0  -  5 0 )

5 8b 1 . 5 0 E tO H oxygen 2 0

( 5 . 4 5 ) ( 1 5 0 )

6 8b 0 . 5 0 E tO H oxygen 2 0

( 1 . 8 2 ) ( 1 0 0 )

7 8b 1 . 5 0 dioxane -j- H.,0 oxygen 2 5

( 5 . 4 5 ) ( 7 5 -  7 5 )

8 8b 1 . 5 0 PhC H .O H argon 8

( 5 . 4 5 ) ( 1 5 0 )

9 8c 1 . 5 0 E tO H argon 4 0

( 4 . 4 5 ) ( 1 5 0 )

1 0 8d 1 . 5 0 E tO H argon 6 0

( 4 . 8 8 ) ( 1 5 0 )

1 1 8c 1 . 0 0 E tO H argon 3 0

( 3 . 6 2 ) ( 1 0 0 )

1 2 81 1 . 5 0 E tO H argon 5

( 5 . 1 8 ) ( 1 5 0 )

1 3 8 K 1 . 5 0 E tO H argon 3

( 4 . 6 8 ) ( 1 0 0 )

a T he s ta rtin g  com pounds w ere  in troduced  as m ix tu re s  o f v a riab le  com positions of th e  
m o n o m eric  am idate  and th e  d im eric  fo rm s, cf. Ref. [27]. A s to  th e  form s actu a lly  p resen t in  the  
so lu tio n s , see above.
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Table V

B ond distances and bond angles o f  compound  9d ( R ’ =  E t)  -f- M eO H  +  H 20  

B ond  d istances:

C l - 0 1 1.421(11) A C 3 -C 4 1.396(10) A N 3 - N 2 1.417(7) A
0 1 - C 7 1.393(9) C 4 -C 5 1.394(9) N 2 - C 9 1.281(8)

C 7 -C 2 1.365(10) C 5 -C 6 1.405(9) C9 N1 1.346(9)

C2- 0 2 1.393(9) C 6—C7 1.340(10) N 1 - C 5 1.412(9)

0 2  — Cl 1.413(11) C 4 -C 8 1.491(9) C9 CIO 1.503(10)

C 2 -C 3 1.356(10) C 8 - N 3 1.471(9) C8 - 0 3 1.396(9)

0 3 - C l l  1.436(10) A 
С П  C12 1.510(13)

N 3 -C 1 3  1.350(9)

C13 0 4  1.247(8)

C13 C14 1.470(8)

O 5 -C 2 0  1.389(13)

С — C in th e  phenyl group  1.395(6) A

B ond  angles:

01 - C l 0 2 108.9(7)° C4 — C8 — N3 109.7(5)°

Cl 01 C7 105.8(6) C4 -  C8 - 0 3 109.3(6)

C2 - 0 2 Cl 105.2(6) N3 — C8 - 0 3 109.6(5)

02 -C2 -C 3 127.8(7) C8 — N3 -  N2 118.4(5)

0 2 -C2 C7 110.3(6) C8 -  N3 - C 1 3 121.6(5)

C3- C2 -C 7 121.9(7) C13 - N 3 — N2 117.9(5)

C2 C 3- C4 117.1(7) N3 — N2 -  C9 115.8(5)

C2 C7 - 01 109.1(6) N2 C9 — N1 130.6(6)

C2--C 7 --C 6 123.1(7) N2 —C9 CIO 115.4(6)

01 -C 7 - C6 127.8(7) CIO C9 — N1 113.9(6)

C7 C6 -C 5 117.0(6) C9 N1 — C5 133.5(6)

C6 -C 5 --C 4 120.2(6) C8 0 3 C ll 113.3(6)

C6 -C 5 --N 1 115.9(6) 0 3 C l l C12 108.1(7)

N1 C5 -C 4 123.9(6) N3 C13 - 0 4 119.5(6)

C5 -C 4 -C 3 120.8(6) N3 C13 — C14 119.2(5)

C3 C4 C8 118.3(6) C14 C13 0 4 121.3(6)

C5- C4 -C8 120.9(6) C -  c - C  in th e  phenyl g roup  120.0(4)°
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CARBOHYDRATE METHYL ETHERS, IX*
A N  IM P R O V E D  S Y N T H E S IS  O F 2 -0 - , 2,6-di-O  A N D  2, 4, 6-tri-O -M ET H Y L-D -M A N N O SE

A. L ip t a k , A. B o bá k  and P . NÁNÁSI 

( I n s t i t u t e  o f  B i o c h e m i s t r y , K o s s u t h  L a j o s  U n i v e r s i t y ,  D e b r e c e n )

R eceived  A u g u st 25, 1976

H y d rogeno lysis o f benzy l ежо-2,3 : 4 ,6 -d i-O -benzy lidene-a-D -m annopyranoside  
(2) w ith  1.1 m ole o f LiAlH^-AlClg reag en t gav e  ben zy l 3 -0 -ben zy l-4 ,6 -0 -b en zy lid en e- 
-a-D -m annopyranoside  (3). C ata ly tic  h y d ro g e n a tio n  o f 6, o b ta in ed  from  3 b y  m eth y la- 
tio n  resu lted  in  2 -O -m ethyl-D -m annose (7). H y d ro g en o ly sis o f th e  4 ,6-O -benzylidene 
rin g  of 6 gave 8 from  w hich  10 w as o b ta in ed  b y  successive m e th y la tio n  a n d  ca ta ly tic  
h y d ro g en a tio n . H y d ro g e n a tio n  of 12, o b ta in e d  fro m  11 by m e th y la tio n , gave 13.

Introduction

In  th e  course o f o u r research  p ro g ram m e in  th e  fie ld  of lipopo lysaccha- 
rides an d  m an n an es , ex p erim en ts  have  been  p erfo rm ed  to  sy n thesize  h igher 
o ligosaccharides (so-called  rep ea tin g -u n its ). F o r  th e  s tru c tu re  in v es tig a tio n  of 
th e  com pounds p rep a red , v a rio u s c a rb o h y d ra te  m e th y l e th e ts  w ere req u ired . 
In  o u r p re sen t p a p e r  th e  sy n th esis  of th e  th re e  t i t le  co m pounds is described . 
F o r th e  p re p a ra tio n  o f 2 -O -m ethyl-D -m annose v a rious m e th o d s  h a v e  been 
pu b lish ed  [2 — 7] w hile 2 ,6 -d i-O -m ethyl-D -m annose w as id en tif ied  as th e  
c a rb o h y d ra te  c o m p o n en t of tw o an tib io tic s  (av ilam y c in  [8 ] a n d  cu ram y c in
[9]). T he la t te r  com p o u n d  has also been sy n th es ized  in  th re e  d iffe ren t w ays 
[6 , 10 — 11]. 2 ,4 ,6-T ri-O -m ethyl-D -m annose w as fo r th e  f irs t tim e  iso la ted  as 
one of th e  h y d ro lysis  p ro d u c ts  o f m e th y la te d  m an n an es [1 2 ] an d  i t  w as also 
sy n th esized  [13] in  1971.

Results and discussion

T h e im p ro v ed  sy n th es is  o f th e  th re e  t i t le  com pounds w as perfo rm ed  
using  ou r recen tly  p u b lish ed  m ethod  [14 — 15] fo r th e  re d u c tiv e  ring  cleavage 
o f th e  2 -p h cn y l-l,3 -d io x o lan e  d e riv a tiv es  o f c a rb o h y d ra te s . I t  h as  been  e s ta b 
lished th a t  th e  d irec tio n  o f cleavage of th e  ben zy lid en e  ring  is d e te rm in ed  by  
th e  s teric  re la tio n  o f th e  ph en y l and  p y ra n o sy l rings. In  th e  case of th e  exo- 
d e riv a tiv e s  (in w hich  th e  tw o rings are qu asi an tip a ra lle l)  th e  re a g e n t a tta c k s

* F o r  P a r t  V I I I  see R ef. [1].
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t h e  a x ia l  oxygen  a to m  o f  t h e  d io x o la n e  r in g , w h ile  in  th e  case  o f  th e  endo- 
d e r iv a t iv e s  (c o n ta in in g  t h e  tw o  r in g s  in  a q u a s i p a ra lle l  r e la t io n ) , i t  a t ta c k s  
t h e  equatorial o x y g en  a to m .  T h is  ru le  h a s  a l re a d y  b e e n  s u p p o r te d  b y  o u r  
e x p e r im e n ts  w ith  v a r io u s  d e r iv a t iv e s  in  th e  D -m an n o - a n d  L -rh a m n o - (2*,3-cis- 
axia l-equatoria l OH g ro u p s)  a s  w e ll as in  th e  D -g a la c to -, D -fuco- a n d  D -a ra b in o -  
(3,4-cis-equatorial-axial O H  g ro u p s )  series. T h e  c le a v a g e  o f  th e  d io x o la n e  r in g  
is v e r y  f a s t  ( th e  re a c tio n  is c o m p le te  w ith in  15 m in u te s )  a n d  u s in g  a s to ic h io 
m e t r i c  a m o u n t  o f th e  r e a g e n t ,  th e  4 ,6 -O -b e n z y lid e n e  a c e ta l  r in g s  (2 -p h e n y l-  
-1 ,3 -d io x a n e s )  w hich  a re  a lso  p re s e n t  in  th e  m o le cu le , r e m a in  in ta c t  d u r in g  
t h e  r e a c t io n .

B en zy l a-D -m annopyranoside  (1), th e  s ta r tin g  m a te r ia l of our sy n th es is , 
w a s  p re p a re d  by  a m od ified  m e th o d  of G o r i n  an d  P e r l i n  [16] (see E x p e r i
m e n ta l ) .  B enzylidenation  o f  1 w ith  benza ld eh y d e  an d  ZnCl2 gave ben zy l
2 ,3  : 4 ,6 -d i-O -benzy lidene-a-D -m annopyranoside  (2) in  85 —90 %  y ie ld . The 
N M R  sp ec tru m  of th e  c ru d e  p ro d u c t co n ta in ed  on ly  tw o  sing lets o f 1 : 1 
in te n s i ty  (Ő =  6.22 and  5 .56  p p m ), from  w hich  th e  one ap p earin g  a t  th e  h ig h 
e r f ie ld  (6 =  5.56 ppm ) a n d  th e  o th e r a t  Ö =  6.22 ppm  could  be assigned  to  
th e  C J f-P h  p ro ton  of th e  4 ,6 -O -benzy lidene- an d  th e  2 ,3 -O -benzylidene ring , 
re sp e c tiv e ly . On the  basis o f  th is  N M R  sp ec tru m  th e  o th e r  isom er could  n o t be 
d e te c te d ,  and  even if  it fo rm e d  u n d e r  th e  reac tio n  co n d itions app lied , i ts  y ield  
m u s t  h a v e  been below  1 — 2 % .

C om pound 2 has r e c e n tly  been iso la ted  b y  J e a n l o z  et al. [26] as a 
b y -p ro d u c t  in th e  sy n th es is  o f  benzy l 4 ,6 -O -benzy lidene-a-D -m annopyrano- 
s id e , in  a low yield (2 0 % ).

O n  th e  basis of th e  in v e s tig a tio n  of F o s t e r  [17], th e  benzy lidene  p ro to n  
o f  t h e  exo-isomers alw ays re so n a te s  a t a low er fie ld  th a n  th a t  of th e  endo- 
iso m e rs . C om paring th e  N M R  d a ta  of our com pound  2 w ith  th e  d a ta  o f F o s t e r  

[17] a n d  o ther au tho rs [1 8 — 19], fo rm ula 2 could also be assigned to  a n  exo- 
iso m e r . T h is was also s u p p o r te d  b y  th e  h igh  y ield  o f fo rm a tio n  of 2, as well 
as b y  i ts  hydrogenolysis d e ta ile d  below.

R eac tio n  of 2 w ith  1 m o le  of th e  L:A1H4 A1C13 re ag en t gave ben zy l
3 -0 -b en zy l-4 ,6 -0 -b en zy lid en e-a -D -m an n o p y ran o sid e  (3) w ith in  15 m in u te s  in  
n e a r ly  q u a n tita tiv e  y ield . O n  th e  basis of TLC ex am in a tio n , th e  o th e r isom er, 
b e n z y l  2 -0 -b en zy l-4 ,6 -0 -b en zy lid en e-a-D -m an n o p y ran o sid e  (4) fo rm ed  m a x i
m ally 7 in  2  — 3%  yield ; h o w e v e r, its  iso lation  b y  m eans of sh o rt co lum n ch ro 
m a to g ra p h y  gave only a few  te n th  p er cen ts. I ts  p h y sica l d a ta  p ro v ed  to  be 
id e n t ic a l  w ith  those of th e  p ro d u c t  described  b y  A l f r e d s s o n  et al. [20].

T h e  s tru c tu re  o f  3 w a s  u n e q u iv o c a lly  s u p p o r te d  b y  th e  e x p e r im e n ta l  
f a c t  t h a t  th e  p ro d u c t o b ta in e d  a f te r  th e  re m o v a l o f  th e  b e n z y lid e n e  a c e ta l  
b y  a c e t ic  acid  w as r e s i s t a n t  d u r in g  th e  p e r io d a te  o x id a tio n  r e a c t io n ,  so it  
p r o v e d  to  be b en zy l 3 -O -b en z y l-ac -D -m an n o p y ran o s id e  (5).

T h e  OCH.j signal in th e  N M R  sp ec tru m  of 6  o b ta in ed  from  3 up o n  m e th y l-
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a t io n ,  a p p e a rs  a t  a h ig h  ó -v a lu e  (3.54 pp m ) a n d  th e  c a ta ly t ic  h y d ro g e n a tio n  
o f  6 r e s u lte d  in  c ry s ta l l in e  2 -O -m e th y l-D -m a n n o se  (7). A ce tic  ac id  h y d ro ly s is  
o f  6 g av e  c ry s ta llin e  b e n z y l 3 -0 -b e n z y l-2 -0 -m e th y l-a -D -m a n n o p y ra n o s id e  (11).

Sim ilarly  to  o u r ea rlie r resu lts  for th e  3 -0 -b e n z y l-4 ,6 -0 -b e n z y lid e n e -D -  
gluco-, D -m anno- an d  D -galactopyranoside d e r iv a tiv e s  [2 1 —22], th e  h y d ro - 
genolysis of th e  4 ,6 -O -benzyIidene ring  of 6  re su lte d  in  th e  C4-0 -b en zy l d e 
riv a tiv e  w ith  free Ce-O H , n am ely , benzyl 3 ,4 -d i-0 -b e n z y l-2 -0 -m e th y l-a -D -  
m an nopyranoside  (8 ) as th e  m ain  p ro d u c t in  80 — 90 %  yield . The iso la tio n  
of th e  b y -p ro d u c t ap p e a rin g  in a few p ercen tages w as n o t a tte m p te d .

A ccording to  its  1R sp ec tru m , com pound  9 o b ta in ed  from  8  up o n  
m e th y la tio n  — p ro v ed  to  he a com pletely  b locked  d e riv a tiv e  con ta in in g  tw o 
OCH.s signals (b =  3.50 an d  3.41 ppm ) in its N M R  sp ec tru m . C ata ly tic  h y d ro 
gena tion  of 9 gave sy ru p y  1 0  whose 2 ,6-d i-O -m ethyl-D -m annose s tru c tu re  
w as u n equ ivoca lly  p ro v ed  b y  its  ox idation  re a c tio n  w ith  p e rio d a te : it consum ed  
2 m oles of p erio d a te  [23] accom pan ied  b y  th e  fo rm a tio n  of 1 mole of form ic 
acid [24] and  th e  lack  o f  fo rm atio n  of fo rm ald eh y d e  d u rin g  th e  reaction .

T he NM R sp e c tru m  o f 12 o b ta ined  from  11 by  m e th y la tio n  co n 
ta in e d  th ree  OCH.J signals a t  b =  3.55, 3.44 a n d  3.40 p p m ; its IR  sp ec tru m  
h a d  no b an d  assignab le  to  a free h y d roxy l g ro u p . C a ta ly tic  d eb enzy la tion  of 
12 gave c rysta lline  2 ,4 ,6 -tri-O -m ethy l-D -m annose  (13).

T he chem ical p u r i ty  o f 7, 10 and  13 w as also checked  b y  gas c h ro m a to 
g ra p h y  on 10%  CfV-1 co lum n an d  th e  p u rity  g rad es w ere found to  be 95 — 9 8 % .

Experimental

M .p.’s were d e te rm in e d  on a K o tier ho t-stage  a p p a ra tu s  an d  are  uncorrec ted . O p tica l 
ro ta tio n s  were m easu red  w ith  a P o la m a t (Zeiss) a u to m a tic  p h o to e lec tric  p o larim éter. IR  
sp ec tra  were recorded  in K B r pelle ts using  a P e rk in -E lm er 700 in s tru m e n t. NM R sp ec tra  
w ere o b ta in ed  on a Jeo l M H -100 (100 MHz) in s tru m e n t u sin g  TMS as in te rn a l s ta n d a rd . 
T he th in -la y er ch ro m a to g rap h ic  e x am in a tio n  and  th e  sh o r t  co lum n ch ro m ato g rap h ic  s e p a ra 
tio n s  w ere carried  o u t on silica gel (K ieselgel G; E . M erck, D a rm s ta d t)  using benzene—m e th a n o l 
m ix tu re s  th e  p ro p o rtio n  o f w hich  are  given in b rack e ts  w here  Ry-values a re  s ta te d . 50%  su l
furic acid w as used fo r d e tec tio n . GLC was perform ed w ith  a H e w le tt-P a ck a rd  5830 A in s t ru 
m en t using  helical s ta in less steel colum ns.

B enzyl a -D -m annopyranoside  ( l )

D-M annosc (10 g) w as ad d ed  to  benzyl alcohol (80 m l) co n ta in in g  dissolved h y d ro c h lo 
ric  acid gas (7 g) a t  55 °C w ith  s tirrin g . A fter th e  d isso lu tion  of D -m annose, th e  reac tion  m ix tu re  
w as n eu tra lized  w ith  solid N a H C 0 3 and  d ilu ted  w ith m e th a n o l (80 ml). T he solu tion  w as f il
tered , co n cen tra ted  in v acu u m  an d  th e  excess of benzyl a lcohol rem oved  b y  d is tilla tio n  (b a th  
te m p e ra tu re  130 —140 °C). T he residue  was dissolved in w a te r  an d  e x tra c te d  w ith  e th y l a c e ta te  
( 1 0 x 5 0  m l). A fter th e  co n ce n tra tio n  of th e  organic lay e r to  a b o u t 40 ml sp o n taneous c ry s ta l
liza tion  o f I  w as observed . T he p ro d u c t was recry sta llized  from  e th y l ace ta te  to give p u re  1 
(8.5 g; 56 .6% ), m .p. 1 3 0 - 1 3 5  °C, [ot]D +  75.5° (c -  1.5, w a te r) , (lit. [16] m .p . 1 3 2 - 1 3 5  °C, 
[oc]D +  73.5° (c =  1.5, w ater)).
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Benzyl ex o -2 ,3 i4 ,6 -d i-0 -benzy lidene-a-D -m annopyranoside  (2 )

C om pound 1 (10 g) w as tre a te d  w ith  b en za ld eh y d e  (100 m l) and  fresh ly  fused  ZnCL 
(10 g) fo r 24 hrs. The reac tio n  m ix tu re  w as w ashed  w ith  ice-w ater (3 X  100 m l) a n d  pe tro leum  
e th e r  (5 X  10 ml) and filte red . T he c ry sta llin e  residue  w as recrysta llized  from  ace to n e  (190 ml), 
to  y ie ld  2 (11.2 g; 87% ), m .p. 188 -  189 °C (lit. [26] m .p . 174 176°C); [a ]D +  34° (c =  1.0,
c h lo ro fo rm );

N M R : ö =  7 .60— 7.10 (m , 15H , a ro m a tic ); 6.22 (s, 1H , d ioxolane); 5.56 (s, 1 H . d ioxan) 
5.12 (s, I I I ,  C j-H ): 4.80 -3 .60  (m , 8H , benzyl an d  ske le ton  pro tons).

Benzyl 3 -0-benzyl-4 ,6 -0 -benzy lidene-a-D -m annopyranoside  (3 )

T o  a so lu tion  of 2 (3.0 g) in 1 : 1 abs. e th e r-d ic h lo ro m e th an e  m ix tu re  (60 m l) L iA lH 4 
(150 m g ) w as added, followed b y  th e  dropw ise a d d itio n  of A1C13 (500 m g) in abs. e th e r  (12 ml) 
o v e r  a p e rio d  of 2 m in. The m ix tu re  w as s tirred  a t  45 °C for 15 m in. A fte r cooling, th e  excess 
o f th e  re a g e n t was decom posed w ith  e th y l a c e ta te  (2 m l) and w a te r  (4 m l), th e  m ix tu re  was 
d i lu te d  w ith  d ich lo ro inethane  (50 m l) an d  th e  A l(O H )3 p rec ip ita ted  was filte red  off. T h e  filtra te  
w as w a sh e d  w ith  w a ter (3 X  30 m l), d ried  over N a2S 0 4 and co n cen tra ted . R e c ry s ta lliz a tio n  of 
th e  c ry s ta ll in e  residue from  e th a n o l (15 m l) gave p u re  3 (2.28 g; 7 6% ), m .p . 88 89 °C, [a]D
+  55 .4 °  (c =  0.5, chloroform ). R  4 0.70 (95 : 5).

N M R  (in CDClg): ő =  7 .4 4 - 7 .0 8  (m , 15H , a ro m atic ): 5.51 (s, 1H , С Я -P h ); 4.84 
(s, 1H„ C j-H ); 4.67 and 4.50 (q , 4 H , 2 benzy l); 4.24 — 3.60 (m, 6H . ske le ton  p ro to n s) ; 2,52 
(b ro a d , 1H , OH).

C27H 28Ofi (448.5). Calcd. C 72.30; H  6.29. F o u n d  C 72.65; H 6.21% .
F ro m  th e  m other liq u o r o f  3 a co m p o n en t o f h igher ch ro m ato g rap h ic  m o b ility  (R j  0.75 

(95 : 5)) w as also iso lated  by  sh o rt co lum n ch ro m a to g ra p h y . T his com pound  a p p ea red  only in 
a few  p e rcen tag es  and it  w as p ro v e d  to  be ben zy l 2 -0 -benzy l-4 ,6 -0 -b en zy lid en e-a-i)-m an n o - 
p y ra n o s id e  (4) (12.2 m g; 0 .4 % ), m .p . 9 8 - 9 9  °C (lit. [20] m .p. 9 7 - 9 8  °C), [a ]D +  40° (c =  
0 .2 , ch lo ro fo rm ) (lit. [20] [a ]D -j- 39° (c =  0.3, ch loro fo rm )); m ixed m .p . 98 99 °C.

B enzyl 3 -O -benzyl-a-D -iiian iiopyranoside  (5)

C om pound 3 (200 m g) w as h y d ro ly zed  in 50%  aqueous e th an o l (10 m l) c o n ta in in g  0.04 
m l o f  cone. TI..SO, atlOO °C for 3 h rs . A fte r  n e u tra liz a tio n  w ith  B a C 0 3 and  f i lt ra tio n , th e  f iltra te  
w as  c o n c e n tra te d  to give sy ru p y  5 (132 m g; 7 5 .8 % ), |a ] D - f  65° (c =  1.2, e th an o l).

C20H 24O6 (360.4). Calcd. C 70.56; H  7.05. F o u n d  C 71.02; H 6 .98% .
C om pound 5 (5 m g) w as d issolved in a m ix tu re  of 50%  aqueous e th a n o l (2 m l) and 

N a lO j  (20 m g). A fter s tan d in g  fo r 3 h rs  only u n c h an g e d  5 could be d e tec ted  by  TLC .

B enzyl 3 -0 -b en zy l-4 ,6 -0 -benzy lidene-2 -0 -m ethy l-a -D -m annopyranosic le  (6 )

C om pound 3 (2.9 g) w as m e th y la te d  w ith  m e th y l iodide (2 m l) in N ,N -d im e th y lfo r-  
m a m id e  (15 m l) in the  presence o f A g20  (2 g). A fte r  s tirr in g  for 18 hrs th e  m ix tu re  w as worked 
u p  in  th e  u su a l m anner. T he sy ru p y  p ro d u c t w as p u rified  by  c h ro m a to g ra p h y  on  100 g of 
K iese lg e l G using  a benzene—m e th a n o l (95 : 5) m ix tu re  as th e  e lu an t, to  y ield  2.7 g o f sy ru p y  6 
(9 3 % ), [a ]D +  62.6 (c =  0.77, ch loroform ), R* 0.77 (95 : 5).

N M R  (in CDC13): Ó =  7.54 7.12 (m , 15H , a ro m atic ); 5.60 (s, 1H , C l/-P h ) ;  4.94 (s,
1H , C j-H ); 4.78 and 4.58 (2 q, 4 H , 2 benzyl), 4.26 — 3.62 (m , 6H . skeleton  p ro to n s ) ;  3.54 (s, 
3 H . O C H 3).

C28H 30O6 (462.5). Calcd. C 72.70: H  6.53. F o u n d  C 73.01: H 6.41% .

2-O -M ethyl-D -n iannose (7 )

C om pound 6 (1.0 g) w as h y d ro g e n a ted  in a m ix tu re  of e th y l a c e ta te —e th a n o l (1 : 1) 
(200 m l) a n d  in the  presence of P d /C -10%  (500 m g) fo r 18 hrs. A fter th e  reac tio n  w as com plete, 
th e  c a ta ly s t  was filtered  off an d  th e  f i ltra te  c o n ce n tra ted . C ry sta lliza tion  o f th e  resid u e  from  
a sm a ll  a m o u n t of e th an o l gave  7 (266 m g; 8 0 % ), m .p . 132- 134 °C; [a ]^  -f- 8 .5° (c =  0.5, 
w a te r ) .  (L it .  [7] m. p. 136 — 138 °C; [a ]D -f- 11° (c =  1.0, w ater)). RjO .26  (8 : 2), R T 12.27 m in.
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Benzyl 3 ,4 -< H -0-benzyl-2-0-m ethy l-a-D -m annopyranoside  (8 )

Li Al 11, (0.6 g) w as ad d ed  to a so lu tio n  of 6 (1.7 g) in 1 : 1 e th e r  d ich lo ro m eth an e  (60 m l) 
an d  it w as w arm ed u p  to  45 °C. A fter th e  dropw ise a d d itio n  of A1C13 (1.8 g) in e th e r  (10 ml) 
d u rin g  2 m in. the  m ix tu re  was boiled fo r  an  ad d itio n al 30 m in . I t  was th e n  cooled and  the 
excess of th e  reag en t decom posed w ith  e th y l ace ta te  (5 m l) an d  w a ter (8 m l); th e  m ix tu re  
w as th e n  d ilu ted  w ith  d ich lo ro m eth an e  (100 ml) and filte red . T he f i ltra te  was w ashed  w ith 
w a te r  (3 x 5 0  m l), d ried  o ver N a2SO, a n d  ev ap o ra ted . T he resid u e  w as ch ro m a to g rap h ed  on 
K ieselgel G (100 g) u sing  benzene—m eth a n o l (95 : 5) so lven t sy s tem  to  y ield  sy ru p y  8 (0.86 g; 
5 0 % ), [a ]D -j- 51.3° (c 0.5, ch loroform ), R f  0.51 (95 : 5).

IR  (K B r): 3 4 4 0 — 3240 c m -1 (b ro ad , polym eric O H ); 734 and 697 c m -1 (phenyl).
C28H 3A  (464.5). Calcd. C 72.39; H  6.96. F o u n d  C 72.51: H 1 .02% .

Benzyl 3 ,4 -d i-0 -b en zy l-2 ,6 -d i-0 -m eth y l-a -D -m an n o p y ran o sid e  (9 )

M ethy la tion  of 8 (0.73 g) w ith  m e th y l iodide (1 m l) and  Ag20  (1 g) in N ,N -d im eth y lfo r- 
inam id e  (10 m l), as described  for 6. re su lte d  in c h ro m a to g rap h ica lly  hom ogeneous sy ru p y  9 
(0.6 g: 8 0% ), Ioc][j +  54.6 (c =  0.42, ch loroform ), Hr 0.72 (95 : 5).

NM R (in CDC13): 6 7.32 7.12 (m , 15H, a ro m atic ); 4.99 (d, 1H , Cr H , J b2 1.5 H z);
4.88 — 3.53 (m , 18H, b en zy l and ske le ton  p ro to n s); 3.50 and  3.41 (2 s, 6H , 2 O C H 3).

C29H 31Oß (490.5). Calcd. C 72.78; II 7.16. Found C 72.67: H  7.11% .

2 ,6 -D i-O -iiie thvl-D -m annose (10)

C om pound 9 (0.5 g) was h y d ro g en a ted  in e th y l a c e ta te  (100 m l) in th e  p resence  of Pd/C- 
10%  (0.5 g) for 18 h rs . T he c a ta ly s t w as rem oved  by f i ltra tio n  an d  th e  f i l t r a te  e v ap o ra te d  to 
give 10 as a th ick  sy ru p  (202 m g: 9 1 % ), [a ]D -f- 26.8° (c 1.0, w a te r), R f  0.38 (7 : 3), R T 
10.37 m in . (lit. [6] fa ||)  -f- 2 2.4° (c =  3.5 , w ater)).

Com pound 9 (10 m g) and N a I 0 4 (30 m g) were d issolved in w a te r  an d  th e  so lu tion  was 
d ilu ted  to  20 ml. I t  w as allow ed to s ta n d  in th e  dark  a t  4 °C fo r 24 hrs. A liq u o t 1-m l portions 
o f th e  so lu tion  were fo und  to  consum e 1.82 mole of p e rio d a te  accom pan ied  b y  th e  fo rm atio n  
of 0.87 m ole o f form ic acid  (m easured  b y  th e  iodom etric  m eth o d ). U sing th e  m eth o d  of U n r a u  

a n d  S m i t h  [25], th e  fo rm atio n  of fo rm ald eh y d e  could no t be d e tec ted .

B enzyl 3 -0 -b en zy l-2 -0 -n ie th y l-a -])-in an n c)p y ra iio s ic le  (1 1 )

C om pound 6 (1.25 g) was h y d ro ly zed  w ith  50%  aqueous ace tic  acid (50 m l) w ith  s tirring  
a t  80 °C. A fter h y d ro lysis w as com plete  ( th e  tran sfo rm a tio n  w as m o n ito red  by  T L C  (95 : 5)), 
th e  m ix tu re  was c o n ce n tra ted  in v a cu u m  a n d  th e  residue w as su b jec ted  to  azeo tro p ic  d is til
la tio n  w ith  abs. e th an o l an d  abs. ben zen e  to  rem ove th e  la s t  trac es  of w a te r  and  ace tic  acid. 
T he p ro d u c t was c rysta llized  from  e th a n o l (4 nd) and 0.70 g o f 11 (7 0 % ) w as o b ta in e d , m.p. 
9 3 - 9 5  °C, [a ]D i(> (c 0 .5, e th a n o l), R f  0.37 (85 : 15).

IR  (K B r): 3450, 3440 - 3240 c m -1 (O H ), 736 and 698 c m -1 (phenyl).
C21H.2eOe (374.4). Calcd. C. 67.36: II  7.00. F ound  C 68.01: 11 6 .89% .

Benzyl 3 -0 -b en zy l-2 ,4 ,6 -tr i-0 -m eth y l-a -D -m aiin o p y ran o s id c  (12)

Com pound 11 (0.49 g) was m e th y la te d  w ith  2 ml o f m eth y l iodide and  A g20  (2 g) in 
N ,N -d im eth y lfo rm am id e  (10 ml). A fte r th e  w ork-up of th e  re ac tio n  m ix tu re  in th e  usual 
m an n er, 0.45 g (86 .5°()) o f sy ru p y  12 w as ob ta in ed , [сх]ц> +  71.1° (c =  0.24, chloroform ), 
R f 0.71 (O f)  : I ) .

NM R  (in CD Cl.,): Ő 7.40 7.20 (m , 10H , a ro m a tic ); 4.94 (d. 111. C ,-H , J i2 = 1.5
H z); 4.68 (s, 2H, benzy l): 4.58 (q, 2H , b en zy l); 3.90 3.60 (in , 6 H , skeleton  p ro to n s): 3.55,
3.44 an d  3.40 (3 s, 911, 3 ОСИ.,).

C23H i0Or> (402.4). Calcd. С 68.62; II  7.51. Found  C 68.10: 11 7 .38% .
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2 ,4 ,6 -T ri-O -m ethy l-D -m annose  (13)

C om pound  12 (330 m g) w a s  h y d ro g en a ted  in  e th y l a c e ta te  (60 m l) in  th e  presence of 
P d /C -1 0 %  (300 mg) for 24 h rs . A f te r  com pletion  of th e  re d u c tio n  th e  c a ta ly s t  w as filte red  off 
a n d  th e  f i l t r a te  ev ap o ra ted  to  d ry n e ss . T he syrupy  residue  w as crysta llized  fro m  e th e r  co n ta in 
in g  2 0 %  o f cyclohexane (2 m l) to  o b ta in  13 (164 m g; 9 0 % ), m . p . 53 — 54 °C (lit. [13] m .p. 
53 — 57 °C, [a]p +  16° (c =  1.0, w a te r)  lit. [13] [a]p -j- 15.1° (c =  0.8 w a ter)), R,  0.43 
(8 : 2), R T 9.45 min.

*

T h e  au th o rs’ th an k s  a re  d u e  to  th e  A lexander von  H u m b o ld t F o u n d a tio n  for th e  Perkin- 
E lm e r  700 I R  sp ec tro p h o to m ete r p re se n te d  to us, and  to  J .  H a ran g i for o b ta in in g  th e  100 MHz 
s p e c tra .
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SYNTHESIS AND EXAMINATION OF ACYL MIGRATION 
OF PARTIALLY BENZOYLATED BENZYL 

4,6-O-BENZYLIDENE-a-AND /J-d-GLUCOPYRANOSIDE
DERIVATIVES

A. L lP T Á K , E . CsiK a n d  P .  N Á NÁSI 

(In s titu te  o f  B iochem istry, K ossuth  La jos U niversity, Debrecen)

R eceived  A u g u st 25, 1976

B enzoy lation  of ben zy l 4 ,6 -0-benzylidene-/J-D -g lucopyranoside  (1) w ith  1.1 m ole 
o f N -benzoylim idazo le  re su lte d  in th e  correspond ing  3-O -benzoyl- (2) a n d  2-O -benzoyl-
(3) d e riv a tiv es in 30%  y ield  each. T he a -an o m er of 1 (7) u n d e r th e  sam e co nd itions 
gave th e  2-O -benzoate  (8) as th e  m ain  p ro d u c t in a y ield o f 30%  an d  th e  3 -O -benzoate  
(9) in 10%  yield. In  a lka line  ace to n e  2 and  8 tran sfo rm ed  in to  3 an d  9, re sp ec tiv e ly , 
p re su m ab ly  via  o rth o e s te r- ty p e  in te rm ed ia te s . T he s tru c tu re s  o f th e  p ro d u c ts  were 
p roved  b y  IR  and  N M R  sp ec tra .

O ur recen tly  p u b lish ed  resu lts  on th e  syn thesis  o f 2 ,6-d i-O -glycosyl- 
hexosides w ith  d iffe ren t in terg lycosid ic  anom eric  co n fig u ra tio n  [1J s ta r tin g  
from  3-O-acyl- or 3 -0-benzy l-4 ,6 -0 -benzy lidene-oc,/?-hexopyranosides re 
q u ired  th e  e lab o ra tio n  of an  im p ro v ed  syn thesis  o f these  s ta r tin g  m a te ria ls . 
T h e  syn thesis  of tr isacch a rid es  w as accom plished  by  th e  ex ten sio n  o f our 
ste reose lec tive  m e th o d  fo r th e  re d u c tiv e  cleavage of th e  ben zy lid en e  r in g  of 
ben zy l 3 -0 -b en zy l-4 ,6 -0 -b en zy lid en e-h ex o p y ran o sid es  [2, 3] to  di- [4] and  
trisa c c h a rid e  [5] d e riv a tiv e s .

In  th e  case o f th e  th re e  m o st f re q u e n tly  occurring  hexose co m p o n en ts  
o f oligosaccharides (glucose, m annose  an d  galactose) th e  sy n th eses  o f  th e  
req u ired  deriv a tiv es  m ay  m ee t d ifficu lties  in  som e cases. In  th e  sim p lest 
case, for galactose, th e  Ch i t t e n d e n  m eth o d  [6 ] inc lud ing  th e  b en zo y la tio n  
o f benzyl 4 ,6 -()-benzylidene-/J-D -galactopyranoside w ith  N -benzoy lim idazo le  
offers a good possib ility  to  o b ta in  th e  correspond ing  3-O -benzoate  in  89%  
yield .

In  th e  case of m an n o se , a new  m eth o d  giving excellen t y ie ld s h as  been 
e lab o ra ted  by  us fo r th e  sy n th esis  o f benzy l 3 -0 -b en zy l-4 ,6 -0 -b en zy lid en e-a - 
D -m annopyranoside , in c lu d in g  th e  stereoselec tive  hyd rog en o ly tic  c leavage of 
th e  d ioxo lane-type  ace ta l ring  of ben zy l ел;о-2,3 : 4 ,6-di-O -benzylidene-a-D - 
m an n o p y ran o sid e  [7].

T he syn thesis  o f such  d e riv a tiv e s  is m ost p ro b lem atic  in  th e  glucose 
series. The pub lished  sy n th es is  o f benzy l 3 -0-benzy l-4 ,6 -0 -benzy lidene-/J-D - 
g lucopyranoside  [8 ] is v e ry  d ifficu lt and  its  rep ro d u c ib ility  seem s to  he 
d o u b tfu l.

A da ('.him. (Budapest) 94, 1977



2 6 8 L IP T Á K  e t a l.: S Y N T H E S IS  AND EX A M IN A TIO N  O F ACYL M IGRA TIO N

A cco rd in g  to  t h e  a l io v e  m e n tio n e d  r e s u l ts  o f  Ch i t t e n d e n  [6 ], i t  seem ed  
to  b e  in te re s t in g  to  e x a m in e  th e  p a r t ia l  b e n z o y la t io n  o f  b e n z y l 4 ,6 -O -b en zv l-  
id e n e -a -  a n d  /1 -D -g lu co p y ran o sid es.

P a rtia l b e n zo y la tio n  o f  m ethy l 4 ,6-O -benzylidene-x-D -glucopyranoside 
h as  a lread y  been in v e s tig a te d  in detail b y  d iffe re n t a u th o rs . In  1935 R o b e r t 
s o n  and  Gr iffit h  [9] p u b lish ed  th e  fa v o u re d  re a c tiv ity  of C2-O H  in  th e  
b e n zo y la tio n  re a c tio n  u sin g  benzoyl ch lo ride a n d  p y rid ine . U sing th e  sam e 
re a c tio n  conditions, 2 4 %  o f 2 -0 -b en zo a te  a n d  6 %  o f 3 -0 -b en zo a te  were iso la ted  
b y  J eanloz  [10], w hile  acco rd ing  to  B o l l e n b a c k  an d  P a r r ish  [11], th e  ra tio  
o f  th e  tw o p ro d u c ts  w as 59 : 9.8, respective ly .

T he fo rm atio n  o f  th e  3-O -benzoate w as fo u n d  to  be m ore fav o u red  in  
th e  case of th e  /3-anom er (35% ) h u t a co n sid erab le  a m o u n t o f th e  2-O -benzoyl 
iso m er (18% ) was also iso la te d  by  Co llins  et al. [12].

C onsiderably  h ig h e r se lec tiv ity  was a t ta in e d  in  th e  case of th e  st-anom er 
u s in g  th e  N -benzoy lim idazo le  m ethod  e s ta b lish e d  b y  S taab  [13]. In  ag ree
m e n t w ith  the  re su lts  o f Co llins  [12], Co r e y  a n d  H o d g so n  [14] re p o rte d  a 
y ie ld  o f 78%  for th e  2 -O -benzoate . The 2 -O -b en zo a te  w as also p rep a red  by  
A b b a s  and  H a in e s  [15] in  62%  yield using  benzoy l cyan ide  as th e  acy la tin g  
a g e n t in troduced  b y  H o l y  and  Soucek  [16] fo r th e  selective b enzoy la tion  
o f  nucleosides. T he co rresp o n d in g  3 -O -benzoate  fo rm ed  only  in  trace s  in  th is  
re a c tio n .

R e-exam in ing  th e  know n  b en zo y la tio n  m e th o d s , K önig  and  W e i d 
m a n n  [17] found th e  sy s te m  trie th y lam in e—b en zo y l ch loride to  be a selective 
re a g e n t for b en zo y la tio n . T h e  2-O -benzoyl d e r iv a tiv e  of th e  x -anom er form ed 
in  6 0 %  yield, w hile th e  y ie ld  of th e  3 -O -benzoy l d e riv a tiv e  was on ly  5% . 
In  th e  case of th e  /З-a n o m c r, th e  fo rm ation  o f th e  3-O -benzoate  was found  to  be 
m o re  favoured  (4 3 % ), accom pan ied  b y  12%  o f th e  2-O -benzoyl d eriv a tiv e .

A ccording to  re c e n t exam ina tions b y  S t a n e k  an d  J a r y  [18], in  the  
re a c tio n  w ith  N -benzoy lim idazo le  th e  fo rm a tio n  o f  th e  3-O -benzoyl d e riv a tiv e  
o f  th e  /З-anom er is k in e tic a lly  m ore fav o u red , b u t  a t  a la te r  stage of th e  re a c 
tio n  th is  com pound tra n s fo rm s  in to  the m ore s ta b le  2-O -benzoate.

To our know ledge, th e  p a r tia l b en zo y la tio n  o f ben zy l 4 ,6-O -benzylidene- 
D -glucopyranosides h as  n o t  been  exam ined  y e t.

B enzoy lation  o f  b e n z y l 4 ,6-0-benzylidene-/S -D -glucopyranoside (1) w ith  
1.1 m ole of N -benzoy lim idazo le  in chloroform  fo r 18 h ours resu lted  in a m ix tu re  
o f 2 0 %  of the  u n re a c te d  1, 20 %  of th e  d i-O -benzoy l d e riv a tiv e  (4) and in 30%  
each  of th e  tw o m o n o b en zo y la ted  d e riv a tiv es  (2 an d  3) of d ifferen t c h ro m a to 
g rap h ic  m obilities in th e  benzene m e th an o l (99 : 1) so lven t system  used. 
A f te r  sep ara tio n  of th is  m ix tu re  by sho rt co lu m n  c h ro m a to g rap h y , th e  c ry s ta l
line m ono-O -benzoate  (2) o f h igher R j  v a lu e  (0.25) m e lted  a t 167 — 169 °C and  
th e  carb o n y l freq u en cy  in  its  IR  sp ec tru m  cou ld  be assigned a t  1728 c m “ 1. 
T h e  IR  spectrum  of th e  c ry s ta llin e  com pound 5 — o b ta in ed  from  2 upon  m eth y l-
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a tio n  w ith  d iazo m eth an e  — did  n o t co n ta in  th e  O H  a b so rp tio n  h and  a t  3400 — 
3200 c m '1, w hile th e  ca rb o n y l freq u en cy  re m a in e d  unch an g ed  a t 1728 c m '1. 
T h e  m ono-O -m ethyl-g lucose iso la ted  from  th e  sap o n ifica tio n  of 5 follow ed b y  
acid  hydro lysis, p ro v ed  to  be 2-O -m ethyl-D -gIucose b y  TLC ex am in a tio n  as 
well as by gas ch ro m a to g ra p h y  in th e  form  o f th e  a ld ito l a ce ta te  o b ta in ed  on 
red u c tio n  and  a c e ty la tio n . T hus, com pound  2 w as u n equ ivoca lly  id en tified  
as benzyl 3 -0 -benzoyI-4 ,6 -0 -benzy lidene-/?-D -g lucopyranoside.

The ca rb o n y l b an d  of th e  o th e r  c ry s ta llin e  com p o u n d  of lower c h ro m a 
to g rap h ic  m o b ility  (R , 0.19; m .p . 154— 156 °C) c o n ta in e d  two sp lit m ax im a  
a t  1730 and 1710 c m '1. F ro m  th e  cry sta llin e  6  o b ta in e d  from  3 b y  m eth y la -  
t io n  w ith  d iazo m eth an e  — 3-O -m ethyl-D -glucose w as iso lated , th u s  3 p ro v ed  
to  be benzyl 2-0-faenzoyl-4 ,6-0-benzylidene-/?-D -glucopyranoside.

E x p erim en ts  w ere also m ade to  effect a cy l m ig ra tio n  of th e  benzoy l 
g ro u p  in b o th  2 an d  1, in a lkaline m edium . In  th e  case of th e  2 -O -benzoate
(3) acyl m ig ra tion  d id  n o t occur, w hile th e  3 -O -benzoy l deriv a tiv e  (2) t r a n s 
fo rm ed  in to  3 w ith in  10 15 m in u tes , b u t  it a lso  suffered  sapon ifica tion  to  a
considerab le  e x te n t  d u rin g  th e  ex p erim en t. A n u n u su a l d irection  o f acy l 
m ig ra tion  was o b serv ed  in th is  case, because in th e  m a jo rity  of cases th e  
m o v em en t of acy l g ro u p  is to w ard  th e  p rim ary  h y d ro x y l group . Acyl m ig ra tio n  
w as also show n to  occur w ith  th e  crude  reac tio n  m ix tu re , and 3 w as iso la ted  
in ab o u t 50%  yie ld .

T hus, b e n zo y la tio n  of benzy l 4 ,6 -0-bcnzylidene-/?-D -glucopyranoside 
g av e  sim ilar re su lts  to  th e  ben zo y la tio n  of th e  m e th y l 4 ,6-0-benzylidene-/?-D - 
g lucopyranoside know n  from  tin 1 l i te ra tu re . H o w ev er, acy l m ig ra tion  m ad e  
possib le  th e  p re p a ra tio n  of th e  2-O -benzoyl d e r iv a tiv e  (3) in a good y ie ld .

The p a r tia l b en zo y la tio n  of benzy l 4 ,6-O -benzy lidene-a-D -g lucopyrano- 
side (7) w as also ex am in ed  u n d er th e  sam e re a c tio n  conditions. A one-step  
sy n th esis  o f 7 w h ich  served  as ou r s ta r tin g  m a te r ia l  — has ben ach ieved  by  
I nc h  et al. [19] w ith  a yield  of 2 0 % , b u t  th e  y ie ld  o f our rep ro d u c tio n  e x p e ri
m en ts  has never been  h igher th a n  10% . T h u s  b en zy l a-D -glucopyranoside 
[20] was d irec tly  b en zy lid cn a ted  to  give 7 in a good y ield . B enzoy la tion  o f 7 
in th e  sam e m an n er re su lted  in a m ix tu re  of th e  u n ch an g ed  7 (30% ), 10%  of 
th e  d i-O -benzoate  (10) an d  in th e  tw o  m ono -O -b en zo a tes  ( 8  and 9). All y ields 
g iven  in b rack e ts  are  based  on TLC e s tim a tio n . Iso la te d  yields are g iven  in 
E x p e rim en ta l. F ro m  am ong  th e  la t te r  th e  y ie ld  o f  th e  com pound (8 ) w ith  
low er ch ro m ato g rap h ic  m o b ility  (/?y 0.23) was a b o u t 50%  and it had  a sh a rp  
ca rbony l band in th e  IB  sp ec tru m  a t  1720 c m ' 1. T h e  IR  sp ec tru m  of th e  fu lly  
p ro te c te d  11 o b ta in e d  from  8  by  m e th y la tio n  h a d  th e  carbony l freq u en cy  
a t  1720 cm 1 a n d , a f te r  sap o n ifica tio n , fo llow ed b y  hydro lysis , 3 -O -m ethy l- 
-D-glucose was o b ta in e d ; th u s  8  p roved  to  be b en zy l 2 -0 -b cn zo y l-4 ,6 -0 -b en - 
zy lidene-a-D -glucopyranoside. The ca rb o n y l b a n d  o f  th e  p ro d u c t of h ig h er 
ch ro m ato g rap h ic  m o b ility  (R ; 0.30) w as a t 1700 c m '1. This b an d  ap p e a re d
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a t  1 7 2 0  c m ' 1 in  th e  IR s p e c tr u m  o f 12, o b ta in e d  fro m  9 b y  m e th y la t io n  w ith  
d ia z o m e th a n e ,  ju s t  as in  th e  ca se  o f  11. A fte r  th e  s a p o n if ic a tio n  o f  12, fo llo w ed  
b y  h y d r o ly s is ,  2 -O -m e th y l-D -g lu c o se  w as  id e n tif ie d .

O n th e  basis of th e  N M R  sp ec tra  it w as easy  to  assign th e  p o sitio n  of 
th e  b e n z o y l group of 9 an d  th e  m e th y la te d  12. In  th e  sp ec tru m  o f 9 th e  C3-H 
p ro to n  gave a tr ip le t a t  ö =  5.51 p p m  as a re su lt of axia l-axia l coup ling . In  
th e  case  o f the  m e th y la te d  12, th is  p ro to n  gave also a tr ip le t a t  b =  5 .7 3  ppm .

T h e  acyl m ig ra tio n  ex p e rim e n t w ith  th e  2-O -benzoyl d e r iv a tiv e  (8 ) 
sh o w e d  a fas t tra n s fo rm a tio n ; a f te r  1 — 2 m in u te s  only  th e  3 -O -b en zo a te  (9) 
co u ld  b e  d e tec ted  an d , c o n tra ry  to  th e  o bserved  sapon ifica tion  o f th e  ß-ano- 
m e rs , o n ly  traces of 7 could  be  id en tified .

T h e  favoured  fo rm a tio n  of 8  in  th e  case of th e  2-O -benzoate  (7) can  be 
p re s u m a b ly  explained  b y  th e  fo rm a tio n  o f a hyd rogen  bo n d  b e tw een  C2-OH 
a n d  C j-O -aglycone. O w ing to  th e  ex istence  o f th is  hydrogen  b o n d , th e  nucleo
p h ilic  c h a ra c te r  of C2-0  — H  — О increases, w hich is eq u iv a len t to  increased  
r e a c t iv i ty  tow ards th e  c a rb o n y l ca tio n . In  th e  case of th e  /5-anom er th e re  is 
n o  p o ss ib ility  for th e  fo rm a tio n  of such  h y d ro g en  bond  and  th is  fa c t  exp la ins 
w ell th e  fo rm ation  of th e  1 : 1 m ix tu re  o f th e  tw o m o n o -O -b en zo y la ted  de
r iv a tiv e s .

E x p erim en ta l

M. p .’s were de te rm in ed  on a K o tie r h o t-s ta g e  a p p a ra tu s  and are u n c o rre c te d . O ptical 
r o ta t io n s  w ere m easured  w ith  a P o la m a t (Zeiss) a u to m a tic  pho to e lec tric  p o la rim éte r . IR  
s p e c tra  w ere  recorded in K B r p e lle ts  using  a P e rk in -E lm e r 700 in s tru m e n t. N M R  sp e c tra  were 
o b ta in e d  w ith  a Jeol M H -100 (100 M H z) in s tru m e n t using  TMS as in te rn a l s ta n d a rd .  The 
th in - la y e r  ch ro m atograph ic  e x am in a tio n s  an d  th e  sh o r t  colum n ch ro m a to g rap h ic  [21] sepa
r a tio n s  w ere  carried o u t on silica gel (K ieselgel G; E . M erck, D a rm stad t)  a n d  c h a rrin g  w ith  
5 0 %  su lfu ric  acid. GLC was p e rfo rm ed  w ith  a H e w le tt-P a ck a rd  5830 A in s tru m e n t using a 
h e lic a l s ta in le ss  steel colum n (2 m ; l d. 4 m m ) of 10%  OV-1 on C hrom osorb W  (60 — 80 m esh) 
w ith  f lam e-io n iza tio n  d e tec tio n , a n  in jec tio n -b lo ck  te m p e ra tu re  of 250 C, n itro g e n  as carrier 
gas (20 m l/m in .) and w ith  a te m p e ra tu re  p ro g ram m e  of 150 to  220 °C a t  5 °C /m in.

Benzoylation of benzyl 1.6-0-bonzvlidriie-/'-I>-glucopyraiiosiile (1 )

A  so lu tion  of im idazole (3.47 g; 51 m m oles) in  chloroform  (38 m l) w'as t r e a te d  wdth 
3.59 g  (25 .5  mmoles) of fresh ly  d is tilled  benzoy l ch lo ride  in chloroform  (13 m l) a t  5 °C w ith  
s tir r in g . Im idazo le  hyd ro ch lo rid e  w as f ilte red  o ff an d  w ashed w ith  ch loroform  (13 m l). The 
c o m b in e d  chloroform  so lu tion  w as ad d ed  to  1 (9.3 g; 25.5 m m oles) dissolved in  chloroform  
(100 m l) a n d  the  m ix tu re  w as b o iled  fo r 18 hrs. A fte r  cooling, th e  m ix tu re  w as successively 
w a sh e d  w ith  sa tu ra ted  N aH C O :j so lu tio n  (2 X 25 m l) an d  w a te r (2 X 25 m l), d ried  (N a,SO ,) 
a n d  e v a p o ra te d . The cry sta llin e  re s id u e  (9 g) w as se p a ra te d  by  sh o rt co lum n ch ro m a to g ra p h y  
on K ie se lg e l G (210 g) using  a benzene—m eth an o l (99 : 1) so lven t system  as th e  e lu a n t.

R t  0.81 frac tio n : Benzyl 2 ,3 -d i-0 -b en zoy l-4 ,6 -0 -benzy lidene-/l-D -g lucopyranoside  (4). 1.6 g 
(1 1 % ), m .p . 170 —171 °C (from  e th a n o l), [a ]p  20.6 ° (c =  0.95, chloroform ).

C34H 30O8 (566.6). Calcd. C 72.07; H 5.33. F o u n d  C 72.25: H 5 .42% .

R r  0 .25 f rac tio n : Benzyl 3 -O -benzoyl-4.6-0 -b c iizy lid en e-;>-l)-glucopyranoside (2). 2.20 g (18 .4% ) 
m .p . 167 — 169 °C (from  m eth a n o l) , [a]jy— 103.5 ° (c =  1.19, chloroform ).

I R  (K B r): 1728 c m -1 (carb o n y l).
C27H 260 7 (462.5). Calcd. C 70.11; H  5.67. F o u n d  C 70.81; H  5.81% .
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Rr 0.19 fraction: B enzyl 2-0-benzoyI-4 ,6 ,0 -benzylidene-/K D -glucopyranoside  (3). 1.80 g (1 5 % ), 
in. p. 154 — 156 °C (from  m eth an o l), [a ]/)—96.4 ° (c 0 .44 , chloroform ).

IR  (K B r): 1710 a n d  1730 c m -1 (carbonyl).
C27H 2e0 7 (462.5). Calcd. C 70.11; H  5.67. F o u n d  C 70.92; H  5 .75% .

Benzyl 3-0-benzoyl-4,6-0-benzylidene-2-0-methyl-/3-D-gIucopyranoside

To a cold m ix tu re  o f 2 (50 m g) in d ich lo ro m eth an e  (2 m l) and  boron  tr iflu o rid e  e th e ra te  
(0.04 m l) a d ich lo ro m eth an e  so lu tion  of d iazo m eth an e  (p rep a re d  from  250 m g of n itro so m e th y l- 
u rea) w as added  a t  — 5 °C and  th e  so lu tion  w as allow ed to  s tan d  a t  0 °C for 1 h r. I t  was 
th en  d ilu ted  w ith  d ich lo ro m e th an e  (10 m l), filte red  a n d  th e  f iltra te  w ashed w ith  N a H C 0 3 
so lu tion  and w ater. A fte r  d ry in g  (N a2SO,) th e  so lu tion  w as ev ap o ra te d  and  th e  residue c ry s ta l
lized from  ethanol (1 m l) to  o b ta in  pure  crysta lline  5 (26 m g; 5 0% ), m .p . 150 152 °C, |a ]u
-88.2° (c =  0.38, ch lo ro fo rm ). R j  0.70 (benzene—m e th a n o l, 98 : 2).

IR  (K B r): 1720 c m -1 (carbonyl). In  th e  in te rv a l o f 3500 -  3200 c m -1 th e re  was no O il  
a b so rp tio n  band .

2 mg of 5 w as successively  saponified , h y d ro g e n a ted  in th e  presence o f Pd /C -10% , 
reduced  w ith  N a B H ,, a n d  ace ty la te d . R T 11.69 m in . ( l ,3 ,4 ,5 ,6 -p e n ta -0 -a e e ty l-2 -0 -m e th y l-  
-D -sorbit).

Benzyl 2 -0-benzoyl-4 ,6 -0-benzy li(lene-3 -0 -m ethy l-/^ -D -g liicopyranoside  (6 )

C om pound 3 (230 m g) w as m eth y la ted  in d ich lo ro m eth an e  (5 ml) as described  a b o v e , 
for 5. T he crysta llin e  re sid u e  w as recrysta llized  from  e th a n o l (3 m l) to  give 6 (115 m g; 4 9% ), 
m .p. 170 172 °C, [a ]D—58.9° (c =  0.2, ch loroform ). Rr 0.68 (b e n ze n e-m eth a n o l, 9 8 : 2 ) .

IR  (K B r): 1730 c m -1 (carbonyl).
2 mg of 6 w as co n v e r ted  into the  corresponding ald i to l  ace ta te .  R j  12.18 m in. (1,2 ,4,5,6- 

pen ta -0 -ace ty l-3 -0 -m ethy l-D -so rb i t ) .

E x am in a tio n  of acyl m igration  in benzyl 3-O -benzoyl- 
-4 ,6 -0 -benzylidene-/K i)-g lucopyranoside  (2 )

A solution of 2 (0 .5  g) in 25 m l of acetone was m ixed  w ith  0 .05M  N aO H  so lu tio n  (25 m l), 
and  th e  m ix tu re  w as allow ed to  s tan d  a t  room  te m p e ra tu re  for 15 m in. I t  w as th en  poured  
in to  ice-w ater (150 g), filte red  an d  th e  crysta lline  p ro d u c t o b ta in ed  was w ashed  u n til  n e u tra l  
and  recrysta llized  fro m  m ethano l to afford  benzyl 2 -0-benzoyl-4 ,6 -0-benzylidene-/? -D -g lu- 
copyranoside  (3) (0.23 g; 4 6 % ), m .p . 153 156 °C, [а ]^  95 ° (c = 0.40, chloroform ).

B enzyl 4,6-O-benzylidene-a-D-glueopyranoside (7)

B enzyl a-D -g lucopyranoside  (5.35 g) was sh a k e n  w ith  freshly  fused ZnCL (4.30 g) 
and  benzaldehyde (15 m l) fo r 20 hrs. I t  w as then  p o u red  in to  ice-w ater and th e  solid m a te ria l  
w hich  p rec ip ita ted  w as w ashed  w ith  n -hexane (30 m l) to  rem o v e  th e  excess o f b en za ld eh y d e . 
T he crude  p roduct w as c rysta llized  from  e th an o l (50 m l) to  give pure  7 (5.63 g; 7 9 .4 % ), m . p . 
155 157 C (lit. [19] m .p . 152 °C), |a ] D + 9 9 .8 °  (c =  0.58, chloroform ) (lit. [19] [a ]D 
+  51° (c =  3.0, ch loroform )).

С20Н 22ОГ) (358.4). Calcd. C 67.02; II  6.18. F o u n d  C 66.90: II 6 .25% .

Bciizoylation of benzyl 4,6-O-benzylidene-a-D-glucopyranoside (7)

C om pound 7 (5.0 g) was benzoy lated  w ith  N -benzoy lim idazo le  (p rep ared  from  1.94 g 
of im idazole and 1.90 g o f benzoyl chloride in 60 m l o f  ch loroform ) as described above for 1. 
T he c ry sta lline  p ro d u c t (4 .9  fl) W! is ch ro m ato g rap h ed  on Kieselgel G (150 g) using  a b en zen e- 
m eth an o l (99 : 1) sy s tem  as th e  e lu an t.

R f  0.84 fraction : B enzyl 2 ,3 -d i-0 -benzoy l-4 ,6 -0 -benzy lidene-a-D -g lucopyranoside  (10 ). 0.75 g 
(9 .5 % ), m .p. 121 123 °C (from  e thano l). |a ] D | 98.1° (c 0.5, chloroform ).

C31H 3()0 8 (566.6). Calcd. C 72.07:11 5.33. F o u n d  C 72.15; H  5 .40% .
R j  0.23 frac tion : B enzyl 2 -0-benzoyI-4 ,6 -0 -benzy lidene-a-D -g lucopyranoside  (8 ) . 2.55 g (4 0 % ) 
m .p . 63 — 64 °C (from  e th a n o l), [oc]D -f 109.5° (c =  0.82, chloroform ).
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IR  (K B r): 3400 c m -1 (h y d ro x y l) , 1720 cm 1 (carbony l).
C27H 260 7 (462.5). Calcd. C 7 0 .1 Í: H  5.67. F o u n d  C 70.85: H 5 .78% .

R f  0 .30 frac tio n : Benzyl 3 -0 -b en zo y l-4 ,6 -0 -b en zy lid en e-a-D -g lu co p y ran o sid e  (9 ). 0.75 g (1 1 .8 % ) 
m .p . 182 — 183 °C (from  e th a n o l). [a ]D + 4 6 °  (c =  0.53, chloroform ).

I R  (K B r): 1700 c m -1 (carb o n y l).
N M R  (in CDC13): ő =  7 .8 9 - 7 .2 6  (m , 15H , a ro m .); 5.51 (t, Ш , C3-H ); 5.38 (s, 1H.

С Я -P h ) ;  4.94 (d, 1H, Cr H , J 12 =  1.8 H z); 4.58 (q, 2H , benzy l); 4 .4 6 -3 .4 8  (m , 5H , sk e le to n  
p ro to n s ) ;  2.38 (broad, 1H , C2-O H ).

C27H 260 7 (462.5). Calcd” C 70.11; H  5.67. F o u n d  C 70.89: H  5 .85% .

Benzyl 2 -0 -lienzoy l-/L 6-0-beiizyliclene-3-0-niethyl-a-D -glucopyraiiosicle  (1 1 )

C om pound 8 (100 m g) w as m e th y la te d  w ith  d iazo m eth an e  in d ich lo ro m eth an e  (2 m l) 
in  th e  p resence  of boron tr if lu o rid e  e th e ra te  (0.08 m l) as described above for 5. R e c ry s ta lliz a 
tio n  o f  th e  crystalline residue fro m  e th an o l (5 m l) gave 11 (50 m g: 48%)» m .p . 108 109 °C,
[oc] d + 1 3 3 °  (c =  0.38, ch loroform ), R r  0.42 (benzene—m eth an o l. 99 : 1).

I R  (K B r): 1720 c m -1 (ca rb o n y l) .
5 m g of 11 was c o n v e rte d  in to  l ,2 ,4 ,5 ,6 -p e n ta -0 -a c e ty l-3 -0 -m e th y l- i)-so rb it  in the  

u su a l  m a n n e r  (R T 12.15 m in).

Benzyl 3 -0 -benzoy l-4 ,6 -0 -b en zy lid en e-2 -0 -m eth y l-a -D -g lu co p y ran o sid e  (1 2 )

C om pound 9 was m e th y la te d  w ith  d iazo m eth an e  as described  above for 11. 60 m g of 12 
w as o b ta in e d  afte r c ry sta lliz a tio n  o f th e  sy ru p y  crude  p ro d u c t from  e th an o l (5 m l) (5 8 % ), m .p. 
1 8 4 — 185 °C, [oc]d + 5 5 °  (c =  0 .44 , ch loroform ), R f  0.58 (benzene—m eth an o l, 99 : 1).

IR  (K B r): 1720 c n r 1 (carb o n y l).
N M R  (in CDCI3): Ó =  7 .8 9 - 7 .2 6  (m , 15H. a ro m .); 5.73 (t, 1H , C3-H ); 5.40 (s. 1H. 

С Я -P h ) ;  5.02 (d, 1H, Cr H , J ,  „ =  1.4 H z): 4.68 (q, 2H , benzy l); 4 .2 5 -  3.42 m , 5 H , skeleton  
p ro to n s ) ;  3.32 (s, 3H, С2-О С Н ’).

5 m g of 12 was conver ted  in to  l ,3 ,4 ,5 ,6 -p en ta -0 -ace ty l-2 -0 -m e th y l-D -so rb i t  in th e  usual 
m a n n e r  ( R j  11.66 m in).

E x am in atio n  o f acyl m ig ra tion  in  benzyl 2-O -benzoyl- 
-4 ,6 -O -benzylidene-a-D -g lucopyranoside  (8 )

A so lu tion  of 8 (0 .50  g) in  ace to n e  (25 m l) was m ixed w ith  0.05M  N aO H  so lu tio n  (25 ml) 
a n d  th e  m ix tu re  was allow ed to  s ta n d  a t  room  te m p e ra tu re  fo r 1 m in . I t  was th en  p o u red  in to  
ic e -w a te r , filte red  and th e  solid w h ich  p re c ip ita te d  w as w ashed w ith  w a te r  u n t il  n e u tra l:  
it w as th e n  recrysta llized  from  e th a n o l (9 m l) to  affo rd  375 m g (7 5 % ) of benzy l 3-O -benzoyl- 
-4 ,6 -O -benzy lidene-a-D -g lucopyranoside . (9), m .p. 182 — 183 °C, [a]0  +  46.8 0 (c =  0.62,
ch lo ro fo rm ). R f  0.31 (b e n ze n e -m e th a n o l, 99 : 1).

I R  (K B r): 1700 c m " 1 (carb o n y l).
*

T h e  au th o rs’ th an k s  a re  d u e  to  th e  A lexander von  H u m b o ld t F o u n d a tio n  fo r th e  P erk in - 
E lm e r  700 IR  sp e c tro p h o to m ete r p re sen ted  to us.
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POLYMERIZATIONS IN LIQUID CRYSTALS, I
V IN Y L  O L E A T E

Gy. H a r d y , F .  C s e r , N. F e d o r o v a  a n d  M. B á t k y *

( R e s e a r c h  I n s t i t u t e  f o r  t h e  P l a s t i c s  I n d u s t r y ,  B u d a p e s t )

R eceived  A u g u s t  25, 1976Í in revised  fo rm  J a n u a r y  20, 1977

K inetics o f po ly m eriza tio n  of v iny l o lea te  w as s tud ied  in  th e  liq u id , liq u id  
c rysta llin e  (tw o  ty p e s  o f sm ectic), and  solid c ry s ta llin e  s ta tes . I t  was estab lish ed  th a t  
th e  ra te  o f p o ly m eriza tio n  was the  low est, b u t  th e  po ly m er show ed th e  m o st reg u la r  
s tru c tu re  in th e  sm ectic  liqu id  crysta lline  s ta te  being  a high-m olecular w e igh t c ry s ta l
line p ro d u c t. In  th e  liqu id  s ta te s , only o ligom ers are  fo rm ed  because of th e  d o m in a tin g  
d eg rad a tiv e  chain  tran sfe r. In  solid s ta te  th e  p o ly m eriza tio n  proceeded p ro b a b ly  by  
ionic  m echan ism  p ro d u c in g  lower m olecular w e ig h t p ro ducts .

In  th e  in v e s tig a tio n s  of so lid -sta te  p o ly m eriza tio n s , i t  was e s ta b lish e d  
in  our lab o ra to rie s  th a t ,  besides a fav o u rab le  p re a rra n g em e n t of th e  m olecu les, 
a su itab le  m olecu lar m o b ility  teas req u ired  fo r  th e  po lym eriza tion  p rocesses. 
I t  w as observed  th a t  po lym eriza tions p ro ceed ed  m ore rap id ly  in th e  su p e r
cooled liqu id  s ta te  since a p rea rran g em en t b efo re  th e  c ry sta lliza tio n  a n d  an  
a p p ro p ria te  m o lecu lar m o b ility  were s im u lta n e o u s ly  realized [1]. In  th e  lig h t 
o f these  o b se rv a tio n s , i t  seem ed p a rtic u la rly  p ro m is in g  to  discover th e  re g u la r i
ties of p o ly m eriza tio n  processes in th e  m eso m o rp h o u s liqu id  c ry s ta llin e  s ta te
[2]. As a re su lt o f ou r p rev ious stud ies, p o ly m eriza tio n s of cety l v iny l e th e r  [3] 
an d  cho lestery l a c ry la te  [4, 5] in th e  solid an d  liqu id  crystalline s ta te  tvere 
re p o rte d .

S tud ies on th e  sy n th es is  and  c h a ra c te r iz a tio n  of liquid c ry sta llin e  m o n o 
m ers w ere opened  w ith  v iny l oleate as m odel com p o u n d  in 1965. J u s t  as th e  
ex p e rim en ta l w ork  w as com pleted , A m e r i k  an d  K r e n t s e l  [6 ,  7 ]  p u b lish e d  
th e ir  re su lts  on th e  po lym eriza tio n  of v in y l o lea te  w hich delayed th e  p re se n 
ta tio n  of our resvdts. S ince th a t  tim e , how ever, a lo t o f our ex p e rim en ta l w ork 
has accu m u la ted  a b o u t th e  po lym eriza tion  p rocesses in th e  liqu id  c ry s ta llin e  
s ta te . I t  led us to  th e  concep tion  to  p re sen t th e  observa tions concern ing  v in y l 
o lea te  before th e  p u b lica tio n  of these  re su lts .

Experimental

V inyl o leate  w as p re p are d  by  tran ses te rif ic a tio n  o f v iny l ace ta te  by  oleic acid  acco rd in g  
to A d e l m a n  [8]. C h a rac te ris tic s  o f  th e  p ro d u c t a re  as follow s: boiling po in t: 205 °C a t  4 to rr, 

=  1.4533, d f  =  0.8725 g • c m - :l. R M =  95.32 ( th eo re tic a l: 95.28). C%  77.80 ( th e o 
re tica l: 77 .60% ), H %  11.25 (th eo r: 11.37% )

* Inc luded  som e n o tab le  resu lts  of her g ra d u a tio n  th es is  p repared  a t the  D e p a r tm e n t 
o f P lastic s and R u b b e rs , T echn ica l U niversity  o f B u d a p e s t,  in 1967.
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C h arac te ris tic  tra n s fo rm a tio n  tem p e ra tu res  o f v in y l o leate  were d e te rm in ed  b y  o p tica l 
(u s in g  Zeiss po lar m icroscope), d iffe ren tia l th e rm a l an a ly tic a l, and  v iscom etric  (in  H ö p p le r  
c o n s is to m e te r)  m ethods [3, 4, 9]. Changes in  th e  d e n s ity  were de tected  b y  d i la to m e try  of 
25 g o f  th e  m aterial.

P o ly m eriza tio n s w ere c a rried  ou t in  glass am p o u les u n d e r N2 atm osphere  d e so x y g en a ted  
b y  free z in g  e ither by  Со у  ra y  or b y  A ZB N  in itia tio n . Conversions were d e te rm in e d  g rav i- 
m e tr ic a lly  by  p rec ip ita tio n  of th e  p o ly m er from  th e  p e tro leu m  e th e r so lu tion  of th e  i r ra d ia te d  
sa m p le s  using  m ethano l a t  78 °C. M olecular w e ig h t o f th e  polym ers was m ea su re d  by  
c ry o sc o p y  in  benzene solu tions.

X -ra y  d iffrac tog ram s w ere reco rded  in D e b y e-S ch e rre r cam era  w ith  ra d ia n  d ia m e te r  
b y  Cu К -a rad ia tio n  f ilte red  b y  N i. T he sam ple p re p a ra tio n s  were sucked in to  0.2 m m  dia. 
c a p il la ry  tu b e s  and were te m p e ra te d  ax ia lly  b y  a ir coo led  in  a d ry  ice/acetone b a th . T h e  te m 
p e r a tu r e  o f th e  cooling a ir w as m o n ito red  a t  th e  o u tle t  b y  a co p p er-co n stan tan  th e rm o co u p le .

R esults and d iscussion

D T A , d ila to m etric , p o la r  op tical, a n d  v iscom etric  resu lts  for th e  v in y l 
o le a te  m onom er are show n in Fig. 1. I t  can  be seen th a t  v iny l o lea te  is an  
iso tro p ic  liquid  above 8  °C; betw een 8  an d  26 °C, it  is in  sm ec tic  I 
s ta te ;  betw een  -2 6  an d  36 °C in  sm ectic  I I  s ta te ; below 36 °C, it  is 
c ry s ta llin e . Fig. 2 show s t h a t  th e  v iny l o lea te  can  he charac terized  b y  b a to n e t  
s t r u c tu r e  in  th e  sm ectic I  s ta te  a t  10 °C w hile i t  has a focal-conic s tru c tu re  
in  th e  sm ectic I I  s ta te  a t  —30 °C. A t — 59 °C i t  is m icrocrysta lline . T hese 
o b se rv a tio n s  differ from  th o se  o f A m e r ik  a n d  K r e n t se l  [6, 7] co ncern ing  
th e i r  te m p e ra tu re  va lues. T h ey  used on ly  D T A  m easurem ents o b se rv in g  one 
tr a n s fo rm a tio n  a t 18 °C from  iso trop ic  l iq u id  in to  crysta lline  l iq u id  and  
a n o th e r  one a t 45 °C in to  th e  c ry sta llin e  s tru c tu re , in  th e  cooling period .

F ig. 1. P h a se  conditions o f v in y l oleates. 1. D T A , 2. d ila to m etric , 3. d ep o la rized  lig h t 
in te n s ity , 4. v iscosity  change b y  th e  tem p era tu re
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о )

b)

c)
F ig . 2. The po laro p tica l p a tte rn  o f vinyl o leate. a) —10 °C, b ) 30 °C, c) -59  °C

M agnification: X l5 0

D u rin g  heating , one tra n s fo rm a tio n  was reco rd ed , from  th e  c ry s ta llin e  in to  
th e  liqu id  c ry sta llin e  s ta te  a t  32 °C. T h ey  failed  to  p resen t th e  s tru c tu re  
a n d  ty p e  of th e  liq u id  c ry s ta llin e  s ta te . F a r i n k a -Ma r t in s  [1 0 ]  also detec ted  
tw o  m esom orphous s ta te s .
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F ig . 3. T h e  kinetic  curves o f v in y l o lea te  in  the  liqu id  s ta te  a t  80 °C ( Д  ), 72 °C ( X ) a n d  60 °C 
( O )  in it ia te d  b y  0 .5 %  w/w of azo b is-(iso b u ty ro n itrile )

275 2.8 2.85 2.9 2.95 3.0 3.05
103 1/T

F ig . 4 . T h e  tem p era tu re  d ep en d en ce  o f th e  p o lym eriza tion  ra te  o f v iny l oleate in it ia te d  by  
azo b is-(iso h u ty ro n itrile ) in  liq u id  s ta te

W e found a sh ift in  th e  ra n g e  of the liqu id  c ry s ta llin e  s ta te  in  th e  presence 
o f p o ly m e r . A t a po lym er c o n te n t  of 3% , th e  ra n g e  o f th e  liqu id  c ry sta llin e  
s t a te  is  betw een  18 an d  43 °C (in ag reem en t w ith  th e  values g iven  by 
A m e r i k  and  K r e n t s e l ) w hile  fo r 30%  of p o ly m er, th e se  lim it va lues are 

21 a n d  52 °C.
F ig u re  3 presen ts th e  k in e tic  curves for th e  p o ly m eriza tio n  of v in y l o leate 

in  th e  liq u id  s ta te  in itia te d  b y  0 .5 %  w/w azo b is-(iso b u ty ro n itrile ). T h e  ra te s  
o f liq u id -p h a se  p o ly m eriza tio n s are  shown in  F ig . 4 as a fu n c tio n  of te m p e ra 
tu r e .  T h e  overall a c tiv a tio n  e n e rg y  of th e  p o ly m eriza tio n  is 80 k j/m o le . The 
p o ly m e r  prepared  is a lig h t ye llo w  tra n sp a re n t so ft m a te ria l, a t  room  te m p e ra 
tu r e  su ggesting  am orphous s t ru c tu re  and low m o lecu la r w eight.

F ig u re  5 shows th e  k in e tic  cu rves for th e  g a m m a-ray -in d u ced  p o ly m eriza 
tio n s  o f  v iny l oleate a t  v a r io u s  tem p era tu res . I t  can  well be observed  th a t  
th e  r a t e  o f po lym erization  is th e  h ighest in  th e  liq u id  s ta te  a t  40 °C th a n  in 
th e  so lid  s ta te  a t 196 an d  —78 °C. The n e x t one in  th e  o rd er of th e  p o ly m eri
z a tio n  ra te s  is th a t  a t  0 °C, i.e . th e  po lym eriza tion  in  th e  liqu id  s ta te  follow ed 
b y  th o s e  in  th e  liquid c ry s ta llin e  s ta te  coinciding th e  ra te s  of po lym eriza tio n s
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Fig. !>. T he po ly m eriza tio n  k in e tica l curves o f v in y l o lea te  in itia te d  by  y -ray s a t  0 °C ( 0 ) i  
25 °C (® ) , 40,°C  ( • ) .  - 1 2  ° С (Д ) ,  25 °C ( ■ ) .  34 °C ( □ ) ,  78 °C ( x )  a n d  - 1 9 6  °C (a ).

Dose ra te : 6 .6 ‘104 ra d /h

Fig. 6. T he te m p e ra tu re  d ependence  o f th e  p o ly m e riza tio n  ra te  o f vinyl o lea te  in it ia te d  by  
Со у  rays. О =  liq u id , ф  — liq u id  c ry s ta llin e , ©  =  solid s ta te

m easu red  a t  th re e  d iffe ren t te m p e ra tu re s  p ra c tic a lly  on th e  sam e  s tra ig h t 
line. Fig. 6  illu s tra te s  th e  te m p e ra tu re  d ep en d en ce  of th e  p o ly m eriza tio n  
ra tes. T he overa ll a c tiv a tio n  energy  o f  th e  rad ia tio n -in d u ced  liq u id -s ta te  
p o ly m eriza tio n  is 24 k j/m o le . I t  is in  fa ir  a g re e m e n t w ith  th e  o v era ll a c tiv a 
tio n  energy  o f  th e  p o ly m eriza tio n  in it ia te d  b y  azob is-(iso b u ty ro n itrile ) con
sidering th a t  th e  ac tiv a tio n  energy  of th e  th e rm a l decom position  o f  azobis- 
( izo b u ty ro n itrile ) is ab o u t 130 k j/m o le .

E v e n  th e  ra te s  o f po lym eriza tio n s p re se n te d  here d ev ia te  fro m  those  
found  b y  A m e r i k  and  K r e n t s e l . T hey  m easu red  th e  h ighest p o ly m eriza tio n  
ra te  a t  25 °C, i.e. in  th e  liq u id  c ry sta llin e  s ta te . T hey  observed  low er ra te  
a t  0 °C in  th e  liqu id  s ta te  an d  th e  low est v a lu e  a t  78 °C in  th e  so lid  s ta te . 
This considerab le  d ifference m a y  be cau sed  b y  th e  fac t th a t  A m e r i k  and  
K r e n t s e l  follow ed th e  conversion  b y  m e a su rin g  th e  changes in  th e  re frac tio n
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F ig . 7. T h e  conversion  depen d en ce  o f  th e  m olecular w e ig h t o f  po ly  v iny l o leate  p re p a re d  in 
th e  solid s ta te  a t  —78 °C b y  y -ray  in it ia tio n . D ose ra te : 6 .6’104 ra d /h

Fig. 8. T h e  dose ra te  dependence o f  th e  solid s ta te  p o ly m e riza tio n  of v inyl o leate  a t  - 7 8  °C

in d e x  o f  th e  polym erizing sy s tem  in c o n tra s t w ith  our g rav im etric  m e a su re 
m e n ts  o f  th e  p repared  p o ly m er. M olecular w eig h t a n d  s tru c tu re  of th e  p o ly m ers  
fo rm e d  in  th e  th ree  d iffe ren t s ta te s  differ co n sid e rab ly  from  each o th e r . C on
s e q u e n tly , i t  is probable  t h a t  th e  changes in  th e  re frac tio n  index  d e te c t n o t 
o n ly  th e  conversion  b u t th e y  re flec t th e  re g u la r  o r irreg u la r s tru c tu re  o f th e  
p o ly m e r  p ro d u c t and  its  isom o rp h ism  w ith  th e  m onom er too.

D u r in g  th e  liq u id -s ta te  p o ly m eriza tio n  o f  v in y l o leate, only o ligom ers 
are fo rm e d . I t  m ay be a t t r ib u te d  to  th e  e n h a n c e d  m obility  of m e th y le n e  
g ro u p s  in  a lp h a  position  to  th e  double bond  o f  th e  u n sa tu ra te d  f a t ty  acid  
s u b s t i tu e n t ,  th u s  th e  s u b s ti tu t io n  reac tion  o f th e  p ro p ag a tin g  ra d ic a l w ith  
th e  m o b ile  hydrogens (d e g ra d a tiv e  chain tra n s fe r )  m ay  com pete w ith  th e  
p ro p a g a t io n  reaction  a t a co m m en su rab le  ra te . I t  c an  be su p p o rted  b y  ea rlie r 
in v e s t ig a tio n s  on v inyl o lea te  [11, 12] w here th e  in h ib itin g  effect o f 10 %  of 
v in y l o le a te  was revealed  on  th e  po lym eriza tio n  o f  v in y l s tea ra te .

I n  th e  so lid-sta te  p o ly m e riz a tio n  of v in y l o lea te , essen tia lly  o ligom ers 
are  fo rm e d  as well. Fig. 7 show s th e  dependence  o f  th e  degree of p o ly m e riz a 
tio n  o n  th e  conversion fo r p o ly m ers  o b ta in ed  a t  78 °C. The ra te  o f th e  ra d ia -
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Table I

X -ra y  diffraction identity periods o f  v iny l 
oleate in  A  un its and o f  po ly  ( v inyl oleates)  fo rm ed  in  different phases

Subst. VO (—20 °C) VO (20 °C) PVO—L PVO—LQ PVO—s

m. p . °C —8(SI), —16(S2) —36(C) —20 38 -40 25—30

d(001) 9 9 27.7 9
?

d(003) — 8.83 m 8.30 in

d(100) - 5.50 v .s . - — -

d(110) - - 4.45 v .s . 4.58 v .s . 4.45 v .s .

d ( l l l ) 4.15 v .s . — 4.15 v .s . 4.15 s 4.14 s

d(020) 3.68 m 3.66 m — — -

— 3.30 m 3.30 m 3.31 m

— - — 3.16 w 3.16 m

- - 3.10 w 3.09 w —

— - - 2.47 w —

— - — 2.21 v .w . —

— - — 2.11 v .w . —

? =  Non app ra isab le  because of shielding by  th e  screening shade 
v.s. =  v e ry  strong, 
s - strong , 
m  =  m edium , 
w =  w eak, 
v .w . =  v e ry  weak.

tio n -in d u ced  so lid -s ta te  p o lym eriza tion  is p ro p o rtio n a l to  th e  1.1 pow er of 
th e  dose ra te  w hich  ap p ea rs  to  exclude th e  p o ss ib ility  o f a b im olecu lar te rm i
n a tio n  (F ig. 8).

P o lym ers o b ta in e d  in  th e  sm ectic liq u id  c ry s ta llin e  s ta te  have  h igher 
m o lecu la r w eigh t an d  c ry sta llin e  s tru c tu re . T h e  p rin c ip a l ch a rac te ris tic s  
o f oligom ers an d  po ly m ers  p roduced  in d iffe ren t w ays are  co llected  in  T ab le  I. 
I t  is well p ercep tib le  from  th e  d a ta  th a t  th e  s tru c tu ra l  differences are  re flec ted  
b o th  in  m elting  p o in ts  an d  in  X -ray  d iffrac tio n  angles reco rded  a t  am b ien t 
an d  su b am b ien t te m p e ra tu re s . I t  should  be n o te d  th a t  po lym ers o b ta in ed  
e ith e r  in  th e  solid or in  th e  sm ectic s ta te  a re  b ire frin g en t an d  have  sh a rp  
m e ltin g  po in t. A ccord ing  to  th e  X -ray  d iffrac tio n  m easu rem en ts , th e  po lym er 
p ro d u ced  in th e  solid  s ta te  rep resen ts a sm ectic  s tru c tu re  ex h ib itin g  ortlio-
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rh o m b ic  subcells w hereas t h a t  from  th e  liqu id  c rysta lline  s ta te  show s an  o r th o 
rh o m b ic  crysta lline  s tru c tu re  id e n tic a l to  th a t  o f th e  p a ra ffin s . A sim ilar 
s t ru c tu re  w as ind ica ted  for th e  ce ty l v in y l e th e r  below  12 °C [3].

T h e  s tru c tu re  o f sm ec tic  m a te ria ls  w as d iscussed b y  S a c k m a n n  and  
D e m u s  [13], C h i s t y a k o v  [14], d e  V r i e s  an d  F i s c h e l  [15], an d  D o u c h e t  

et al. [15]. B y  a com parison  w ith  th e ir  X -ra y  d iffrac to g ram s, th e  d iffrac tio n  
p a t te r n s  o f v iny l o leate an d  p o ly (v in y l o leate) suggest th a t  th e  s tru c tu re  of 
th e  m o n o m e r in  th e  sm ectic  I  an d  I I  s ta te s  is Sa a n d  Sc, re sp ec tiv e ly , w hile 
t h a t  o f  th e  polym er fo rm ed  in  th e  liq u id  and  solid s ta te  is Sa again  a n d  Se , 
re sp e c tiv e ly .

I t  shou ld  be n o ted  now  t h a t  th e  m onom er en cap su la ted  in  th e  cap illa ry  
tu b e  w as reh ea ted  to  -)-2 0 oC a f te r  i ts  chilling  a t  - 20 °C. T he X -ra y  d iffrac 
tio n  p a t te r n  of th is  sam ple w as am az in g  show ing sh a rp  reflex ions (cf. R ow  2 
of T a b le  I) . An exact in te rp re ta t io n  o f th is  phenom enon  c a n n o t be g iven  a t 
p re se n t.

A s a conclusion o f th ese  e x p e rim e n ta l re su lts , th e  p rev a len ce  o f th e  topo- 
ta c t ic  fa c to r  has well been ev in ced  b y  th e  p o ly m eriza tions in  th re e  s ta te s . 
In  th e  l iq u id  s ta te , th e  allylic do u b le  bon d s in  th e  carbon  ch a in  can  g e t in to  
c o n ta c t  w ith  th e  rad icals fo rm ed  on th e  v in y l ester w hich  h in d ers  th e  fo rm a 
tio n  o f  h igh-m olecu lar p o lym er ch a in s . In  th e  liqu id  c ry sta llin e  s ta te s  th e  doub le  
b o n d s  in  th e  side chain  an d  on  th e  v in y l e s te r are ste rica lly  se p a ra te d , due  to  
th e  g a th e r in g  of m olecules in to  lay e rs , so po lym ers w ith  h ig h er m o lecu la r 
w e ig h t a re  form ed. In  solid s ta te  th e  a c tiv a tio n  energy  of p o lym er fo rm a tio n  
is n e g a tiv e , th e  m olecular w e ig h ts  tu r n  to  be decreased . T he to p o ch em ica l 
b e h a v io u r  d id  no t change m a rk e d ly  b y  th is  tra n sfo rm a tio n , th e re fo re  i t  seem s 
to  be  h ig h ly  p ro b ab ly  th a t  th e  p rocess is m a in ly  ionic.
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RECENSIONES

L. B a r c z a : The hydrogen bond ( In  H u n g arian )
A  kém ia  újabb eredm ényei 31. kötet

(E d ito r :  C sákvári B éla)

A k ad ém ia i K iadó , B u d ap est, 1976. 175. pages, 10 figures

T he a u th o r  deals w ith  th e  physical-chem ical p h en o m en a  acco m pany ing  th e  dev elo p 
m e n t o f in te r-  an d  in tra m o le cu la r  hydrogen  bonds, th e  n a tu re  o f th e  h y d rogen  bond , its  th e r 
m o dynam ica l ch ara c te ris tic s , an d  th e  theo re tica l re su lts  a n d  prob lem s con n ec ted  w ith  th e  
ab o v e-m en tio n ed  to p ic s  are  also surveyed.

In  th e  in tro d u c to ry  p a r t  (22 pages), th e  d e fin itio n , th e  p rob lem s in vo lved  in  i t  a n d  th e  
p reco n d itio n s o f th e  fo rm a tio n  o f th e  hydrogen  bond  are  considered , th en  th e  sy s tem atic  classi
f ica tio n  of in te r-  and  in tra m o le cu la r  bonds is given.

In  th e  second p a r t  o f  th e  book, th e  a u th o r gives a v e ry  in te re s tin g  an d  v a luab le  su m m ary  
of th e  p h en o m en a  acco m p an y in g  th e  fo rm atio n  of th e  h y d ro g en  bond , as well as th e  re sp ec tiv e  
ex p erim en ta l m eth o d s (90 pages). T he sim ple p h y sical-ch em ical anom alies a re  d iscussed  a p p e a r
ing  in th e  gas an d  liqu id  ph ase  an d  in m ix tu res (so lu tio n ) due to  th e  fo rm atio n  o f hy d ro g en  
b o nds (in  d en sity , so lu b ility , m eltin g  po in t, boiling  p o in t,  su rface  tension , v iscosity , e tc .). 
M ethods su itab le  fo r s tu d y in g  th e  n a tu re  of hydrogen  bo n d s, includ ing  tech n iq u es based  on 
th e  m easu rem en t o f sim ple  physical p ro p erties , as well as th e  resu lts  and  possib ilities p ro v id ed  
b y  th e  v a rio u s spec troscop ic  tech n iq u es (IR , UV, N M R ), are  review ed.

T h erm o d y n am ics o f h y d ro g en  bond  is discussed in  a b o u t 10 pages, w ith  p a r tic u la r  a t te n 
tio n  to th e  co rre la tio n  o f e n th a lp y  an d  e n tro p y  values. H y d ro g en  bonds in solid s ta te  a re  sh o rtly  
m en tio n ed , th e n  th e  bond  th e o ry  is applied  to th e  p ro b lem s d iscussed  in  p rev ious c h a p te rs  o f 
th e  book.

T he book  prov ides a com prehensive  in fo rm atio n . T he 236 references in d ic a te  th e  wide 
fie ld  discussed. A p a r tic u la r  v a lu e  of th e  book is th e  p re se n ta tio n  of 60 tab le s  w hich  allows 
ev a lu a tio n  of th e  re su lts  o f v a rio u s au th o rs , m ethods a n d  th u s  gives a  good su m m ary  of v a lu ab le  
in fo rm a tio n . T he book  calls a tte n tio n  to  a field r a th e r  n eg lected  b u t  gain ing  an  in creas in g  
im p o rta n ce  now .

F . R a t k o v i c s

Structure and  Bonding. V olum e 25. Rare Earths.

Springer-V erlag , B erlin  H eidelberg  — N ew  Y o rk , 1976. 154 pages

V olum e 25 of th is  v e ry  successful book series d eals w ith  th e  prob lem s of th e  s tru c tu re  
o f com pounds of lan th a n id e s  an d  actin ides, and p resen ts  th re e  review s.

In  a sh o rt m o n o g rap h  (consisting  of 18 pages) b y  С. K . J o r g e n sen  on “ N arro w  
B an d  T herm olum inescence  o f R are  E a rth s  in  A uer M an tles”  th e  a u th o r  ac tiv e  in  th is  field
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g iv es  a  com prehensive su rv e y  o f  researches dealing  w ith  th e  “ n arrow  b an d  th erin o lu m in es- 
c en c e ”  o f  th e  ra re  e a rth  m eta ls . T h e  a u th o r  p re sen ts  a n u m b er of fac ts  o f im p o rta n c e  b o th  
fro m  th e o re tic a l and p rac tica l a sp e c ts  on th e  lig h t em ission  of th e  m ixed  oxides o f lan th a n id e s  
a t  h ig h  tem p e ra tu re  w hich em iss io n  occurs in a w ay  sim ila r to  th a t  of A uer m an tle s . T he com 
p a r is o n  w ith  the  d-group e le m en ts , th e  d iscussion of th e  h y p ersen sitiv e  tra n s it io n s  an d  the  
c h a p te r  tre a tin g  the  p rob lem s o f  th e  a p p lic ab ility  o f b u rn e rs  o f th is  ty p e  in  illu m in a tin g  
e n g in e e r in g  are of p a r ticu la r  in te re s t .

T h e  s tru c tu ra l la y o u t o f th e  m on o g rap h , how ever, is n o t fo r tu n a te . F ir s t  o f  all, th e  
th e o re t ic a l  in troduction  is o b jec tio n a b le . T he a u th o r  begins th e  d iscussion w ith  e lem en ta ry , 
h is to r ic a l  spectroscopical c o n cep ts  (su ch  as F ra u n h o fe r lines, a c tiv ity  o f B u n s e n  a n d  K i r c h o f f ) 
F ro m  th is  one m ight conclude t h a t  th e  m o n o g rap h  is in te n d e d  fo r read e rs  h a rd ly  versed  in 
th is  f ie ld . H ow ever, in  th is  case i t  w ould  be n ecessa ry  to  c learly  define a t  lea s t th e  co n cep t of 
lu m in e sc en c e  and w ith in  th is  t h a t  o f  th erm o lu m in escen ce  m en tio n ed  in  th e  t itle  o f th e  m onog
r a p h  since  th is  la tte r  te rm  is u se d  b y  th e  a u th o r  not in  i ts  m o st w idesp read  sense. (R elease 
o f s to re d  energy  orig inating  fro m  a n  earlie r en erg y  tra n s fe r , e.g. from  ra d io a c tiv e  ra d ia tio n , in 
th e  fo rm  o f  ligh t, on the  effect o f h e a tin g .)  T his is m en tio n ed  on ly  a t  th e  end of th e  m o n o g rap h , 
a n d  t h a t  is too  late  from  th e  a sp e c t o f  u n d e rs ta n d a b ili ty , a llud ing  to  th e  re m a rk  b y  P rofessor 
R e i s f e l d  p o in t to  the  use o f  th e  te rm  in  q u estio n . I t  w ould  have  been  m ore u n e q u iv o c a l to  
d e n o te  th e  discussed p h en o m en o n  b y  th e  a lte rn a tiv e  nam e “ n arro w  sp ec tra l b a n d  in can d es
c en c e ”  g iv en  a t  the  end of th e  te x t .

T h e  46-page review  b y  E . C. B a k e r , G. W . H a lstea d  an d  K . N. R a y m o n d  e n title d  
“ T h e  S tru c tu re  and B onding o f 4 f a n d  5f Series O rg an o m eta llic  C om pounds”  p re sen ts  an  excel
le n t  su rv e y  of the  syn thesis, k in e t ic  s ta b ili ty  an d  o th e r  chem ical p ro p e rtie s  o f th e  co m pounds 
m e n t io n e d  in  th e  title , and  th e  s t ru c tu ra l  d a ta  concern ing  these  com pounds are g iven  in  detail. 
I t  is p o in te d  o u t by  the  a u th o rs  t h a t  th e  fo rm al co o rd in a tio n  n u m b er is a fu n c tio n  o f th e  ligand  
sy s te m . T h e  s tru c tu ra l p a ra m e te rs  a n d  chem ical p ro p e rtie s  o f th e  o rg anom eta llic  co m pounds 
o f  th e  4 f  a n d  5f series in d ic a te  t h a t  th ese  co m pounds are  rep re sen tin g  a tra n s it io n  be tw een  
th e  c o m p o u n d s  of covalen t c h a ra c te r  o f th e  d -g ro u p s an d  th e  p ro p erties  o f th e  carbocyclic  
a lk a li  m e ta l  sa lts  of ionic c h a ra c te r . T h e  ru les d e riv ab le  from  th e  V S E P R  th eo ry  a re  essen tia lly  
w ell a p p lic a b le  to the  m o lecu la r g e o m e try  of th e  d iscussed  com pound  ( i t  w ould  h a v e  been 
f o r tu n a te  i f  th e  au tho rs h a d  m e n tio n e d  th is  c ircu m stan ce  in th e ir  t e x t !). F o r th e  
g ro u p  o f  th e  organom etallic  co m p o u n d s of iso s tru c tu ra l lan th a n id e s  and  ac tin id es em pirical 
re la tio n s h ip s  are p resen ted  b y  th e  a u th o rs  as reg ard s  th e  bond  d istances and  co o rd in a tio n  
n u m b e rs .

T h e  81-page d e ta iled  re v ie w  b y  S. P . Sh in h a  e n title d  “ S tru c tu re  an d  B o n d in g  in  
H ig h ly  C oord inated  L a n th an id e  C om plexes”  deals w ith  th e  p ro p e rtie s  o f la n th a n id e  com 
p o u n d s  w ith  low and h igh c o o rd in a tio n  nu m b ers . O bv iously , co o rd in a tio n  n u m b ers  below  six 
a re  r a th e r  ra re  am ong the  la n th a n id e s ,  an d  th u s  th e  a im  se t by  th e  a u th o r , i.e. th e  s tu d y  of th e  
re la tio n s h ip  betw een th e  s tru c tu ra l  p a ram e te rs  an d  th e  chem ical bond , is a tta in e d  in  fa c t in  
th e  k n o w le d g e  of the d a ta  c o n ce rn in g  th e  com pounds h a v in g  a h igher co o rd in a tio n . A ccord ing  
to  th e  V S E P R  theory , no g iven  p re fe rre d  s tru c tu re  can  be expected  in  th e  case o f co m pounds 
h a v in g  h ig h e r  coordination  n u m b e rs ;  d a ta  o f th e  l ite ra tu re  confirm  a c tu a lly  th e  ex is ten ce  of 
s t r u c tu r e s  h av in g  diversified sy m m etries . T he m o st v a lu ab le  fe a tu re  o f th is  s tu d y  is th e  full 
a n d  d e ta i le d  p resen ta tion  of th e  l i te ra tu re  of th e  d iscussed  field  o f them es.

B . C s a k v a r i
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ACTA C H IM IC A

ТОМ 9 4 -В Ы П . 3

РЕЗЮМЕ

З а в и с и м о с т ь  п р о д у к т и в н о с т и  с п е к т р о х и м и ч е с к и х  м е т о д о в  о т  р а з р е ш а ю щ е й  

с п о с о б н о с т и  с п е к т р о г р а ф о в ,  II

К. ФЛОРИАН и М. МАТЕРИИ

Параметрами, характеризующими спектрохимические методы анализа, являются 
относительная чувствительность, относительная точность определения концентрации и пре
дел обнаружения. Изучалась их зависимость от увеличения теоретической разрешающей 
способности спектрографа. Прежде всего, были получены оптимальные величины почерне
ния фона. Изменение теоретической разрешающей способности было достигнуто изменением 
порядка дифракции, использованием решеток с разным числом штрихов на 1 мм и, нако
нец, использованием, так называемого, двойного перехода луча спектрографом.

Было установлено, что повышение теоретической разрешающей способности от 
приблизительно 4- 104 до 1,8- Ю5, связанное со снижением обратной линейной дис
персии, ведет к постепенному повышению относительной чувствительности, вплоть до 
достижения оптимального значения (Вх =  1). Наиболее высокие значения относительной 
точности определения концентрации и предела обнаружения были получены при теорети
ческой разрешающей способности Rreop. =  105. Теоретически обосновано, а также дока
зано на практических результатах, что дальнейшее повышение разрешающей способности 
не ведет к дальнейшему улучшению результатов. Хотя использование двойного перехода 
луча уменьшает в два раза обратную линейную дисперсию, однако, улучшения результа
тов аналитических методов не удалось достигнуть в ожидаемой мере, т. к. имеет место 
эффект светорассеяния. Переход к спектрам более высоких порядков и использование 
решетки с большим числом штрихов на 1 мм более значительно повышают точность ре
зультатов аналитических методов.

При постоянной теоретической разрешающей способности спектрографа наиболее 
эффективно на результаты анализа влияет коэффициент отражательной способности 
решетки.

К о м п л е к с ы  С о ( П ) ,  N i ( I I ) ,  Z n ( I I )  и H g ( I I )  с  х е л а т н ы м  т р и д е н т а т н ы м  л и г а н д с м  

э т и л  2 - ц и а н - 3 , 4 - д и ф е н и л - 4 - г и д р о к с и к р о т о н а т о м

Б. Б. МОХАПАТРА, Б. К. МОХАПАТРА и С. ГУРУ

Были синтезированы комплексы с составом ML2, где М =  Co(II), Ni(I I) и с составом 
MLC1, где М =  Zn(II) и Hg(II), а L-тридентатный лиганд - этил 2-циан-3,4-дифенил-4- 
гидроксикротонат (полученный конденсацией бензоина с эфиром циануксусной кислоты). 
Согласно данным анализа, проводимости, магнитной восприимчивости, ИК и электрон
ным спектрам, комплексы Со(П) и Ni(II) являются октаэдрическими, а комплексы Zn(II) и 
Hg(II) — тетраэдрическими.



К о м п л е к с ы  ш и ф ф о в ы х  о с н о в а н и й  с т и т а н о м ( Ш )  и в а н а д и е м ( Ш )

С. Ф. X. РИЗВИ и Н. АХМАД

Комплексы титана(Ш) с бис-(2-метоксибензилиден)-дианизидином, бис-(2-метокси- 
бензилиден)-бензидином, бис-(бензилиден)-бензидином, бис-(ацетилацетон)-бензидином, бис 
(ацетилацетон)-этилендиимином и бис-(ацетилацетон)-дианизидином, а также ванадия(Ш) 
с бис-(бензилиден)-о-бенилендиимином и 6ис-(2-метоксибензилиден)-о-фенилендиимином 
были синтезированы и охарактеризованы на основе данных элементарного анализа, точек 
плавления, молярной проводимости, термогравиметрического анализа и ИК-спектров. 
Для всех комплексов было обнаружено отношение 1 : 1 (шиффово основание: металли
ческая соль) и лишь один хлор находится вне координационной сферы.

М а г н и т н ы е  и  с п е к т р а л ь н ы е  и с с л е д о в а н и я  к о м п л е к с о в  п е р е х о д н ы х  м е т а л л о в  

с  D L - a - а м и н о м а с л я н о й  к и с л о т о й

ДЖ . П. Н. СРИВАСТАВА и М. Н. СРИВАСТАВА

Были проведены магнитные и спектральные (ИК, УФ и спектры отражения) иссле
дования комплексов Cu(ll), Ni(II), Zn(II) и Pd(II) с DL-a-аминомасляной кислотой, кото
рая координируется через аминовый азот и карбоксилатный кислород. Комплексы Cu(II) и 
Ni(II) парамагнитны; магнитный момент последних равен 1,92 и 3,28 В. М., соответственно. 
Исходя из спектральных исследований было заключено, что комплексы Cu(II) и Ni(11 
обладают шестикратной координацией, а комплексы Zn(II) иРб(11) — четырехкратной. Это 
также указывает на присутствие двух координированных молекул воды в комплексе 
Ni(Il), обладающем, вероятно, искаженной октаэдрической структурой. Комплекс Pcl(II) 
имеет квадратно-планарную структуру.

К о м п л е к с о о б р а з у ю щ е е  п о в е д е н и е  т и о с е м и к а р б а з и д о в  и  т и о с е м и к а р б а з о н о в ,  I

Тетрагональные комплексы никеля(П) с 4-бензиламидотиосемикарбазидом 
и подобным тиосемикарбазоном 

м. с. джэйн и п. с. джэйн
Были приготовлены некоторые новые комплексы никеля(П) с 4-бензиламидотио

семикарбазидом (БТСК) и 1-(а-фурил)-4-бензиламидотиосемикарбазоном (ФБТС) с кобще 
формулой NiL.2X2 (где L =  БТСК и ФБТС, а X =  Cl, Br, J, N 0 3 и NCS). Они были иссле
дованы обычными химическими и физическими методами. Тетрагональная симметрия 
полагалась, исходя из данных магнитных и электроноспектральных измерений. Были 
рассчитаны различные параметры тетрагонального лигандного поля Dq((E), Dp((A) и Dt и 
параметры молекулярных орбиталей de и dn. Присутствие анионов в координированной 
сфере и биденатная природа лигандов подстверждались на основе дополнительных частот 
Ni—N, N i- S h Ni —X, наблюдаемых в далекой ИК-области. Нитратная и тиоцианатная 
группы ведут себя как монодентаты и координированы через атомы кислорода и азота, 
соответственно.

С т е р е о х и м и я  р е а к ц и й  б и о п о л и м е р о в ,  V I

Интерпретация стереоспецифичности гидролиза дипептида, 
катализированного ацилазой-1

Л. ЁТВЁШ, Э. МОРАВЧИК, ДЬ. МАДИ, X. ТЮДЁШ и Ю. ТЕЛЕГДИ

Была исследована интерпретируется стереоспецифичность гидролиза дипептидов, 
катализированного ацилазой-1. В случае, когда a-углеродный атом N-концевой ацильной 
группы находится в D-конфигурации, группа R расположена ближе к каталитической



части фермента, нежели в случае L-соединаний. Стерические препятствия группы в реак
ции между каталитической частью фермента и группой СО субстрата намного большие в 
случае субстратов, содержащих пептиды]с N-концевыми аминокислотами в D-конфигурации 
чем для тех же субстратов в L-конфигурации. В результате этого, скорость гидролиза 
первых на несколько порядков ниже скорости последних.

Полученные результаты интерпретируются на основе фиксированной конформа
ции субстрата в фермент-субстратном комплексе. Вследствие закрепленного расположения 
концевой аммонийной группы и амиднокарбонильной группы, в двух диастереоизомерных 
соединениях взаимно изменяют свое положение лишь атом а-водорода и R-rpynna ациль
ного фрагмента.

П о и с к и  н о в ы х  м е с т н о а н е с т е з и р у ю щ и х  п р е п а р а т о в ,  I I I

Синтез 2-алкилариламиноацетиламино-4-фенилтиазолов
П. к. СРИВАСТАВА, Р. Д. ШАРМА и С. К. РАИ

Были синтезированы серии различных 2-алкилариламиноацетиламино-4-фенил- 
тиазолов и проверена их местноанестезирующая активность.

М - ( 3 - Х и н а з о л и н и о ) - а м и д а т ы ,  IV

Фотохимия Г4-(3-хиназолинио)-амидатов в первичных спиртах
И. ФЕТТЕР, К. ЛЕМПЕРТ, Г. БАРТА-САЛАИ, Й. МЕЛЛЕР и Л  ПАРКАНИ

Облучение соединений, упомянутых в заглавии (8а — д),  в этиловом и бензиловом 
спиртах приводит к образованию шести типов гетероциклических продуктов превращений 
( 9 - 1 4 ) ,  наряду с амидами типа 15. Выход соединений 9 15 в значительной степени
зависит от природы заместителей в исходных амидатах (8),  а также от того, что облучение 
происходит в присутствии или в отсутствии кислорода. Образование процуктов, аналогич
ных типам 11-  14, до сих пор еще не наблюдали при облучении гетероциклических ам- 
мониоамидатов. Предлагается интерпретация образования всех типов фотопродуктов.

М е т и л о в ы е  э ф и р ы  у г л е в о д о в ,  I X

Усовершенствованный синтез 2-0-, 2,6-ди-О- и 2,4,6-три-0-метил-0-манноз
А. ЛИПТАК, А. БОБАК и П. НАНАШИ

Гидрогенолиз бензил экзо-2,3 : 4,6-ди-0-бензилиден-а-0-маннопиран'озида (2) с 
помощью 1,1 моля реагента ЫА1Н , А1С13 дает бензил 3-0-бензил-4,6-0-бензилиден-а-0- 
маннопиранозид (3).  Каталитическое гидрирование соединения 6, полученного метилиро
ванием 3, приводит к образованию 2-О-метил-О-маннозы (7).  Гидрогенолиз 4,6-О-бен- 
зилиденового кольца соединения 6 дает соединение 8, из которого путем успешного ме
тилирования и каталитического гидрирования было получено соединение 10. Гидрнро- 
вание соединения 12, полученного метилированием 11, приводит к образованию соеди
нения 13.

С и н т е з  и  и с с л е д о в а н и е  м и г р а ц и и  а ц и л а  в ч а с т и ч н о  б е н з о и л и р о в а н н ы х  

п р о и з в о д н ы х  б е н з и л  4 , 6 - 0 - б е н з и л и д е н - а -  и  - ß - D - г л ю к о п и р а н о з и д о в

А. ЛИПТАК, Э. ЧИН и П. НАНАШИ

Бензоилирование, бензил 4,6-0-бензилиден-Д-П-глюкопирлнозидл (1)  с помощью 1,1 
моля N-бензоилимидазола приводит к образованию З-О-бензоильных (2)  и 2-О-бензоиль- 
ных (3)  производных с выходом 30 - 30%. а-Аномерсоединения 1 (7)  при тех же самых



условиях дает 2-О-бензоат (8)  в качестве основного продукта с выходом 50% и З-О-бензоат
(9)  с выходом 10%. В щелочном ацетоне 2 и S превращаются в 3 и 9, соответственно, ве- 
ятно через промежуточные продукты типа ортоэфира. Структура продуктов подтвержда
лась на основе их ИК и ЯМР спектров.

П о л и м е р и з а ц и я  в ж и д к и х  к р и с т а л л а х ,  I

Винилолеат
ДЬ. ХАРДИ, Ф. ЧЕР, Н. ФЕДОРОВА и М. ВАТКИ

Была исследована кинетика полимеризации винилолеата в жидкой, жидкокристал
лической и твердокристаллической фазах. Было установлено, что хотя скорость поли
меризации является наименьшей в смектическом жидкокристаллическом состоянии, одна
ко, образующийся в этом случае полимер обладает наиболее регулярным строением, а 
именно имеет высокий молекулярный вес и является кристаллическим продуктом. В жид
кой и твердой фазах практически образуются лишь олигомеры, вследствие доминирования 
деградативного переноса цепи, а также вследствие ионного механизма реакции.
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QUANTITATIVE DETERMINATION OF TRACE 
ELEMENTS IN SILICATE BASED SUBSTANCES BY 
SPECTROGRAPHIC METHODS USING CONTINUOUS 

SOLUTION FEED, I

ST U D Y  O F  S E V E R A L  FA C TO R S A F F E C T IN G  T H E  P R O P E R T IE S  O F  T H E
R A D IA T IN G  PLA SM A *

A .  D o m b i ,* К .  F a r k a s -Ű j h i d y ** a n d  E .  Ge g u s ***

( * D epartm ent o f  A n a ly tica l C hem istry, U niversity  o f  Chem ical Engineering, Veszprém , **D epart- 
ment o f  R adiochem istry, U niversity  o f  Chemical E ngineering , Veszprém, ***A n a ly tica l C hem istry  

Research Group o f  the H ungarian  A ca d em y  o f  Sciences, Veszprém)

R eceived  N o v em b er 6 , 1976

F o r th e  q u a n ti ta t iv e  d e te rm in a tio n  o f co m p o n en ts  a t  low co n cen tra tio n s  in  silica te  
m atrices  th re e  sp ec tro g rap h ic  tech n iq u es o f so lu tio n s  have  been selected  a n d  th e  o p ti
m u m  w ork ing  co n d itions fo r th ese  h av e  been  estab lish ed . The in fluence o f  th e  gas a t 
m osphere  h a s  been  stu d ied . T he in te re le m e n t effec ts m ost sign ifican t in  th e  ana ly sis  
o f so lu tions a re  discussed. T h e  an a ly tic a l e ffic iency  o f th e  techn iques s tu d ie d  can  be 
en h anced  b y  th e  use o f an  argon  a tm o sp h ere . T h is  is  tru e  f irs t o f all w ith  th e  ro ta t in g  
d isk  tech n iq u e . T he tu b e-e lec tro d e  sp ra y  m e th o d , an d  th e  ro ta tin g  d isk  te c h n iq u e  are 
less sensitive  to  th e  changes o f th e  co n ce n tra tio n  o f  alkali m eta l ad d itiv es  in tro d u c e d  
w ith  th e  sam ple  th a n  is th e  s tab ilized  d.c. arc  e x c ita tio n  m ethod.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 94 (4), pp. 287 — 293 (1977)

In tro d u c tio n

T he im p o rtan ce  o f th e  q u a n tita tiv e  d e te rm in a tio n  of tra c e  a m o u n ts  of 
e lem en ts  p re sen t in  silicate based  su b stan ces  is s tead ily  increasing , n o ta b ly  in  
th e  service o f en d eav o u rs  to  u tilize  b e s t th e  ra w  m ateria ls  av a ilab le , to  s tu d y  
th e  q u a litie s  o f  special com m ercial p ro d u c ts , to  in tensify  an d  in c re a s in g ly  
chem icalize a g r ic u ltu ra l p ro d u c tio n . F o r  th e se  d e te rm in a tio n s em ission  
sp ec tro g ra p h y  h a s  p roved  su itab le  because  th is  m ethod  has th e  fo llow ing  
a d v an tag eo u s  ch a rac te ris tic s .

Several, in  p rinc ip le  an y  n u m b e r o f e lem en ts s im u ltan eo u sly  p re se n t 
can  be de te rm in ed .

— No p rev io u s sep a ra tio n  processes a re  genera lly  needed , i.e. th e  w ork  
re q u ire d  for th e  p re p a ra tio n  of a sam ple is n o t  laborious.

S p ec tro g rap h y  p roduces a reco rd  o f  th e  analyses th e  e v a lu a tio n  
o f w h ich  can be rep e a te d  a t  an y  tim e  or can  be rep ea ted  w ith  som e o th e r  
pu rp o ses  in view .

T here  are  severa l aspec ts  w hich m ake th e  dissolving of th e  so lid  sam ple  
ex p ed ien t:

+ T he su b s ta n c e  o f th is  series o f  pap ers  fo rm s p a r t  o f th e  doctoral th es is  o f A . D o m b i, 
p re p a re d  a t  th e  U n iv e rs ity  o f C hem ical E ng in eerin g , V eszprém , 1975.

1 Acta Chimica ( Budapest)  94 , 1977
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— th e  sam ple p re p a re d  is hom ogeneously  d is tr ib u ted ;
th e  d ifferences d u e  to  s tru c tu ra l d iv e rs itie s  (crysta l s tru c tu re s )  of 

th e  v a rio u s  sam ples a re  e lim in a ted ;
i t  is possible to  p rep a re  s ta n d a rd  re fe ren ce  sam ples w ith  th e  sam e 

p h y s ic a l and  chem ical p ro p e rtie s ;
th e  in te re le m e n t effects are less p ro n o u n c e d , resp ec tiv e ly , th ese  

ca n  b e  co u n te rb a lan ced  m o re  easily.

Selection o f technique, and o f experim ental conditions

A con tinuous feed  o f  th e  sam ple so lu tio n  h as  been p rac tised  in  th ese  
in v e s tig a tio n s . A t a su ita b le  and un ifo rm  r a te  o f  so lu tion  feed s ta t io n a ry  
p rocesses are a tta in e d  in  th e  course of e x c ita tio n , a n d , generally , such  p rocesses 
are  m o re  ad v an tag eo u s  fo r  q u a n tita tiv e  w o rk  th a n  th e  phenom ena t h a t  p ro 
d u ce  em ission v a ria b le  in  space and tim e  w h e n  batchw ise  sam ple feed in g  is 
p ra c tis e d  [1]. W hen  se lec tin g  am ong m e th o d s , w e considered th e  n e e d  th a t  
th e  se lec ted  one sh o u ld  b e  applicable to  se ria l ro u tin e  analyses in  a w ide 
ra n g e  o f  p rac tica l cases, t h a t  i t  should n o t re q u ire  h ig h ly  so p h is tica ted  e q u ip 
m e n t, a n d  th a t  i t  sh o u ld  be  sim ple to  c a rry  o u t.

O n th e  basis o f  th e se  considerations th e  fo llow ing  th ree  tech n iq u es  have  
b een  selected :

ro ta tin g  d isk  te c h n iq u e  [2 ]
-  tu b e -e le c t r o d e  s p r a y  m e th o d  a c c o r d in g  t o  E r d e y — G e g u s  - K o

c s is  [3 ] ,

i

Fig. 1. R a d ia tio n  source w o rk e d  b y  stabilized d.c. a rc  e x c ita tio n  according to  M a r i n k o v i ö : 
1, 8 : I so la to r  disks; 2, 7: w a te r-co o led  brass segm en ts; 3: c a rb o n  cathode; 4: c h am b er fo r th e  

in tro d u c tio n  o f th e  aerosol; 5: g ra p h ite  a n o d e ; 6 : arc plasm a

A cta  Chimica ( Budapest)  94, 1977
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low c u rren t d .c. a rc  e x c ita tio n  stab ilized  b y  ag as s tre a m , proposed 
b y  M a r in k o v ic  [4 ].

In  th is  selection  we h av e  a rc  ex c ita tio n  th a t  g en era lly  show s b e tte r  
d e tec tio n  pow er, an d  we h av e  also sp a rk  ex c ita tio n  th a t  assu res b e t te r  rep ro 
d u c ib ility , th u s  th e  com parison  o f th e  m ethods in  resp ec t also to  th e se  featu res 
com prises a w ider range.

In  th e  cases o f all th e se  th re e  ra d ia tio n  sources th e  sp e c tro g ra m s were 
reco rd ed  a t  th e  follow ing o p tica l, a n d  p h o to g rap h ica l p a ra m e te rs .

S pec tro g rap h : p lan e -g ra tin g , E b e r t  a rra n g e m e n t (Zeiss PG S 2), w ith  290 n m  blaze- 
w av elen g th  in  th e  1st o rd e r (651 grooves/m m ).

Illu m in a tio n : in te rm e d ia te , a ch ro m atic .
S lit w id th : 0.020 m m .
T hree-step  f ilte r: 100/50/10 p e r  cen t.
E m ulsion : f in e-g ra in , h a rd  (A gfa-G evaert. Scien tia  34B50).
D eveloping: K o d ak  D —19, 4 m in , a t  20°C.
D en sito m etry : w ith  a m ic ro -p h o to m e te r, S-scale (Zeiss G II) .
B lackening  tra n s fo rm a tio n : 1 -tran sfo rm atio n  [5].
T he o p tim u m  e x c ita tio n  co n d itio n s fo u n d  fo r th e  several ra d ia tio n  so u rces a re  th e  fol

low ing.
F o r  th e  tu b e-e lec tro d e  sp ra y  m eth o d ,
atom izing : w ith  a  p n e u m a tic  nebu lizer, ty p e  E G K -G  [1], a rg o n , o r n itro g e n  gas a t 

160 . .  200 litre /h o u r vo lu m e ra te s ;  e lectro d e  sy s tem : lower tu b e-e le c tro d e  (6 m m  o.d ., 4 m m  
b o re ), hem ispherical co u n te r-e lec tro d e  (4.5 m m  dia.), from  sp e c tro g ra p h ic a lly  p u re  g raphite  
( ty p e  R W  103); e x c ita tio n : h ig h -v o ltag e  sp a rk  accord ing  to  F eu ssn er, U eff =  12 kV , C =  12

n F , L  =  1.5 m H  (Zeiss H F O -2 ); p re -sp ark in g  tim e: 60 s (w hile a to m iz in g ); exposure 
tim e : 120 s.

F o r th e  ro ta tin g  d isk  tech n iq u e ,
electrode system : low er d isk  e lectrode , 20 m m  o.d., 3 m m  b o re , 4 m m  d isk  b read th  

( ty p e  SU  401), u p p e r tu b e-e lec tro d e , 6 m m  o.d ., 2.5 m m  bore ( ty p e  SU 104); e lectrode  gap: 
2.5 m m ; d isk  rev o lu tio n : 10 m in -1 ; gas in tro d u c tio n : A r (H e, N 2) gas, 80 l i t r e /h o u r  volum e 
ra te ,  th ro u g h  th e  bore  o f th e  u p p e r  e lectro d e ; e x c ita tio n : as in  th e  case o f  th e  tub e-e lec tro d e  
sp ra y  tech n iq u e; p re -sp ark in g  tim e : in  gas s tre am , w ith o u t th e  so lu tio n , 60 s, th e n , w ith  th e  
so lu tio n , 90 s; exposure  tim e : 120 s.

F o r stab ilized  d.c. arc  tech n iq u e ,
e lectrode sys tem : tu b u la r  fo rm  of b o th  e lectrodes, 6 m m  o .d ., 3 m m  b ore , anode 

m ad e  of sp ec tro g rap h ica lly  p u re  g ra p h ite  ty p e  R W  103, ca thode  of sp e c tra l p u re  carb o n , ty p e  
R W  203; electrode coo lan t: a rg o n  gas a t  50 . . .  80 litre s pe r h o u r vo lu m e ra te ;  s tab iliz ing  of 
th e  a rc  colum n: w ith  argon  gas a t  160. . . 220 litre s  pe r hour vo lum e ra te ;  s ta b iliz e r  d isk  cooling 
w ith  w a te r  a t  4 0 . . . 8 0  litre s  p e r h o u r  vo lu m e ra te ;  a tom izing ; E G K  — G ty p e  m odified 
nebu lizer, b y  th e  gas s tream  u sed  fo r th e  s tab iliz in g  of th e  arc  co lum n; e x c ita tio n : d .c. a re  150 
Y a n d  4 . . .6  A, over a lo ad in g  re s is to r, v o ltag e  d rop  across e lectrodes a b o u t  80 Y ; p re-arc ing  
tim e : w hile a tom izing , 60 s; exp o su re  tim e : 120 s.

Results and discussion

A m ong th e  fac to rs  t h a t  a ffec t th e  beh av io u r o f th e  ra d ia t in g  p lasm a 
we have s tu d ied  th e  m o st im p o r ta n t  effects, from  th e  p o in t o f  v iew  o f trace  
analysis , o f th e  changes o f p a ra m e te rs  due to  th e  co m position  o f  th e  sam ples 
to  be analysed  an d  to  th e  m e th o d  o f how  th e  so lu tions a re  p re p a re d , and 
fu r th e r  to  th e  q u a lita tiv e  change o f th e  gas a tm osphere  t h a t  fo rm s th e  m ain 
su b stan ce  of th e  p lasm a.

1* Acta Chimica (B udapest) 94, 1977



2 9 0 DOMBI et al.: Q U A N T IT A T IV E  DETERM INATION O F TRA CE ELEM EN TS, I

F o r  these stud ies we ch o se  elem ents of d iv e rg e n t ph y sica l, an d  chem ical 
c h a ra c te r is tic s , th u s  o u r m o d e l so lutions c o n ta in e d  arsen ic , boron , copper, 
c o b a l t ,  m anganese, m o ly b d e n u m , and  zinc. T he q u a n t i ta t iv e  d e te rm in a tio n  
o f  th e s e  elem ents is im p o r ta n t  f ir s t  of all for soil s tu d ie s . O f each  e lem ent a 
s to c k  so lu tio n  a t a c o n c e n tra tio n  of 0 .1  g /litre  in  a b o u t a 7%  (by  w eight) 
s o lu tio n  of hydrochloric  a c id  w as p repared .

The effect of the gas atm osphere

I t  is w ith th e  ro ta t in g  d isk  techn ique th a t  th e  effect o f th e  q u a lita tiv e  
c h a n g e  o f  th e  p la sm a -a tm o sp h e re  is m ost im p o r ta n t  [ 6 ]. Use of a noble gas 
(A r) a tm o sp h ere  in s tead  o f  a ir  leads to  th e  d im in u tio n  o f b ack g ro u n d  ra d ia 
t io n  [7 ] , to  a b e tte r  s ta b i l i ty  o f  th e  p lasm a [ 8 ], an d  a m ore  effective ex c ita tio n  
o f  th e  pa rtic le s  in tro d u ced  in to  th e  p lasm a [9].

U n d e r the  e x p e r im e n ta l conditions d escribed , in  th e  ro ta tin g  disk 
te c h n iq u e  we in tro d u ced  a rg o n , or helium , or n itro g e n  gas th ro u g h  th e  bore 
o f  th e  U pper electrode. T h e  chan g es of th e  in te n s ity - lo g a rith m s  referred  to  
f ig u re s  recorded  w ith o u t a gas s tre a m  are show n in  T ab le  I.

Table I

E n h a n cem en t o f  the logarithmic in ten sity  o f  
several elements, due to gas flow , in  the rotating d isk  technique

E le m e n t
s tu d ie d

W a v e le n g th  ( n m )
I  a to m  l in e
I I  i o n  l in e

E x c i ta t io n
e n e rg y

(e V j'

Л Y

A r H e No

I 234.9 6.59 0.883 0.876 0.152

As I 237.1 6.77 0.795 0.848 0.137

I 303.3 6.40 0.427 0.412 0.120

I I  281.6 6.06 0.915 0.944 0.143
Mo I 317.0 3.91 0.567 0.553 0.157

I I  329.2 6.91 0.848 0.869 0.161

В
I 249.6 4.96 0.745 0.685 0.086

II  345.1 12.70 0.577 0.740 0.103

T h e  following co n c lusions can  be d raw n from  d a ta  in  T ab le  I.
T he gas stream  in c re a se s  in ten sity ; nob le  gases do th is  in  a su b s t

a n t ia l ly  h igher m easure t h a n  does nitrogen.
T he in te n s ity -in c re a s in g  effect o f th e  nob le  gases is enhanced  by  th e  

in c re a se  o f  th e  excita tio n  e n e rg y  o f th e  sp ec tru m  lines.
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T he cause of th is  p h en o m en o n  resides in  th e  energy  tra n sm iss io n  ro le o f 
th e  m e ta s ta b le  ex c ita tio n  levels of th e  nob le  gases an d  also in  th e  h ea t-  
t r a n s p o r t  differences due to  d iffe ren t c o n d u c tiv itie s  [ 1 0 ].

N o su b s ta n tia l change (one g re a te r  th a n  h a lf  an  o rder of m a g n itu d e )  
was fo u n d  w ith  th e  tu b e -e le c tro d e  sp ray  m e th o d . M ost p ro b ab ly  th e  r a te  of 
th e  a to m iz in g  gas is m u ch  to o  h igh to  allow  th e  p rev iously  described  p h e n o m 
ena  to  em erge. In  an  in d ire c t w ay  th is  seem s to  be proven  b y  th e  f in d in g  
th a t  also w ith  th e  ro ta tin g  d isk  tech n iq u e  th e  line in ten sities  decrease w h en  th e  
p ro te c tin g  gas ve lo c ity  su rpasses th e  o p tim u m  va lu e  (Fig. 2).

Fig. 2. E ffec t o f th e  vo lum e ra te  o f th e  p ro tec tiv e  gas on  th e  b lackening  of th e  sp e c tru m  lines 
in  th e  case o f th e  ro ta t in g  d isk  tech n iq u e

W ith  low in te n s ity  s tab ilized  arc ex c ita tio n  on ly  argon  gas is a p p ro p r ia te  
since som e o th e r s tab iliz in g  gas spoils th e  un ifo rm  perfo rm ance of th e  ra d ia tio n  
source.

In te re lem en t effects

A m ong th e  foreign  e lem en ts in tro d u c e d  in  h igh  q u a n titie s  w ith  th e  sam ple  
in to  th e  p lasm a genera lly  th e  m e ta ls  o f low io n iza tio n  energies p lay  an  im p o r
t a n t  role [11, 12]. W hen  n o n -co n d u c tin g  so lid  sam ples are b ro u g h t in to  so lu 
tio n , a h igh  am o u n t o f a lka li m eta ls  gets in to  th e  so lu tion , g en era lly  d u e  to  
fu sion . W e stu d ied  th e  effect on th e  in te n s ity  o f  spec trum  lines o f  in c reased  
co n cen tra tio n s  of sodium  as of an  e lem en t o f low  ion ization  en e rg y , in  all 
th e  th re e  techn iques.

In  sp a rk  ex c ita tio n  th e  increase of th e  c o n cen tra tio n  of sodium  decreases 
s lig h tly  th e  in te n s ity  o f  th e  lines s tu d ied  (F ig . 3). This experience m ig h t be 
k e p t in  m ind  w hen solid sam ples are b ro u g h t in to  solu tion . In c re a se d  co n 
c e n tra tio n s  o f a lkali m e ta l ad d itiv e s  increase  th e  level and  th e  s c a tte r in g  
o f b ack g ro u n d  ra d ia tio n , th e re b y  th e  d e tec tio n  pow er of th e  m eth o d s is red u ced .

In  th e  case o f s tab ilized , low in te n s ity  a rc  ex c ita tio n  th e  in c rease  o f  th e  
c o n c e n tra tio n  of th e  sodium  ad d itiv e  g en era lly  increases th e  in te n s i ty  o f  th e  
sp e c tru m  lines of th e  e lem en ts s tu d ied  (F ig . 4).

T h e  m easure o f th is  increase can be lin k ed  to  th e  ion ization  energ ies o f  th e  
e lem en ts  s tu d ied . Irre sp e c tiv e  o f th e  e x c ita tio n  energies of th e  lines s tu d ie d ,
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F ig . 3. E ffe c t o f th e  change  of co n ce n tra tio n  of th e  so d iu m  ad d itiv e  on lin e -in ten sitie s  ( E corr: 
in te n s i ty - lo g a r ith m  c o rrec ted  to  b ack g ro u n d ); a) tu b e -e le c tro d e  sp ray  m eth o d : b ) ro ta t in g

disk  tech n iq u e

Fig. 4. E ffe c t o f th e  change  o f c o n cen tra tio n  of th e  so d iu m  a d d itiv e  on line in te n s ity  changes in 
s tab ilized  d.c. a rc  e x c ita tio n  (Л Y  =  Y  -  Y С*а_о', U , : ion ization  energy , eV)

th e  in te n s i ty  of th e  line o f an  e lem ent w ith  a h ig h  ion ization  p o te n tia l  (As) 
rem a in s  p ra c tic a lly  u n ch an g ed , w hile w ith  e lem en ts  of low ion iza tion  energies 
th e  in c re a se  is su b s ta n tia l  (h ighest in  th e  case o f  Mn). An e x p la n a tio n  of 
th e se  p h en o m en a  m ig h t be soug h t in  th e  chan g es o f p lasm a p a ra m e te rs  
( te m p e ra tu re , ion-, a n d  e lec tron -p ressu re), f u r th e r  in  th e  su p e rv e n tio n  of 
o p tim u m  e x c ita tio n  co n d itio n s for th e  e lem en ts  s tu d ied . H igh a m o u n t o f  an  
e le m e n t o f  low  io n iza tio n  energy  low ers th e  te m p e ra tu re  of th e  p lasm a , w hich  
in c rea se s  th e  p ro b a b ility  t h a t  low energy  tra n s i t io n s  will occur (increase  of
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in te n s ity  of a tom  lines). A n o th e r o f our f in d in g s  seem s to  su p p o rt th is : in 
creasing  th e  a m o u n t o f  th e  stab ilize r and  c a rrie r  gas increased  th e  in te n s ity  
o f  lines (Fig. 5).

T he m easure o f  th is  increase  (rise o f th e  slope) is g re a te r  for elem ents 
o f  low er ion iza tion  energ ies. Also in  th is  case th e  low ering  o f th e  te m p e ra tu re  
o f  th e  p lasm a can  be th e  cause  o f th is  change: a g re a te r  vo lu m e o f gas an d  a 
g re a te r  am o u n t o f so lv en t cool th e  p lasm a in  a g re a te r  m easure .

Fig. 5. E ffec t o f th e  vo lum e ra te  o f th e  carrier gas on  line  in te n s itie s  in  s tab ilized  d.c. arc
excita tion
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QUANTITATIVE DETERMINATION OF TRACE 
ELEMENTS IN SILICATE BASED SUBSTANCES BY 
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C O N ST R U C T IO N  O F  A C O M PU T E R  PR O G R A M  F O R  T H E  E V A L U A TIO N  O F 
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R eceived  N ovem ber 6, 1976

A  c o m p u te r  p rogram  fo r th e  s ta tis tica l e v a lu a tio n  o f q u a n tita tiv e  spec tro g rap h ic  
analysis w as w ritte n . Besides th e  eva lu a tio n  of m ea su re d  d a ta  th is  p ro g ram  includes 
the  c o m p u ta tio n  of

— th e  s ta n d a rd  d ev ia tio n  of th e  d a ta  re co rd ed ,
th e  p a ra m e te rs  o f th e  an a ly tica l s tra ig h t  a n d  th e ir  dev ia tions,

— th e  re la tiv e , com plete  s ta n d a rd  d e v ia tio n  o f co n cen tra tio n  d a ta ,
— th e  f i t  o f th e  d a ta  reco rded , to  th e  a n a ly tic a l s tra ig h t.

T his c o m p u te r  p ro g ram  is su itab le  for use  a lso in  th e  assessm ent o f o th e r  m eth o d s 
of chem ical an alysis.

In tro d u c tio n

N ow adays th e  perfo rm ance  o f chem ical a n a ly tic a l m ethods su itab le  for 
q u a n tita tiv e  d e te rm in a tio n s  is assessed in  sev e ra l senses. The m ethods can  be 
classified acco rd ing  to  th e  ty p e , o r accord ing  to  th e  n u m b er of th e  e lem ents 
or com pounds b e in g  d e te rm in ed ; th e y  can  be  ch a rac te rized  on g ro u n d  of 
th e ir  de tec tion  pow er (abso lu te , an d  re la tiv e  d e te c tio n  lim its, precision  accu 
ra c y , etc.) o r acco rd in g  to  th e  ra p id ity  o f  th e ir  ex ecu tion , th e  a m o u n t of 
w ork  dem anded  b y  th e m , an d  th e  a p p a ra tu s  req u ired .

The choice o f a m eth o d  o f chem ical an a ly s is  fo r a given ta s k  depends 
up o n  th e  d em an d s  m ade , an d  th e  m eans av a ilab le . T his selection  narro w s th e  
fie ld  w ith in  w h ich  th e  an a ly tica l perfo rm ance o f  th e  m e th o d  can  be assessed. 
A fu r th e r  n a rro w in g  of th e  rem ain in g  m an y  possib ilities  is due to  th e  re q u ire 
m en ts , or to  th e  o rd e r o f im p o rtan ce  of th e  re q u ire m e n ts  a given m eth o d  has 
to  m eet. A ccord ing  to  th is  la s t fe a tu re  th e  v a rio u s  ch a rac te ris tic s  of a n a ly tic a l 
perfo rm ance can  be vario u sly  w eighed [ 1 ].

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 94 (4) pp. 295 — 300 (1977)

Computation of analytical results

A co m p ara tiv e  assessing o f th e  tu b e -e lec tro d e  sp ray , th e  ro ta tin g  disk , 
a n d  th e  gas-stab ilized  d.c. arc  ex c ita tio n  tech n iq u e s , fo r sam ples in  so lu tio n ,

+T he substance  of th is  series o f pap ers  fo rm s p a r t  o f th e  d o c to ra l thesis of A. D o m bi, p rep ared  
a t  th e  U n iversity  o f  C hem ical E n g ineering , V eszprém , 1975.
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o f th e  a n a ly s is  of trace  e lem en ts  in  s ilica te  based  substances h as  b een  ca rried  
o u t [2 ] . T h e  following c h a ra c te r is tic s  w ere considered:

a) lim it of d e tec tion ;
b )  precision  ch a rac te rized  b y  th e  s ta n d a rd  d ev ia tions o f

1 . th e  points p lo tte d ,
2 . th e  p a ram ete rs  o f  th e  a n a ly tic a l s tra ig h t,
3. co n cen tra tio n  (as re la tiv e  com ple te  sca ttering);

c) s tu d y  of th e  su ita b ili ty  o f th e  an a ly tic a l s tra ig h t;
d) co n cen tra tio n  sen s itiv ity ;
e) accuracy .

F o r  such  a com parison  o f  th e  m e th o d s  m any-sided  s ta t is t ic a l  c ross
c h eck in g s  an d  very  m a n y  m e a su re m e n ts  are  req u ired , th u s  fo r th e ir  e v a lu a 
tio n  a n d  assessing a c o m p u te r  p ro g ram  h as been  e lab o ra ted . A m ong  tho se  
l is te d  b e fo re , th e  estab lish in g  o f  th e  lim it o f d e tec tio n  was co n sid ered  to  be 
a s e p a ra te  ta s k  and was n o t in c lu d ed  in  p re se n t endeavours; th e  n e x t  c h a ra c te r 
is tic s  b ) , c), and  d) logically  a n d  p ra c tic a lly  c o n s titu te  one u n it ,  ca lcu la tio n  
w o rk  re q u ire d  for these  is g re a t, th e re fo re  th e  ev a lu a tio n  o f th e se  c h a ra c te r 
is tic s  w as  carried  ou t b y  co m p u te r .

W ith  th is  program  (F ig . 1) th e  s red u ced  b lacken ing  values in d e p e n d e n t 
o f  s p e c tru m  p la te  were c a lc u la ted  from  line an d  back g ro u n d  b lack en in g  values 
fed in , a n d  from  th e  у  g ra d a tio n  va lu es  o f th e  p h o to g rap h ic  em u lsio n , as 
p re v io u s ly  determ ined . In  th e  n e x t  s te p  Y  in ten s ity -lo g a rith m  v a lu es , c a lc u la t
ed  b y  /- tra n sfo rm a tio n  an d  co rre c ted  fo r b ack g ro u n d  ra d ia tio n , w ere o b ta in e d . 
(T he n e e d  o f  tran sfo rm a tio n , a n d  o f co rrec tio n , is decided u p o n  b y  th e  com 
p u te r .)

T h e  Y x Y r =  A Y  d ifference  b e tw een  re la te d  in te n s ity - lo g a rith m s  of 
th e  s tu d ie d  and  of the  re fe ren ce  e lem en t can  be form ed acco rd in g  to  th e  
in s tru c tio n s  given.

A f te r  averag ing  th e  p a ra lle l m easu rem en ts , th e  sAYf s ta n d a rd  d ev ia tio n s  
o f th e  A  Y j j  values p e r tin e n t to  th e  sam e co n cen tra tio n s  of th e  e lem en ts  w ere 
c a lc u la te d .

In c id e n ta l  ou tly ing  p o in ts  o f m e a su re m e n t m ay  falsify  th e  m o st p ro b a 
ble v a lu e  t h a t  can be re g a rd e d  as th e  rea l v a lu e . In  decid ing on su ch  ou tlie rs  
we c a n c e lle d  (according to  s ta te m e n ts  o f  G ra f  an d  H e n n i n g  [3])  th e  
I A Y j  — A Y j j  I )> 4 sAYf v a lu es . (The c o m p u te r  rep ea ts  th is  o p e ra tio n  t i l l  an  
o u tlie r  c ro p s  up , b u t n o t m ore  o ften  th a n  th re e  tim es.)

I n  sp ec tro g rap h y , th e  a n a ly tic a l cu rve  is ap p ro x im a te ly  a s t r a ig h t  line. 
I ts  g e n e ra l form  is

A Y  =  a +  M g  c .

O n e  o f th e  best m e th o d s  fo r  th e  a p p ro x im a te  co m p u ta tio n  o f  th e  e q u a 
tio n  o f  a  s tra ig h t line is th e  m e th o d  o f le a s t sq u ares; here th e  v a lu es  o f  con-
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F ig. 1. B lock schem e of th e  c o m p u te r p ro g ram

Acta Chimica ( Budapest)  94, 1977



2 9 8 DOMBI, GEGUS: Q U A N TITA TIV E D ETERM IN A TIO N  O F TRACE ELEM EN TS, I I

s ta n ts  a and  b can be c a lc u la te d  b y  fin d in g  th e  m in im u m  v a lu e  o f th e  expression
к

Q —  ^  ( A Y j  - a b lg  cj)2r w here к is th e  n u m b e r of co n c e n tra tio n  p o in ts
J= 1

(re fe ren ce  sam ples used).
T h is  m ethod  o f c a lc u la tio n  is allow ed on ly  p ro v id ed  th e  severa l average  

f ig u re s  o f  m easured  re su lts  a re  derived  from  a series of po in ts  n o rm a lly  d is tr ib 
u te d , a n d  th e  s ta n d a rd  d ev ia tio n s  in  each  series of p o in ts  are  th e  sam e. In  
o u r  case  th e  A Y  f igu res a re  o f  accep tab ly  no rm al d is tr ib u tio n ; how ever, th e  
s c a tte r in g s  in th e  severa l series o f po in ts  p e r tin e n t to  th e  severa l average  
f ig u re s  are n o t th e  sam e in  ev e ry  case. T herefo re  th e  prev ious su m m atio n  
m u s t  be  w eighed b y  th e  sq u a re  o f s ta n d a rd  d ev ia tio n s

<? J 1 (iv  « Mgc,)*.
} =  1 S " * Y i

T h e re  is no need to  co n sid e r th e  dev ia tio n s o f lg  Cj because th is  is zero since 
p a ra lle l  te s ts  were m ad e  w ith  th e  sam e so lu tion .

Also th e  p a ra m e te rs  o f  th e  an a ly tica l s tra ig h t show  sca tte rin g s (in certi
tu d e )  since no fix ed  v a lu es  form  th e ir  orig in . In  th e  n e x t s tep  th e  s ta n d 
a rd  d ev ia tio n s linked  to  th e  vario u s co n cen tra tio n s  w ere ca lcu la ted :

Г n

_  1 = 1____________

/  n j ? ( ] g c , .  l g  Cj) 2

1=1

j ?  (lg Cj -  lg Cj)'1

T h e contro l o f th e  s u ita b ili ty  of th e  a n a ly tic a l cu rve  can  be ca rried  
o u t  b y  using  th e  F i s h e r  — S n e d e c o r  “ F’-d is tr ib u fio n ”  [4] w hich  describes 
th e  re la tio n  of no rm al d is tr ib u tio n s . W hen a h ig h  n u m b e r of m easu red  values 
is a v a ila b le  th e  d ev ia tio n s  b e tw een  A Y C- o b ta in e d  from  th e o re tic a l re la tio n s  
a n d  A Y  j got as th e  av e rag e  o f m easu red  va lu es  show  no rm al d is tr ib u tio n . 
A s m e n tio n e d  before, A  m easu red  values show  a sim ilar d is tr ib u tio n  also 
a ro u n d  th e  A Y  j  av erag e  v a lu es . T he d ivergence from  th e  a n a ly tic a l s tra ig h t 
is c o rre c tly  described in  p ra c tic e  a t re la tiv e ly  sm all n u m b er o f m easu red  
d a ta  by  th e  follow ing e q u a tio n :

n 2  № ,;•  AYj?
.2  _  J - l _________________
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(O w ing to  th e  ca lcu la tio n  o f th e  p a ra m e te rs  o f th e  s tra ig h t line tw o  degrees 
o f  freedom  are lost.)

T he d ev ia tion  o f  th e  average  values sev era lly  p e r tin e n t to  v a r io u s  con
c e n tra tio n s  can be c h a ra c te r iz e d  b y  th e  so-called  ‘re s id u a l’ v a rian ce :

2  2 ( л у и - Щ ) 2
S 2 =  _______________

k(tl -  1 )

F o r  decid ing on th e  s u ita b ili ty  of th e  a n a ly tic a l cu rve  th e  q u o tie n t  of th e  
tw o  v ariances was co m p ared  w ith  F -d is tr ib u tio n  v a lu es , tab e lled  in to  th e  p ro 
g ram , p e rta in in g  to  a c e r ta in  level o f sign ificance (s ta tis tic a l re lia b ility )  and 
to  th e  degree of freedom  d e te rm in ed  b y  th e  system  [5].

T he eq u a tio n  acco rd in g  to  w hich th e  co m p u te r  ca lcu la ted  th e  com plete , 
re la tiv e  s ta n d a rd  d e v ia tio n  o f co n cen tra tio n s , w hich  is a good c h a ra c te r iz a 
tio n  o f th e  precision  o f  th e  m e th o d , an d  also inc ludes th e  s ta n d a rd  d ev ia tio n  
o f  th e  several po in ts  a n d  o f  th e  an a ly tica l cu rve , is th e  follow ing:

9 т а _________________________
SC,.,el =  " ,  -  V S'1A  Y J +  Sl  +  Ы  ' ^  Cj ) 2

bi

T he lim it o f d e te c tio n  of th e  e lem ents s tu d ie d  w as d e te rm in ed  b y  e s tim a
tio n  on th e  basis o f  a com parison  of th e  b lack en in g  of th e  lines w ith  th a t  
o f th  eir background  d e n s ity . W e eschew ed a c cu ra te  ca lcu la tio n  [6 ] because 
th is , in  sp ite  of its  b e in g  ra th e r  e lab o ra te  w hen  sam ples o f v a r ia b le  basic 
com position  are to  be d e a lt w ith , does n o t te ll  us m ore th a n  a c o rre c t e s ti
m a te  [7].

T he accu racy  o f th e  tech n iq u es  co m p ared  is ch a rac te rized  b y  th e  p e r ti
n e n t sy s tem a tic  e rro rs. A sy s tem a tic  e rro r we consider to  be th e  d ivergence  
o f th e  re su lt o b ta in ed  b y  th e  tech n iq u e  s tu d ied  from  th e  m ost p ro b a b le  value.

T he com p u ter p ro g ram  devised seem s to  be su itab le  fo r a co m p a ra tiv e  
assessm en t of th e  a n a ly tic a l chem ical p erfo rm ance  o f em ission sp ec tro g rap h ic  
tech n iq u es , i.e. o f th e ir  ch a rac te ris tic s  t h a t  a re  im p o r ta n t from  th e  p o in t 
o f v iew  o f trace  ana ly sis . Som e p a rts  o f th is  p ro g ram  can  be used  se p a ra te ly  
fo r th e  so lu tion  of sev e ra l ta sk s  as, e.g. /- tra n sfo rm a tio n , b ack g ro u n d  correc
tio n , ca lcu la tion  o f s ta n d a rd  d ev ia tion , d e te rm in a tio n  of th e  congruence  of 
d a ta  in  know n co rre la tio n s, etc.

B esides its  use in  sp e c tro g ra p h y  th is  co m p u te r  p rog ram  m ay  be app licab le  
to  th e  ev a lu a tio n  o f o th e r  m eth o d s of chem ical analysis , f irs t o f all w hen  th e  
reco rded  signal is a fu n c tio n  of th e  lo g arith m  o f co n cen tra tio n .
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o f  R adiochem istry, U niversity  o f  C hemical E ngineering, Veszprém )

R eceived N o v em b er 6, 1976

T he sp e c tro g rap h ic  tech n iq u es w ith  co n tin u o u s  so lu tion  feed are  su ita b le  fo r th e  
q u a n tita tiv e  d e te rm in a tio n  o f m eta llic  c o m p o n en ts  p re sen t in  m in u te  q u a n ti t ie s  in  
silica te  based  su b s tan ces . In  th e  course o f th ese  s tu d ies  i t  w as found  th a t

1. th e  d e te c tio n  pow er o f sp a rk  e x c ita tio n  tech n iq u es is en h anced  b y  th e  ap p li
ca tio n  of an  arg o n  a tm o sp h ere ,

2. th e  p recision  o f th e  tech n iq u es s tu d ie d  m eets th e  general re q u ire m e n ts  of 
trac e  analysis,

3. low c u rre n t gas-stab ilized  d.c. a rc  e x c ita tio n  assures h igher p rec is io n , b u t  th is  
tech n iq u e  is m ore  sensib le to  changes in  th e  com p o sitio n  of th e  m a tr ix , th u s  i ts  a n a ly t
ica l chem ical a cc u rac y  is less th a n  th a t  o f th e  sp ray in g  or ro ta tin g  d isk  techn iq u es.

B y th e  use  o f a  co m p u te r th e  e v a lu a tio n  of th e  spec tra  a n d  th e  re su lts  i s 
ra p id  and  precise.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 94 (4), pp. 301—3011 (1977)

In tro d u c tio n

In  prev ious p a p e rs  [1 ,2 ]  we h av e  d e a lt w ith  several ch a ra c te ris tic s  o f  th e  
spec trochem ica l so lu tio n  tech n iq u es, selec ted  fo r th e  q u a n tita tiv e  d e te rm in a 
tio n  o f  tra c e  im p u ritie s  in  silicate b ased  su b stan ces ; on th e  g ro u n d  o f  ex p e ri
m e n ta l find ings we h a v e  d iscussed th e  ch a ra c te ris tic s  su itab le  fo r  in d ic a tin g  
th e  a n a ly tic a l p e rfo rm an ce  of th ese  te ch n iq u es .

F o r  m odel su b stan ces , sam ples o f a rab le  soils o f various base  co m p o sitio n  
w ere selected  fo r th e  co m p ara tiv e  s tu d ies  ca rr ied  ou t w ith  th e  h e lp  o f an 
e v a lu a tin g  co m p u te r  p rog ram . W ith  re sp e c t to  th e  im p o rtan ce  o f  p ra c tic a l 
ap p lica tio n s , and  ow ing  to  th e ir  v a rio u s p h y sica l and chem ical p ro p e rtie s , 
th ese  sam ples allow  a d e q u a te  com parisons to  be m ade.

Experimental

In  o rd er to  d issolve  th e  sam ples th ey  w ere d ig es ted  w ith  hydrogen f lu o rid e  since using  
o th e r  m eth o d s g re a t excess o f a lka li ions are in tro d u c e d  an d  these  in te rfere  w ith  th e  d e te r
m in a tio n s . A ccord ing ly , th re e  d iffe ren t series o f s to ck  so lu tions (Table I )  w ere  p rep ared , 
resp ec tiv e ly , from  calciferous, acid ic, an d  in te rm e d ia te  ty p e  soils, m arked  A, B , a n d  C.

*The su b s tan ce  of th is  series o f pap ers  form s p a r t  o f th e  d o c to ra l thesis of A. D o m b i ,  p re p are d  
a t  th e  U n iv e rs ity  o f C hem ical E ngineering , V eszprém  ,1975 .
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Table I

Solutions w ith  a base composition ( S i 0 2 omitted) 
to accord w ith various types o f  soil

Main
component

Concentration,* %  by weight

Calciferous
“ A”

Acidic
“ B ”

Interm ediate
“ C”

a i20 3 43.0 75.0 60.1

Fe20 3 16.3 3.8 7.6

CaO 16.0 9.2 22.3

MgO 3.8 0.4 0.7

K 20 5.5

ОCO 6.4

N a20 15.4 3.6 2.9

* w ith o u t S i0 2.

T o  th ese  s to ck  so lu tions th e  e lem en ts to be an a ly se d , viz. arsenic, boron, co b alt, co p p er 
m o ly b d e n u m , m anganese, an d  zinc, w ere in tro d u ced  a t  v a r io u s  concen tra tions in  th e  form  
of th e ir  so lu b le  salts. T he reference e lem en t was b ism u th  in  a  co n cen tra tio n  of 0.5 g B i p e r  litre .

S p ec tro g ram s w ere reco rded  u n d e r th e  e x p e rim e n ta l conditions described e a rlie r  [1]. 
W ith  a ll th e  th re e  tech n iq u es a stab iliz in g , p ro tec tin g , re sp ec tiv e ly , a tom izing  gas a tm o sp h e re  
o f a rg o n  w as m ain ta in ed . In  th e  case o f th e  sp ray  m eth o d , th e  effec t of Ar, and  of N2, as a to m iz 
ing g as u p o n  th e  an a ly tic a l chem ical effic iency was s tu d ied .

F o r  th e  p lo ttin g  of th e  a n a ly tic a l curves, th re e  tim e s  th re e  paralle l sp ec tro g ram s w ere 
ta k e n  o f th e  so lu tions o f va rio u s c o n cen tra tio n s  of th e  e le m en ts  s tud ied  (six -inem bered  series).

T h e  analysis lines se lected  a re  lis ted  in  T able I I .

Table II

The analysis lines o f elements tested

Elem ent
Ionization

energy
eV

W ave
length

nm

Excitation
energy

eV

As 9.81 234.98 6.59

В 8.30 249.68 4.96

Bi 7.29 240.09 7.07

298.90* 5.50

299.33 5.55

302.46 6.00

Co 7.88 345.35 4.02

Cu 7.72 327.40 4.78

Mn 7.43 257.61* 4.81

293.31 5.41

Mo 7.38 317.03 3.91

379.83 3.26

Zn 9.39 334.50 7.78

* for d.c. arc ex c ita tio n  only
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R esults an d  discussion

In  connection  w ith  th e  d e tec tio n  lim its  fo r a given e lem ent o f  th e  v a rious 
tech n iq u es  we have fo u n d  [ 1 ] th a t  th e  d ifference of th e  in ten sitie s  o f  th e  a n a ly 
sis lines depends on th e  ion iza tio n  p o te n tia l o f  th e  e lem ent in  q u e s tio n . In  th e  
case o f e lem ents w ith  ion iza tio n  p o te n tia ls  below  8  eV (Mn, Mo, Cu, Co) th e re  
is no sign ifican t d ivergence of th e  re su lts  o f  sp a rk  ex c ita tio n  te c h n iq u e s  w hile, 
in  th e  given range o f c o n cen tra tio n s , s tab ilized  arc  ex c ita tio n  te c h n iq u e  gives 
m ore feeble analysis signals. E lem en ts  w ith  io n iza tio n  p o te n tia ls  ab o v e  8  eV 
(As, B , Zn) do n o t show  a d ev ia tio n  o f th is  k ind .

T able  II I

Estim ated lim its o f  detection fo r  the various spectrographic techniques 
(1 m g/litre  in  th e  in itia l sam ple  corresponds to  50 ppm )

Element

E stim ated  lim its o f detection, mg/lit re

Spray m ethod
Rotating

disk
Stabilized

arc

Ar gas N 2 gas A r gas Ar gas

As 2 2 2 2
В 0.5 1 0.5 5
Co 0.1 0.7 0.1 0.7
Cu 0.05 0.05 0.05 0.1
Mu 0.2 0.2 0.2 0.5
Mo 0.1 0.7 0.3 0.1
Zn 0.5 2 0.2 2

E s tim a te d  co n cen tra tio n  v a lu es  o f d e tec tio n  lim its  o f th e  se v e ra l ele
m e n ts  are show n in T ab le  I I I .

T he b est d e tec tio n  pow er w as fo u n d  w ith  th e  argon-gas s p ra y  m e th o d , 
an d  w ith  th e  ro ta tin g  d isk  argon  b low -in  te c h n iq u e . S tab ilized  a rc  e x c ita tio n  
an d  n itrogen -gas sp ra y  m e th o d  d id  n o t  perfo rm  so well w hen assessed  in  th is  
re sp ec t. The worse d e tec tio n  pow er o f th e  tw o  la t te r  te ch n iq u es  m ig h t he 
p e rh ap s  ascribed , besides th e  decrease o f  p la sm a  te m p e ra tu re , to  th e  em er
gence o f in te rfe rin g  m olecule b an d s  a n d  to  in c reased  b ack g ro u n d  f lu c tu a tio n .

In  th e  course o f o u r m a tr ix  e ffec t s tu d y  we found  th a t  th e  c h a ra c te r  of 
th e  analysis curves p e r tin e n t to  th e  v a ria b le  base  com position  does n o t  show  
s ig n ifican t d ivergency  in  th e  case o f  th e  sp a rk  ex c ita tio n  te c h n iq u e s  (F igs 1, 
a n d  2). T he ten d en cy  is d iscern ib le  fo r  th e  va lu es  of abso lu te  line in te n s itie s  
to  becom e low est w ith  th e  acidic ty p e  soil (m a rk  В in  th e  F ig u re s). I n  th e  
case o f th e  stab ilized  a rc  e x c ita tio n  te c h n iq u e , an d  te s tin g  th e  e le m e n ts  o f 
low er ion iza tio n  energies, th e  ab so lu te  va lu es  o f line in ten s itie s  a re  low er, 
w hile re la tiv e  in ten sitie s , i.e. tho se  re fe rred  to  B i, are  sim ilar to  th o se  fo u n d
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F ig . 1. E ffec t of the  change in  b a se  com position on a n a ly t ic a l  cu rves in th e  case o f an  e lem ent 
o f  re la tiv e ly  high ion iza tion  e n e rg y  (As)

w ith  sp a rk  exc ita tion . I n  th e  case of stab ilized  a rc  e x c ita tio n  i t  is in a p p ro p ria te  
to  co m p are  the  in te n s ity  o f  th e  lines of e lem en ts  o f  h ig h er ion iza tion  p o te n tia ls  
w ith  t h a t  of th e  lines o f  b ism u th  w hich is o f  a low er ion iza tion  p o te n tia l, 
a n d  th u s  a great d iv erg en ce  w ill be ap p a ren t b e tw e e n  th e  substances of v a rio u s 
b a se  com positions.

Considering th e  a c c u ra c y  of these te c h n iq u e s , a general fin d in g  is th a t  
th e  re la tiv e , com plete s ta n d a r d  deviation  o f c o n c e n tra tio n  is least in  th e  m iddle 
se c tio n  o f the  c o n c e n tra tio n  ranges stud ied . A lso u n a ffec ted  b y  th e  te c h n iq u e  
u se d , th e  h ighest fig u res  o f  s ta n d a rd  d ev ia tio n  a re  fo u n d  for sam ples o f calcif- 
e ro u s  com position (T ab les IV  an d  V).
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0.00003 0.0001 0.0003 0.001 0.003 
Ccu<9/I)

0.00003 0.0001 0.0003 0.001 0.003 
CCu (9/I)

0 00003 0.0001 0.0003 0.001 0.003 
C c J g / 1 )

0.00003 0.0001 0.0003 0.001 0.003 
^cu (g^ и

Fig. 2. E ffec t o f th e  change in base co m position  on an a ly tic a l curves in th e  case o f  a n  e le m en t o f
re la tiv e ly  low  io n iza tio n  en erg y  (Cu)

B y  com paring  th e  s ta n d a rd  d ev ia tio n s  o f  th e  several m e th o d s  i t  w as 
fo u n d  th a t  th e  h est d a ta  w ere fu rn ish ed  b y  th e  stab ilized  arc  e x c ita tio n  
tech n iq u e . N early  equal perfo rm ances are due to  argon-blow  sp a rk  e x c ita tio n  
tech n iq u es , while sp ray in g  w ith  n itro g en  seem s to  be th e  le a s t a d v a n 
tag eo u s.

B esides tho se  discussed ea rlie r in  connec tion  w ith  tech n iq u es, a n d  w ith  
th e  com parison  o f various base su b stan ces  [ 1 ] no fu r th e r  s ig n if ic a n t 
d ivergencies w ere found  w hen  th e  an a ly tic a l sen s itiv ity  (slope) w as 
s tu d ied .
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Table IV

Various analytical param eters characteristic o f  the several spectrographic techniques

Tube-electrode spray R otating Stabilized
Line Base Characteristic m ethod disk d.c. arc
pair composition param eter

Ar gas N 2 gas A r gas A r gas

sc, rel. a 68.7 61.4 29.6 50.9

%  b 9.3 34.0 11.3 7.5

A c 61.7 45.0 16.2 13.2

A nal. sens. 0.91 0.89 0.89 0.99

L in earity + + “h -

M n 299.3 sc, re,. a 73.7 61.0 31.0 61.3

resp . 257.6 0/ h /0  JJ 19.0 20.0 10.6 4.7

В e 42.3 63.3 12.2 9.7

A nal. sens. 0.91 0.96 0.86 0.97

L in earity + + + . —

sc, rel. a 42.6 105.0 28.0 50.5
0/ h/0 22.7 14.1 12.0 18.0

C c 22.6 76.4 17.3 11.3

A nal. sens. 0.97 0.89 0.86 0.92

L in earity + + + -

sc, rel. a 14.3 41.3 14.3 34.8
0 h/0 5.8 29.9 6.2 4.8

A c 26.5 75.0 10.1 11.1

A nal. sens. 0.84 0.86 0.91 0.97

M n 293.3 L in earity + - j- + —

resp . 257.6 sc. rel. a 40.6 40.8 16.1 61.8

b 11.9 30.9 6.8 3.9

В
/0 c 12.9 36.8 9.9 12.5

A nal. sens. 0.90 0.99 0.90 0.99

B i 299.3 L in earity + + + -

resp . 298.9 sc, rel. a 55.5 86.3 13.7 45.4

b 7.1 10.2 8.4 14.2
0 /

C c 22.5 43.4 20.8 16.5

A nal. sens. 0.87 0.91 0.88 0.93

L in earity — + —

a =  0.2 m g /litre ; b  =  2.5 m g/litre; c =  22.5 m g /litre
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T ab le  V

Various analytical parameters characteristic o f  the several speclrographic techniques

Tube-electrode spray Rotating Stabilized
Line Base Characteristic m ethod disk d.c. arc
pair composition param eter

A r gas Ng gas A r gas A r gas

sc, rel. a 55.9 29.3 38.2 25.2

]> 9.4 18.9 7.9 3.5
% c 26.1 32.8 6.1 12.8

A Anal. sens. 0.90 0.81 0.88 1.04

L inearity — + + +

sc,rel. a 89.5 96.2 45.1 30.2

b 12.9 34.0 19.5 1.70/
As 234.9 c 12.1 22.9 22.7 20.0

В A nal. sens. 0.89 0.73 0.88 1.04

L inearity - - + +

sc, rel. a 33.9 81.2 24.8 17.0

b 11.2 21.3 8.4 5.7
0 /

c 28.5 31.5 28.9 11.2

C Anal. sens. 1.23 0.85 0.94 1.00

L inearity + + + —

sc, rel. a 44.6 67.4 23.9 13.3

b 6.4 32.5 8.6 3.4
/0

C 33.1 37.5 4.9 16.2

As 234.9 A Anal. sens. 1.10 0.87 0.85 0 .9 9

L inearity -L . + - —

s c,rel. a 56.2 34.5 12.3 31.2

i) 7.2 19.8 6 .6 5 . 1
0/

Bi 299.3
В c 27.2 35.1 26.9 22.1

Anal. sens. 1.03 0.92 0.96 1.00
resp. 298.9

L inearity — + - +

sc rel. a 24.7 33.6 16.8 28.8

b 7.0 16.5 7.3 3.1

c /0
C 24.5 24.3 40.5 12.7

Anal. sens. 1.14 0.89 0.94 0.96

L inearity — + + —

a =  2 m g/litre ; b  =  25 m g/litre; c =  200 m g /litre
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F o r  th e  m a jo r ity  o f  th e  e lem ents s tu d ie d , an a ly tica l s tra ig h ts  b e s t 
a p p ro x im a te  th e  th e o re tic a l co rre la tions in  th e  case  of th e  argon-b low  sp a rk  
e x c ita t io n  tech n iq u es.

T h e  accu racy  o f  th e  a n a ly tic a l m e th o d s  w as checked  by  an a ly sis  o f  rea l 
soil sam p les . A ccep ting  th e  re su lts  o b ta in ed  b y  a to m ic  abso rp tion  sp e c tro sc o p y  
(A A S) as th e  m ost p ro b ab le  v a lu es , i t  could  be  s ta te d  th a t ,  ju d g ed  on th e  basis  
o f  sy s te m a tic  erro r, th e  sp a rk  ex c ita tio n  te c h n iq u e s  are  the  “ m ore re lia b le ”  
ones (T ab le  V I).

Table VI

System atic errors, dre| %, o f  the several techniques o f  spectrographic analysis

E lem ent
Sample
m arked

AAS,
ppm

Tube-electrode spray m ethod R otating
disk

Stabilized 
d.c. arc

A r n 2

c (ppm) ■><%) c (ppm) « (% ) c (ppm) s  (%) c (ppm) Й(%)

l 948 940 -  0.84 954 +  0.64 970 +  2.1 1080 +  13.9

Mn 2 510 490 - 3 . 9 488 - 4 .3 500 +  1.9 540 +  5.9

3 590 620 +  5.1 625 +  5.9 605 +  2.4 640 +  8.5

1 37.2 34 - 8 .6 34.5 - 7 . 2 36.1 - 2 .9 38.8 + 4 .3
Cu 2 25.0 22 — 12.0 — — 24.5 - 2 .0 — —

3 21.4 21 - 1 . 8 — — 21.0 - 1 .8 — —
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D u rin g  th e  h e a t t r e a tm e n t  o f P P  fib res  a  process o f re c ry s ta lliza tio n  occurs. 
Iso th e rm a l h e a t t r e a tm e n t w as pe rfo rm ed  in  a  DSC in s tru m e n t and  th e  p ro cess  of 
rec ry s ta lliz a tio n  was d e te c te d  in  th e  fo rm  o f an  e x o th e rm a l peak. T he m ea su re m e n ts  
were c a rried  o u t b o th  in  th e  m eltin g  range  a n d  be low  it.

T he double fusion p eak  o bserved  in  p o ly p ro p y len e  fib res and th e  new  endo- 
th e rm a l p eak  found  in th e  DSC curves o f p o ly m ers su b jec ted  to  iso therm al h e a t  t r e a t 
m en t h a v e  been in te rp re te d  on th e  basis o f a  rec ry s ta lliz a tio n  process. T he DSC curves 
o f p o ly m ers w ith  m eta s tab le  s tru c tu re s  sh o u ld  a lw ay s be regarded  as th e  re su lta n t  
o f s im u ltan eo u s  ex o th erm al an d  e n d o th e rm a l processes.

In tro d u c tio n

The g re a t significance o f  th e rm a l analysis  in  th e  inv estig a tio n  o f  po lym ers 
is well k n o w n . V aluable in fo rm a tio n  m a y  be o b ta in e d  on th e  s tru c tu re s  o f 
polym ers b y  s tu d y in g  th e  th e rm a l effects w h ich  acco m p an y  s tru c tu ra l changes 
or th e  changes in  th e  th e rm a l b e h av io u r o f  p o ly m ers  w hich  follow th e se  s tru c 
tu ra l  changes.

So fa r  o n ly  a few a u th o rs  h av e  ca rried  o u t  DSC m easu rem en ts in  p o ly 
propy lene  (P P ) m ateria ls  [1—4]. T hese s tu d ie s  h av e  fu rn ished  n u m ero u s  
pieces o f in fo rm a tio n , w hich  a re , how ever, in su ffic ien t to  o b ta in  a u n i
form  p ic tu re .

Experim ental

In  o u r te s ts  tw o d ifferen t fib res , p rep ared  fro m  iso ta c tic  P P  fibre, were em p lo y ed :

1. D ap len  708 C (OSW ) Mw  =  300 000
Mw /M n =  2.9 
M elt index* =  16.1

2. H o s ta len  P P U  1080 Mw  =  620 000
Mw /M n =  9.5 
M elt index* =  10.6

F ib res  w ere m ade from  b o th  po lym ers u n d e r  n e a r ly  id en tica l o p era tin g  co n d itio n s. 
T he fib res  w ere v e ry  slightly  o rien ted  so-called n o n -s tre tc h ed  fib res. The n o n -s tre tc h ed  f ib res

* A ccord ing  to  ASTM 1238— 57 T .
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m a d e  o f  D ap len  708 C an d  H o s ta len  P P U  1080, re sp ec tiv e ly , h ad  very  d iffe ren t s tru c tu re s :  
th e  a s - sp u n  D ap len  fib re  possessed a so-called sm ectic  s tru c tu re ,  w ith  a d en sity  o f 0 .890 g /cm 3, 
w h e rea s  th e  f ib re  o b ta in ed  fro m  th e  H o s ta len  w ith  h ig h e r  m olecular w eigh t h a d  a  d e n s ity  of
0.902 a n d  a  m onoclin ic s tru c tu re . T h e  X -ra y  d iffrac to g ra m s show th e  s tru c tu ra l  d ifferences 
b e tw e e n  th e  tw o n o n -stre tch ed  f ib res  (F ig . 1).

T h e  DSC m easu rem en ts w ere carried  o u t on a  P e rk in -E lm er D SC -IB  ty p e  in s tru m e n t. 
S ilicon  g rease  w as in tro d u ced  b e tw een  th e  sam ple h o ld e r a n d  th e  sam ple c arrie r h e a d  to  im 
p ro v e  th e rm a l  co n tac t. W e used  sam ples o f  6 — 10 m illig ram s.

I n  th e  case o f polym ers one m u s t ta k e  in to  a c c o u n t t h a t  su b s ta n tia l s t ru c tu ra l  changes 
m a y  o c c u r  u p o n  heatin g . I f  th e y  are  neg lected , co m p le te ly  false conclusions can  b e  reach ed  
d u r in g  e v a lu a tio n . M oreover v a lu ab le  in fo rm a tio n  can  be ob ta in ed  on th e  n a tu re  a n d  ra te  
o f th e s e  p rocesses a t  th e  sam e tim e  b y  p lo ttin g  th e  D SC  curves for several h e a tin g  ra te s .

F ig . 1. X - r a y  d iffrac tog ram  of n o n -s tre tc h ed  fib res o f D a p le n  708 C (a) an d  H o s ta len  P P U  (b)

X - r a y  m easu rem en ts hav e  b een  p e rfo rm ed  on a P h ilip s  M ikro-M üller 111 ty p e  a p p a 
r a tu s  w i th  C u K a-rad ia tio n . F o r  w ide angle m ea su re m e n ts  we used a P h ilip s d iffrac to m e te r  
a n d  fo r  sm a ll angle m easu rem en ts  a  R ig ak u -D en k i sm all angle cam era. F o r th e  SA X S m eas
u re m e n ts  w e used  a  s tep -scann ing  m eth o d , w ith  a m easu rin g  period  of 100 seconds b e tw een  
e ach  s te p .

T h e  f ib re  den sity  w as m easu red  w ith  th e  f lo a tin g  m eth o d  in a CCl4-to luene  m ix tu re .

Results

Detection of processes occurring in the melting range

A t ce rta in  h ea tin g  ra te s  th e  n o n -s tre tc h e d  D aplen fib re  e x h ib ite d  a 
d o u b le  o r  m u ltip le  fusion p e a k  (F ig . 2). W ith  in c rea s in g  h ea ting  ra te  th e  m ax im a  
a t  th e  fu s io n  peaks in creasin g ly  overlap  a lth o u g h  th e  double c h a ra c te r  o f  th e  
p e a k s  is s till  recognizable a t  a h e a tin g  ra te  o f  8 °C /m in.

T h e  position  of th e  p eak s belonging  to  low er te m p era tu res  does n o t 
c h a n g e  m u ch  w ith  increasing  h e a tin g  ra te s , b u t  its  he igh t increases w hile  t h a t  
o f  th e  h ig h e r  te m p e ra tu re  p e a k  decreases.

T h is  double or m u ltip le  n a tu re  o f th e  fusion  peaks is v e ry  fre q u e n t 
w ith  p o ly m ers  and  th e  in flu en ce  o f  th e  h e a tin g  ra te  is also s im ila r [5— 10].
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H ow ever, th e  opinions a re  su b s ta n tia lly  d iffe ren t in  th e  in te rp re ta tio n  
o f th is  effect. Som e au th o rs  ex p la in  it  w ith  tw o  d iffe ren t s tru c tu re s  ex is tin g  
in  th e  orig inal su b s ta n c e , even  in  polym ers w h ich  are  know n to  possess one 
c rysta lline  m o d ifica tio n  on ly  (po lyesters , p o ly e th y len e ). A ccording to  o th e rs  
th e  difference m a y  be due to  th e  coexistence o f  c ry s ta ls  w ith  fo lded  an d  
s tre tch ed  chains [5] and  still o th e rs  claim  t h a t  th e re  is a difference in  th e  
c ry s ta l sizes [9].

Fig. 2. DSC cu rv es o f  a n o n -s tre tc h ed  D aplen  708 C fib re  a t  various h ea tin g  ra te s

R oberts [10] has p o in ted  o u t th a t  fo r a co rrec t in te rp re ta tio n  i t  is 
abso lu te ly  n ecessary  to  consider th e  processes t h a t  ta k e  place in  th e  sam p le  
d u rin g  th e  DSC m easu rem en t, m ore  p a rtic u la r ly  th e  p o ssib ility  of re c ry s ta lliz a 
tio n  or reo rdering  processes occu rrin g  in  th e  fu sion  ra n g e , w hich  te n d  to  increase  
th e  m elting  p o in t o f  th e  reo rd e red  s tru c tu re .

All these  fac to rs  m u st be ta k e n  in to  ac c o u n t in  th e  in te rp re ta tio n  o f  th e  
fusion curves for D ap len  708 C n o n -s tre tch ed  f ib re s . D u rin g  th e  DSC m easu re 
m e n t, s tru c tu ra l changes due to  h ea tin g  are  in d ic a te d  b y  th e  fac t t h a t  th e  
a rea  u n d er th e  p e a k  belonging  to  th e  h igher m e ltin g  p o in t increases d e fin ite ly  
in  para lle l w ith  th e  tim e  o f th e  DSC m easu rem en t (i.e. w ith  th e  decrease in  
th e  h ea tin g  ra te )  b o th  in  th e  ab so lu te  sense a n d  re la te d  to  th e  to ta l  a rea  
u n d e r  th e  fusion  peak .

A re la tio n sh ip  betw een  th e  shape  o f th e  fu sion  p eak  and  th e  p ro p e rtie s  
o f  th e  po lym er (m olecu lar w eigh t and  s tru c tu re )  is in d ica ted  by  th e  absence 
o f  double fusion p eak  in  n o n -s tre tch ed  fib res p re p a re d  from  po lyp ro p y len e  
w ith  h igher m o lecu la r w eight (H o sta len  P P U  1080).
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F ig . 3. W id e  angle X -ray  d iffrac to g ra m s of th e  n o n -s tre tch ed  D aplen  708 C f ib re , a f te r  h ea t 
t r e a tm e n t  a t  various te m p e ra tu re s :  a) w ith o u t h e a t  t re a tm e n t;  b) 80 °C; c) 110 °C; d ) 140 °C

h e a t  t r e a tm e n t

O u r original h y p o th es is  th a t  th e  do u b le  fusion peak  o f th e  D a p le n  sam ple 
is r e la te d  to  th e  sm ectic s t ru c tu re  h ad  to  be d iscarded , since th e  sh a p e  o f th e  
fu s io n  p e a k  did no t change b y  h e a t t r e a tm e n t  a t  140 °C, a lth o u g h  th e  X -ra y  
d if f ra c t io n  curve (Fig. 3c) a n d  th e  d e n s ity  (0.9088 g/cm 3) in d ic a te d  a change 
o f  s t r u c tu r e  in to  m onoclin ic.
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Fig. 4. D S C Jp ro g ram m e fo r stu d y in g  th e  p rocesses in  th e  m eltin g  ra n g e

F ig . 5. DSC carves o f D ap len  708 C fibres; an  iso th e rm a l s tage  was in se r te d  in to  the
m elting  range
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W e decided to  p e rfo rm  fu r th e r  m easu rem en ts  on th e  n a tu re  o f  th e  
d o u b le  fusion  peak , esp ec ia lly  to  c larify  th e  ex istence  a n d  n a tu re  o f  ex o th e rm a l 
p ro cesses  in  th e  te m p e ra tu re  ra n g e  o f m elting . T h e  h e a tin g  p ro g ram m e (4 °C/ 
m in ) w as in te rru p te d  a t  v a r io u s  te m p e ra tu re s  in  th e  m e ltin g  ran g e  an d  h e a tin g  
w as re su m e d  a fte r an  iso th e rm a l stage  o f 10 m in  (F ig . 4). F igu re  5 show s th e  
D SC cu rv es  of a n o n -s tre tc h e d  p re-o rien ted  D ap len  708 C fib re  o b ta in e d  w ith  
th e  ab o v e  program m e a t d iffe re n t tem p era tu res . I t  can  be seen from  th e  fig u re

F ig . 6. D SC curve of H o s ta len  P P U  fib re ; an  iso th e rm a l s tag e  w as in se rted  in to  th e
m elting  range

t h a t  an  exo therm al process occurs in  th e  iso th e rm a l stag e  w ith  a d u ra tio n  of 
se v e ra l m inu tes. This p h e n o m e n o n  has also been  o bserved  b y  R o b e r t s  [10] 
on  p o ly e th y len e  fib res. A cco rd in g  to  our m easu rem en ts  th e  e x o th e rm a l h e a t 
o f  tra n s fo rm a tio n  d ecreases w ith  an  increase in  th e  te m p e ra tu re  o f th e  iso 
th e r m a l  stage  and  becom es zero  a t  163 °C (436 K ).

N o  double fusion p e a k  w as o b ta in ed  for th e  H o sta len  P P U  1080 fib re , 
as m e n tio n e d  already . N ev e rth e le ss , we assum ed t h a t  fusion occurs in  a s im ila r 
w a y  as w ith  n o n -s tre tc h e d  D ap len  708 C an d  th e re fo re  we p erfo rm ed  th e

Table I

Temperature o f  heat treatment and the positions o f  the fu s io n  peaks

D a p len  708 C
T em p era tu re  o f  h e a t 

tre a tm e n t (K )

Peak  m ax im u m  (K ) 436.2

428.0

436.5

431.0

439.5

433.0

441.5

434.0

443.5

436.0

443.2

H o s ta le n  P P U  
1080

T em p era tu re  o f  h e a t 
tre a tm e n t (K )

Peak  m ax im u m  (K ) 435.0

432.0

440.0

434.0

442.5

435.0

444.6

436.0

446.1
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m easu rem en t w ith  th e  above p rog ram m e w ith  th is  fib re , to o . F ig u re  6  

show s one o f th e  cu rves o b ta in ed .
A ccording to  th e  fig u res , w hen  h ea tin g  is co n tin u ed  a fte r  th e  iso th erm al 

s ta g e , on ly  one e n d o th e rm a l p eak  ap p ears . T h e  h ig h er th e  te m p e ra tu re  of 
th e  iso th em al h e a t t r e a tm e n t ,  th e  h igher th e  te m p e ra tu re  o f  th is  p e a k  (Table I).

Extension o f the investigations to temperatures below the m elting range

S everal l i te ra tu re  d a ta  re fe r to  an  e x tra  e n d o th e rm a l p eak  app earin g  
in  po lym ers su b je c te d  to  an  iso th e rm al h e a t  t r e a tm e n t  below  th e  m elting  
ran g e  [6 , 8 , 11— 16]. T his also holds fo r th e  P P  fib re  s tu d ied  h e re , as show n 
b y  th e  DSC curves fo r n o n -s tre tch ed  fib res  w ith  v e ry  s ligh t o rien ta tio n , 
an n ea led  a t  80, 110 a n d  140 °C (F ig. 7). T he h e a t  t re a tm e n t h a d  no influence 
on th e  shape o f th e  fusion  p eak  or on th e  m e ltin g  p o in t; how ever, a new , sm all 
e n d o th e rm a l p eak  ap p e a re d  on th e  curve in  th e  v ic in ity  o f th e  te m p e ra tu re  
o f h e a t  t re a tm e n t.

This p h enom enon  has been observed  on d iffe ren t po lym ers b y  various 
a u th o rs  b u t th e ir  ca lo rim e tric  m easu rem en ts w ere re s tr ic te d  to  th e  re -h ea tin g  
o f h e a t  tre a te d  an d  cooled sam ples and  to  m easu rin g  or d e tec tin g  th e  fusion 
occu rrin g  d u rin g  th is  process.

F ig. 7. Change in th e  DSC cu rv e  of th e  n o n -stre tch ed  f ib re  a fte r  h e a t tre a tm e n ts  a t  various
tem p e ra tu res  (4 °C /m in)
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F ig . 8. P ro g ram m e of h e a t t r e a tm e n t  in  th e  DSC a n d  a ty p ic a l DSC curve o b ta in e d  w ith
th is  p rogram m e

T o s tu d y  th e  n a tu re  o f  th e  lo w -tem p era tu re  en d o th e rm a l process m ore 
c lo se ly  th e  h ea t t r e a tm e n t  w as carried  o u t in  th e  DSC in s tru m e n t itse lf, 
s im ila r ly  to  th e  m easu rem en ts  perfo rm ed  in  th e  m e ltin g  ran g e . H e a tin g  was 
in te r r u p te d ,  and iso th e rm a l s tag es  o f severa l m in u te s ’ d u ra tio n  w ere in se rted  
in to  th e  program m e; th e n  th e  sam ple  w as cooled ra p id ly  —  a t a r a te  o f  a b o u t 
80 °C /m in  — to ab o u t 20 °C below  th e  te m p e ra tu re  o f h e a t t r e a tm e n t .  The 
f u r th e r  p a r t  of th e  DSC cu rv e  w as reco rded  again  w ith  a h ea tin g  ra te  o f 4 °C/ 
m in . F ig u re  8  shows th is  p ro g ra m m e  an d  th e  DSC cu rv e  o b ta in ed .

T h e  m easurem ents in d ic a te  t h a t  an  e x o th e rm a l process occurs in  th e  
te m p e ra tu re  range o f iso th e rm a l h e a t t r e a tm e n t  an d  su b s ta n tia lly  below  
th e  m e ltin g  po in t; th e  p ro cess  ap p ears  as a m easu rab le  p eak  on th e  DSC 
c u rv e .

I n  th e  repea ted  h e a tin g  o f  th e  h e a t t r e a te d  fib re  an  e n d o th e rm a l peak  
a p p e a rs  w ith  an in itia l te m p e ra tu re  w hich is id e n tic a l w ith  th e  te m p e ra tu re  
o f  h e a t  tre a tm e n t.

T h e  areas under th e  p e a k s  belong ing  to  th e  e x o th e rm a l an d  e n d o th e rm a l 
p ro cesses  were m easured  in  a r b i t r a r y  u n its  b y  p la n im e try . T he va lu es  of 
A exо a n d  élendő are g iven  in  T a b le  I I .  T he e x te n t o f  th e  e x o th e rm a l process

Table II

A rea  o f  exothermal and endotherm al peaks in  arbitrary u n its , as a fu n c tio n  o f the tem perature
o f  heat treatment

Tem perature of h ea t trea tm en t

353 К 383 К 413 К

^exo ^endo -^exo ^endo •^exo •^endo

N o n -s tre tc h e d  Daplen fibre 1.31 1.31 1.48 1.93 3.14 3.14

N o n -s tre tc h e d  H ostalen fibre 0.87 0.63 1.66 1.66 2.77 2.85

D a p len  g ranu les 0.83 1.25 1.67 2.25 4.73 4.16
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increases  w ith  th e  in c reas in g  te m p e ra tu re  o f  th e  h e a t t r e a tm e n t ,  an d  th e  
a reas  u n d e r th e  p eak s co rrespond ing  to  th e  ex o th e rm a l a n d  en d o th e rm al 
p rocesses are a p p ro x im a te ly  equal.

T he sizes o f  th e  en d o th e rm  peaks o f  sam ples h e a t- tre a te d  below  th e  
m e ltin g  range w ere in d e p e n d e n t of th e  cooling ra te .

W e have also in v e s tig a te d  D ap len  g ranu les an d  o b ta in e d  s im ila r  resu lts , 
as show n in T able I I .

A tte m p ts  w ere m ad e  to  o b ta in  th e  e x o th e rm a l p eak  a t  a g iven  te m p e ra 
tu re  T ht a fte r a p rio r  h e a t  t r e a tm e n t o f th e  f ib re  a t  a h ig h er te m p e ra tu re .

LEN G Y EL e t aL: TH ERM A L ANALYSIS OF PO L Y PR O PY LE N E F IB R E S  3 1 7

F ig . 9. DSC program m e fo r h e a t  t re a tm e n t a t  140 a n d  110 °C an d  th e  re s u l ta n t  DSC curve

29 (min)

F ig . 10. Sm all angle X -ra y  d iffrac to g ram  of th e  D ap len  708 C n o n -s tre tch ed  f ib re  a fte r  h eat 
t r e a tm e n ts  a t  various te m p e ra tu re s :  a) w ith o u t h e a t t r e a tm e n t;  b ) 80 °C; c) 110 °C; d) 140 °C

h e a t t r e a tm e n t
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F o r  th i s  reason th e  DSC c u rv e  w as recorded a f te r  a h e a t  t r e a tm e n t a t  140 °C, 
a c c o rd in g  to  the  p ro g ram m e  g iv en  in  F ig  9. No e x o th e rm a l p eak  w as found  
a t  110 °C a fte r th is h e a t t r e a tm e n t .

T h e  exo therm al p e a k  o b ta in e d  during  h e a t t r e a tm e n t  in  th e  DSC in s tru 
m e n t  in d ica te s  some k in d  o f  rec ry s ta lliz a tio n  process. T h e  s tru c tu ra l  changes 
a c c o m p a n y in g  th is  process w ere  s tu d ied  by  X -ra y  an d  d en sity  m easu rem en ts . 
F ig u re  3 shows the  w ide an g le  X - ra y  d iffrac togram s a n d  F ig . 10 th e  sm all angle 
X - r a y  d iffrac togram s. T he c h a n g e s  in  th e  s tru c tu ra l  ch a ra c te ris tic s  a re  su m 
m a r iz e d  in  Table I I I .

Table III

Changes in structural characteristics after heat treatment in  non-stretched D aplen fib re

Т ы  К D ensity
g/cm 3

Crystalline % Cryst.
particle

size
A

Small angle 
period

Afrom  density
from X -ray  

diffract.

U ntrea ted 0.8900 50.5 40 29 104

353 0.8940 52.5 45 35 124

383 0.9038 63.4 56 52 152

413 0.9088 70.9 69 67 220

Discussion

I n  lin ear hom opolym ers ab le  to  crystallize, th e  c ry s ta llite s  w ith  s tre tc h e d  
c h a in s  a n d  large la te ra l d im e n s io n  have th e  lo w est free  energy  an d  th is  is 
th e re fo re  th e  fina l stage  o f  th e rm o d y n a m ic a l eq u ilib riu m  [17].

I n  c rysta lliza tion  fro m  a m e lt or a so lu tio n , th e  s tru c tu re  o b ta in e d  is 
a lw a y s  u n stab le  th e rm o d y n a m ic a lly  since th e  fo rm a tio n  o f th e  eq u ilib riu m  
s t r u c tu r e  is k inetically  h in d e re d .

T h e  sm aller th e  m o b ili ty  o f  th e  m olecular ch a in s  d u rin g  c ry s ta lliz a tio n , 
th e  lo w e r  th e  te m p e ra tu re  o f  c ry s ta lliza tio n  o f th e  p o lym er, an d  th e  m ore 
d e fe c t- in d u c in g  sites are  p re s e n t  in  th e  po lym er (a ta c tic  chains o r ch a in  seg
m e n ts , co n tam in a tio n s, c h a in  ends) th e  fa r th e r  is th e  s tru c tu re  fo rm ed  from  
th e  eq u ilib r iu m  s ta te .

I n  fib re  fo rm ation  c ry s ta ll iz a tio n  occurs a t  s te a d ily  decreasing  te m p e ra 
tu re s  a n d  accordingly th e  s t r u c tu r e  is hom ogeneous in  d is tr ib u tio n .

W h e n  linear m acrom olecu les w ith  su ffic ien t f le x ib ility  crysta llize  w ith o u t 
o r a t  lo w  stress, c ry s ta llite s  w ith  fo ld ed  chains a re  o b ta in e d . U n d e r th e  con
d itio n s  o f  fib re  fo rm atio n  th e  c rysta lline  phase is com posed o f c ry s ta llite s  
w ith  fo ld e d  chains w hich  c ry s ta lliz e  in to  th e  n u c le i w ith  s tre tc h e d  chains 
o r ie n te d  in  th e  d irection  o f  th e  s tre ss  [18, 19].
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A t rising  te m p e ra tu re  th e  m o b ility  o f th e  m olecu lar chains increases 
an d  th e  s tru c tu re  tran sfo rm s to w a rd  a th e rm o d y n a m ic a lly  stab le  eq u ilib riu m . 
This change proceeds, th ro u g h  an  increase  in  th e  ch a in  folding p e rio d , to w a rd  
th e  fo rm atio n  o f c ry s ta llite s  w ith  s tre tc h e d  cha ins.

S im u ltaneously  w ith  th e  above process th e  c ry s ta l size grow s, th e  n u m b e r 
o f  defect s ites in  th e  c ry s ta llin e  s tru c tu re  decreases , an d  th e  am o rp h o u s  
chains on th e  folding surfaces m ay  he b u ilt in to  th e  c ry s ta l la ttice .

The e x te n t  o f change can  be ch a rac te rized  num erica lly  b y  a v a r ia tio n  
in  th e  size o f  c rysta lline  p a rtic le s  o b ta in ed  from  w ide angle X -ra y  m e a su re 
m en ts , in  th e  large period  o b ta in e d  from  sm all angle X -ra y  d iffrac to g ram s 
an d  in  th e  percen tag e  o f c ry s ta ll in ity  o b ta in ed  b y  various m ethods.

This change is irrev e rs ib le , i.e. th e  s tru c tu re  rem ains u n c h a n g e d  u n til 
th e  te m p e ra tu re  of fo rm a tio n  o f th e  given s ta te  is exceeded. This is th e  basis 
o f  fix in g  th e  shape  an d  s tru c tu re  o f  po lym ers b y  h e a t t re a tm e n t.

A ccord ing  to  our DSC stu d ies  th is  tra n s fo rm a tio n  can be d e te c te d  in  
th e  form  o f an  ex o th e rm al h e a t effect a lread y  fa r  below  th e  m e ltin g  p o in t. 
T he ex o th e rm a l process d e te c te d  d u rin g  iso th e rm a l h e a t t re a tm e n t a t  a given 
te m p e ra tu re  is a rec ry s ta lliz a tio n  alw ays in v o lv in g  s tru c tu ra l e lem en ts  form ed 
b y  c ry s ta lliz a tio n  a t  te m p e ra tu re  below  th e  te m p e ra tu re  o f th e  g iv en  h ea t 
t re a tm e n t.

T his in te rp re ta tio n  exp la ins th e  increase in  size o f th e  e x o th e rm a l peak  
in  p ara lle l w ith  th e  te m p e ra tu re  o f h e a t t re a tm e n t.

T he process o f re c ry s ta lliz a tio n  a t  a te m p e ra tu re  T ht re su lts  a change 
in  th e  so fa r  hom ogeneous d is tr ib u tio n ; th e  c ry s ta llite s  w ith  low er te m p e ra 
tu re s  o f c ry s ta lliz a tio n  assum e a s tru c tu re  s ta b le  a t  T ht. The p ro p o r tio n  of 
th e  s tru c tu re  belonging to  T ht increases acco rd ing ly , as p roved  b y  th e  endo- 
th e rm a l p eak  s ta r tin g  a t  T ht u p o n  re -h ea tin g . T his p eak  co rresp o n d s to  a 
p a r tia l  m elting  of th e  s tru c tu re  s tab le  a t  T ht.

T herefo re  d u rin g  th e  co n tin u o u s  increase o f  th e  te m p e ra tu re  —  w hen 
record ing  th e  DSC curve  —  a re c ry s ta lliz a tio n  process tak es  p lace  m uch  
below  th e  m e ltin g  p o in t. T his consists of a p a r t ia l  m elting  and  a re c ry s ta ll iz a 
tio n .

The m eltin g  curves o f  po lym ers shou ld  alw ays be considered  as th e  re su lt - 
t a n t  of en d o th e rm a l an d  e x o th e rm a l processes occu rring  in  p a ra lle l, b o th  in  
th e  m e lting  range  and  below  it. T he  DSC m easu rem en ts  d iscussed ab o v e  also 
p rove  th a t  p a r tia l  m e lting  m u st be ta k e n  in to  acco u n t a lread y  fa r  below  
th e  m elting  p o in t, due to  th e  w ide m elting  ran g e  o f  sem icrysta lline  p o lym ers. 
So fa r th is  phenom enon  has been  s tu d ied  in d ire c tly  th ro u g h  th e  p e rc e n ta g e  
o f  th e  c ry s ta llin ity  [2 0 ].

The doub le  or m u ltip le  fusion  peaks fre q u e n tly  occurring  w ith  p o lym ers 
an d  th e  e n d o th e rm a l peaks in  th e  DSC curves o f  po lym ers su b je c te d  to  iso
th e rm a l h ea t t re a tm e n t can  th e re fo re  he ex p la in ed  b y  s tu d y in g  th e  e x o th e rm a l
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re c ry s ta lliz a tio n  p rocesses ta k in g  place s im u lta n e o u s ly  w ith  th e  m elting  
p ro c e ss .

N ew  en d o th e rm al p e a k s  appearing  on th e  DSC curves o f po ly m ers  su b 
je c te d  to  iso therm al h e a t  t r e a tm e n t  in d ica te  a m e ltin g  o f zones w h ich  have 
a l r e a d y  recrystallized  u p  to  th e  given te m p e ra tu re . T he th e rm a l energy 
l ib e r a te d  during re c ry s ta ll iz a tio n  is the  sam e as th e  energy  req u ired  fo r  m elting  
th e s e  zones, and  th e re fo re  th e  areas u n d e r th e  e x o th e rm a l an d  en d o th e rm a l 
p e a k s  a re  nearly  id e n tic a l.

T h e  phenom enon o f  rec ry s ta lliz a tio n  is in d e p e n d e n t o f th e  s ta te  o f th e  
s a m p le  (non -stre tched  f ib re  o r granule); h o w ev e r, th e  c ry s ta llin ity  increases 
o n ly  in  chains a lread y  s l ig h tly  s tre tched , w h ereas  in  com plete ly  n o n -o rien ted  
m a te r ia l  th e  c ry s ta llin ity  is co n stan t, as sh o w n  befo re  [2 1 ].
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ELECTRON DIFFRACTION INVESTIGATION 
OF THE MOLECULAR STRUCTURE OF DIPHENYL
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R eceived  O c to b er 8, 1976

A gas-phase  e lec tro n  d iffrac tio n  s tu d y  of d ipheny l su lfide y ie ld e d  th e  bon d  
len g th s  (ra) S -C  1.771 +  0.005 Á , C-C 1.399 +  0.003 Á, C -H  1 .0 8 9 +  0.008 Á  a n d  th e  
angle C—S— C 103.7 +  1.3°. A t lea s t tw o  co n fo rm atio n s are in a g re e m e n t w ith  th e  
ex p erim en ta l d a ta .

Introduction

T his in v es tig a tio n  is an  ex ten sio n  o f  o u r  stud ies on th e  m o le c u la r  s tru c 
tu re s  o f  su lfu r com pounds. O ur p r im a ry  p u rp o se  was to  co m p are  th e  su lfu r 
b o n d  co n fig u ra tio n  in  d ip h en y l su lfide  w ith  th o se  in  o th e r su lfides, e.g. (C H 3)2S
[1], [(C H 3)2N ]2S [2 ] on th e  one h a n d , an d  w ith  th e  s tru c tu res  o f d ip h e n y l su lf
ox ide  a n d  sulfone, on th e  o th e r. T he s tru c tu re  analysis o f th e  l a t t e r  tw o  su b 
stan ces  is in  progress in  th is  la b o ra to ry . As seen on sim ilar c o m p o u n d  series 
o f S X 2, SO X 2, an d  S 0 2X 2 [X  =  F , Cl, C H 3, o r (C H 3)2N ], in te re s tin g  geo m etrica l 
v a r ia tio n s  a p p ea r in  th e  su lfu r bo n d  co n fig u ra tio n s  (see e.g. [3]), w h ich  m ay  
h a v e  im p o r ta n t  im p lica tions concern ing  th e  b ond ing  p roperties. I n  a d d itio n , 
th e  e lu c id a tio n  o f th e  co n fo rm atio n a l b e h a v io u r  of th e  d ip h en y l d e r iv a tiv e s  
is ch a lleng ing , a lth o u g h  i t  w as clear from  th e  beginning th a t  o n ly  a  v e ry  
lim ite d  a m o u n t o f in fo rm a tio n  can  be o b ta in e d  in  th is  resp ec t a t  th e  p re sen t 
tim e .

Experim ental

T h e  sam ple o f d ip h en y l su lfide  w as o b ta in e d  fro m  D r. I . K a povits a n d  th e  p u r i ty  of 
th e  sam ple  was confirm ed  b y  m ass sp e c tro m e try  [4]. T he electron  d iffrac tio n  p a t te rn s  were 
o b ta in e d  w ith  an  EG -100A  a p p a ra tu s  [5, 6] u s in g  a so-called m em brane nozzle  sy s te m  [5] 
a t  nozzle te m p e ra tu re s  a ro u n d  130— 143 °C. T h e  w a v e le n g th  of th e  e lectron  b e a m  w as d e te r
m in ed  fro m  T1C1 d iffrac tio n  p a tte rn s  [7]. T he in te n s i ty  d a ta  in te rvals w ere 1.75 s  13.50 
a n d  6.25 <  s ^  31.5 A -1 fo r th e  50 cm  an d  19 cm  cam era  ranges, re sp ec tiv e ly , w ith  a  d a ta  
s te p  o f A s  =  0.25 A -1 . T he to ta l  ex p erim en ta l in te n s i ty  values are ta b u la te d  in  th e  A p p en d ix . 
T h e  ex p e rim e n ta l m olecu lar in ten sitie s  were o b ta in e d  as usua l [8, 9] an d  are  sh o w n  in  F ig . 1.

* T h is  w ork  w as su p p o rted  b y  th e  H u n g a ria n  In s t i tu te  for C u ltu ra l R e la tio n s  a n d  the  
U .S . N a tio n a l Science F o u n d a tio n  in  fo rm  o f a  co o p era tiv e  research  p ro je c t b e tw e e n  th e  
C en tra l R esearch  In s t i tu te  o f C hem istry  (B u d a p es t)  a n d  The U n iversity  o f T e x a s  (A ustin ).

** On leave from  th e  C en ter fo r S tru c tu ra l S tu d ies  and  D e p a rtm en t o f P h y s ic s , The 
U n iv e rs ity  o f T ex as, A u stin , T ex as, U .S.A .

3 Acta Chimica ( Budapest)  94, 1977
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F i g .  1.  E x p erim en ta l (E )  m olecu lar in ten sitie s  sM £ (s) fo r th e  tw o cam era  ranges, th eo re tica l m olecu lar in te n 
sities s M T ( s )  fo r m odel C and  d ifference curves A  =  s M E ( s )  — s M T ( s )  for m odels C and  D .  All scaled to

th e  19 cm  ex p erim en ta l d a ta
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S tru c tu re  analysis

T he geom etry  o f m odels used in  th e  s tru c tu re  analysis is d e fin ed  by  
b o n d  len g th s  С—C, С—H , S—C, bond  angle C—S-C an d  th e  angles o f  ro ta tio n  
o f  th e  p h en y l rings a b o u t th e  S-C bon d s ( cpv  tp2) .  —  (p2 =  0 w h en  b o th
rings a re  co p lan ar w ith  th e  C-S-C p lane , <px =  <p2 ^  0 corresponds to  m odels 
w ith  sy m m e try  C2 (F ig . 2).

О S
О  C
°  H 17

F i g .  2 .  A m odel w ith  C2 sy m m etry  a n d  th e  num bering  of a tom s

O u r genera l p rocedure  o f s tru c tu re  an a ly s is  is described in  R ef. [9]. 
T he sam e co h eren t an d  in co h eren t sc a tte r in g  am plitudes w ere u se d  as in 
R ef. [10].

In it ia l  p a ra m e te r  values for th e  le a s t-sq u a re s  refinem ents w ere  e s tim a te d  
m a in ly  from  th re e  sources: th e  e x p e rim e n ta l ra d ia l  d is trib u tio n  (F ig . 3), s tru c 
tu ra l  d a ta  fo r sim ilar m olecules an d  ca lc u la ted  m ean  v ib ra tio n a l a m p litu d e s  (l) 
fo r benzene  su lfonyl chloride [10]. F irs t th e  b o n d  r  and  l values w ere  re fin ed . 
Since th e y  p ro v ed  to  be in sensitive  to  co n d itio n s o f  refinem ents (e.g. to  va lues 
o f  o th e r  p a ram e te rs ), th e y  w ere fixed  in  m o st o f  th e  subsequen t ca lcu la tio n s .

In fo rm a tio n  on angle C -S -C  an d  th e  ro ta tio n a l angles is h id d e n  in  th e  
ran g e  above 2.5 Á o f th e  rad ia l d is tr ib u tio n . C urve F  o f Fig. 3 illu s tra te s  
t h a t  th e  p re p o n d e ra n t p a r t  o f c o n tr ib u tio n s  com es from  d is tan ces  t h a t  are 
in d e p e n d e n t o f th e  angle p a ram eters .*

F o u r  conform ations**  w ere chosen w ith  ro ta tio n a l angles a n d  sy m m e try  
(90°, 90°) C2t„ (0°, 90°) Cs, (45°, 45°) C, an d  (45°, - 4 5 ° )  Cs to  te s t  C -S -C  angles 
in  a w ide ran g e  (85 to  145°). M odels w ith  <рг =  q>2 =  0° were ex c lu d ed  in  view  
o f  s te ric  h in d ran ce . N one o f th e  ra d ia l d is tr ib u tio n s  ca lcu la ted  fo r m odels

* I t  m ay  be s trik in g  th a t  curve F  ru n s ab ove  th e  ex p erim en tal curve in som e regions, 
a lth o u g h  th e  fo rm er does n o t co n ta in  all co n trib u tio n s . Since negative v a lu es o f  / ( r )  have 
n o t  been  co m p ensa ted , an in te ra to m ic  d istan ce  r,y m ay  have  a positive c o n tr ib u tio n  to  f ( r )  
in th e  v ic in ity  o f Гц an d  a n eg ative  c o n trib u tio n  in fa r th e r  regions.

** A confo rm ation  is d eno ted  by  (<p,, <p2).

Acta Chimica (B udapest) 94, 1977
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2 3 . A 5 6 7
г I A)

F i g .  3 .  E x p e rim en ta l ( E )  r a d ia l  d is tr ib u tio n  and  th e o re tic a l cu rv es for m odels C  a n d  D .  C urve 
F  in c lu d es  on ly  those  c o n tr ib u tio n s  th a t  are in d e p e n d e n t o f  b o th  the  C -S-C  angle  a n d  th e  
r o ta t io n a l  angles. C o n trib u tio n s  fro m  angle- and ro ta tio n -in d e p e n d e n t in te ra to m ic  d is tan c es  
Tjj a re  in d ic a te d  b y  v e r tic a l  b a rs  w ith  lengths p ro p o rtio n a l to  m j j Z i Z j / r i j ,  m j j  m u ltip lic ity  o f 
th e  d is ta n c e , Z j  Z j  a to m ic  n u m b e rs . s m jn  =  0 ,  s m a x  =  3 1 . 5  Á -1 , dam ping  c o n s tan t a  =  0 . 0 0 2  

Á 2. M odel C  w as u se d  to  ex trap o la te  e x p e r im e n ta l d a ta  to  s  =  0

F i g .  4 .  l  a ria t ion o f th e  К -fac to r w ith  th e  C - S G ang le . R  =  { £  A 2/ £ [ s M ^ ( s ) ] 2} 4 2

A cta  Chimica ( Budapest) 94, 1977
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B1 

B2 
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G 1 

G2 

G3 

G4

F i g .  5 .  E x p e rim en ta l (E ) and  th eo re tica l ra d ia l d is tr ib u tio n  curves. F  angle- a n d  ro ta tio n -  
in d ep en d en t c o n tr ib u tio n s  only , G 1  to  G 4  ro ta tio n -in d e p e n d e n t co n trib u tio n s on ly . U n lab elled  
b a rs  show  c o n trib u tio n s  from  C . . . C  d is tan ces , hoo d ed  b a rs  rep re sen t ro ta tio n -in d e p en d e n t

C . . . C  d istan ces

Model A l A 2 B l B 2 С D

(?>t. <Pt) (90°, 90°)

ооONО *" 
О

(43°, 43°) (56°, 56°)
< C -S -C 103° 121° 105° 115° 104° 104°
R -factor 0.119 0.101 0.098 0.090 0.085 0.082

Model F G l G 2 G 3 G 4
< C -S-C — 100° 108° 117° 139°

_i__________________ь - ь  .__________________________ I__________________________I___________________ :---------1--------------------------------------- L

2 3 4 „ 5 6 7
r (A)
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c o rre sp o n d in g  to  th e  m in im a  on th e  Ä -fac to r vs. C -S -C  angle cu rves (F ig . 4) 
p ro v id e d  sa tis fac to ry  a g re e m e n t w ith  th e  e x p e rim e n ta l d a ta . I t  is em phasized , 
h o w e v e r , th a t  re la tiv e ly  sm a ll assum ed v ib ra tio n a l am plitu d es w ere used 
in  th e s e  calcu lations fo r th e  ro ta tio n -d e p e n d e n t d istances. N o te  also th a t  
m o s t jR -factor vs. C -S -C  an g le  curves show  im p ro v in g  ag reem en t w ith  th e  
e x p e r im e n ta l  d a ta  as th e  b o n d  angle in creases  to  p resu m ab ly  u n re a so n a b ly  
la rg e  v a lu e s . This m ay  in  t u r n  suggest t h a t  th e  in te r-rin g  d istan ces  h av e  a 
m o re  d isp e rsed  c o n tr ib u tio n , i.e. a p p a re n tly  la rg e r  l values th a n  a n tic ip a te d .

C urves G in F ig . 5 i l lu s tra te  som e ca lcu la tio n s  in  w hich th e  ro ta tio n -  
d e p e n d e n t d istances w ere ig n o red . H ere, in  a d d itio n  to  th e  p a ra m e te rs  used 
to  c a lc u la te  curve F  o f  F igs 3 and  5, th e  fo llow ing  am plitudes w ere assum ed : 
l (C2 . . . C8 ) =  0.07 Á, l (C2 . . . C l l )  == 0.11 Á , l (C5 . . . C l l )  =  0.13 Á. V al
ues o f  <C -S -C  were chosen  to  rep resen t th e  m in im a show n in F ig . 4 . Since 
th e  d is tr ib u tio n s  w ith  <C—S—C =  117° o r 139° (curves G3 and  G4) d isp lay  
c o n s id e ra b le  discrepancies from  th e  e x p e rim e n ta l d is tr ib u tio n , a n d  these  
c a n n o t  be  com pensated  b y  ad d in g  th e  ro ta tio n -d e p e n d e n t c o n tr ib u tio n s , no 
re f in e m e n t was carried  o u t s ta r t in g  w ith  v a lu es  la rg e r th a n  117°. T h e  re su ltin g  
v a lu e s  o f  <C -S -C  were a b o u t 103.5° in  th ese  re fin em en ts .

I n  su b sequen t re fin em en ts  th e  ro ta tio n -d e p e n d e n t d istances w ere in 
c lu d e d  ag a in . In  o rder to  sp re a d  th e ir  c o n tr ib u tio n  over a w ider ra n g e  o f  r, 
la rg e  in i t ia l  l values (0.16 to  0.27 Á) w ere a ssu m ed  for th e  ro ta tio n -d e p e n d e n t 
C . . . C d istances. T h ey  w ere  th e n  refined  in  ap p ro p ria te  g roups to g e th e r  
w ith  o th e r  l values. In  sev e ra l cases som e a m p litu d e s  h ad  to  be fix e d  because 
th e y  re a c h e d  too high va lu es  to  allow  fu r th e r  re fin em en t cycles. T he follow ing 
c o n fo rm a tio n s  and  in itia l C—S—C angles w ere tr ie d :

(90°, 90°): <C-S-C =  103° did n o t ch an g e  s ig n ifican tly  w hen re fin ed  (see 
F ig . 5, cu rv e  A l  for th e  ra d ia l  d is tr ib u tio n  o f  th is  m odel), <C—S—C =  120° 
to  123° re fin ed  to  121° (cu rve A 2 ) ,  th e  ag reem en t w as n o t sa tis fac to ry .

(0°, 90°): Angles 112° to  120° refined  to  116° (curve B2),  103° refined  
to  105° (cu rve  B l ) ,  th e  ag reem en t was n o t sa tis fa c to ry .

(45°, 45°): An in itia l 120° ten d ed  to w a rd s  la rg e r values an d  am p litu d es 
b e c a m e  to o  large. Angles 100° to  110° re fin ed  to  a b o u t 104° (curve C), an d  sa tis 
f a c to ry  ag reem en t was ach iev ed . Angles o f  ro ta t io n  were also allow ed to  v a ry  
in  th e s e  re fin em en ts  b u t  th e y  w ere re s tr ic te d  to  be equal. T he f in a l va lues 
r e m a in e d  close to  (45°, 45°) w ith in  e s tim a te d  s ta n d a rd  d ev ia tions.

(45°, — 45°): These m odels behaved  like th e  previous conform er. Angle 
C—S—C re fin e d  to  ab o u t 104° a n d  th e  ro ta tio n a l angles to  (56°, — 56°) w hen  th e  
m o d e l w as constra ined  to  h av e  Cs sy m m e try  (curve D), an d  th e  ag ree
m e n t w as sa tisfac to ry .

T a b le  I  p resen ts th e  re su lts  for th e  tw o  m odels (cf. C an d  D ,  F ig . 5) 
w h ich  g av e  sa tisfac to ry  a g reem en t w ith  th e  ex p e rim en ta l d a ta  (less im p o r ta n t  
C . . . H  an d  H . . . H  d is tan ces  are  no t lis ted ). E rro r  e s tim a tes  o f  th e  m ost

A cta  Chimica ( Budapest) 94, 1977
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Table I

S o m e  r e s u l ts  o f  the r e f in e m e n t s 1

M odel C M odel D

'a (A) 1 1 (A) ' a (A) 1 (A)

I n d e p e n d e n t  p a r a m e te r s

S-C 1.7711(16) 0.0489(24) 1.7715(17) 0.0489(23)
c - c 1.3991(5) 0.0460(11) 1.3992(4) 0.0460(11)
C - l l 1.0888(46) 0.0806(50) 1.0899(45) 0.0809(49)
<C-S -c 103.6(8)° 103.7(9)
V lb 43.5(25)° 55.6(24)°
<hb 43.5° — 55.6°

D e p e n d e n t d is ta n c e s

s . . . C3 2.752(1) 0.079(2)'* 2.752(1) 0.079(2)'
s . . . C4 4.055(1) 0.078(4) 4.056(1) 0.077(4)
s . . . C5 4.569(1) 0.081(8) 4.570(1) 0.084(9)
s . . . H14 2.890(1) 0.146“ 2.891(1) 0.146°
s . . . H15 4.912(3) 0.080“ 4.913(3) 0.080°
s . . . H16 5.658(3) 0.100“ 5.660(3) 0.100°
C 2 . . C4 2.423(1) 0.057(1) 2.424(1) 0.058(1)
C 2 . . C5 2.798(1) 0.070" 2.798(1) 0.0701
C 2 . . 1114 2.160(3) 0.118(7) 2.161(3) 0.117(7)
C 2 . . 1115 3.410(3) 0.096(11) 3.411(3) 0.096(9)
C 2 . . 1116 3.887(3) 0.095° 3.888(3) 0.095°
C 2 . . C8 2.784(10) 0.078° 2.787(10) 0.078“
C 2 . . C9 3.975(13) 0.300(80)' 3.892(19) 0.144(46)'
C 2 . . CIO 5.083(13) 0.307(62)' 5.020(18) 0.235(64)"
C 2 . . C l l 5.275(13) 0.140° 5.279(14) 0.140°
C2. . C12 4.448(18) 0.454(184)* 4.526(13) 0.359(81)'
C 2 . . C13 3.121(20) 0.216(44)h 3.230(14) 0.232(49)'"
C 3 . . C9 5.243(13) 0.267' 4.734(39) 0.265"
C 3 . . CIO 6.355(17) 0.220° 5.898(41) 0.270°
€ 3 . . C ll 6.448(20) 0.220° 6.317(30) 0.220°
C 3 . . C12 5.467(21) 0.357' 5.714(17) 0.220°
C 3 . . C13 4.122(18) 0.370° 4.502(12) 0.269'
C 4 . . CIO 7.362(22) 0.220° 6.935(45) 0.270°
C 4 . . C l l 7.312(23) 0.220° 7.198(34) 0.220°
C4. . Cl 2 6.238(23) 0.270° 6.499(20) 0.220°
C4. . C13 5.010(19) 0.357' 5.378(16) 0.235"
C 5 . . C l l 7.183(25) 0.160“ 7.190(27) 0.160°
C 5 . . C12 6.151(33) 0.270° 6.297(24) 0.270“
C 5 . . C13 5.095(31) 0.357' 5.267(23) 0.285"
C 6 . . C12 5.266(53) 0.357' 5.243(32) 0.285"
C 6 . . C13 4.325(52) 0.454* 4.231(30) 0.234'
C 7 . . C13 3.255(56) 0.216h 3.042(30) 0.232m

5̂0 1.006(14) 1.000(13)
1̂9 1.029(19) 1.029(19)

I t 0.085 0.082

n S tandard  d ev ia tio n s from  th e  least-squares re fin em en t are given in  paren theses and  
refer to th e  last d ig it o f th e  p a ram ete r value . — k 5Q and k lQ scale th eo re tica l m olecular in tensities 
to th e  experim ental d a ta

b Only one of th e  ro ta tio n a l angles is ac tually  in d ep en d en t in these  models 
c Fixed value
d-m A m plitudes re fined  in groups
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im p o r ta n t  param eters (T ab le  I I )  w ere o b ta in e d  f irs t  se p a ra te ly  fo r  m odels 
C  a n d  D  as described in  R ef. [8 ], th e n  th e  la rg e r o f th em  w as in c rea sed  by 
th e  d iffe rence  betw een th e  c o rre sp o n d in g  p a ra m e te r  values.

Table II

S tr u c tu r a l  p a r a m e te r s  o f  d ip h e n y l  s u l f id e a

ra (Á) l(A)

s - c 1.771(5) 0.049(4)
c —c 1.399(3) 0.046(2)
C - H 1.089(8) 0.081(8)

< C - S - C 103.7(13)°

a E rro r lim its  in  p a ren th eses re fer to  th e  la s t digit 
of th e  v a lu e  g iv en

D iscussion

T h is  s tru c tu re  an a ly s is  h as  n o t p ro v id ed  an  u n am b ig u o u s e lu c id a tio n  
o f  th e  conform ation  o f d ip h e n y l su lfide. W e h av e  found  a t  least tw o  conform ers 
(m o d e ls  C and D, T ab le  I)  t h a t  agree w ith  th e  ex p e rim en ta l d a ta .  I t  was 
a n  im p o r ta n t  re s tr ic tio n , h o w ever, th a t  in  all m odels ex cep t th e  (0°, 90°) 
m o d e ls , th e  absolute v a lu es  o f  <px a n d  cp2 w ere confined  to  be eq u a l. O u r f in d 
in g s do  n o t conflict w ith  th e  in te rp re ta t io n  o f v ib ra tio n a l sp e c tra , accord ing  
to  w h ic h  th e  tw o p h e n y l g ro u p s are  n o n eq u iv a len t in  d ip h en y l su lfid e  [1 1 ]. 
E H T  calcu lations on th e  co n fo rm a tio n  o f d ip heny l su lfide  y ie ld ed  a (35°, 
35°) con fo rm er [12]. A n X - ra y  s tu d y  o f c ry sta llin e  p o ly -p -p h en y len e  sulfide 
g a v e  (45°, 45°) for th e  d ih e d ra l angles an d  110° for th e  C -S -C  ang le  [13]. 
T h e  m olecules of d ip h e n y l su lfid e  p ro b a b ly  can n o t be c h a ra c te r iz e d  b y  a 
f ix e d  conform ation  in  th e  v a p o u r  p h ase : th e re  m a y  be a m ix tu re  o f  several 
c o n fo rm e rs  and/or th e  p h e n y l rings pe rfo rm  large am p litu d e  to rs io n a l v ib ra 
tio n s .

A lthough  th e  c o n fo rm a tio n  o f  d ip h en y l su lfide  could n o t  be a sce rta in ed , 
i t  is im p o r ta n t  th a t  th e  b o n d  p a ra m e te rs  an d  th e  su lfu r b o n d  ang le  p ro v ed  to  
b e  in d e p e n d e n t of th e  a ssu m ed  co n fo rm atio n  o f th e  m odel. T he m ean  values 
o f  th e  m o st im p o rta n t p a ra m e te rs  from  colum ns C an d  D  o f T ab le  I  a re  given 
in  T a b le  I I ,  and are co n sid e red  to  be a fa ir  rep re sen ta tio n  o f  th e  re su lts  of 
th is  s tru c tu re  analysis. As fo r  th e  C -S -C  angle, it  m u st be n o te d  t h a t  values 
c lose  to  th e  p referred  103.7° w ere o b ta in e d  in  m ost o f th e  re f in e m e n t schem es, 
a n d  th is  choice is s tre n g th e n e d  b y  ev idence from  th e  ra d ia l d is tr ib u tio n s ,
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y e t la rg e r angles, 116°, 1 2 1 °, em erged in som e schem es, an d  th e y  w ere ru led  
o u t o n ly  by  q u a lita tiv e  a rg u m en ts  based  on  th e  ra d ia l d is tr ib u tio n  curves. 
T he b o n d  leng ths in  T ab le  I I  can  be reg a rd ed  re liab le , since th e ir  co rre la tio n  
w ith  o th e r  p a ra m e te rs  is sm all.

T he bond len g th s  an d  th e  C -S—C angle o f  d ip h en y l su lfide  g iven  in  T ab le  
I I  a re  in  accordance w ith  th o se  in  sim ilar m olecules (T able I I I ) .  T h u s, rg(C-C) =  
=  1 .3 9 9 ^0 .0 0 1  Á an d  r?(C -H ) =  1 .1 0 1 ^ 0 .0 0 5  Á in benzene [20]. (See also 
R ef. [10] for th e  p a ra m e te rs  o f benzene su lfo n y l ch lo ride.) In  th ia n th re n ,

Table III

B o n d  le n g th s  S —X  a n d  a n g le s  X —S —X  i n  s o m e  s u l f i d e s  S X 2 a n d  s u l f o n e s  S ( ) . ,X .J '

X
r ( S - x )  (A) <X—S - -X  (deg.) Reference

sxg so2x 2 sx2 so2x 2 SX 2 S 0 2X 2

F 1.589b 1.530(3)b 98.3b 96.1(2)b [14]» [15]»
Cl 2.006(4)c 2.011(5) 103.0(4) 100.0(7) [16] [17]
C H 3 1.810(4) 1.771(4) 99.2(6) 102.6(9) [1] [9]
(C H 3)2N 1.688(6) 1.651(3) 114.5(16) 110.5(13) [2] [18]

C6H 5 1.771(5) 1.768e 103.7(13) 104.1(1)' d [19]'

“ U nless no ted  o therw ise, th e  values are r a p a ram ete rs  from  e lectron  d iffrac tio n  studies. 
E rro r  lim its  in p a ren theses re fe r to  th e  las t d ig it o f th e  v a lue  given 

b M icrowave s tu d y , r 0 va lue  
0 E lec tro n  d iffrac tio n  s tu d y , r„ value 
d T his work
e X -ray  d iffrac tion , c ry s ta llin e  phase, average r(S—C) value

rg(S -C ) =  1 .7 7 0 ± 0 .0 0 3  Á an d  < C -S -C  =  104.1° [2 1 ]. ra(S-C ) is s h o r te r  in 
d ip h en y l su lfide th a n  in  d im e th y l su lfide, a n d  th e  d ifference is sm alle r th a n  
i t  is fo r th e  co rresp o n d in g  carbon-oxygen  b o n d s : in  anisole, ra(Car- 0 )  =  
=  1 .3 6 1 ± 0 .0 1 5  Á , rQ(C -0 )  =  1 .4 2 3 ± 0 .0 1 5  Á [22] an d  in  d im e th y l e th e r, 
r(C -O ) =  1 .4 1 6 ± 0 .0 0 3  Á [23].

F in a lly , we shou ld  like to  call a t te n tio n  to  a few  fea tu res  o f  th e  d a ta  in 
T ab le  I I I .  The b o n d  S -X  is sh o rte r  in th e  sulfone S 0 2X 2 th a n  in  th e  co rre sp o n d 
ing  su lfide  SX 2 w hen  X  =  F , C H 3 o r (C H 3)2N  ,w hereas little  o r no difference 
is o b serv ed  in th e  case o f  Cl and  C6I I5. A ngle X —S—X  in a su lfone is sim ilar 
to  th a t  in  th e  co rresp o n d in g  su lfide. Angle N —S—N  is considerab ly  la rg e r  th a n  
th e  o th e r  values in  T ab le  I I I .

C om parison o f th e  s tru c tu re s  o f d ip h en y l su lfide , su lfox ide, a n d  sulfone 
w ill be  possible a f te r  co m p le tin g  th e  s tud ies on th e  o th e r tw o com pounds.
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Appendix

D i p h e n y l  s u l f id e .  T o ta l e x p e r im e n ta l  in te n s i t ie s  f o r  ca m era  ra n g e s  o f  50 c m  a n d  19 c m  a n d  a n
a c c e le r a tin g  voltage o f  60 1 :1 .

s  =  (4л ./Л ) sin (t>/2) is in A“1 units, A wavelength, If scattering angle; the intensity is in arbitrary
units

s .00 .25 .50 .75 S .00 .25 .50 .75

50 c m 19 c m  ( c o n t in u e d )

1 4084 и 5074 5081 4990 4785

2 3866 3933 4359 4983 12 4574 4421 4345 4331

3 5400 5408 5119 4790 13 4341 4383 4452 4530

4 4666 4919 5496 6196 14 4582 4573 4485 4354

5 6789 7068 6963 6636 15 4246 4192 4172 4156

6 6291 6000 5715 5488 16 4103 4047 3968 3893

7 5296 5141 5051 5010 17 3828 3794 3786 3816

8 5000 4956 4885 4836 18 3886 3951 3999 4008

9 4861 4964 5075 5097 19 3967 3894 3793 3706

10 5006 4834 4715 4712 20 3643 3609 3603 3589

11 4785 4822 4754 4584 21 3576 3553 3523 3507

12 4393 4264 4223 4228 22 3490 3481 3467 3460

13 4280 4323 4398 23 3463 3465 3458 3441

24 3406 3369 3334 3299

19 c m 25 3272 3248 3225 3203

26 3195 3190 3182 3176

6 7938 7486 6972 27 3164 3153 3144 3133

7 6603 6320 6107 5993 28 3122 3114 3101 3083

8 5910 5790 5637 5527 29 3068 3046 3028 3010

9 5486 5519 5574 5571 30 2987 2960 2944 2930

10 5406 5204 5057 5035 31 2926 2932 2923
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ELECTRON DIFFRACTION INVESTIGATION 
OF THE MOLECULAR STRUCTURE 
OF V1NYLSULFONYL CHLORIDE

J . B r u n v o l l * and I. HARGITTAI**

(* D iv is ion  o f  Physical C hem istry, The U niversity  o f  Trondheim , T ro n d h e im -N T H , N orw ay, 
**Central Research Institu te  o f  C hem istry, H ungarian  A cadem y o f  Sciences, B u dapest H u n g a ry )

R ece iv ed  O ctober 8 , 1976

T he m olecu lar s tru c tu re  o f  v iny lsu lfony l chloride  has been s tu d ied  in  th e  v a p o u r 
phase  b y  e lectron  d iffrac tio n . T h ere  m ay  he th re e  conform ers p re sen t as re g a rd s  ro ta 
tio n  a ro u n d  th e  C -S  b o n d , ch arac te rized  b y  ro ta t io n  angles (C = C —S -C l) 60, 80 an d  
160— 180° (0° co rresp o n d s to  anti form ). T he follow ing bond  len g th s (ra) a n d  bond  
angles w ere de te rm in ed :

c = c 1.357 +  0.018 C -C -S 121.3 +  1.7
s - c 1.744 +  0.005 C -S -C l 100.2 +  0.6
s = o 1.420 +  0.006 c - s = o 109.8 +  0.4
S-C l 2.035 +  0.005 0 = S = 0

C 1 -S = 0
122.0 +  1.0 
106.4 +  0.5

T he overall su lfu r b o n d  co n fig u ra tio n  is c o n sis ten t w ith  th e  g eo m e trie s  d e te r 
m ined in o th e r  sim ple su lfone m olecules. T he C = C  b o n d  is am ong th e  lo n g es t o bserved  
in  su b s ti tu te d  e th y len es. T h e  S—C bo n d  is sh o rte r  th a n  in o th e r su lfonyl ch lo rid es .

Introduction

In  th e  course o f  o u r s tru c tu ra l  s tu d ies  on sim ple sulfone m olecules 
in c lu d in g  su lfonyl h a lides, th e  follow ing com pounds have re c e n tly  b een  in 
v e s tig a te d  em ploying  e lec tro n  d iffrac tio n :

Compound Reference

FSO -O C H j [ i]
F S O X H 3 [2]
C ISO X C H 3 [3]
C1SOX1 [4]

C1S02C H 3 [5]
ClSO,C„II5 [6]
C1S02N (C H 3), [7]
CH3S O X H 3 [8]
(C H 3)2N S 0 2N (CH3)2 [9]
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T he m ain p u rp o se  o f  th e se  studies is to  d e te rm in e  th e  g eom etrica l con
f ig u ra tio n s  at the  su lfu r  a to m  and  to  co rre la te  th e  v a ria tio n s  in th e  geom etrical 
p a ra m e te rs  w ith  b o n d in g  p roperties. In  a d d itio n , som e of th e  com pounds 
m e n tio n e d  seem to  possess in terestin g  c o n fo rm a tio n a l p ro p erties  w hich  can 
be  m o s t com pletely  in v e s t ig a te d  in  the  v a p o u r  p h ase .

V inylsu lfonyl c h lo r id e , CH 2= C H - S ( 0 2)C1, w as chosen fo r an  e lectron  
d iffra c tio n  s tu d y  to  e x a m in e  th e  influence o f  th e  v in y l group on th e  co n fig u ra 
t io n  o f  th e  sulfonyl c h lo rid e  m oiety  as c o m p a re d  w ith  those о : o th e r  s u b s ti t
u e n ts . Also, i t  was h o p e d  to  gain some in fo rm a tio n  on th e  co n fo rm atio n a l 
p ro p e rtie s  of th is c o m p o u n d . W e are aw are o f  no  s tru c tu ra l d a ta  in  th e  l i te ra 
tu r e  fo r sulfone m olecu les in  w hich th e  v in y l g ro u p  is a d ja c e n t to  th e  S 0 2 

g ro u p . T he lack of su c h  in fo rm atio n , an d  in  p a r tic u la r  th a t  o f v ib ra tio n a l 
sp ec tro scop ic  d a ta , w as a lim itin g  factor fo r th is  in v es tig a tio n  concern ing  th e  
co n fo rm atio n a l analysis .

Experimental

T he p u rity  of th e  v in y lsu lfo n y l chloride sam p le  used  in  th is  in v es tig a tio n  
w as confirm ed  by m ass sp e c tro m e try  [10]. T h e  e lec tron  d iffrac tio n  p a tte rn s  
w ere  ta k e n  w ith  th e  B u d a p e s t  ap p ara tu s  [11, 12], a m odified  EG -100A  u n it, 
b y  e ssen tia lly  th e  sam e  te c h n iq u e  as in  som e o th e r  stud ies m en tio n ed  above 
[2 , 5, 8 ]. The te m p e ra tu re  o f  th e  nozzle o f  th e  so-called m em b ran e  nozzle 
sy s te m  [11] was a b o u t 60 °C during th e  ex p o su re s . The w av e len g th  o f th e  
e le c tro n  beam  was d e te rm in e d  from th e  d iffra c tio n  p a tte rn  o f th a lliu m (I)  
ch lo rid e . The ranges o f  in te n s i ty  d a ta  u sed  w ere  1.75 <  s <] 13.00 A ” 1 and  
6 .50  < ] s <  35.25 A - 1  w ith  A s  =  0.25 A - 1 . T h e  to ta l  ex p erim en ta l in te n s ity  
v a lu e s  are listed  in  th e  A p p en d ix . The e x p e r im e n ta l m olecular in ten sitie s  
co rresp o n d in g  to  th e  tw o  cam era  ranges w ere  o b ta in e d  as before  [2, 5, 8 ]. 
T h e  sca led  and av e rag ed  m olecu lar in te n s itie s , s M E(s), are show n in  F ig . 1.

S tructure analysis

A  m olecular m o d e l w ith  num bering  o f  th e  a to m s is show n in  F ig . 2. 
T h e  follow ing com m ents a re  needed to  c la rify  th e  m odel used in  th is  analysis:
(i) T h e  H 0CCHS p a r t  o f  th e  m olecule was a ssu m ed  to  be p lan a r, (ii) T he bond  
ang les H -C -H  and S - C - H  w ere kep t equal to  120° (in fa c t i t  p ro v ed  to  be 
im p o ssib le  to  refine th e m ), how ever, these p a ra m e te rs  w ere in c lu d ed  in to  the  
f in a l re fin em en t schem e w h ic h  was used to  e s ta b lish  th e  s ta n d a rd  d ev ia tions 
o f  th e  p a ram ete rs , (iii)  T h e  sam e r(C -H ) a n d  /(С—H ) values w ere used  fo r all 
С—H  bonds. (iv ) I t  w as assu m ed  th a t  th e  b o n d  len g th s  and  bond angles are 
th e  sam e  for all ro ta tio n a l fo rm s. This a ssu m p tio n  w as th e n  te s te d  b y  exam in-
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ing  th e  changes in  th e se  p a ra m e te rs  as o b ta in ed  fo r v e ry  d iffe ren t con fo rm a
tio n a l ra tio s.

A n u m b er o f conform ers are  a priori  possib le for v in y lsu lfo n y l chloride. 
T h ey  can be ch a rac te rized  b y  form s show n in  F ig . 2.

Fig. 1. E x p erim en ta l (E ) a n d  th eo re tic a l (T) m olecu lar in ten sitie s . T he la t te r  w as calcu la ted  
from  th e  p a ram ete rs  g iven  in  C olum n a o f T able  I I I .  Tw ice th e  differences b e tw een  th e  ex p eri

m en ta l an d  th eo re tic a l v a lu es are also show n [A =  sM E(s)— sM T(s)]

НГ, Ш С

anti syn gauche

Fig . 2. Models o f the  a n ti , syn , an d  gauche conform ers o f v in y lsu lfo n y l chloride. T he num bering  
of a tom s a n d  th e  d e fin itio n  of th e  angle o f ro ta t io n  ( r )  a re  also show n
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T h e  rad ia l d is tr ib u tio n s  a re  show n in  Fig. 3. T he b o n d  d is tan ces  C = C  
a n d  S =  0  co n trib u te  to  th e  m a x im u m  ap p earin g  a t  a b o u t 1.42 Á. T he m ax im a 
a t  1 .75 a n d  2.03 Á can be u n a m b ig u o u s ly  assigned to  th e  b o nds S—C an d  S-C l, 
re s p e c tiv e ly , a lthough som e o th e r  d istances w ith  sm all c o n tr ib u tio n s  are  also 
p re s e n t  in  th is  region. T h e  m a x im u m  a ro u n d  2.78 co n ta in s  p rim a rily  th e  
c o n tr ib u t io n  of th e  n o n -b o n d  d is tan ces  th ro u g h  one b o n d  angle. H ow ever, 
so m e im p o r ta n t  ro ta tio n -d e p e n d e n t d istances m ay  be ex p ec ted  to  be  as sm all 
as to  a p p e a r  under th is m a x im u m . T he b ro ad  m ax im u m  in  th e  reg ion  betw een
3.4 a n d  4.1 Á contains th e  c o n tr ib u tio n  from  th e  re s t  o f th e  m ost im p o r ta n t 
ro ta tio n -d e p e n d e n t d is tan ces . U n fo rtu n a te ly , th e  ex p e rim en ta l ra d ia l  d is tr i
b u t io n  o f  v inylsulfonyl ch lo rid e  p rov ides l i ttle  in fo rm a tio n  concern ing  th e  
r o ta t io n a l  form s p resen t.

T h e  s tru c tu re  re f in e m e n t has been perfo rm ed  in  a s im ila r m a n n e r as 
b e fo re  (e.g. [6 , 7]). The le a s t  sq u a re s  m eth o d  was ap p lied  to  th e  m olecu lar 
in te n s i t ie s  [13]. The c o h e re n t an d  in co h eren t s c a tte r in g  am p litu d es  w ere 
ta k e n  fro m  published tab le s  ([14 ] an d  [15], resp.).

S pectroscopic  ca lcu la tio n s  w ere used to  o b ta in  th e  m ean  sq u are  para lle l 
a m p li tu d e s  of v ib ra tio n  (Z v a lu e s)  an d  also th e  К  va lues (К  =  [<^(Ax) 2>  +  
-f- < ( Д у ) 2> ] / 2 г, w here < ^(A x)2^> and  <C(Ay)2 >  are  th e  m ean  square  
p e rp e n d ic u la r  am plitudes o f  v ib ra tio n  an d  r is th e  in te rn u c le a r  d is tan ce  for 
a g iv e n  a tom ic  pair). A v e ry  te n ta t iv e  force fie ld  w as c o n s tru c te d  from  a 
c o m b in a tio n  of the  force fie ld s o f  e th y len e  [16] an d  th e  SO.,Cl p a r t  o f  m e th an e  
su lfo n y l ch loride [17]. T he c a lc u la te d  m ean  am p litu d es  o f v ib ra tio n  are  p resen ted  
in  T a b le s  I and  I I  fo r th e  ro ta tio n - in d e p e n d e n t and ro ta tio n -d e p e n d e n t d istances,

Table I
Calculated m ean  amplitudes o f  vibration ( A )  

Rotation-independent distances *

Bonds / (A) к  (A) Non-bond distances i(A) к  (A)

c * r : 0.040 0.005 s . . C 0.061 0.002

C—H , average 0.078 0.024 C l . . . c 0.064 0.001
S-C 0.044 0.001 0 . . . c 0.066 0.002

s = o 0.036 0.003 s . . H3 0.141 0.013
S-C l 0.051 0.001 s . . H4 0.096 0.008

s . . H5 0.097 0.010

C l . . . О 0.076 0.002

0 . . . 0 0.069 0.003

C l. . H5 0.101 0.015

C2. .H 3 0.098 0.020

* T he numbering of atom s is g iven  in Fig. 2; the H . . .H  distances are not listed  
** average
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Table II

Calculated mean amplitudes o f  vibration  
Rotation-dependent distances*

r (°>

‘ (A) к  (A)

0 60 90 180 0 60 90 1 80

C l . . . C 0.068 0.084 0.095 0.100 0.001 0.001 0.001 0.001

0 8 . . C l 0.093 0.103 0.104 0.086 0.002 0.002 0.002 0.001

0 9 . . C l 0.093 0.075 0.068 0.086 0.002 0.002 0.001 0.001

C l . . . H3 0.134 0.172 0.198 0.176 0.007 0.007 0.007 0.016

C l . . . m 0.118 0.133 0.141 0.131 0.005 0.005 0.006 0.007

C l . . . H5 0.129 0.145 0.141 0.097 0.009 0.006 0.006 0.006

0 8 . ,H 3 0.184 0.180 0.185 0.169 0.010 0.014 0.014 0.009

0 8 . . H4 0.128 0.127 0.129 0.126 0.007 0.008 0.008 0.006

0 8 . . H5 0.123 0.098 0.100 0.131 0.007 0.007 0.007 0.008

0 9 . ,H 3 0.184 0.155 0.140 0.169 0.010 0.009 0.008 0.009

0 9 . . H4 0.128 0.118 0.113 0.126 0.007 0.006 0.006 0.006

0 9 . ,H 5 0.123 0.137 0.134 0.131 0.007 0.008 0.008 0.008

* The num bering  of a to m s is given in Fig. 2

r, A

Fig. 3. E x p erim en ta l (E ) an d  theo re tica l (T ) rad ia l d is tr ib u tio n s  and  the d ifference cu rv e  (A ). 
T he theo re tica l d is tr ib u tio n  was ca lcu la ted  from  th e  p a ra m e te rs  given in C olum n a  o f  T ab le  

I I I .  T h e  c o n s ta n t a = 0 .0 0 1 5  Á 2 w as u se d  in  th e  dam ping  fa c to r
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re s p e c tiv e ly . A lthough  a t te m p ts  have b een  m ad e  to  refine th e  l v a lu es  for 
b o th  th e  bond and  im p o r ta n t  non -bond  d is tan ces , th e  resu lts  fo r th e  la t te r  
c o u ld  n o t  be considered re liab le  because o f  th e  s tro n g  co rre la tions in v o lv in g  
th e  v ib ra tio n a l and  g eo m etrica l p a ra m e te rs  an d  those  ch a ra c te riz in g  th e  
c o n fo rm a tio n a l p ro p e rtie s . T h u s in  th e  f in a l s tag es  o f th is analysis  th e  bond  
a m p li tu d e s , except Z(C—H ), w ere t r e a te d  as in d ep en d en t p a ra m e te rs  while 
a ll t h e  o th e rs  were assu m ed  from  th e  sp ec tro sco p ic  ca lcu lations.

C oncerning th e  ro ta t io n a l  form s a n d  th e ir  re la tiv e  ab u n d a n c e , a t  th e  
b e g in n in g , models c o n ta in in g  on ly  one fo rm  w ere  te s te d . Three m in im a  o ccu rred  
in  t h e  q u a n titie s  of zl,-2 (w here W i are  th e  w eigh ts and  A ( are th e  d ifferences

i
b e tw e e n  th e  exp erim en ta l a n d  th e  ca lcu la ted  th e o re tic a l m olecular in te n s itie s ) . 
T h  ese  th re e  m inim a co rresp o n d ed  to  ro ta t io n a l  angles of ab o u t 60, 90, and  
160 to  180°. In  these  ca lcu la tio n s  th e  b o n d  d is tan ces  and  bond  ang les w ere 
a lso  re f in e d . I t  is im p o r ta n t  to  no te  t h a t  a lre a d y  in  these  ca lcu la tio n s  these  
g e o m e tr ic a l p a ram ete rs  show ed  v e ry  l i t t le  s e n s itiv ity  tow ards chan g es in  th e  
r o ta t io n a l  angles.

I n  th e  la te r  stages in  th is  analysis, m ix tu re s  of tw o  ( t  i and T 2 in  th e  v ic in 
i t y  o f  60 and  160 to  180°, respective ly ) a n d  th e n  th ree  form s w ere u sed  to  
f u r th e r  re fine  the  bo n d  d is tan ces  and  b o n d  angles an d  to  d e te rm in e  b o th  th e  
r o ta t io n a l  angles an d  th e  re la tiv e  a b u n d an ce  o f  th e  conform ers.

T w o refin em en t sch em es w ere c o n s tru c te d  in  th e  in v es tig a tio n  o f  th e  
c o n fo rm a tio n a l ra tio s . I n  one  (a) th e  su m  o f th e  conform ers w as fo rced  to  
b e  1 0 0 % , while in  th e  o th e r  schem e (b) n o  su ch  co n s tra in t was im p o sed  upon  
th e  s u m  o f th e  ro ta tio n -d e p e n d e n t c o n tr ib u tio n . T he la t te r  schem e w as th o u g h t 
to  b e  u se fu l for te s tin g  p u rp o se s . In  fac t, th e  u n co n stra in ed  re fin e m e n t schem e 
(b) n e v e r  provided  re su lts  w h ich  added  u p  to  1 0 0 % , a lth o u g h  v a rio u s  s ta r t in g  
a m o u n ts  and  l values fo r th e  ro ta tio n -d e p e n d e n t d istances w ere tr ied  in  th ese  
c a lc u la tio n s . T ypical re su lts  fo r th e  tw o  schem es, in  w hich th re e  ro ta t io n a l  
fo rm s  w ere  considered, a re  com piled  in  T a b le  I I I  as a re p re se n ta tio n  o f  th e  
f in d in g s  o f  th is analysis.

I n  connection  w ith  th e  co n fo rm atio n a l analy sis  o f v iny lsu lfony l ch lo ride , 
w e w o u ld  like to  su m m arize  o u r com m ents in  th e  follow ing p o in ts:

( i ) T he co n tr ib u tio n  fro m  th e  ro ta tio n -d e p e n d e n t d istances to  th e  to ta l  
s c a t te r in g  is re la tive ly  v e ry  sm all, th u s  an  a c c u ra te  p ic tu re  o f  th e  c o n fo rm a 
t io n a l  p ro p ertie s  of th is  s y s te m  is n o t to  be ex p e c te d .

( ii)  The s itu a tio n  is fu r th e r  co m plica ted  b y  th e  fac t th a t  th e  c o n tr ib u 
t io n  f ro m  th e  ro ta tio n -d e p e n d e n t d istances is l i ttle  sensitive to  ch an g es in 
th e  ro ta t io n a l  angles in  re la tiv e ly  large in te rv a ls  o f  th e  la tte r . This in se n s it iv ity  
co m es n o t  only from  th e  in se n s itiv ity  o f  th e  ro ta tio n -d e p e n d en t d is tan ces  
to  t h e  ro ta tio n a l angle b u t  a lso  from  th e  fa c t  t h a t  th e  various ro ta tio n -d e p e n d 
e n t  d is ta n c e s  exchange th e i r  places of a p p e a ra n c e  on th e  rad ia l d is tr ib u tio n
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Table III

Results o f  least squares refinem ents fo r  a m ixture o f  three conformers

Bond distances r cr r cr

c = c * 1 .356 0 .0 1 6 1 .356 0 .0 1 9
С — H * * [ 1 . 1 2 0 ] 0.011 [1 .1 1 8 ] 0.011
S - C * 1 .7 4 4 0 .0 0 2 1 .745 0 .0 0 2
s = o * 1 .419 0 .0 0 3 1 .4 1 9 0 .0 0 4
S - C l * 2 .0 3 5 0.001 2 .0 3 5 0.001

Bond amplitudes / cr l a

c = c * 0 .0 3 8 0 .021 0 .0 4 0 0 .0 2 3
С— H * * [0 .0 7 8 ] 0 .0 1 0 [0 .0 7 8 ] 0 .0 1 0
S - C * 0.051 0 .0 0 2 0 .0 5 2 0 .0 0 2
s = o * 0 .0 4 0 0 .0 0 3 0 .0 4 0 0 .0 0 4
S - C l * 0 .0 5 0 0.001 0 .0 5 0 0.001

Bond angles
<

cr < (T

C - C - S * 121 .3 1.0 121 .3 1.2
C - S - C l * 100 .0 0 .3 1 0 0 .3 0 .3
c - s = o * 109 .9 0 .2 109 .8 0 .2
o = s = o * 122 .2 0 .6 121 .8 0 .6
H —  C - H * * [ 1 2 0 ] 9 [120 ] 10
S — C - I I * * Ц 2 0 ] 8 [ 1 2 0 ] 8
Cl— s = o * * * 106 .2 0 .2 106 .5 0 .2

Some non-bond distances 
(independent of rotation)

r <X r cr

S . . . C * * * 2 .7 0 9 0 .0 0 5 2 .7 1 0 0 .0 0 5
C l . . . c * * * 2 .9 0 0 0 .0 0 6 2 .9 0 8 0 .0 0 6
0 . .  ,C * * ‘ 2 .5 9 5 0 .0 0 4 2 .5 9 5 0.004
C l.  . . 0 * * * 2 .7 8 7 0 .0 0 3 2 .791 0 .0 0 3
0 . . . 0 * * * 2 .4 8 4 0.011 2 .4 7 9 0 .0 1 2

Angles of ro ta tion  (°) r <T r cr

T ,* 58 4 60 4
T„* 167 5 177 29

T3* 80 13 82 13

A m ount of conformers (% ) a a a cr

« ,* 45 10 33 10
a.,* 38 10 17 13

“ 3 17*** — 17* 9

* In d ep en d en t p a ram ete rs  
** Assum ed

*** D ependent p a ram ete rs
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c u rv e . T his po in t is i l lu s tra te d  b y  F ig . 4 w here th e  v a ria tio n s  o f  th e  m ost 
im p o r ta n t  ro ta tio n -d e p e n d e n t d istan ces  are  show n as a fu n c tio n  o f  th e  ro ta 
t io n a l  angle.

(i i i ) The m ean  a m p litu d e s  o f v ib ra tio n  fo r th e  ro ta tio n -d e p e n d e n t 
d is ta n c e s  canno t be d e te rm in e d  fro m  th is  s tu d y , a lth o u g h  th e y  w ould  he im 
p o r ta n t  since th e y  c e r ta in ly  s tro n g ly  co rre la te  b o th  w ith  th e  p a ra m e te rs  
c h a ra c te r iz in g  th e  c o n fo rm a tio n a l com position  an d  th e  ro ta tio n a l angles. 
I n  th is  s tu d y  th e  values te n ta t iv e ly  o b ta in ed  for an  assum ed  force fie ld  were 
u se d  in  th e  fina l c a lcu la tio n s  as fix e d  p a ram e te rs . T his fa c t has to  be fu r th e r  
c o n s id e re d  w hen ju d g in g  th e  re lia b ili ty  o f th e  resu lts  from  th is  s tu d y  concern ing  
th e  co n fo rm atio n a l p ro p e rtie s  o f v in y lsu lfo n y l ch loride.

F ig . 4 . V a ria tio n s  o f th e  m o st im p o r ta n t  ro ta tio n -d e p e n d e n t d is tan ces as a fu n c tio n  of th e  
an g le  o f ro ta tio n  (t). F o r  th e  n u m b erin g  of a to m s an d  th e  defin itio n  of t , see F ig . 2

( iv ) The geom etrical p a ra m e te rs  such  as bond  d istan ces  an d  b o n d  angles 
a n d  also  th e  am plitudes o f  v ib ra tio n  for th e  bond  d is tan ces  w ere v e ry  stab le  
u n d e r  th e  various co n d itions u sed  in  th e  re fin em en ts  an d  w ere s tro n g ly  in sensi
t iv e  to  th e  con fo rm ational p ro p e rtie s  o f  th e  m odels fo r w hich  th e  ca lcu la tio n s 
w ere  c a rr ie d  ou t.

D iscussion

T h e  electron d iffrac tio n  d a ta  in d ica te  th a t  th ree  conform ers m ay  be 
p re s e n t  in  th e  gas phase  o f  v in y lsu lfo n y l chloride ch a rac te rized  b y  ro ta tio n a l 
an g les  in  th e  v ic in ity  o f  60, 80 an d  160— 180°, re sp ec tiv e ly . T he tw o  form s 
w ith  ang les of ro ta tio n  o f  60 an d  80° could p ro b a b ly  be s u b s ti tu te d  b y  one 
in te rm e d ia te  form  w ith  so m e w h a t la rg e r v ib ra tio n a l am p litu d es  fo r th e
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ro ta tio n -d e p e n d en t d istances. B ecause  o f th e  re la tiv e ly  sm all c o n tr ib u tio n  
o f  th e  ro ta tio n -d e p e n d en t d istan ces  to  th e  to ta l  m olecu lar s c a tte r in g  an d  th e  
lack  o f  v ib ra tio n a l spectroscopic  d a ta ,  it  is n o t possible to  o b ta in  a de tailed  
p ic tu re  o f th e  co n fo rm atio n a l co m position  from  th e  ex p e rim en ta l in fo rm atio n  
av a ilab le  a t th is  tim e .

T he bond le n g th s  and  b o n d  angles w ith  th e ir  to ta l  u n c e rta in tie s  are 
g iven  in  th e  su m m ary . These p a ra m e te rs  an d  also th e  bond  m ean  am plitu d es 
o f  v ib ra tio n  d e te rm in ed  in  th is  s tu d y  w ere found  to  be in sen sitiv e  to  changes 
in  th e  re la tive  a m o u n ts  o f th e  con fo rm ers considered  in  th e  m odels.

T he C = C  b o n d  o f v iny lsu lfo n y l chloride is am ong  th e  lo n g est in  su b 
s t i tu te d  ethy lenes, as illu s tra te d  in  T ab le  IY . As n o ted  b y  Y okozeki and 
B a u e r  [25], th e  C = C  distances, ex cep t fo r th e  f lu o rin a te d  com pounds, are 
lo n g er th a n  th a t  in  e th y len e ; (C F 3)2C = C H 2 seem s to  be th e  o n ly  exception  
(cf. T ab le  IY).

Table IV

Lengths o f  the C — C bonds in  ethylene and some substituted derivatives*

Compound Г,(С=С), A Ref.

H ^ C H o 1.337±0 .002 [18]
F2C = C F o 1 .311±0 .007 [19]

F H C = C F , 1 .309±0.006 [19]

F2C = C H 2 1.316±0 .006 [19]

(CF3)2C = C H 2 1.374±0 .013 [26]

H ,C = C H S C H 3 1 .342±0.003 [20]

H ,C = C (S C H 3)2 1 .349±0 .005 [21]

H 2C = C (C H 3)j 1 .342±0.003 [22]

(CH3)2C = C (C H 3)2 1 .351±0 .003 [23]

CH3C H = C H C H 3 cis 1 .347±0.003 [24]

Irans 1 .348± 0 .003 [24]

H 2C = C H S O X I 1 .357± 0 .018 th is  w ork

* V ap o u r phase d a ta

T he S-C b o n d  o f v iny lsu lfony l chloride is so m ew hat sh o rte r  th a n  those 
in  o th e r  sulfonyl ch lo rides, viz.

C6H 5S 0 2C1 r(S -C ) =  1 .7 6 5 ± 0 .0 0 9 Á  [6 ]

C H 3S 0 2C1 r(S -C ) =  1 .7 6 4 ± 0 .0 0 5  A [5]
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T h e  leng th  of th e  S—Cl b o n d  in  v iny lsu lfo n y l ch loride is in te rm e d ia te  
a m o n g  tho se  in  su lfony l ch lo rid e s  de term ined  so fa r  a n d  lis ted  in  T ab le  Y. 
A s th e  O. . . Cl non-bond  d is ta n c e s  are also g iven , i t  can  be seen th a t  th e  S—Cl 
b o n d  d is tan ces  show a la rg e r  v a r ia tio n  th a n  th e  n o n -b o n d  d is tan ces  w hich 
m a y  b e  an  ind ica tion  o f  th e  im p o rtan ce  o f o x y g en  . . . ch lorine non -bond  
in te r a c t io n s  in  th e  s tru c tu re s  o f  th e  S 0 2C1 m oieties.

Table V

T he S — Cl bond and 0 . .  .C l non-bond distances and 0 — S — Cl bond angles in  some sim ple sulfonyl
chlorides*

Compound r„(S— Cl), A 0 —S—Cl,° r(O...Cl), Á Ref.

C1SOX1 2.001 107.7 2.781 [4]
C H 3 0 S O X 1 2.023 106.3 2.779 [3]
C H .,=  CHSOX1 2.035 106.3 2.789 th is  w ork

Cf)H 5S O X l 2.047 105.5 2.780 [6]
C H 3S O X 1 2.046 107.1 2.816 [5]
(C H 3),N S O X l 2.064 105.8 2.806 [7]

* V ap o u r phase d a ta

A  m ore s trik ing  e x a m p le  o f  th e  possible im p o rta n c e  o f n o n -b o n d  in te r 
a c tio n s  in  th e  simple su lfone  m olecules is show n b y  th e  re m ark ab le  co n stan cy  
o f  t h e  r ( 0 .  . . 0 )  values (2 .48— 2.49  Á) while th e  S =  0  bonds an d  0 = S  =  0  bond 
an g le s  sho w  th e  v a ria tio n s  c o n s is te n t w ith  th e  p re d ic tio n s  of th e  V .S .E .P .R . 
m o d e l. T h is  has been d iscu ssed  b y  us rep ea ted ly  a n d  th e  d a ta  o f v iny lsu lfo n y l 
c h lo r id e  a re  com pletely  c o n s is te n t w ith  these  o b se rv a tio n s  (for a com pila tio n  
o f  t h e  d a ta  o f th e  S = 0 ,  О. . . О d istances an d  0 = S  =  0  angles in  su lfones, 
see H a r g i t t a i  and B r u n v o l l  [7]).

A ppendix 1

N u m erica l values of th e  to ta l  experim en ta l in tensities, 50 cm  cam era range, s m jn  =  1.75 
Á -1 , smax =  13.00 Á “ 1, As =  0.25 Á - 1 ; th e  tab le  develops ho rizo n ta lly

0.4811 0.4982 0.5602 0.6379 0.7100
0.7584 0.7815 0.7877 0.7914 0.8079
0.8475 0.9066 0.9658 1.0034 1.0079
0.9805 0.9359 0.8888 0.8695 0.8703
0.8846 0.8929 0.8865 0.8636 0.8343
0.8057 0.7900 0.7912 0.8052 0.8256
0.8451 0.8601 0.8653 0.8612 0.8495
0.8331 0.8157 0.8007 0.7895 0.7812
0.7755
0.7770

0.7728 0.7724 0.7731 0.7736
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A ppendix 2

N um erical values o f th e  to ta l  experim ental in ten sitie s , 19 cm  cam era ran g e , smjn =  6.50 
Á “ 1, smax =  35.25 Á -1 , zfs =  0.25 Á -1 ; th e  tab le  develops horizontally

1.1151 1.1276 1.1138 1.0909 1.0589
1.0200 0.9831 0.9540 0.9456 0.9512
0.9668 0.9865 0.9978 1.0010 0.9926
0.9759 0.9546 0.9325 0.9122 0.8971
0.8850 0.8771 0.8684 0.8646 0.8620
0.8599 0.8616 0.8640 0.8647 0.8622
0.8582 0.8516 0.8437 0.8373 0.8301
0.8261 0.8233 0.8188 0.8110 0.8030
0.7923 0.7828 0.7739 0.7692 0.7683
0.7703 0.7736 0.7779 0.7802 0.7808
0.7783 0.7734 0.7662 0.7566 0.7465
0.7383 0.7301 0.7247 0.7216 0.7186
0.7185 0.7198 0.7213 0.7224 0.7215
0.7197 0.7153 0.7110 0.7052 0.7001
0.6954 0.6908 0.6883 0.6851 0.6839
0.6813 0.6794 0.6761 0.6732 0.6705
0.6669 0.6646 0.6634 0.6613 0.6607
0.6590 0.6568 0.6548 0.6514 0.6484
0.6442 0.6399 0.6363 0.6330 0.6301
0.6279 0.6268 0.6256 0.6254 0.6242
0.6232 0.6211 0.6187 0.6160 0.6130
0.6095 0.6063 0.6040 0.6016 0.5994
0.4016
0.2032

0.3049 0.3045 0.3029 0.3021
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ALKALOIDS CONTAINING 
THE INDOLO[2,3-c]QUINAZOLINO 
[3,2-a]PYRIDINE SKELETON, YI*

P R E P A R A T IO N  O F  C IS -  AN1) 7 \R .4 IV S -H E X A IIY D R O R U T E C A R P IN E * *

K . H o r v á t h - D ó r a , G. T ó t h , J .  T a m á s + an d  O. C.l a u d e r

(In s titu te  o f  Organic C hem istry, Faculty  o f  Pharm aceutical Sciences, Sem m elw eis M edical 
U niversity , B udapest, and *Central Research In s titu te  fo r  C hem istry o f  the H ung a ria n  A cadem y

o f  Sciences, B u d a p est)

R eceived  A pril 14, 1976

S im ila rly  to  th e  sy n th esis o f  ru te c a rp in e  [1], l ,2 ,3 ,4 -te trah y d ro -l-o x o -/? -ca r-  
boline (3) w as condensed  w ith  cis (1) a n d  tran s-2 -am in o cy c lo h ex an ecarb o x y lic  acid 
(2). T he en d  p ro d u c ts  w ere tw o ste reo iso m ers : cis- (4) an d  tran s -h ex a h y d ro ru te ca rp in e  
(5). The s tru c tu re s  o f (4) a n d  (5) w ere p ro v e d  b y  th e  UV, IR , N M R  an d  MS sp ec tra .

cis- (6) an d  tra n s -H e x a h y d ro ru te c a rp ic  acids (7) reg ard ed  as in te rm e d ia te s  in 
th e  co n d en sa tio n  reac tio n  have  also b een  sy n th e s ize d ; these  com pounds also  give (4) 
and  (5) b y  r in g  closure.

In  our ea rlie r  papers [1— 5] ru te c a rp in e  d e riv a tiv e s  co n ta in in g  an  a ro m a t
ic ring  E h av e  b een  discussed. In  th e  p re se n t w ork , ru teca rp in e  d e riv a tiv e s  
h av in g  a h y d ra te d  rin g  E  are  d ea lt w ith . T hese  com pounds are  th e  s ta r tin g  
m a te ria ls  in  th e  sy n th es is  o f d e riv a tiv e s  w ith  14 -azayoh im bane skele ton .

Since, acco rd ing  to  o u r ea rlie r ex p erien ce , rin g  E  in  ru te c a rp in e  c an n o t 
he h y d ro g en a ted  [1 ], a 2 -am in o cy c lo h ex an ecarb o x y lic  acid w ith  g iven  s te reo 
chem ical p ro p ertie s  was req u ired  fo r th e  sy n th es is . T he follow ing li te ra tu re  
d a ta  w ere found  in  th is  connection . e is-2 -A m inocyc lohexanecarboxy lic  acid 
(1 ) can  be p rep a red  b y  th e  c a ta ly tic  re d u c tio n  o f  2 -am in o cy c lo h ex en e-l-car- 
boxylic  acid e s te r  as described  by  H u n i g  a n d  K a h a n e k  [9], o r b y  th e  a d d itio n  
o f  am m onia  to  cy c lo h ex en e-l-ca rb o x y lic  ac id , accord ing  to  P l i e n i n g e r  and  
S c h n e i d e r  [10]. E i n h o r n  [6 , 7] an d  O r t h n e r  an d  H e i n  [8 ] p re p a re d  trans- 
2 -am inocyc lohexanecarboxy lic  acid  (2 ) b y  th e  sod ium  am y la te  re d u c tio n  of 
a n th ra n ilic  acid , follow ed b y  p ro p er p u rif ic a tio n .

In  ou r w ork , E i n h o r n ’s m eth o d  [6 , 7] w as app lied  in  th e  p re p a ra tio n  
o f í/ ans-2 -am inocyc lohexanecarboxy lic  ac id  (2).  T h e cis com pound  (1) w as also 
successfully  m ad e  d irec tly  from  a n th ra n ilic  acid  in  our ex p erim en ts . In  con
t r a s t  w ith  ea rlie r find ings [1 1 , 1 2 ], i t  w as fo u n d  th a t  th e  h y d ro g e n a tio n  of 
a n th ra n ilic  acid  in  th e  presence o f A dam s c a ta ly s t  a t  room  te m p e ra tu re  in  a

* P a r t  V: A c ta  Chim. (B u d ap est) ( I n  p ress)
** P re se n ted  p a r tly  a t  th e  M eeting of th e  H u n g a r ia n  C hem ical Socie ty , V eszprém , 

H u n g a ry , 1975, a n d  p a r tly  a t  th e  M eeting of th e  H u n g a r ia n  P h a rm aceu tica l S ocie ty , D ebrecen , 
H u n g a ry , 1976
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m ix tu r e  o f  glacial acetic  ac id  a n d  c o n cen tra ted  hyd ro ch lo ric  acid gave  d ire c tly  
c is-2 -am in o cy c lo h ex an ecarb o x y lic  acid  (1 ).

I n  th e  n ex t s tep , l,2 ,3 ,4 -te tra h y d ro -l-o x o -/? -c a rb o lin e  (3) w as su b je c te d  
to  c o n d e n sa tio n  w ith  th e  cis  an d  trans co m pounds (1 ) an d  (2 ) u n d e r  th e  
c o n d it io n s  estab lished  b y  u s  [1 ], to  o b ta in  tw o  stereo isom eric  co m p o u n d s, 
cis- (4) a n d  frem s-hexahydro ru tecarp ine  (5), re sp ec tiv e ly . B o th  isom ers could  
be  c ry s ta ll iz e d  after th e  p ro cessin g  o f  th e  re a c tio n  m ix tu re ; (4) was c ry s ta lliz ed  
fro m  m e th a n o l, and  ace to n e—e th a n o l m ix tu re  w as su itab le  for (5). C om pound
(4) c o n ta in e d  1 mole m e th a n o l o f c ry s ta lliz a tio n , w hich  w as rem o v ed  b y  
h e a t in g  th e  substance in  v a c u u m  a t  th e  bo iling  p o in t o f to luene  (F ig . 1).

CQOH

О

F ig . 1

T h e  UY spectra  o f (4) a n d  (5) are n e a r ly  id en tica l, and  c h a ra c te r is tic  
o f  a  d o u b le  bond c o n ju g a te d  w ith  th e  in do le  ch rom ophore [(4) Amax 306 
(log  e 4 .3 1 ); (5) Amax 306 (4 .34)]. In  th e  IR  sp e c tra , th e  la c tam  CO v ib ra tio n s  
(1690  c m -1 ) and  th e  C = N  b a n d s  (1640 cm -1 ) can  be id en tified .

T h e  stru c tu res  of th e  tw o  p ro d u c ts  (4) a n d  (5) o b ta in ed  in  th e  process 
sh o w n  in  Fig. 2 were also co n firm ed  b y  th e  low  an d  h igh reso lu tio n  m ass 
s p e c t r a l  d a ta . Their m o lecu la r w eights an d  m o lecu la r form ulas are id e n tic a l 
a n d  a g re e  w ith  th e  ex p ec ted  v a lu es . T he frag m en ts  and  th e  f ra g m e n ta tio n  
p a t t e r n s  a re  also id en tica l in  th e  tw o  m ass sp e c tra , only  th e  in te n s ity  ra tio s  
d iffe r  s ig n ifican tly .
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G reat d ifferences can be observed  p a r tic u la r ly  in  th e  in ten sities  o f  th e  
m olecular ions a n d  in  th e ir  s tab ilitie s , in  acco rd an ce  w ith  th e  d ifferen t th e rm o 
d ynam ica l s ta b ilitie s  o f  th e  cis an d  trans isom ers. In  th e  case o f th e  trans  
com pound  (5), th e  m olecu lar ions m ake up  a b o u t 50 %  o f th e  to ta l  ion  c u rre n t, 
w hereas th is is h a rd ly  20%  for th e  cis isom er (4) (see 27% d a ta ).

Fig. 2

In  bo th  co m p o u n d s , th e  m ain  f ra g m e n ta tio n  p a th  is connected  w ith  th e  
c leavage of ring  E , in  c o n tra s t w ith  ru te c a rp in e , w here  frag m en ta tio n  o f  r in g  
C is p red o m in a tin g  [4].

The m ost im p o r ta n t  frag m en t ions a re : m/e 264, b (M -C ,H 5); m/e 250, 
с ( M —C3H,) an d  m/e 238, d (M — C4H 7), an d  th e  in te rp re ta tio n  of th e ir  fo r
m a tio n  is show n in  F ig . 3. In  som e o f th e  ion ized  m olecules w ith  odd e lec tro n  
n u m b e r, th e  b o n d  C(15)— C(16) in  ^ -p o sitio n  w ith  resp ec t to  N(14) in  rin g  
E  is broken  y ie ld in g  in te rm ed ia te  a; th is  becom es stab ilized  th ro u g h  p a ra lle l 
s tep s  of free ra d ic a l e lim ination  hydro g en  m ig ra tio n  processes. T he d r iv in g  
force in  these p rocesses is the ex ten sio n  o f c o n ju g a tio n  and  th e  fo rm a tio n  o f 
im m onium  ions w ith  even e lectron  num bers.
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T h e  in te n s ity  d ifferences o f  th e  fra g m e n ts  b, c and  d in  th e  tw o  s te re o 
iso m ers  c a n  be exp la ined  b y  th e  d ifference in  th e  frequency  o f fo rm a tio n  of 
a (c leav ag e  o f ring  E ). T he in te rm e d ia te s  a fo rm ed  from  (4) an d  (5) a re  s t r u c tu r 
a lly  id e n tic a l from  th e  m ass sp ec tro m e tric  p o in t o f view , as i t  is con firm ed  
b y  th e  in te n s ity  ra tio  o f th e  th re e  k in d s  o f  frag m en t ion species d iscussed

t

F ig . 3

ab o v e  (b , c, d) being  n ea rly  id e n tic a l in  th e  tw o  sp ec tra , fu r th e rm o re , b y  th e  
id e n tic a l in te n s ity  ra tio  o f th e  m e ta s ta b le  p eak s rep resen tin g  th e  fo rm a tio n  
o f th e s e  ion  species in  th e  field-free sec tio n  2  (m etastab le  ch a ra c te ris tic s  
m e th o d  [13]).

H o w ev er, in  th e  1H -N M R  sp e c tra , th e  above s im ila rity  has n o t  been  
o b se rv e d ; th e  sp ec tra  o f  (4) a n d  (5) w ere r a th e r  d iffe ren t (F ig . 4).
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In  th e  case o f  (4), th e  m e th y len e  p ro to n s H 2-C (5) an d  H 2-C (6 ) ap p eared  
in  th e  u su a l range  (4.22 t an d  3.04 t), as tr ip le ts  o f  A2X 2 ty p e . T his m eans th a t  
rin g  C is flex ib le  re su ltin g  in  av e rag in g  o f th e  chem ical sh ifts  o f  th e  axial 
an d  equatorial p ro to n s . The peak  H -C (15) ap p ea rs  a t  3.76, an d  th e  s tru c tu re  
o f th e  q u a r te t  also proves th e  ex istence  o f th e  cis isom er (o f th e  tw o  possible

• h e “  J e ! T 4 ' 5 H z

F ig . 4

s tru c tu re s )  w ith  а -po sitio n  o f H -C (1 5 ) and  equatorial in rin g  E  (J ee =  4.5 H z, 
J ea =  5.0 H z). O n th e  basis o f  th e  m u ltip le t o f  th e  neighb o u rin g  H —C(20) 
a p p ea rin g  a t  2 .76, th is  p ro to n  is re a lly  in  axia l p o s itio n  (J a(l =  7.5 H z , J ae =  
=  5.0 H z an d  3.0 H z). D ouble re so n an ce  ex p e rim en ts  m ade possib le th e  id e n ti
f ica tio n  o f th e  b a n d  o f  H 2-C (19) a t  1.98, b u t th e  o th e r  alicyclic p ro to n s  s tro n g ly  
overlap  in th e  ran g e  1 .2 — 1.9, an d  th is  could n o t be an a ly zed  fu r th e r . A  s im ila r

Acta Chirn. ( Budapest)  94, 1977



3 5 0 H O RV Á TH -DÓ RA  et al.: A LK A LO ID S, V I

s tro n g ly  coupled b a n d  sy s te m  w as p roduced  by  th e  H —C(10, 11 a n d  12) p ro 
to n s  be tw een  6.9 an d  7.35, w h ile  H -C (9) ap p ears  se p a ra te ly  a t  7.46 as a d oub le t.

T hese  d a ta  are in  a ll re sp e c ts  co n sis ten t w ith  th e  s tru c tu re  pro p o sed  for (4).
T h e  XH -N M R  sp e c tru m  o f (5) is m uch  less d is tin c t; on ly  th e  dt (doub le t 

sh o w in g  fu rth e r  tr ip le t  s p littin g )  b an d  o f 1 -p ro to n  in te n s ity  can be  observed  
s e p a ra te ly  a t 4.99. T h e  a ss ig n m en t o f th is  b a n d  w as n o t, how ever, possible 
w ith o u t  fu rth e r  e x a m in a tio n , since, if  i t  belongs to  H -C (15), th e  m u ltip lic ity  
o f  th e  b a n d  canno t be  e x p la in e d , a lth o u g h  th e  1 -p ro to n  in te n s ity  an d  com 
p a r is o n  w ith  (4) w ould  su g g est th is  in te rp re ta tio n . I t  seem ed to  be ju s tif ie d  
to  co n sid e r an o th er p a th w a y  o f rin g  closure d iffe ren t from  th e  assu m ed  one, 
in v o lv in g  acy lation  o f  th e  indo le  ring . In  th e  I R  sp ec tru m  an  am ide  C =  0  
b a n d  o f  sim ilar freq u en cy  w o u ld  ap p e a r in  th is  case, to o , like in  v incam one  
a n d  h ex ah y d ro can tin o n e  c o n ta in in g  th e  analogous s tru c tu ra l u n it . L ikew ise, 
th e  U V  spectrum  does n o t  exclude th e  above s tru c tu ra l a lte rn a tiv e  e ith er. 
H  ow ev er, th e  sev en -m em b ered  rin g  s tru c tu re  can  be refused  u n am b ig u o u sly  
o n  th e  basis of th e  fa c t t h a t  in  th e  JH -N M R  sp e c tra  o f th e  tw o  la t te r  com 
p o u n d s  th e  chem ical sh if t o f  th e  H -C (12) a ro m a tic  p ro to n  in  p e r i  position  
is v e ry  large (betw een 8.2 a n d  8.3), ow ing to  th e  w ell-know n m ag n e tic  an iso 
t r o p y  o f  th e  carbonyl g ro u p , w hile no  b a n d  is fo u n d  in th is  ran g e  fo r  (5) and 
(4).

In  order to  s im p lify  th e  sp e c tru m , th e  sh if t re ag en t E u (d m p ) 3 was 
t r ie d ,  b u t  unsuccessfully , since  even  increased  am o u n ts  o f E u (d p m ) 3 d id  no t 
s e p a ra te  th e  in d iv id u a l b a n d s . I t  could be s ta te d  th a t  th e  E u  com plex  was 
b o u n d  sim u ltaneously  to  th e  groups N(14) an d  C =  0 ,  an d  th is  is responsib le  
fo r  th e  fac t th a t  th e  b a n d s  o f  th e  alicyclic CH p ro to n s  d id  n o t se p a ra te . The 
L IS  A b  values could be d e te rm in e d  on ly  for th e  H —C(5) an d  H -C (9 , 10, 
11 a n d  12) p ro tons, a n d  th e se  w ere found to  be 12.8, 0.85, 0.70, 0.75 and  1.25 
p p m , respectively , b y  m ean s  o f g rap h ica l in te rp o la tio n .

I n  th e  n ex t s te p , a ss ig n m en t o f th e  b a n d  a t  4.99 was a t te m p te d  b y  
co m p ariso n  of th e  ch em ica l sh ifts o f (5), m easu red  in  CDC13 an d  C F 3COOH. 
I f  th e  b an d  should be  assig n ed  to  H -C (15), a considerab le  ch an g e  o f th e  
ch e m ic a l shift is ex p e c te d  in  th e  sa lt [15]. In  th e  case of (4) an  increase  of 
0 .55  p p m  was rea lly  fo u n d  in  th e  sa lt; how ever, th e re  w as a sh if t of 0.35 
o b se rv e d  for H„ C(5), to o , in d ica tin g  s u b s ta n tia l  delocalization  o f  th e  posi
t iv e  charge w ith in  th e  acy lam id in e  s tru c tu ra l u n it . In  th e  case o f  (5), th e  
ch em ica l sh ift of th e  b a n d  ex am in ed  increased  o n ly  b y  0 . 1 2  in  th e  sa lt, th u s  
a ss ig n m e n t to  H -C (15) ca n  be excluded . F in a lly , double resonance  m easu re 
m e n ts  proved  u n am b ig u o u sly  th a t  th e  b a n d  belongs to  H 2-C (5), a n d  th e  large 
ch e m ic a l shift is caused  b y  th e  C =  0  group  in  p eri position . T h e  b a n d  of 
H a—C(5) appearing  a t  3.4 is p a r t ly  o verlapped  b y  th e  m u ltip le ts  o f  H -C (15) 
(3 .3) an d  H.,-C(6 ) (3 .0); s im ila rly , th e  H -C (20) b an d  (2.15) is m erged  w ith  
th e  b a n d s  of the  o th e r  p ro to n s  o f  ring  E .
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In  v iew  o f these  fac ts  i t  c a n  be s ta te d  th a t  ring  closure to o k  p lace  in  
th is  case, to o , its  w ay being an a logous to  th e  reac tio n  p a th  in  (4). H ow ever, 
w hile th e  flex ib ility  o f ring  C in  (4) allows av erag in g  o f  th e  tw o  con fo rm ers, 
com pound  (5) has only one, d e f in ite  co n fo rm ation .

In  o rd e r to  decide, w h e th e r th e  h in d ran ce  o f  ring  inversion  is re sponsib le  
for th e  absence o f th e  averag ing  o f  chem ical sh ifts  o f th e  H c-C (5) a n d  H a-C (5)

p ro to n s , te m p e ra tu re  dependence  m easu rem en ts  w ere carried  o u t. N o a v e ra g 
ing  was o b serv ed  in  CeD5NO„ u p  to  —(—200 °C, th u s  ce rta in ly  rin g  C is n o t  rig id  
in  th is  case e ith e r, b u t th e  m o s t s tab le  conform er is w here th e  H e-C (5) 
p ro to n  an d  C =  0  group are  co p la n a r.

F u r th e r  con firm ation  o f  th e  s tru c tu re s  o f  (4) and  (5) w as o b ta in e d  b y  
m eans o f th e  13C-NM R sp ec tra  [16].

In  th e  p rep a ra tio n  of (4) a n d  (5), one m ole o f l,2 ,3 ,4 -te trah y d ro -l-o x o -/S - 
carboline (3) w as allowed to  re a c t  w ith  10 m oles o f PO C l3. W h en  d ecreasin g  
th e  a m o u n t o f  POC!3, th e  o p en -ch a in  am inocarboxy lic  acids (6 ) an d  (7), reg a rd ed  
as in te rm e d ia te s , also ap p ea red . T h is p ro d u c t c rysta llized  f irs t on p rocessing  
th e  reac tio n  m ix tu re  and c ry s ta lliz a tio n . A fter f ilte r in g  off (6 ) an d  (7), th e  s e p a ra 
tio n  o f th e  cyclic lac tam s, (4) a n d  (5), slow ly s ta r te d . W hen th e  a m o u n t o f  PO C l3
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w a s  red u ced  to  3 m oles, th e  m a in  products w ere th e  o p en -ch a in  am inocarboxy lic  
a c id s , cis- (6 ) and  tra n s -h e x a h y d ro ru te c a rp ic  a c id  (7) (F ig . 5).

T he UV sp e c tra  o f  ( 6 ) a n d  (7) have m a x im a  a t  226 a n d  315 nm . I n  th e  IR  
s p e c tr a ,  a broad  b a n d  b e tw e e n  3200 cm - 1  a n d  2400 cm - 1 , as w ell as th e  
c a rb o n y l stre tch in g  f re q u e n c y  a t  1720 c m “ 1 v e r ify  th e  o pen -cha in  am in o 
c a rb o x y lic  acid s tru c tu re .

H2-Cl6)
rtl

COOH 
b 12.25

A n o th er ev idence  fo r  th e  am inocarboxy lic  ac id  s tru c tu re  is p ro v id ed  
b y  th e  1H-N M R sp e c tru m  o f  (6 .) In  CDC13, th e  h a n d  due to  th e  p ro to n  o f th e  
c a rb o x y lic  acid ap p ea rs  a t  12.25, in  ad d itio n  to  th e  N H  b a n d  o f 2H  in te n s ity  
(8 .8 ) (F ig . 6 ).

W hen ir ra d ia tin g  th e  t r ip le t  of H 2-C (6 ), th e  h an d s  o f H 2-C (5) tra n sfo rm  
in to  a q u a rte t of ty p e  A B , a n d  th e  gem inal co u p lin g  c o n s ta n t was o b ta in ed  
f ro m  th is  (12.6 H z). C o n sid e rin g  th a t  H „-C (6 ) ap p e a rs  as a tr ip le t , ring  C 
m u s t  be flexible an d  u n d e rg o e s  rap id  inversion  a t  room  te m p e ra tu re . A t th e  
s a m e  tim e , th e  d e v ia tio n  in  th e  chem ical sh if t o f  th e  m ethy lene  p ro to n s  a t
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C(5) in d ica tes  th a t  th e  N ft a to m  does n o t u n d erg o  inversion , t h a t  is , i t  beh av es 
as a ch ira l cen tre ; co n seq u en tly , th e  m e th y len e  p ro to n s a t  C(5) a re  n o t  en an tio - 
to p ic , th e y  are d ias te reo to p ic  [14]. In  o rd e r to  confirm  th is  s ta te m e n t ,  (6 ) 
w as also exam ined  in  C F 3CO O H . In  th is  m ed iu m  th e  ch iral c h a ra c te r  o f  N ft 
is e lim in a ted  owing to  p ro to n a tio n , th u s  th e  chem ical n o n -eq u iv a len ce  o f  th e  
C(5) m eth y len e  p ro to n s  m u s t be e lim in a ted . In  th e  sp ec tru m , as ex p ec ted , 
b o th  H 2-C ( 6 ) and  H 0—C(5) a p p e a r as tr ip le ts  a t  3.37* (2H ) an d  4 .55 t (2H ), 
re sp ec tiv e ly .

F ig . 7

O w ing to  th e  poor so lu b ility  o f (7), IS M R  m easurem ents in  D M SO  an d  
T F A  could  n o t be effected .

T he m ass sp ec tra  o f  (6 ) an d  (7) w ere fo u n d  to  be id e n tic a l w ith  those  
o f  (4) an d  (5), resp ec tiv e ly . T his fa c t, as w ell as th e  appearance  o f  s ig n if ic a n t 
w a te r  peaks in d ica te  th e rm a l tra n s fo rm a tio n  o f  (6 ) and (7) in to  (4) a n d  (5), 
re sp ec tiv e ly , du ring  e x am in a tio n , p rio r  to  th e  ev ap o ra tio n .

D u rin g  th e  cyc liza tion  o f cis- (6 ) a n d  irem s-h ex ah y d ro ru teca rp ic  acid
(7), com pounds (4) an d  (5) w ere ag a in  o b ta in e d . C yclization w as e ffec ted  
w ith  P0C 13 in  benzene or w ith  PO C l3 an d  po lyphosphoric  acid (F ig . 7).

Experimental
M .p.’s were m easu red  w ith  a B o e tiu s M. m ic ro -h o t-s tag e . UV sp e c tra  w ere  reco rd ed  

w ith  a U n icam  SP-500, th e  IR  sp e c tra  w ere ta k e n  on  a U n icam  SP-1200 sp e c tro p h o to m e te r . 
T he N M R  sp ec tra  w ere o b ta in e d  w ith  a Je o l PS-100 in s tru m e n t a t  100 H z , w ith  TM S as 
in te rn a l s ta n d a rd ; th e  chem ical sh ifts  a re  g iven  acco rd in g  to  th e  convention  <5 T M S =  ® P P m - 

A n A E I-902  in s tru m e n t w as used  fo r reco rd ing  th e  m ass sp e c tra  (70 eV).
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c is-2 -A m inocyclohexanecarboxylic  acid  (1 )

A dam s c a ta ly s t  (0.67 g; 0 .003 mole) was p re h y d ro g e n a te d  in  glacial acetic  acid  (18 m l). 
A  so lu tio n  of a n th ran ilic  acid  (1 .40  g; 0.01 mole) in  a  m ix tu re  o f glacial acetic  acid  (35 m l) 
a n d  cone, hydroch lo ric  acid  (11 m l) was th en  ad d ed  a n d  h y d ro g e n a tio n  was co n tin u e d  a t  
ro o m  te m p e ra tu re  for 15 h rs . T h e  c a ta ly s t  was f i lte re d  off, a n d  th e  filtra te  e v a p o ra te d  to  
d ry n e ss  in  vacuum . T he pa le  o ily  residue was d issolved in  a b so lu te  e thano l (15 m l) a n d  som e 
e th e r  w a s  ad ded  to  i t  d ropw ise . W h ite  crystals p re c ip ita te d  (1.05 g; 60% ).

T h e  base from  th e  h y d ro c h lo rid e  was o b ta in ed  on  D o w ex  50X 2— 100 resin  as follow s. 
T h e  re s in  (20 g) was a c t iv a te d  w ith  0.5M  HC1 (40 m l) fo r  5 m in , an d  a colum n w as pack ed  
w ith  i t ;  th is  was w ashed  u n t i l  n e u tra l  w ith  w a ter, th e n  c is-2-am inocyclohexanecarboxy lic  
a c id  - HC1 (1.0 g) was d isso lved  in  w a te r  (15 m l) a n d  t ra n s fe r re d  on to  th e  colum n, w h ich  w as 
th e n  w ash ed  w ith  w a te r  u n t i l  n e u tra l  reac tion  w as o b ta in e d . E lu tio n  of the  base  w as b eg u n  
w ith  d ilu te  am m onia  (20 m l o f  cone. N H 4OH and  180 m l o f w a te r) . W hen th e  e lu a te  becam e 
a lk a lin e , 20 m l frac tions w ere ta k e n . E v ap o ra tio n  o f th e  f i r s t  20 m l gave a pale so lid  (0.70 g; 
88 % ). A fte r  re c ry s ta lliza tio n  fro m  aqueous acetone, th e  m .p . w as 232—234 °C (lit. m .p . 235 °C 
[9]). T h e  o th e r  frac tio n s w ere co m b in ed  and  e v ap o ra te d  to  d ry n ess , b u t  p rac tica lly  no residue  
w as o b ta in e d .

t r a n s - 2 -A m inocyclohexanecarboxylic  acid  ( 2)

A n th ran ilic  acid  (10 g; 0 .07 mole) was processed  in  ab so lu te  am yl alcohol (400 m l) 
b y  su b jec tin g  i t  to  re d u c tio n  w ith  m etallic  sodium  (32 g; 0.4 m ole) according to  th e  m eth o d  
su g g ested  b y  E i n h o r n  a n d  M e y e n b e r g  [6 , 7]. T he p ro d u c t  (5.5 g; 50% ) had  m. p . 267 — 270°C 
(lit. m . p . 273°C).

c is-1 5 ,1 6 ,1 7 ,1 8 ,19 .20 -H exahydro ru tecarp ine  (4 )

(а) A bso lu te  benzene (250 m l) and  POC13(60 m l) w ere p o u re d  to  te trahydro -l-oxo-/9 -carbo*  
lin e  (3) (7 .4 g ;0 .0 4  m ole), a n d  th e  m ix tu re  was re flu x ed  on  a w a te r  b a th  for ab o u t 10 m in . F ir s t  
a  so lu tio n  was o b ta in ed , th e n  a red  oil sep ara ted . 2-A m inocyclohexanecarboxy lic  acid  (X) 
(7.1 g ; 0.05 mole) was ad d ed  a n d  th e  m ix tu re  re fluxed , w ith  s tir r in g , for 5 hrs, th e n  e v a p o ra te d  
in  v a c u u m  on a w a ter b a th .  T h e  re ac tio n  m ix tu re  w as m ad e  a lk a lin e  w ith  cone. N H 4O H  w hile 
coo ling  in  ice-w ater a n d  e x tr a c te d  w ith  1 X200 m l, th e n  w ith  2 xlOO m l of ch loroform . A fte r  
d ry in g , th e  so lu tion  w as e v a p o ra te d  to  dryness. T h e  resid u e  w as a  slowly solid ify ing  oil t h a t  
w as c ry sta llized  from  m e th a n o l;  m .p . 155— 157 °C (fro m  m e th a n o l)  (8.0 g; 68% ).

T h e  f i ltra te  w as e v a p o ra te d  to d ryness a n d  p u rif ie d  o n  Kieselgel 60H  p re p a ra tiv e  
la y e rs . T he developing so lv e n t sy s te m  was benzene : m e th a n o l (25 : 2). The su b s tan ce  h av in g  
a n  Ky v a lu e  of 0.68 w as e lu te d  w ith  absolu te  e th an o l. A fte r  ev ap o ra tio n  and c ry s ta lliz a tio n , 
1.4 g (8 0 % ) of th e  p ro d u c t  w as ob tained .

C18H l9N 30  (293). C alcd . C 73.72; H  6.48; N  14.66. F o u n d  C 73.62; H  6.30; N  14 .50% . 
U V  (E tO H : Amax(log e): 226 (4 .32), 306 (4.34); (0 .1 M  HC1): 246 (4.12), 340 (4.45)
I R  (K B r: 3300 (rN H  in do le), 1670 ( r C = 0  lac tam )

1640 c m - 1 ( rC = N )
C H C lj 3470 c m -1 , 3300 c m -1  (vN H  indole)

1690 ( r C = 0  lac tam ), 1640 ( rC = N )  c m -1 
'H -N M R  (CDC13): <5 =  H 2— C(5) 4.22t (2H ); Н ,— C(6) 3.04« (2H )

J  =  6.5 H z; H e— C(15) 3.84? (1H) J ee =  4.5 H z,
J ea =  5.0 H z ; H a— C(20) 2.76m (1H ), J aa =  7.5 H z,
Ja a  —  5.0 H z, a n d  3.0 H z, resp .; H e— C(19)
1.98m  (1H ), H — C(9) 7.46d (1H) J  =  0.8 H z.
(C F3COOH): Н ,— C(5) 4.75« (2H), H„ C(6) 3.39« (2H ),
H e — C(15) 4.37m  (1 H ), H a-C ( 2 0 )  2.98m  (1H ).

MS: M easured =  293.1530, C,sH 19Ts30  (Misled. 293.1528).
(б) An “ a d d u c t”  w as p re p a re d  from  te trah y d ro -l-o x o - |d -ca rb o lin e  (3) (0.90 g; 0.005 m ole) 

a n d  PO CI3 (9 ml) [1]. T he m ix tu re  was stirred  w ith  e is-2-am inocy lohexanecarboxy lic  acid  (1) 
(0.71 g; 0.005 m ole), a b so lu te  benzene (20 ml) w as a d d ed , a n d  th e  m ix tu re  w as re flu x ed , 
w ith  s tirr in g , on a w a te r b a th  fo r  3 hrs. The reac tio n  m ix tu re  w as processed as g iv en  u n d e r  
(a) to  o b ta in  0.90 g (62% ) o f  th e  p ro d u c t.
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trans-15 ,16 ,17 ,18 ,19,20- H ex ah y d ro ru teca rp in e  (5 )

(a) A bso lu te  benzene (250 m l) and  PO C l3 (60 m l) w ere poured  to  te trah y d ro -l-o x o -/9 -ca r- 
boline (3) (7.5 g; 0.04 m ole) an d  th e  m ix tu re  was re flu x ed  on a w a ter b a th  for 10 m in . F ir s t  th e  
substance  d isso lved , th e n  a red oil sep a ra ted , trans-2-A m inocyclohexanecarboxylic  ac id  (2) (7.1 
g; 0.05 m ole) w as ad d ed  and the  m ix tu re  re flu x ed , w ith  s tirr in g , on a  w ater b a th  fo r 5 hrs. 
The so lu tion  w as e v ap o ra te d  in v acu u m  to  d ryness, th e  resid u e  was m ade a lka line  w ith  cone. 
N H jO II w hile cooling in  ice-w ater, and  th e n  e x tra c te d  w ith  chloroform  (1 x 200, 2 x 100 ml). 
A fter d ry in g , th e  so lu tio n  was ev ap o ra te d  to  d ry n ess, a n d  th e  oily residue w as c ry sta lliz ed  
from  a 1 : 1 m ix tu re  o f m ethano l and  ace to n e , to  o b ta in  8.20 g (70% ) of the  p ro d u c t. A fter 
recry sta lliza tio n  from  ab so lu te  e th an o l, th e  m .p. w as 208— 210 °C.

T he f i l t r a te  from  th e  crysta ls was e v ap o ra te d  to  d ry n ess , th e  residue d issolved in  ch lo ro 
form  and  p u rified  on  K ieselgel 60H  p re p a ra tiv e  layers. T h e  developing m ix tu re  w as ben zen e  : 
m ethano l (25 : 2). T he sub stan ce  w ith  an  R j  value  o f 0.86 w as e lu ted  w ith  ab so lu te  e th a n o l, 
ev ap o ra ted  to  d ry n ess  an d  crystallized  to  give 1.60g (8 4 % ) o f th e  substance.

C18H l9N 30  (293). Calcd. C 73.72; H  6.48; N 14.66. F o u n d  C 73.66; H 6 .66 ; N  14.65% . 
UV (E tO H ): Amax(log e): 226 (4.27), 306 (4.31)

(0 .1M  HC1): 246 (4.04), 340 (4.35)
IR  (K B r) 3370, 3160 c m “ 1 (i>NH indole), 1690 c m -1 ( rC ^ -0  lac tam ), 1640 c m -1 (> 'C =N ) 

CHC13: 3465, 3300 (rN H  indole), 1690 ( r C = 0  la c ta m ) , 1640 (vC =  N) c m ’ 1 
'H -N M R  (CDC13): H e- C ( 5 )  4.99di (1H ), J  =  12.0 H z,

J e a ^ J e e  =  3.5 H z; H a— C(5) 3.4m  (1H ),
H„ C(6) 3.0m  (2H ); H fl C(15) 3.3m (1 H );
H~— C(20) 2.15m  (1H ); H  C(9) 7.45d (1 H )
J  =  8 H z.
(C FjC O O H ): Н<,—C(5) 5.12Л  (1H ), H 2- C ( 6) 3.4 
(2H ) H „— C(5) an d  H fl- C ( 1 5 )  3.9 (2H ).

MS: M easured  =  293.1532; CI8H 19N 30  (M c+aicd. =  293.1528).
(b) An “ a d d u c t”  w as p rep ared  from  te trahydro -l-o x o -/S -carb o lin e  (3) (0.90 g ; 0 .005 m ole) 

and POCl3 (9 m l) [1]. T h is was th o ro u g h ly  m ixed w ith  írans-2 -am in o cy c lo h ex an ecarb o x y lic  
acid (2) (0.71 g; 0.005 m ole), th en  re flu x ed  in a b so lu te  benzene (20 ml) fo r 3 h rs , and  
processed as described  u n d e r (a) to  o b ta in  0.94 g (6 5 % ) o f th e  p ro d u c t.

c is -15 ,16 ,17 ,18 ,19 ,20-H exahydroru tecarp ic  aciil (6 )

l,2 ,3 ,4 -T e trah y d ro -l-o x o -/l-ca rb o lin e  (3) (0.20 g 0.001 m ole) was refluxed  w ith  ab so lu te  
benzene (10 m l) a n d  PO C l3 (0.84 g) on a  w a te r  b a th  fo r 10 m in. c is-2-A m inocyclohexanecar- 
boxylic  acid (1) (0.14 g; 0.001 m ole) w as a d d ed , a n d  th e  m ix tu re  was refluxed  fo r 5 h rs , th en  
e v ap o ra ted  to  d ry n ess  in vacuum . U n d e r cooling in  ice -w a te r, th e  solution w as a d ju s te d  
to  p H  7 w ith  2 M  N H jO H , and  e x tra c te d  w ith  ch lo ro fo rm  ( 1 x 2 0 ,  2 x 1 0  m l), d r ie d  and  
ev ap o ra ted  to  d ryness. T he oily residue was c ry s ta lliz ed  from  m ethanol (0 .20 g ; 68 % ). 
A fter rec ry s ta lliza tio n  from  m ethano l, th e  m .p . w as 195— 198°C.

C,8H 21N 30 „  (311). Calcd. C 69.45; H  6.75; N 13.50. F o u n d  C 69.57; H 6.82; N  13.45% . 
UV (E tO H ): Amax(log f) : 228 (4.24), 315 (4.19)
IR  (K B r): 3430 c m “ 1 (vN H  sec.), 3 2 0 0 -2 4 0 0  c m “ 1

(vN H , COO H), 1715 c m “ 1 ( v C = 0  acid ),
1660 c m -1 (i>C=N), 755, 740 c m -1 (yC H , ort/io-d isubst.)

(CHC13): 3450 c m - ^ r N H  sec.), 3 2 0 0 -2 5 0 0  c m - 1
(i'N H , COOH), 1730 c m -1 (i>C О acid), 1640 cm  '(i>C=N).

NM R (CDCl j): H„ C(16,17,18,19) 1.4— 2.3m  (8H ), H  - C ( 2 0 )
3.1m  (1H ), H j - C ( 6) 3 .12t (2H ) J  6.5 H z,
H„ C(5) 4 .2 5 "dd (1H ), H f— C(5) 4.43dd (1H ),
J gem=  12 H z, H  C(15) 4.24m  (1H ), H - C ( 9 , l l , 1 2 )
7 .25— 7.55m (3H ), H - C ( 1 0 )  7.10i (1H )
Jortho =  8 H z, N H  8.8, b ro a d  (2H ), C O O H  12.25s (1H).
(C F 3C OO H): Н ,—C(16,17,18,19) 1.6— 2.3m  (8 H ), H -C (2 0 )
3.3 (1H ), H„ C(6) 3.371 (2H ), J  =  7 H z,
H — C(15) 4.4 (1H ), H 2—C(5) 4.55í (2H ),
H — C (9,1011,12) 7 .2 - 7 .7  (4H ).
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trans-15,16,17,18,19,20-Hexahydrorutecarpic acid (7)

l,2 ,3 ,4 -T etrah y d ro -l-o x o -/3 -ca rb o lin e  (3) (0.20 g; 0.001 m ole) an d  (rans-2 -am inocyclo - 
h e x a n e c a rb o x y lic  acid (2) (0.14 g ; 0.001 m ole) were a llow ed  to  reac t as described  fo r co m pound  
(6 ) to  y ie ld  0.24 g (80% ) of a p ro d u c t.  A fter re c ry s ta ll iz a tio n  from  a 2 : 1 m ix tu re  o f  m e th an o l 
a n d  a c e to n e , th e  m .p. w as 222— 224 °C.

C18H 2lN 30 2 (311). Calcd. C 69.45; H  6.75; N  13.50. F o u n d  C 69.30; H  6.42; N  13.41% . 
U V  ( E tO H :  Amax(log e): 228 (4 .22), 315 (4.11).
I R  ( K B r ) :  3430 cm " 1 (vNH in d o le ), 3 2 0 0 -2 4 0 0  c m “ 1

(rN H , COOH), 1720 c m -1 (t>C=0 acid ), 1640 c m -1 
(j>C=N), 755, 745 c m -1  (yC H , o -d isu b st.)

Cyclization of cis-15,16,17,18,19,20-hexahydrorutecarpic acid (6)->(4)

(а )  c is -H ex a h y d ro ru tec a rp ic  acid  (6) (0.30 g; 0.001 m ole) was refluxed , w ith  s tir r in g , in 
a b so lu te  ben zen e  (20 m l) w ith  РОС13 (1 m l; 0.003 m ole) o n  a  w a te r b a th  for 3 h rs . T h e  so lu tion  
w as e v a p o ra te d  to  dryness in  v a c u u m , cooled in ic e -w a te r , th e  oily residue was m ad e  a lka line  
w ith  c o n e . ]\H ,,O H  and  e x tra c te d  w ith  chloroform  (1 x 3 0 ,  2 X20 ml). A fter d ry in g , th e  so lu 
t io n  w a s  e v ap o ra te d  to  d ry n ess, a n d  th e  residue w as c ry s ta lliz ed  from  a m ix tu re  o f m e th an o l 
a n d  a c e to n e  (1 : 1) (0.24 g; 8 2 % ), m . p . 155— 157 °C.

(б) c is -H ex ah y d ro ru teca rp ic  acid  (6) (0.30 g; 0.001 m ole) w as h ea ted  w ith  РОС13 (1 ml, 
0 .003  m o le ) and  po lyphosphoric  ac id  (0.07 g) on a  p a ra f f in  b a th  a t  140 °C for 2 h rs . T h e  reac tio n  
m ix tu re  w as  cooled in ice -w a te r, ab so lu te  e th an o l (5 m l) w as added to  i t  d ropw ise , follow ed 
b y  d i lu t io n  w ith  w ater (20 m l). T h e  m ix tu re  w as m a d e  a lkaline  w ith  cone. N H ,O H , th en  
e x t r a c te d  w ith  chloroform  (1 x 3 0 ,  2 x 2 0  ml). A fte r  d ry in g , th e  so lu tion  was e v a p o ra te d  to 
d ry n e s s . C rysta lliza tio n  gave 0 .20 g, (68% ) of th e  p ro d u c t.

Cyclization of trans-15,16,17,18,19,20-hexahydrorutecarpic acid (7) -(5)

(а )  tra n s -H ex a h y d ro ru tec a rp ic  acid (0.30 g; 0.001 m ole) (7) was m ade to  re a c t  as given 
fo r  th e  c is  com pound  (0.22 g; 7 5 % ). M. p . 208—210 °C.

(б) (ran s -H e x ah y d ro ru tec a rp ic  acid  (7) (0.30 g ; 0.001 m ole) was tre a te d  as g iv en  fo r th e  
cis c o m p o u n d  (0.16 g; 55% ).
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THE FORMATION OF 1,3-BENZOTHIAZOLE 
DERIVATIVES FROM 

2,2’-DIAMINODIPHENYL DISULFIDE
SU LFO C Y A N A T IO N  O F  2,2’-D IA M IN O D IP H E N Y L  S U L F ID E  AN D  IT S R E A C T IO N  

W IT H  N -A R Y L  ISO T H IO C Y A N A T E S

E .  V lN K L E R  an d  F . K l IV É N Y I 

( In s titu te  o f  P harm aceutical Chemistry, M edical U niversity , Szeged)

R eceived  Ju n e  16, 1976

In  th e  re ac tio n  o f 2 ,2’-d iam in o d ip h en y l d isu lfide  w ith  h y d ro g en  th io cy an id e , 
2 -am inobenzoth iazo le  a n d  2 -b en zo th iazo line th io l d e riv a tiv e s  a re  sim u ltan eo u sly  
fo rm ed . W ith  a ry l iso th io c y a n a te s  on ly  th e  2-am ino d e riv a tiv e  is o b ta in ed . T he course 
o f th e  reac tio n  an d  th e  ra tio  o f th e  p ro d u c ts  fo rm ed  w ere in v es tig a te d . T he s tru c tu re s  
o f th e  benzoth iazo le  d e r iv a tiv e s  were p ro v ed  b y  I R  spectroscopy .

In  th e  course o f  re sea rch  on su lfeny l ch lo rides in  o u r la b o ra to ry  i t  
ap p ea red  possible to  p re p a re  th io x o b en zo th iad iaz in e  d e riv a tiv e s  co n ta in in g  
th re e  h e te ro a to m s b y  th e  su lfen y la tio n  o f o -th iou re ido  d isulfides an d  in t r a 
m o lecu lar ring  closure.

T he proposed  re a c tio n  ro u te  was th e  fo llow ing:

Reaction o f com pound I w ith hydrogen thiocyanide

W e in ten d ed  to  fo rm  th e  th io u re id o  g roup  b y  th e  reac tio n  o f 2 ,2’-di- 
am inod ipheny l d isu lfide  (I) w ith  h y d ro g en  th io c y a n id e  [1]. H ow ever, in s te a d  
o f  th e  ex p ec ted  b is-th io u re id o d ip h en y l d isu lfid e , 2 -am inobenzo th iazo le  (II) 
an d  1 ,3 -b en zo th iazo lin e th io n  (III) w ere iso la ted  in  a to ta l  y ield  o f 80% . 
S ix ty  p e r cen t o f th e  m ix tu re , se p a ra te d  b y  c h ro m a to g ra p h y , w as th e  am ino , 
and  20 %  th e  th io n  d e r iv a tiv e  (Schem e 2).

Acta Chimica (Budapest) 94, 1977



3 5 8 V IN K LE R , K L IV É N Y I: FORM ATION OF 1,3-BENZOTHIAZOLE DERIV ATIVES

— SH

I t  is know n from  sev e ra l d a ta  in  th e  li te ra tu re  (e.g . [2— 5]) t h a t  aniline 
d e r iv a tiv e s  w ith  a su lfu r-c o n ta in in g  su b s titu e n t in  ortho p o sitio n , th u s  p r i
m a r i ly  2 -am inoth ioplienol, close a h enzo th iazo le  rin g  w ith  v a rio u s com pounds 
(a c e tic  an h y d rid e , form ic ac id , ca rb o n  d isu lfide , n itriles , etc .).

F ro m  com pound I o n ly  th e  fo rm a tio n  o f 2 -m ethy l- an d  2 -m ercap to - 
b en zo th iazo le  has been re p o r te d , in  low  y ie lds, b y  reac tio n  w ith  acetic  an h y d rid e  
a n d  ca rb o n  disulfide, re sp ec tiv e ly .

M odel experim en ts h a v e  been  m ade in  ou r la b o ra to ry  to  e lu c id a te  th e  
co u rse  o f  th e  reac tio n  acco rd in g  to  E q . (1) in  Schem e 1. I t  was fo u n d  th a t  
h y d ro g e n  th iocyan ide , or th e  h y d ro g en  su lfide  fo rm ed  in  th e  re a c tio n , reduces 
th e  d isu lfides to  th io p h en o l. T h u s, in  o u r case 2 -am in o th io p h en o l is form ed, 
w h ic h , on reaction  w ith  h y d ro g e n  th io cy an id e  is closed to  a h enzo th iazo le  
r in g , w ith  th e  loss o f am m o n ia  an d  h y drogen  su lfide. S im u ltan eo u sly  w ith  
th e  re d u c tio n , p re su m ab ly  th e  in te rm e d ia te  th io u re a  d e riv a tiv e  is also form ed.

T h e  fo rm ation  o f 2 -am in o b en zo th iazo le  m ay  p roceed  b y  th e  follow ing 
r e a c tio n  ro u te  (Schem e 3):
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The fo rm atio n  o f b e n zo th iazo lin e th io n *  from  2 -m ercap to -N -p h en y lth io - 
u rea , fo rm ed  as an  in te rm e d ia te , can  be exp la ined  b y  rin g  c lo su re  w ith  the  
e lim in a tio n  o f am m onia (Schem e 4).

Scheme 4

The b id irec tio n a l course o f  th e  reac tio n  can  he ra tio n a liz e d  b y  th e  for
m atio n  o f th e  henzo th iazo line  d e riv a tiv e  (IV) as in te rm e d ia te , p ro d u c e d  by 
a t ta c k  o f th e  th io l g roup , a t ta c h e d  to  th e  a ro m atic  ring , on th e  e lec troph ilic  
ca rb o n  a to m  o f th e  th io u re a  p a r t .  O n th e  o th e r  h an d , th e  s te ric  po sitio n s of 
th e  tw o  ligands a tta c h e d  to  th e  ca rb o n  a to m  are in d ep en d en t o f  th e  original 
co n fo rm atio n  o f th e  (2 -m ercap to -N -p h en y l)th io u rea  m olecule. T h u s , th e  bi
d irec tio n a l reac tio n  is a consequence  o f th e  fa c t th a t  b o th  th e  N H 2 an d  the  
SH  groups are  able to  sp lit o ff as nucleofuges and  are c o n v e rte d  b y  p ro to n  
u p ta k e  in to  am m onia an d  h y d ro g en  su lfid e , respective ly . T h e  ra t io  o f  the  
reac tio n  p ro d u c ts  is d e te rm in ed  b y  th e  c ircum stance  th a t  h y d ro g e n  sulfide 
is a b e tte r  leav ing  group th a n  am m o n ia  (Schem e 5).

Scheme 5

The syn th esis  o f th e  th io u re id o  g roup  has also been  a t te m p te d  w ith 
N -ary l iso th io cy an a tes  [6 ]. T h e  reac tio n  gave again 2 -N -a lk y l- a n d  aryl- 
benzo th iazo le  deriva tives in  a lm o s t th e o re tic a l yield. The re a c tio n  can  be

* On th e  basis o f its N M R  a n d  I R  sp e c tra , com pound  I I I  has a  th io a m id e  s tru c tu re , 
i. e. eq u ilib riu m  is sh ifted  in th e  d irec tio n  o f th e  th io n  tau to m er. N M R  sp e c tru m : <5 A r— H (4H ) 
420 - 460 H z m u ltip le t, i5 N H (H ) ~  10.2 ppm .
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e x p la in e d  by  th e  sp lit t in g  o f f  o f hydrogen su lf id e  from  th e  b is-th iou re ido - 
d ip h e n y l disulfide, fo rm ed  as an  in te rm ed ia te , a n d  th is  hyd rogen  su lfide  
re d u c e s  th e  disulfide b o n d  to  th io l; the  ring  is th e n  closed b y  p ro to n  tra n s fe r  
(S ch em e 6 ).

VI

Scheme 6. R  =  (a) p h e n y l;  (b ) p -ch lo rpheny l; (c) p -b ro m p h e n y l;  (d) m eth y l

E xperim ental

T h e  IR  spectra  w ere ta k e n  in  K B r pills w ith  a  S p e c tro m o m  2000 S p ec tro m ete r, th e  
N M R  sp e c tra  w ith a V a rian  A -6 0 D  Spectrom eter in  CDC13 so lv en t, using  TMS as in te rn a l 
s ta n d a r d .

R eaction of 2 ,2’-d iam in o d ip h en y l disulfide (1 )  w ith  hydrogen  th iocyanide

C om pound I  (49.6 g; 0.2 m o le ) was dissolved in  a  m ix tu re  o f 200 m l of w a te r  a n d  40 ml 
o f  co n e , hydrochloric  acid  w ith  s t i r r in g  and 30.4 g (0.4 m o le ) o f am m o n iu m  th io c y a n a te  was 
a d d e d , in  portions, to th e  so lu tio n . T he solution was th e n  h e a te d  fo r 1 h r  on a s team  b a th . 
T h e  re a c tio n  m ix ture  was f i l te re d ,  a n d  th e  solid d isso lved  in  benzene. T he aqueous f i l t r a te  
w a s  n e u tra liz e d  w ith  so d iu m  h y d ro g e n  carbonate , a n d  th e  su b s ta n c e  w hich se p a ra ted  was 
d isso lv e d  in  th e  benzene so lu tio n . A f te r  evapora tion  of th e  so lv e n t, th e  residue (50.5 g) w as ch ro 
m a to g ra p h e d  on a silica gel c o lu m n , an d  successively e lu te d  w ith  p e tro leu m  e th e r, benzene, 
a n d  f in a l ly  m ethanol.

T h e  evapora tion  re s id u e  o f  th e  frac tions in benzene w as 12 g (20% ) of a yellow  c ry s ta l
lin e  su b s tan ce . R ecry s ta lliz a tio n  fro m  m eth an o l-b en zen e  (3 : 1) gave 2-benzothiazoline-2- 
th io n  (III), m .p. 1 7 9 -1 8 0  °C.

T h e  evapora tion  resid u e  o f  th e  m ethanolic  e lu a te  c o n sis ted  o f 38.1 g (80% ) of colourless 
p la te s .  R ecry sta lliza tio n  fro m  b e n z e n e  yielded 2 -am in o b en zo th iazo le  (II), m. p. 130— 131 °C 
(T a b le  I).

R eaction of 2 ,2’-d iam in o d ip h en y l disulfide (1 )  w ith  \ - a r y l  iso th iocyanates

A  solu tion  of 0.02 m ole o f  co m pound  I in 50 m l o f  a lcoho l w as h ea ted  u n d e r s tr irr in g  
w ith  0 .04  m ole of com pounds V a, b , c , d , respectively, fo r 1 h r  o n  a  s te am  b a th . The corresponding 
b e n zo th iaz o le  derivative  s e p a ra te d  from  the ho t so lu tion . T h e  p ro d u c ts  were recrysta llized  
fro m  a n  alcohol—benzene (3 : 1) m ix tu re  (Table I). T he y ie ld s  w ere 9 0 —95%  for com pounds 
V ia ,  b . c, an d  80%  for co m p o u n d  V Id.

*

T h e  au th o rs’ th an k s  a re  d u e  to  Prof. Dr. P . S o h á r , D . S c., for his valuab le  adv ice  in 
e v a lu a t in g  the  IR  and N M R  sp e c tra .
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Table I

M .p .,
°C

F o r m u la  (m o l .  w t . ) A n a ly s is
C a lc d . F o u n d

o/о

II 130— 131 C-H,.N„S C 55.9 H  4.02 N  18.6 S 21.3
(150.20) C 56.3 II 3.80 N  18.3 S 21.2

II 266 267 c 13h 9o , n 5s N  18.4 S 8.4
p icra te (379.31) N  18.5 S 8.6

h i 1 7 9 -1 8 0 C ,H 5NS„ C 50.28 H  3.01 N  8.37 S 38.3
(167.25) C 49.91 H  2.96 N 8.37 S 38.7

Via 1 5 6 -1 5 8 C13H 10N2S N  12.3 S 14.1
(226.30) N  12.0 S 14.3

V ia 233 c 18h 13o 7n 5s N 15.4 S 7.0
p ic ra te (455.41) N  15.3 S 6.9

VIb 206 - 208 C13H 9N2SC1 C 59.81 H  3.48 N 10.7 S 12.3
(260.74) C 59.74 II 3.62 N  10.4 S 12.7

Vie 2 1 6 -2 1 7 C13H 9SB r C 51.15 H 2.97 N 9.2 S 10.5
(305.20) C 51.34 H  3.09 N 9.4 S 10.7

VId 138— 140 c8h 8n , s C 58.50 H  4.91 N 17.0
(164.23) C 58.31 II  5.06 N 17.3

M a in  bands in  the I R  spectra o f  compounds I I  VI

v M I v C = N
T l iio a m id e  

В  a n d  C
Y CA rH  

(o ri /io -d i)
y C A rH

( p a r a - d i)
Y CA rH  CA rCAr 

(m o n o )

II 3 2 0 0 -2 5 7 0 1640 — 740 — —

I I I 3 2 0 0 -2 5 6 0 — 1500— 14801 
1440— 14001

750 —

V ia 3 3 0 0 -2 5 7 0 1610 — 750 — 710

VIb 3 2 0 0 -2 5 5 0 1610 — 740 820 —

VTd 3 3 0 0 -  27002 1610 750 — —

1 O verlapping w ith  th e  a ro m atic  skeletal v ib ra tio n s
2 O verlapping w ith  th e  a lip h a tic  ske le ta l v ib ra tio n s

R E F E R E N C E S

[1] H o u b e n  —W e y l  M ü l l e r : M ethoden  de r Org. Chem ie, Vol. IX  p. 888. G eorg T hiem e
V erlag, 19S5

[2] F ic h t e r , F h .. B e c k , T h .: B er. 44, 3636 (1911)
[3] H e l l e r , G.: J .  p ra k t.  Chem. 108, 257 (1924)
[4] D o orn bo s , T ., P e e r , H . G.: Q u a rte rly  R e p o rts  o f S u lfu r C hem istry , Vol. 5, N u m b e r 1,

217 (1970)
[5] Ok e f a r , C. Q.: “ T he ch em istry  an d  ap p lica tio n s o f isom eric th iazo lo p y rid in es a n d  re la te d

sy stem s” . In te rn a tio n a l S u lfur C h em istry , Vol. 7, N u m b er 2, 124 (1972)
[6] H o u b e n  —W e y l — M ü l l e r : loc. c it. p . 890

E lem ér V i .n k l e r  

F eren c  K m v é n y i
H -6720 Szeged, P .O . B ox 121.

Acta Chitnit ( Budapest)  94, 1977





REACTIONS OF MONO- AND 
DIARYLIDENECYCLO ALKAN ONES 

WITH THIOUREA AND AMMONIUM THIOCYANATE, II*
S Y N T H E S IS  O F 4 -A R Y L -2 -lM IN O -l,2 ,5 ,6 ,7 ,8 -H E X A H Y D R O -4 H -3 ,l-B E N Z O T H IA Z IN E  

SA LTS AND 4 -A R Y L -2 -IM IN O -l,2 ,4 ,5 ,6 ,7 -H E X A H Y D R O C Y C L O P E N T A [d ]
[1,3] T H IA Z IN E  SA LTS

T . LÓRÁND and D . SZABÓ

( C hemical Department o f  the M edica l U niversity, Pécs)

R eceived J u ly  26, 1976

In  acid m ed ia , 2 -ary lidenecyclohexanones re ac t w ith  th io u rea  to  y ie ld  4-aryl- 
2 -im ino-l ,2 ,5 ,6 ,7 ,8-hexahydro-4H -3,1  -benzo  th ia z in e  sa lts  ( la  c), w hile th e  re ac tio n  of 
2 -ary lid en ecy clo p en tan o n es resu lts in  th e  4 -ary l-2 -im in o -l,2 ,4 ,5 ,6 ,7 -h ex ah y d ro cy clo - 
p e n ta [d ]  [1,3] th ia z in e  sa lts . S im ilarly , 2 ,6 -d iary lidenecyclohexanones a n d  2 ,5 -d ibenzyl- 
id en ecyclopen tanone  give the co rre sp o n d in g  th iaz in e  de riv a tiv es ( I l i a  d a n d  IV, 
respectively).

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 94 (4), pp. 363 — 371 (1977)

I n  th e  reac tio n  o f  v iny l k e to n es  w ith  th io u re a  tw o d iffe re n t reac tio n  
p a th s  a re  possible d ep en d in g  on th e  co n d itio n s  [1, 2] (Fig. 1).

H

1 2

F ig . 1

In  base -ca ta ly zed  reactions o f  m ono- a n d  d ia ry lidenecycloa lkanones and  
th io u re a , 2 -th ionoqu inazo lines and  2 - th io n o cy c lo p en tap y rim id in es  a re  form ed, 
as i t  w as rep o rted  in  o u r  previous p a p e r  [3].

* P a r t  I , see R ef. [3]
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I n  th e  p resen t p ap e r, ac id -ca ta ly zed  re a c tio n s  o f  som e m ono- an d  d ia ry l- 
id en ecy c lo a lk an o n es  an d  th io u re a  are  d iscussed. I n  th e se  reactions th e  ex p ec ted  
th ia z in e  d e riv a tiv es  w ere o b ta in e d .

I n  ac id -ca ta ly zed  re a c tio n s  o f a ,/? -u n sa tu ra ted  ketones w ith  th io u re a , 
th e  p o la r iz e d  sulfur a to m  o f  th io u rea  will a t ta c k  th e  ketone  in  th e  ß  p osi
t io n  [1 ]. T h e  open-chain  iso th iu ro n iu m  sa lt in te rm e d ia te  (3) fo rm ed  in  th e  
f i r s t  s te p  from  m esity l ox ide  w as iso la ted  b y  W il l e m s  and  V a n d e n b e r g h e  
[4], a n d  i t  was co n v erted  in to  th e  im in o th iaz in e  (4) in  alkaline m ed iu m .

3 6 4  LÓ RA ND , SZABÓ: REA CTIO N S OF MONO- AND DIARY LID EN ECY CLO A LKA N ON ES, I I

3 4

F ig . 2

K h a c h a t r ia n  et al. [5 ] ob served  sim ilar  con version s in  reaction s o f  
s u b s t itu te d  d iv in y lk eton es .

I n  hydroch lo ric  acid m ed iu m , 2 -ary lidenecyclohexanones, w hen  allow ed 
to  r e a c t  w ith  th io u rea , y ie ld  4 -a ry l-2 -im in o -l,2 ,5 ,6 ,7 ,8 -h ex ah y d ro -4 Ii-3 ,l-  
b e n z o th ia z in e  hyd roch lo ride  ( la —c). In  th e  an a lo g o u s reactions o f  2 -a ry l- 
id en ecy c lo p en tan o n es , th e  p ro d u c ts  were iso la te d  as p ic ra te  sa lts  (I la , b). 
T h e  o p e n -c h a in  iso th iu ro n iu m  sa lt in te rm ed ia te  co u ld  n o t be iso lated .

I n  th e  reaction  o f 2 -benzalcyclohexanone a n d  am m onium  th io c y a n a te  
in  a c id  m ed iu m , no 1 ,3 -th iaz in e  d e riv a tiv e  w as fo rm ed ; th e  s ta r tin g  k e to n e  
d e g ra d e d  in to  a ta r  d u rin g  th e  reaction . 2 ,6 -D iary lidenecyc lohexanones as 
w ell as 2 ,5 -d iben zy lid en ecy c lo p en tan o n e  re a c te d  w ith  tw o moles o f th io u re a  
in  a c id  m ed iu m  to  give 4 -a ry l-8 -a ry lid en e -2 -im in o -l,2 ,5 ,6 ,7 ,8 -h ex ah y d ro -4 ii-  
3 ,1 -b en zo th iaz in e  h y d ro ch lo rid e  (I lia —d) and  7 -benzy lidene-4 -pheny l-2 -im ino- 
1 ,2 ,4 ,5 ,6 ,7 -h ex ah y d ro cy c lo p en ta  [d] [1, 3] th ia z in e  h y d roch lo ride  (IV), re sp ec 
t iv e ly . (Ia an d  I lia  w ere also co n v erted  in to  th e  co rrespond ing  bases Ioc an d  
I l ia .)

T h e  sp ec tra l p ro p ertie s  o f  th e  com pounds p re p a re d  are d iscussed below .
I n  th e  IR  sp ec tra  o f  com pounds la —c, I la — b, I l la  Ű, IV (T able  I I )  

a b ro a d  b a n d  appears in  th e  2400—3400 cm - 1  ra n g e , w ith  p a r tia l m a x im a  
a ss ig n a b le  to  th e  =  N H 2I~ a n d  N H  groups. (The b a n d  due to  th e  endocyclic  
N H  g ro u p  can  be recogn ized  a t  3200 cm - 1  in  th e  b ro a d  b an d  m en tio n ed .) 
T he im in e  sa lt ch a rac te r is co n firm ed  by  th e  v e ry  in te n se  rC =  N b an d  be tw een  
1642 a n d  1660 cm -1 . In  Ia c, th e  iso la ted  vC =  C b a n d  could be id e n tif ie d  
a t  r e la t iv e ly  h igh w av e n u m b e r values (1695— 1705 c m -1 ), s im ilarly  to  th e  
case o f  2 -th io n o h ex ah y d ro q u in azo lin es  [3].
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I n  th e  IR  sp ec tra  of l a  an d  I l i a  (T able  I I )  th e  doub lets a t  h ig h  w ave- 
n u m b e r  (3450 an d  3275 c m - 1 ; 3490 an d  3380 c m -1 ) suggest th e  presence 
o f  th e  am ino  ta u to m e ric  fo rm  (“ A ” ) in  c o n tra s t  w ith  th e  im ino  ta u to m e r  
(“ I ” ). T h is is also con firm ed  b y  th e  I R  s p e c tra  reco rded  in  ch lo ro fo rm  so lu tio n  
( la  : vas N H 2 3503 cm -1 , i>sN H , 3393 c m - 1 ; I l i a  : j>asN H 2 3505 c m - 1 , jisN H , 
3395 c m -1 ). W hen  ap p ly in g  th e  co rre la tio n  d eriv ed  for th e  a sy m m e tric  an d  
s y m m e tr ic  v ib ra tio n  w av en u m b ers  o f th e  N H , g roup  [6 ], th e  ca lcu la ted  v alue  
fo r  psN H 2 in  la  is 3413 cm - 1 , th a t  in  I l i a  is 3415 cm -1 , being in  accep tab le  
a g re e m e n t w ith  th e  fo u n d  va lues. In  l a  a n d  I l i a ,  th e  r C = N  b a n d  ap p ears  
a t  a lo w er frequency  th a n  in  th e  sp ec tra  o f  th e  corresponding l a  a n d  I l i a  
c o m p o u n d s  ( la : i> €=N  1640 cm -1 , l a :  r C = N  1630 cm -1 ; I l i a :  rC =  N 
1645 c m - 1 , I l i a :  j»C =  N  1625 c m " 1), in d ic a tin g  th e  im ine sa lt s tru c tu re  in  
l a  a n d  I l i a .

3 6 6  LÓ RÁ ND , SZABÓ: REA CTIO N S OF MONO- AND D IA RY LID EN ECY CLO A LKANO NES, I I

I I I «

F ig . 4

T h e  phenom enon  o f ta u to m e rism  in  l a  w as also ex am in ed  b y  UY 
sp e c tro sc o p y . D e s h p a n d e  et al. [7] ca rried  o u t  th e  reaction  o f m esity l oxide 
w ith  th io u re a  in  acid m ed iu m , and  th e  s t ru c tu re  of th e  th iaz in e  d e r iv a tiv e  
(4) fo rm e d  w as also p ro v ed  b y  th e  UV sp e c tra . T he m axim um  a t 298 n m  was 
a ss ig n e d  to  th e  ch rom ophore  system  C =  N — C = C . The UV sp e c tra  o f  la  
a n d  l a  w ere recorded  in  p u re  e th an o l an d  2 0 %  e th an o l so lu tions a t  d ifferei t  
p H  v a lu e s  (T ables I  an d  II) .
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Table I

Absorption o f  l a  and  la  in  the 280— 360 n m  range, in  20%  ethanol solution

Compound pH ^m ai(nm ) log 6

2.08 294 3.46

la
6.40 294 3.46

7.00 296 3.40

9.00 303 3.46

1.98 295 3.45

la
7.00 296 3.47

7.60 301 3.41

9.00 303 3.47

A ccording to  th e  m easu rem en ts , th e  c o n ju g a te d  ta u to m e r  “ A ” is p re se n t 
in  th e  alcohol so lu tio n  (Amax — 301 n m , in  b o th  cases, being in good a g re e m e n t 
w ith  th e  re su lts  re p o rte d  b y  D esh p a n d e  et al.) In  20 %  e th an o l, la  is c o n v e rte d  
in to  th e  am ino fo rm  (“ A ” ) w hen  th e  p H  exceeds 7; a t  low er p H  th e  p ro to n a te d  
fo rm  of ta u to m e r  “ I ”  exists in  th e  so lu tio n . T he process is rev e rs ib le , l a  
ex ists  in th e  p ro to n a te d  form  “ I ”  in  th e  ac id  ran g e  an d  th e  c o n ju g a ted  fo rm  
“ A ”  is p resen t w h en  th e  p H  is h ig h er th a n  7.

The P M R  sp ec tru m  o f la  (Table I I )  w as com pared  w ith  th e  P M R  
sp ec tru m  o f th e  isom eric 2 - th io n o h ex ah y d ro q u in azo lin e  d eriv a tiv e  p re p a re d  
earlie r [3], an d  a sign ifican t d ifference was fo u n d  in  th e  chem ical sh if t o f th e  
C-4 p ro to n : th e  sig n a l for th e  p ro to n  in  th e  v ic in ity  o f th e  m ore e lec tro n eg a tiv e  
n itro g en  a to m  a p p e a re d  a t d =  4.8  p p m , w hile  t h a t  being beside th e  su lfu r  
a to m  was found  a t  Ö =  4.3 p p m . W hile tw o  sing le t N H  signals are  fo u n d  in  
th e  isom eric 2 -th io n o h ex ah y d ro q u in azo lin e  (ő =  8.0 an d  6.9 ppm ), th e  N H 2 

group  gives rise to  one signal a t  Ö —  5.1 p p m  in  la .  A sim ilar effect is o b se rv e d  
in  III a and  th e  isom eric  2 - th io n o h ex ah y d ro q u in azo lin e  d eriv a tiv e .

E x p erim en ta l

The IR  sp e c tra  were recorded  w ith  a  Zeiss U R  10 sp ec tro p h o to m ete r, th e  P M R  sp e c tra  
w ere o b ta ined  w ith  a  P erk in -E lm er R -12 sp ec tro m ete r. T he UV sp ec tra  were reco rd ed  w ith  
a  P erk in -E lm er 402 in stru m e n t.

The m ono- a n d  d iary lid enecycloalkanones were p re p a re d  b y  aldol cond en sa tio n  c a ta ly z ed  
w ith  N aO H  [81. All th e  s ta r tin g  k e to n es w ere th e  Irans isom ers [9].

4 -P h e n y l-2 -iiiiin o -l,2 ,5 ,6 ,7 ,8 -h ex ah y d ro -4 H -3 ,l-b en zo th iaz in e  hydrochloride ( l a )

An e th an o lic  so lu tio n  (30 m l) o f  2 -benzy lidene-cyclohexanone  (7.44 g; 0.04 m ole) a n d  
th io u re a  (6.08 g; 0.08 m ole) was tre a te d  w ith  cone, h y d ro c h lo ric  acid  (3 ml) and  th e  re a c tio n  
m ix tu re  was w arm ed  on  a  w a te r  b a th  a t  50 °C fo r 6.5 h rs . T he so lu tion  was e v a p o ra te d  to
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T able  II

Compound
A r

М-Р-»
°c

F orm ula 
M. w. 

Y ield, %

Analysis, %
Calcd. Found

l a 165 (d.) c 14h 17cl\ „ s C 59.88 59.62
CcH 5- 280.83 H  6.10 5.92

35 N  9.98 10.26
S 11.42 11.34

la 144 (d.) c 14h 16n , s C 68.82 68.90
C„H,— 244.36 H  6.60 6.63

77 N 11.47 11.18
S 13.12 13.24

lb 156 (d.) C15H 19C1N2S C 61.10 60.96
4 — C H 3— C6H 4— 294.86 H  6.50 6.48

26 N  9.50 9.21
S 10.88 10.89

Ic 154 (d.) C15H 19C10N2S C 57.96 57.79
4 — C H 3O — C6H 4- 310.86 H  6.16 6.36

15 N 9.01 8.83
S 10.32 10.33

Н а 180 (d.) c 19h 17n 5o 7s C 49.67 49.74
C6H 5- 459.45 H  3.73 4.01

51 N 15.25 15.02
S 6.98 7.22

H b 185 (d.) C 49.08 49.09
4— C H 30 — C6H 4— 489.48 H  3.91 4.08

28 N 14.31 14.05
S 6.55 6.69

I l i a 1 3 8 -1 4 1 C21H 20N 2S C 75.87 75.60
CcH 5- 332.47 H  6.06 6.28

35 N 8.43 8.20
S 9.66 9.88

I l lb 164 (d.) C„Ho-ClN,S C 69.59 69.79
4— C H 3— C6H 4— 396.99 H 6.35 6.38

27 N 7.06 6.90
S 8.08 8.12

IIIc 193 (d.) C„H.„C1N.,0.,S C 64.40 64.27
4 — C H 30 — C6H 4— 428.99' H  5.87 5.94

31 N 6.53 6.28
S 7.48 7.48
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uv (ethanol IR , cm - 1 PM R

^maxt nm log E
(K Br pellet) Ö ppm , CDClj

207
247

4.13
3.77

r = N H 2+ 
vN— H } 2 4 0 0 - 3400“ 1.2- 2.8 

4.6
m
s

8H
1H

CH„
CH"

301 3.31 rC = C 1695 7.3 s 511 A r
v C = N 1640 8.2— 10.0 s 2 - 3 H N H , = N H + b i

207 4.08 [ 3450 1.0— 2.6 m 8 II C H ,
247 3.74 i’NH., 3275 4.3 s 1H CH
301 3.32 1 3210» 5.1 s 2H N H ,d

' v C = N 1630 7.2 s 5H A r

207
225

4.19
4.09

v = N H +  
i'N — H

1
J

2 4 0 0 - 3400“ 1.2- 2.2 
2.3

m
s

8H
3H

C H ,
c h ;

250 3.86 1'C = C 1700 4.6 s 1H CH
310 3.42 i’C = N 1645 7.2 s 4H A r

8 .5 -1 0 .0 s 2 - 3 H N H , —N H Jb,d

206
233

4.25
4.12

v = N H t  
j’N — Н"

1
J

2 4 0 0 - 3400“ 1 .3 - 2 .6  
3.8

m
s

8H
3H

C H ,
O C H 3

259 3.98 i’C = C 1705 4.6 s 1H CH
313 3.44 v C = N 1645 7.1 q 4H A r J =  9.0Hz

J’asC— O -- C 1260 8.8 10.0 s 2 311 N H , = N H J bd
”sC - 0 - c 1040

213
239

4.43
4.25

i '= N H .r  
rN — И - } 2 4 0 0 - 3400“ 1.5— 2.9 

5.3
m
s

6 H
H I

C H ,
CH“

360 4.14 rC = C 1700 (sh) 7.3 s 5H  ] A ri 'C = N 1650 8.6 s 2H J
9 .0 -1 0 .0 s 2 - 3 I I N H , = N H 2fb,0’d

208
235

4.50
4.44

» = N H +  
vN— H I 2 4 0 0 - 3400“ 1 .5 - 2 .8  

3.6
m
s

6 H
3H

C H ,
O C H 3

360 4.24 i-C =C 1705 (sh) 5.2 s 1H CH
j>C=N 1660 7.0 q 4H A r J =  9.0Hz
l’asC— O --C 1260 8.6 s 2H A r
’’SC— O — c 1035 8.9— 9.8 s 2 - 3 H N H , = N H £ b'°’d

207
224

4.39
4.22 vN H j 1

l
3490
3380

1.2- 3 . 0  
3.7— 4.9

m
s

6H
2H

CH„„
N H ,

278 4.36 v C = N 1625 4.4 s 1H CH
325 3.95 7.3 d 11H A r, = C H

J =  6.0Hz

207
229

4.43
4.22

v = N H +  
■i’N — H

1
J

2400- 3320“ 1 .0 -2 .5  
1.9

m
s

611
6H

C H ,
c h ;

282 4.41 i 'C = N 1645 4.3 s I I I CH
321 4.08 6.5 s 1H =  CII

6.8 s 811 A r
7.0— 7.6) 
9.4 J s 2 - 3 I I N H , = N H .tf’®

207
234

4.46
4.26

v = N H J  
i’N — H

1
J

2 4 0 0 - 3320“ 1.1— 2.7 
3.5

in
s

6H
6H

C H ,
O C H 3

286 4.47 i 'C = N 1645 4.4 s I I I CH
324 4.17 va,C—  O --C 1260 6.8 q 9H A r, = C H

I 's C - O - c 1040 7.1— 8.0) 
9.5 J S 311

J = 1 0 .0 H z
N H , = N H P ’«
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Table II

Compound
Ar

M .p.,
°C

Formula 
M. w 

Yield, %

Analysis, 0//0

Caled. Found

и м 203 (d .) C21H 19C13N2S C 57.61 57.48
4 — Cl— C6H 4— 437.84 H  4.37 4.15

72 N  6.40 6.10
S 7.32 7.23

IV 195 (d .) G>0H 19CIN„S C 67.69 67.76
c 6H 5- 354.91 H  5.40 5.57

54 N 7.89 7.70
S 9.03 9.06

d ry n e s s  a n d  the  red oil o b ta in e d  w a s  d isso lved  in some ace to n e . A fte r  cooling, colourless crysta ls 
s e p a ra te d ,  w hich were re c ry s ta lliz e d  fro m  a m ix tu re  o f ace to n e  an d  m ethanol.

T h e  synthesis of lb  a n d  c co lo u rless  crystals was e ffec ted  in  a  sim ilar w ay.

2 -A m in o -4 -p h en y l-5 ,6 ,7 ,8 -te trah y d ro -4 H -3 ,l-b en zo th iaz in e  la

C om pound la  (5.6 g; 0.02 m ole) w as dissolved in h o t  m e th a n o l, and  a m eth an o lic  so lu
t io n  o f  K O H  (1.68 g; 0.03 m ole) w a s  ad d ed  to it. The so lu tio n  w as co n cen tra ted  an d  poured  
in to  w a te r .  The p rec ip ita te  w as f i l te r e d  o ff and w ashed w ith  w a te r  u n til  n eu tra l. T he colourless 
p r o d u c t  w as crystallized  fro m  b en zen e .

O th e r  d a ta  for la ,  a . b, c  a re  g iven  in  Table II.

4 -P h en y l-2 -im in o -l,2 ,4 ,5 ,6 ,7 -h ex ah y d ro cy c lo p en ta[d ] [1,3] th iaz iiie  p icra te  H a

I l a  w as prepared  in  a m a n n e r  sim ila r to  la . T he red  oil o b ta in e d  a fte r  ev ap o ra tio n  could 
n o t  be  crysta llized . A n alcoholic  so lu tio n  o f picric acid (9.16 g; 0.04 m ole) was ad d ed  to  th e  ho t 
a lc o h o lic  so lu tion  of th e  su b s ta n c e . A fte r  cooling, yellow  c ry s ta ls  se p a ra ted  from  th e  so lu tion , 
w h ic h  w ere  recrysta llized  fro m  e th a n o l.

C om pound l ib  (a g reen  c ry s ta ll in e  substance) could  be  iso la ted  as th e  p ic ra te , s im ilarly  
to  co m p o u n d  Ila .

O th e r  d a ta  for I la ,  b a re  g iv e n  in  T ab le  I I .

2 -A m in o -8 -b en zy lid en e-4 -p h en y l-5 ,6 ,7 ,8 -te trah y d ro -4 H -3 ,l-b e iizo th iaz iiie  ( I l i a )

A  suspension of 2 ,6 -d ib enzy lidenecyc lohexanone  (8.22 g; 0.03 m ole) an d  th io u re a  
(4 .56  g ; 0.06 mole) in e th a n o l (1 5 0  m l) w as trea te d  w ith  cone, h y d ro ch lo ric  acid  (4 m l). The 
r e a c tio n  m ix tu re  was s tirred  a t  50 °C  fo r 14 hrs. M eanw hile, a colourless p re c ip ita te  sep a ra ted . 
T h e  p re c ip ita te  was f ilte red  off, w a sh e d  w ith  e thano l, th e n  w ith  w a te r  u n til  n e u tra l  reac tio n . 
Som e p re c ip ita te  was also o b ta in e d  fro m  th e  m other liq u o r a f te r  e v ap o ra tio n . T he hyd ro ch lo rid e  
o f  th e  p ro d u c t  ( I lia )  was c ry s ta ll iz e d  fro m  acetone or ace tic  acid , how ever, th e  so lv en t could 
n o t  b e  com plete ly  rem oved . T h e re fo re , sim ilarly  to th e  case o f l a ,  th e  correspond ing  base 
( I l i a )  w a s  prepared  and  c ry s ta ll iz e d  fro m  benzene.

P re p a ra tio n  of I l lb ,  c, d a n d  TV (colourless c ry sta ls) w as accom plished  in a sim ila r w ay. 
I I I b - d  a n d  IV  were c ry sta llized  f ro m  m eth an o l and  e th an o l re sp ec tiv e ly .

O th e r  d a ta  for I l ia ,  b d a n d  IV  are  shown in T ab le  I I .
*

T h e  au to rs’ th an k s  are  d u e  to  M r. A. F Ö L D E S I fo r re co rd in g  th e  PM R  sp e c tra , to  D r. 
R . O h m a c h t  for recording th e  I R  sp e c tra  and  for th e  a n a ly tic a l re su lts , to  D r. P . M o l n á r  for 
re c o rd in g  th e  UV sp ec tra , a n d  to  M rs. L . Z u b o r  and  M iss Cs. S z e g v á r i  for th e ir  tech n ica l 
a s s is ta n c e .
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UV (ethanol) IR , cm -1 
(K Br pellet)

PMR

^max’ nm log e 0 ppm, LULIj

207
231

4.47
4.28

r= N H +  
i-N— H J 2 4 0 0 -3 3 0 0 “ 1.1— 2.7 

4.4
m
s

6H
1H

CH,
CH‘

285 4.42 1>C=N 1645 6.5 s 1H =  CH
327 4.08 6.9 s 8H Ar

7 .2 — 8.1 ) 
9.6 J s 3H N H , = N H í< ’8

207
286

4.31
4.44

v = N H t  
j’N — H J  2 4 0 0 -3 3 2 0 “ 2.1— 3.1 

5.6
m
s

4H
1H

CH,
CH‘

331 4.12 v C = N 1642 7.0 s 1H =  CH
7.4 s 10H A r
9 .5 — 10.7 s 2—3H N H , N H Í“,d

a broad band  w ith  p a r tia l  m axim a 
b b road band  
0 recorded in D M SO -d6 
d d isappears o n  th e  effect o f D „0
' th e  m ethine s ignal overlaps th e  N H , signal, th e  b ro ad  M b  ban d  d isappears on  th e  

effect of D ,0
* recorded in  triflu o ro ace tic  acid 
8 disappear on  th e  effect of D 20  
h w eak band
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AMINOPHTHALAZINONE DERIVATIVES, II
S Y N T H E S IS  O F  4-(H  Y D R O X Y A I,K Y I. A M IN O )-l(2 H )-P H T H A L A Z IN O N E S  

F R O M  H Y D R O X Y A L K Y L P H T IIA L IM ID E S

K . KÖRMENDY

(D epartm ent o f  Organic C hem istry, Eötvös L oránd  U niversity , B udapest)  

R eceived  O ctober 11, 1976

4 -(H y d ro x y a lk y la m in o )-l(2 H )-p h th a laz in o n es  (6) can  be p re p a re d  in  good 
yields from  v a rio u s ly  su b s titu te d  1,2- and  1 ,3 -am inoalcohols b y  th e  p a th w a y  1 - it 
leading th ro u g h  th e  cyclic im in o -e th e r (5). T he p re se n t w ork  has show n th a t  an  earlie r 
m ethod  developed  b y  us fo r e th an o lam in e  a n d  3 -a m in o -l-p ro p an o l [2, 3] can  be gen 
eralized and  g re a tly  im proved  b y  som e m o d ifica tio n s , so th a t  even  in  th e  case of 
am inoalcohols s te rica lly  sh ie lded  a t  th e  N -te rm in al, e.g. 2 -am in o -2 -m eth y l-l-p ro p an o l, 
excellent y ields (a b o u t 90% ) are  o b ta in ed . A n  ano m alo u s to sy la tio n  re ac tio n  occurs 
w ith  3 -h y d ro x y p ro p y lp h th a lim id e , in  th e  course o f w hich  3 -cb lo ro p ro p y lp h th a lim id e  
(4) is form ed in s tea d  of th e  to sy l este r (3). M o n o su b stitu ted  a lk y lh y d raz in es reac t 
w ith  th e  cyclic in te rm ed ia te  (5) to  y ield  th e  2 -N -su b s titu ted  d e riv a tiv e s (7).

In  th e  f irs t p a r t  o f th is  series [1] we h av e  re p o rte d  th a t  am inoalcohols 
fa irly  read ily  re a c t w ith  ch lo rop h th a laz in o n e  to  g ive 4 -(h y d ro x y a lk y lam in o )- 
l(2 H )-p h th a laz in o n es  (6 ). The e x te n t  o f conversion  is, how ever, g re a tly  affected  
b y  th e  steric a rra n g e m en t on th e  N -te rm in a l g roup  o f th e  am inoalcoho l; 
th u s , e.g. th e  u su a l y ield  of 70 o r  90%  is red u ced  to  4 .2 %  in th e  case o f 2- 
am ino-2 -m e th y l- l-p ro p an o l.

In  our ea rlie r s tud ies we fo u n d  [2, 3] t h a t  th e  oxazoline 5 (M =  — ) 
p rep a red  from  e th an o lam in e  an d  3 -a m in o -l-p ro p a n o l b y  th e  reac tio n s l - * 2 —<-5, 
an d  th e  d ihydro-1 ,3 -oxazine  (M =  — CH2— ) d e riv a tiv e , read ily  re a c t w ith  
h y d raz in e  to  g ive 4 -(2 -h y d ro x y e th y lam in o )-l(2 H )-p h th a laz in o n e  (6a) an d
4 -(3 -h y d ro x y p ro p y lam in o )-l(2 H )-p h th a laz in o n e  (6 b), re spec tive ly . A p a rt from  
p ra c tic a l purposes, a s tu d y  o f th e  general a p p lic a b ility  of th is  sy n th esis  is 
ju s tif ie d  as i t  is y e t  unknow n w h e th e r an  effect sim ilar to  ste ric  h in d ran ce  
an d  reducing  th e  y ie ld  in  th e  re a c tio n  o f ch lo ro p h th a laz in o n e  w ith  am in o 
alcohols, is in  o p e ra tio n  also in  processes 1 —>-6, or n o t.

Ga b r ie l  et al. [4, 5] h av e  recognized t h a t  th e  cycliza tion  of 2- and
3-halogenoalky lcarboxy lic  acid am ides in  a lk a lin e  m ed ia  gives C(2)-substi- 
tu te d  oxazoline a n d  d ihydro-1 ,3 -oxazine  d e riv a tiv e s , re spec tive ly . A ccording 
to  G lick  [6 ], th is  r in g  closure is s till  m ore read ily  effec ted  w hen th e  a p p ro p ria te  
to sy lo x y a lk y lca rb o x y lic  acid am ides are used . G enera lly , th e re  is no d ifficu lty  
in  p rep arin g  h y d ro x y a lk y lp h th a lim id e s  from  am inoalcoho ls, b u t  —  d ep en d 
ing  on th e  s u b s titu e n t in th e  a ro m a tic  ring  an d  on  th e  d is tan ce  betw een  th e  
h y d ro x y l group  a n d  th e  iinide n itro g en  —  th e  h y d ro x y l-h a lo g e n  exchange
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—CH2— (only a t  com pounds “ b”) 
— (in o ther cases)

Q = M e -
H O —(CH2j2-

F i g .  1
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l —>2 m ay  m eet w ith  som e o b stac les . T h u s, e.g. 2 -h y d ro x y e th y l-m -h em ip in i- 
m ide can be ha lo g en a ted  w ith  p h o sp h o ru s  trib ro m id e  o n ly  to  a few  p e r  cents, 
its  to sy la tio n , how ever, is a sm o o th  process [7]. The co n v en ien t p re p a ra tio n  
o f  th e  to sy l esters an d  th e ir  h ig h e r re a c tiv ity  b o th  suggest t h a t  4 -(hydroxy- 
a lk y lam in o )-l(2 H )-p h th a laz in o n es  (6 ) are  b e tte r  syn th esized  s ta r t in g  from  
th e  to sy l esters, i.e. follow ing th e  sequence  1 —>-3—>-5 >6 .

H y d ro x y a lk y lp h th a lim id es  (1) can  be este rified  w ith  to sy l ch lo ride in 
d ry  p y rid ine  in  good yields 1 >-3 (cf. T ab le  I). An irre g u la r  b e h a v io u r  is 
observed  in  th e  case o f 3 -h y d ro x y p ro p y lp h th a lim id e , w hich  does n o t  yield 
a to sy l es te r (3), b u t  is co n v erted  in to  3 -ch lo ro p ro p y lp h th a lim id e  (4). (The 
cause o f th is  will be d iscussed in  a fo llow ing com m unication .)

T able  I

Synthesis o f  tosyloxyalkylphthalimid.es (3)

P ro d u c t Y ield C ry sta lliza tio n
M .p ., °C

E m p irica l
fo rm u la M ol. w t.

A n a ly s is

(3) % so lv en t c ry s t.  fo rm C alcd . S ,% F o u n d  S ,%

a 87 E tO H needles 141— 142 
(lit .:  144.5 
[13])

c 17h 15n o 5s 345.4 9.3 9.2

c 92 E tO H needles 157— 158 c u h 17n o 5s 359.4 8.9 8.7
<i 88 E tO H needles 116— 117 c 19h I9n o 5s 373.4 8.6 8.7
e 78 E tO H prism s 120— 121 CleH 1BN 0 5S 373.4 8.6 8.5
f 83 ^вНб“

p en tane
needles 130— 132 c21h 21n o 5s 435.5 7.4 7.4

The sep ara tio n  o f  th e  in te rm e d ia te s  5 form ed from  th e  to s y l  esters 3 
in  a lkaline m edium  w as n o t a t te m p te d  in  th e  course o f  th e  p re se n t w ork, 
b u t  th e ir  presence is u n eq u iv o ca lly  p ro v ed  b y  th e  sm o o th ly  p ro ceed in g  hydra- 
zinolysis y ield ing  in  each  case th e  e n d -p ro d u c ts  6  an d  7. W h en  th e  iso lation  
o f 5 is o m itted , n o t on ly  th e  p ro ced u re  o f th e  syn thesis  is s im p lified , b u t  also 
th e re  is a considerab le im p ro v em en t o f  th e  y ield  (Tables I I  a n d  I I I ) ,  w hich

(1. 3, 6) R: K. R, M (?) 0 (7) Q

a H H H a Me " -(C H ,) ,-O II
b* 11 11 11 C H , b Me h - (C H .b -O H
C H II Me — c Me i -(C H ,).,-O H
<i E t H H — <1 Me j -(C H ,)2-O H
e Me Me H — e Me к -(C H .,),-O H
f Me H Ph — r Me 1 -(C H ,)., O il

* 3b is unknow n
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Table II

Y ie ld s  o f  the methods o f  p rep a rin g  o f  4-(hydroxyalkylam ino)-l(2H )-phthalazinones  (6)

Product Method and yield, %

(*) A в c D

a 76.5 [2] 96.5 97.0 88.0

b 33.0 [3] 7 0 - 8 4 — 69.0

C — — 86.8 82.3

d — . — 91.5 70.0

e — - 92.7 4.2

f — — 91.5 —

A  F ro m  halogenoalky lph tha lim ide  (w ith  isolation of th e  in te rm ed ia te  5) 
В  F ro m  halogenoalky lph tha lim ide  (w ithou t the iso lation  o f 5)
C F ro m  tosy lo x y alk y lp h th a lim id e  (w ithou t the  iso la tio n  o f 5)
D  S y n th esis  from  ch lo ro p h th a laz in o n e  and  am inoalcohol [1]

Table IV

Synthesis o f  hydroxyalkylam inophthalazinones (7)

Product (7)
Reaction tim e, 

hr.
M ethod

and
yield, %

Crystallization

solvent form

a  2 -M eth y l-4 -(2 -h y d ro x y e th y lam in o )-l(2 H )- A  82.2 w ater needles
p h th a laz in o n e l В 94.0

b 2-M ethyl-4-(3-hydroxypropylam ino)- A  54.9 w a te r (a) needles
l(2 H )-p h th a laz in o n e 3 В 86.7 (ß )  p la tes

c 2 -M ethyl-4 -(2 -hydroxy-2 -m ethy lethy l- A  65.6 w a te r needles
am in o )- l(2H )-ph thalazinone l В 90.9

d 2 -M eth y l-4 -(l-e th y l-2 -h y d ro x y eth y l- A  51.0 w ater (a) needles
a m in o )-1 (2H )-phthalazinone 1 В 87.8 ((?) needles

e 2 -M e th y l-4 -(l,l-d im e th y l-2 -h y d ro x y e th y l- A 28.3 w a te r needles
am in o )-l(2 H )-p h th a laz in o n e 5 В  96.0

f  2 -M eth y l-4 -(l-m ethy l-2 -hydroxy- A  19.4
p h en e th y lam in o )-l(2 H )-p h th a la z in o n e 6 В 32.4 E tO H needles

g 2 -(2 -H y d ro x y e th y l)-4 -(2 -h y d ro x y eth y I- 1 A  84.3 w a te r needles
am in o )-l(2 H )-p h th a laz in o n e 24 (20 °C) A  78— 84

h  2 -(2 -H y d ro x y e th y l)-4 -(3 -h y d ro x y p ro p y l-
am in o )-l(2 H )-p h th a laz in o n e 1 A  79.9 w a te r needles

i 2 -(2 -H y d roxyethy l-4 -(2 -hydroxy-2 - 1 A  43.7
m eth y l-e th y lam in o )-1 (2 H )-p h th a laz in o n e 3 A 51.1 w a te r needles

5 A  61.6
10 A  62.0

j 2 -(2 -H y d ro x y e th y l)-4 -(l-e th y l-2 -h y d ro x y -
e th y lam in o )-l(2 J i)-p h th a laz in o n e 1 A 61.4 w ater needles

к  2-(2 -H ydroxyethy l)-4 -(L  1 -d im e th y l-2 -
h y d ro x y e th y lam in o )-l(2 H )-p h th a la z in o n e 1 A 67.5 w a te r prism s

1 2-( 2 -i ty d ro x y e th y l)- l- ( l-m e th v l-2 - 1 A  46.0 aqueous prism s
h y d ro x y p h en eth y lam in o )-l(2 H )-p h th a laz in o n e 4 A  48.0 E tO H
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Table I I I

S y n th e s is  o f  h y d r o x y a lk y la m in o p h th a la z in o n e s  (6) f r o m  to s y lo x y a lk y lp h th a l im id e s

Reac
tion Yield, %

Crystallization
M.p., °c Empirical form ula Mol. w t.

(«) time,
hr. solvent cryst. form

a l 96.0*
97.0

w a te r needles 2 5 4 -2 5 6 ^lofíiilNgOo 205.2

b l .70— 84** w a te r needles 1 9 3 -1 9 4 ^11^13^3^2 219.2
C l 86.8 w a te r needles 231— 233 C11H 13N3O2 219.2
d i 91.5 w a te r p la tes 246 C12U 15N 3O2 233.3
e l 92.7 w a te r m icr.

prism s
270—271 c 12h 15n 3o .. 233.3

f i 91.5 w a te r needles 2 0 4 -2 0 6 c 17h I7n 3o 2 295.4

* F rom  2 -b rom oethy lph tha lim ide  
** F rom  3-brom opropy lph thalim ide

A n a l y s i s :  According to  th e  m .p ’s an d  IR  sp ec tra , com pounds 6a—6e are id en tica l w ith  sam ples 
synthesized  in  a n o th e r w ay  [1]. 6f, 4 -(l-m e th y l-2 -h y d ro x y p h en e th y lam in o )-l(2 H )- 
ph thalazinone, C17H 17N 30 2 (295.4). Calcd. C 69.1; H  5.8; N  14.2. F o u n d : C 68.9 ; H  5.7; 
N  14.3% .

b y  to ta l s y n th e s is  ( A )  a n d  b y  a lk y la t io n  ( B )

M .p., °c Em pirical formula Mol. wt.

Analysis

Calcd. Found

c% H% №/„ c% H% N%

1 7 0 -1 7 1 Cu HI3H30 2 219.2 A ccording to  m .p . and Ш  sp ectra , th is  is th e  sam e
com pound as prepared in  o th e r w ay s [3, 9]

129— 131 233.3 61.8 6.5 18.0 61.9 6.5 18.1
135— 136
178— 179 c 12h 15n 3o 2 233.3 61.8 6.5 18.0 61.8 6.5 18.2

142— 143 C,3H j,N 30 2 247.3 63.1 6.9 17.0 63.0 6.8 17.1
152— 153
173— 175 c 13h 17n 3o 2 247.3 63.1 6.9 17.0 62.9 6.9 17.0

192— 193 c13h un a 309.4 69.9 6.2 13.6 69.7 6.1 13.7

175 c 12h 15n a 249.3 57.8 6.1 16.9 57.8 6.2 17.0

152— 153 C1 3H17N3 0 3 263.3 59.3 6.5 16.0 59.5 6.4 16.1

1 7 0 -1 7 1 Ci3H17N 30 3 263.3 59.3 6.5 16.0 59.3 6.6 16.2

1 5 7 -1 5 9 Ci4H19N 30 3 277.3 60.6 6.9 15.2 60.5 6.9 15.3

158— 161 C14H 19N3 0 3 277.3 60.6 6.9 15.2 60.6 6.8 15.3

192— 193 c I9h 21n 3o 3 339.4 67.2 6.2 12.4 67.2 6.3 12.5
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is explained by the instability of the substances of the type 5. In the earlier 
method [2, 3] proceeding v i a  the separated intermediary compounds 5, the 
yield of 6a was 76% at best; the modification enhanced this to 96—97%. 
Still more pronounced is this enhancement in the case of 6b where a yield of 
33% could be raised to 70— 84% in this way.

N(2)-substituted hydroxyalkylaminophthalazinones (7) can be pre
pared by the N-alkylation (6—*-7) of the parent compounds [3, 9, 10], and also 
by total synthesis when the intermediate (5) is made to react with monosubsti-

ТаЫе V

I m p o r t a n t  b a n d s  i n  th e  i n f r a r e d  s p e c t r a  o f  t o s y l o x y a l k y l p h t h a l i m i d e s  (3) ( K B r  p e l l e t s )

ĈOimide v S 0 2 as. vSO, sym. 0 S 0 2
1,4-

disubst. 
A r ring

1,2-
disubst. 
A r ring

Mono- 
subst. 

A r ring

3 a 1775 1392 1192 580 820 769
1712 1361 1179 554

3c 1772 1350 1192 578 818 770 —

1710 1180 556
3d 1770 1366 1190 555 827 729 —

1710 1179 532
3e 1770 1362 1191 572 819 718 —

1709 1179 556
3 f 1770 1360 1191 569 811 721 703

1713 1178 552

tuted alkylhydrazines (5—>-7) instead of hydrazine. The effecting of the ring 
closure with methylhydrazine and 2-hydroxyethylhydrazine gave the alkylated 
derivatives in various yields (Table IY). The data show that the total synthesis
5 —>7 gives lower yields than alkylation 6—-7, yet for the introduction of specific 
substituents (e.g. Q =  2-hydroxyethyl group) total synthesis is preferable.

In the cases of 7b and 7d crystal dimorphism was detected; the two 
forms of 7b were: a =  small needles, m.p. 129— 131 °C; ß  —  well developed 
plates m.p. 135—136 °C. Both modifications of 7d crystallized in needles; 
a with m.p. 143—144 °C, ß  with m.p. 152—153 °C; the infrared spectral data 
are given in Table YI. The а-modification is metastahle and heating below 
the melting point accelerates its transformation; in such cases always the 
higher m.p. of the /З-form is observed, therefore unequivocal identification 
of the modifications should be based on the infrared spectra recorded with 
solid samples. Crystal dimorphism is rendered probable also by the fact that 
the solutions in chloroform of these modifications have identical infrared 
spectra.

A summing up of our observations suggests that the processes 1—>-5 
do not depend upon steric conditions, and that within this sequence the 
reactions 2->5 and 3—>-5 occur practically quantitatively. The lower yields
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Table VI

Im p o rta n t bands in  the infrared spectra o f  some new 4-[2 (3 )-hy  dr oxy  alky lam ina \-1(2 H )-phthalazinone  
derivatives (6f* and  7b—71) ( K B r  pellets)

vN H
vOH

^COamide

i»C=N
<SNH itC—0

1,2-
disuhst. 
Ar ring

M onosubst. 
A r ring

6f 3 5 0 0 -2 8 5 0 1660 1529 1030 770 707
1038

7b 3470— 3130 1632 1534 1073 737 —

(<*) 3340 1574 1044
7b 3342 (N H ) 1630 1539 1072 738 —

(,ß ) 3245 (O H ) 1574 1044
7c 3 4 5 0 -3 2 0 0 1630 1540 1063 736 —

1571
3400

7d (shoulder) 1637 1540 1052 736 —

(a) 3363 1580
3375

7d (shoulder) 1633 1534 1065 735 —

iß ) 3350 1571

7e 3390 1636 1532 1053 738 —

1578
7f 3340 1630 1529 1056 738 710

1577 1035 690
7g 3450— 3000 1639 1537 1055 744 —

3290 1578 1049
3382

7h (shoulder) 1637 1538 1057 740 —
3350 1573 1040
3440

7i (shoulder) 1628 1535 1062 739 —
3355 1564

3540 (OH ) 1073
7j 3352 1629 1532 1053 733 —

(shoulder) 1567 1020
7k 3300 1622 1533 1060 748 —

3412 1565 1039
71 3315 1619 1530 1060 741 705

3405 1555 1040
3340 1030 696

* F o r 6a  6e, see P a r t  I , T ab le  I I  [1]

found, in turn, for the concluding reactions 5—>6 and 5—»-7, not yet studied 
in detail but certainly composed of several steps, must be due to the character 
of these reactions. This decrease of the yield is substantial chiefly in the cycli- 
zation 5->7 effected with monosubstituted alkylhydrazines. The two ways 
of synthesizing N(2)-substituted derivatives, total synthesis and alkylation, 
always lead to products of the same structure.

According to their infrared spectra (<5NH 1540 to 1529 cm” *), compounds 
6 and 7 made as described above are probably the tautomers containing endo- 
cyclic C =N  group as shown in the formulas. The most important infrared 
spectral data are collected in Tables V and VI.
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Experim ental

M .p .’s w ere d e te rm in ed  on a B oetius m ic ro a p p a ra tu s . In frared  sp ec tra  w ere reco rd ed  
in K B r  p e lle ts  o r in  ch loroform  so lu tion  w ith  a U R -1 0  (Zeiss, J e n a )  sp ec tro p h o to m eter.

Synthesis of h y d ro x y a lk y lp h th a lim id es (1)

E q u im o la r  q u a n tit ie s  of p h th a lic  a n h y d rid e  a n d  th e  am inoalcohol w ere m ix ed  and 
h e a te d  in  a n  open  flask  on  an  oil b a th  a t  200 °C till  th e  e lim in a tio n  of w a te r  ceased  (fro m  30 
to  60 m in ). In  th e  case o f l a ,  l b  a n d  I f ,  th e  fused  m ass so lid ified  on cooling. I f  w as c ry s ta lliz ed  
fro m  e th a n o l  to  o b ta in  colourless needles (m . p . 154 °C , id en tified  as th e  e ry th ro  com pound 
d esc rib e d  in  th e  l i te ra tu re  [11]; I f  w as p rep ared  fro m  a D L-norephedrine n o t fu r th e r  specified , 
sold b y  th e  A ld rich  Chem . Co., In c .). S ub stan ces l c  a n d  l e  w ere d ifficu lt to  c ry sta llize  and 
su b s ta n c e  I d  w as o b ta in e d  as a th ic k  sy ru p  [12]. T he to sy l e s te rs  were p rep ared  fro m  th e  crude 
h y d ro x y a lk y lp h th a lim id e s . D e riv a tiv e s l a —I f  a re  co m p o u n d s described in th e  l i te ra tu re .

T osylation  reac tio n  1 —>3

T h e  crude  h y d ro x y a lk y lp h th a lim id e  ( l a —I f )  (0.1 m ole) was dissolved in d ry  p y rid in e  
(100 m l) a n d  tre a te d  w ith  to sy l chloride (28.5 g; 0.15 m ole). T h e  so lu tion  becam e s lig h tly  w arm . 
I t  w as a llo w ed  to  s ta n d  o v e rn ig h t in a s to p p e red  fla sk  a n d  d ilu ted  w ith  w a te r  to  1000 ml 
w h e re u p o n  th e  to sy l e s te r  se p a ra ted  as an  o il w hich  slow ly solidified. The c ry sta lline  su b s tan ce  
w as f i l te re d  off, w ashed  u n til  free o f chloride, and  re c ry s ta lliz e d  as specified in  T ab le  I. (Com 
p o u n d  3a  is described  in th e  l ite ra tu re  [13].) T hese to sy l este rs  were colourless com p o u n d s 
w hich  c ry s ta lliz ed  read ily . O w ing to  an  anom alous re a c tio n , to sy la tio n  of l b  gave  th e  3- 
ch lo ro p ro p y lp h th a lim id e .

3 -Chlor opr opylph tha lim ide  (4 )

3 -H y d ro x y p ro p y lp h th a lim id e  (20.5 g; 0.1 m ole) w as d issolved in pure  p y rid in e  (100 ml) 
an d  m ix e d  w ith  tosy l chloride  (28.5 g; 0.15 m ole). S lig h t w a rm in g  of th e  m ix tu re  w as o b served . 
T he n e x t  d a y  som e w a te r  w as ad d ed  to  th e  m ix tu re  a n d  th e  py rid ine  rem oved  in a ro ta t in g  
e v a p o ra to r .  T h e  oily resid u e  w as d isso lved  in  ch lo ro fo rm , w ashed w ith  w a te r , d ried  over 
m ag n e siu m  su lfa te , th e n  th e  f i l t r a te  w as e v ap o ra te d  to  d ry n e ss  to  leave a yellow ish  oil w hich 
c ry s ta ll iz e d  on  s tan d in g  to  give 15.6 g (43% ) of th e  p ro d u c t. A ccording to  e le m en ta ry  ana ly sis  
no su lfu r  w as p re sen t in  th e  crude p ro d u c t o b ta in ed  b y  e x tra c tio n  w ith  chloroform . C olourless 
need les (fro m  e th an o l), m .p . 68— 69 °C.

C u H 10C1NO2 (223.7). Calcd. Cl 15.9. F o u n d  Cl 15.9, 16 .0% .

P re p a ra t io n  of hydrox y a lk y lam in o p h th a laz in o n es (6  an d  7) by to ta l synthesis (A ) a n d  by
alk y la tio n  (B )

M ethod  ( A )

T h e  to sy l este r (3a, 3c—3f) (10 m m oles) a n d  th e  a p p ro p ria te  h a lo g en o alk y lp h th a lim id e  
(2 -b ro m o e th y l-  an d  3 -b ro m o p ro p y lp h th a lim id e ) (10 m m oles) were suspended  in m e th an o l 
(100 m l) a n d  m ixed  w ith  a m eth an o lic  so lu tion  (30 m l) o f  p o tassiu m  h y d ro x id e  (1.34 g; 24 
m m oles). T h e  m ix tu re  w as re flu x ed  for 30 m in. C hilling in  ice -w a te r caused p o tass iu m  to sy la te  
to  s e p a ra te  in  c ry s ta l p la te le ts ; s lig h t a cid ificatio n  w ith  cone, hydroch lo ric  acid in th e  p resence  
of m e th y l  o ran g e  follow ed. In  o rd er to  p rep are  6 (cf. T ab le  I I I ) ,  a 72%  so lu tion  (3 m l) h y d raz in e  
h y d ra te  w as ad d ed , w hereas d e riv a tiv e s  o f th e  ty p e  7 (cf. T ab le  IV) were m ade  b y  ad d in g  
m e th y lh y d ra z in e  (0.92 g; 20 m m oles) and  2 -h y d ro x y e th y lh y d raz in e  (1.52 g; 20 m m oles), re sp ec
tiv e ly , a n d  bo iling  th e  m ix tu re  for th e  period  n o ted  in  T ab le  IV. A fter d ilu tio n  w ith  som e 
w a te r  th e  so lu tio n  w as e v a p o ra te d  to  d ryness in a  r o ta ry  ev ap o ra to r, th e  residue w as ta k e n  
up  in  som e w a te r  an d  n eu tra lized  w ith  h y d roch lo ric  acid . T h e  solid was collected on  a f i lte r  
a n d  p u r if ie d  b y  rec ry sta lliza tio n .

M ethod ( B )

10 m m oles of th e  h y d ro x y a lk y la rn in o p h th a laz in o n e  (6a — 6f) were dissolved in m eth a n o l 
(300 m l) co n ta in in g  p o tassiu m  h y d ro x id e  (11.2 g), in  a f la sk  f i tte d  w ith  a s tir re r ; d isso lu tion  
w as p ro m o te d  b y  sligh t w arm ing . T he m ix tu re  w as cooled to  room  tem p e ra tu re , th e  in ten siv e
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m echan ical s tirrin g  w as s ta r te d  an d , over a period o f  15 to  20 m in, d im ethy l su lfa te  (10 m l) 
w as ad d ed  in  p o rtio n s . A fte r  s tan d in g  fo r a  sh o rt t im e , m e th a n o l was rem oved  in  a  ro ta ry  
ev ap o ra to r, th e  residue w as ta k e n  up  in  some w a te r , th e  so lid  collected by  f i lt r a tio n , w ashed  
w ith  w a te r , d ried , an d  rec ry s ta llize d  as specified in T ab le  IV . F ro m  th e  alkaline m o th e r  liq u o r 
o f th e  crude p ro d u c t th e  u n c h an g e d  s ta rtin g  m ate ria l w as recovered  by  n e u tra liz a tio n . Com 
p ounds 6a 6e w ere r a th e r  scarce ly  soluble in  m e th a n o lic  po tassiu m  h y d ro x id e ; co m p o u n d  
6f w as an  ex cep tion  as i t  re ad ily  dissolved in th e  cold so lv e n t. M eth y la tio n , in  genera l, p ro ceed ed  
to  give exce llen t y ields, w ith  th e  exception  of co m p o u n d  6f, w hich even w ith  a g re a t  excess 
o f d im e th y l su lfa te  w as m e th y la te d  only in  ab o u t 3 0 % .

T he a u th o r’s th a n k s  a re  due  to  D r. F . R u f f  fo r  h is  h e lp  in recording an d  in te rp re t in g  
in fra red  sp ec tra . E le m e n ta ry  an aly ses were m ade in  th e  M icroanaly tica l L a b o ra to ry  o f th e  
In s t i tu te ,  u n d e r th e  lead ersh ip  o f  D r. H . M e d z i h r a d s z k y . T h e  s ta r tin g  m ateria ls u se d  in  these  
s tud ies w ere m ade av a ilab le  b y  th e  B risto l L ab o ra to rie s , S y racu se , N .Y ., U .S .A .; th is  g enerous 
su p p o rt is g ra te fu lly  acknow ledged .
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CRYSTALLINE HYDROGEN HALIDE COMPLEXES 
OF CYCLODEXTRINS

J .  SzEJTLI an d  Zs. B U D A I

(B iochem ica l Laboratory o f  C hino in  Pharm aceutical and  Chemical W orks, B u d a p es t)

R eceived  A u g u st 15, 1976

One m olecule of /З-c y c lo d ex trin  fo rm s a  c rysta llin e  inclusion co m p lex  w ith  
1.5 — 2.0 m olecules o f HC1. T h e  y ie ld  c a lcu la ted  fo r /З-cyclodextrin  is 72 — 7 4 % . The 
fa c t o f  com plex fo rm ation  is co n firm ed  b y  th e  c ry s ta l form , th e rm o d e riv a to g ra p h ic , 
X -ra y  d iffrac tio n  an d  m ass sp e c tra l d a ta . T h e  H B r an d  H I com plexes o f  /3 -cyclodextrin , 
a n d  th e  H I com plex of a -cy c lo d ex trin  w ere p re p a re d  in  crystalline  form . T h ese  com plexes 
are  stab le  a t  room  tem p e ra tu re .

In  th e  presence of ace to n e , a te rn a ry  co m plex  is form ed in w h ich  th e  m olar 
ra tio  o f /5-CD : acetone : HC1 is 1 : 1 : 1.

A cetone also gives a  co m plex  w ith  /3-CD; th e  m olar ra tio  is 1 : 1.

Cyclodextrins, also known as Schardinger dextrine, cycloamyloses or 
cycloglucanes, are cyclic oligosaccharides, the best known representatives 
being a-cyclcdextrin consisting of six anhydroglucopyranose units (diameter 
of the internal cavity: about 6 Á), and /5-cyclodextrine constructed of seven 
anhydroglucopyranose units (the cavity diameter is about 8 Á). The gluco- 
pyranose units are linked by a-l,4-glycosidic linkages.

In consequence of the Cl conformation of the glucopyranose units, 
cyclodextrins possess a particular steric structure: on one edge of the torus-like 
molecule are localized the C6—OH primary hydroxyl groups, on the other 
one the secondary C,,- and C3-hydroxyls. As a result of the unshared electron 
pairs of the glycosidic oxygen bridges, which form an internal “lining” 
of the cyclic molecule, the cyclodextrin cavity may be regarded as a topochemi- 
cal base, and in solution it accelerates the base-catalyzed reactions of such 
compounds which are capable of being incorporated into the cavity [1].

Cyclodextrins give crystalline inclusion complexes with a great variety 
of aromatic and aliphatic compounds and also with gases. The lattice structure 
of these crystalline complexes may be stable even if a part of the cavities 
remains unoccupied.

Previous studies [2] led to the conclusion that the activation energy 
of acid hydrolysis of the a-1,4 glycosidic linkages participating in the building 
of the macrocycle is significantly higher than those of a-1,4 glycosidic bonds 
in the comparable linear dextrins. Another interesting observation was that 
the rate of hydrolysis in 2N —5N  hydrochloric acid at room temperature, 
or below, was slower than it could be anticipated by extrapolating the results
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of hydrolyses effected at higher temperatures, or with a lower concentration 
of acid.

These results led to the inference that not only hydrolysis, but also 
complex formation takes place in 2N — 5 N  hydrochloric acid solutions at 
room temperature or below.

According to Cr a m e r  [3], /З-cyclodextrin, in consequence of the diam
eter of its internal cavity, forms crystalline complexes only with Br2 and I2, 
hut not with Cl2. Concerning the a-cyclodextrin—HI complex it has to be 
mentioned that, according to J ames  et a l. [4], a-cyclodextrin forms an iodine 
complex without the participation of iodide ion.

By treating solid amylose with HC1 gas in vacuum, P a n z ic a  e t  a l .

[5] prepared the hydrochloric acid complex of amylose, which, however, 
being a macromolecule does not form a crystalline compound of well defined 
composition. The HC1 content is between 3.8 and 7.2%, i .e . one mole HC1 
per 4— 6 glucopyranose units.

The present paper deals with the preparation of HI, HBr and HC1 
complexes of /9-cyclodextrin, as well as the HI complex of a-cyclodextrin. 
The /5-cyclodextrin—HC1 complex has been more thoroughly studied because 
of its potential industrial application.

Preparation and investigation of the /5-cyclodextrin—HC1 com plex

/5-Cyclodextrin (10%) was dissolved in water at 80—90 °C (a nearly 
saturated solution at this temperature) and added immediately to the same 
volume of 10N  hydrochloric acid (cone. HC1), with vigorous stirring. The 
resulting 5IV hydrochloric acid solution of /З-cyclodextrin was cooled quickly 
to 0 °C, allowed to stand for 30 min, and then stored between —5 and — 10 °C 
for 48 hrs. The crystals which separated were filtered off cold, rinsed with 
the cold mother liquor, and dried over solid KOH pellets in vacuum for 72 
hrs at room temperature. The yield was between 72 and 74% calculated for 
/5-cyclodextrin. Acid hydrolysis of cyclodextrin occurring during the prepara
tion of the complex is insignificant. The reducing sugar determined in the 
mother liquor by Somogyi—Nelson method and expressed as glucose, is 1.5% 
of the total /З-cyclodextrin. The further “loss” , i . e .  any /3-cyclodextrin-HCl 
complex remaining in the hydrochloric acid mother liquor, may be hydrolyzed 
at 100 °C during 1 hr to glucose, and may be then determined by the 
Somogyi-Nelson method.

Figuie 1 schematically illustrates the assumed structure of the crystalline 
/З-cyclodextrin-HCl complex and the process of its formation.

According to alkalimetric and argentometric titrations and chloride 
microanalysis, the HC1 content of the freshly prepared complex was on the 
average 1.8 mole HC1 per mole of /З-cyclodextrin (Table I).
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'/J-cyclodextrin

n =  1.5—2.0 
m  =  4 — 7

F ig . 1. T h e  assum ed  s tru c tu re  o f th e  /9 -cyclodextrin - HC1 com plex

Table I

M icroanalytical data

Determ ined, %  (depending 
on H 20  cont.)

Recalculated for anhydrous 
substance, %

c 3 7 - 4 0 41—42

H 6 .2 - 6 .5 5 .8 -6 .0 0

0 4 8 - 5 1 4 6 - 4 6 .6

Cl 4 .9 -5 .2 5.3—5.7

jd-cyclodextrin : HC1 ra tio  ~  1 : 1.8

According to microanalysis, the ionic chloride content of the complex 
stored in a stoppered flask at room temperature is 5.14%, i . e .  1.73 mole HC1 
per mole of /З-cyclodextrin after 2 weeks, 4.5% =  1.46 mole after 3 months, 
and 1 mole HC1 per mole of /3-cyclodextrin after 8 months; this value remained 
unaltered also after 18 months. The complex stored in sealed ampoules at 
room temperature contained its original (1.8 mole) HCl-content also after 
18 months.

Determ ination o f moisture content was carried out according to the Karl 
Fischer method in dimethylformamide solution. Under the given conditions 
the water content of the product was between 8 and 10%, i . e .  4 to 7 mole 
of water per mole of /3-cyclodextrin.
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T he crystal form o f  com plex is significantly different from that of 
/З-cyclodextrin. Figure 2 shows the microscopic picture (magnification X  70) 
of /3-cyclo dextrin (A) and its HC1 complex (B). The diameter of the crystals 
of the complex is about 0.5 mm on the average.

F ig . 2 . C ry sta l photos of /З-c y c lo d e x tr in  (A) and its  h y d ro ch lo ric  acid com plex (B ). 70 x )

The X-ray crystallographic dimensions and space groups were determined 
from Buerger-type precession and W e i s s e n b e r g  films [9]. As shown by 
Table II, the space groups for crystalline /1-cyclodextrin and for its HC1 
com plex are identical, and the cell dimensions are very similar, too. The two 
crystals are considered to be isomorphous, their morphology, however, is 
different. In the case of /З-cyclodextrin b represents the longitudinal axis, 
whereas for the HC1 complex a  is the rotational axis. The powder patterns 
are also very similar; nevertheless, some significant discrepancy can be observed 
in  Fig. 3.

F ig .  3. X -ray  pow der p a t t e r n  o f  /З-cyclodex trin  a n d  i ts  hydroch lo ric  acid co m p lex

Figure 4 illustrates the thermoderivatograms. As seen in the TG curves, 
/3-cyclo dextrin will lose about 8% of its moisture content at a temperature 
between 80 and 100 °C; its weight will remain then constant until the beginning 
of the decomposition at about 300 °C. The /З-cyclodextrin-HCl complex loses 
water and HC1 progressively; after this, also the decomposition is progressive.
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Comparing the DTG curves, in addition to water, also the peak corresponding 
to the loss of hydrogen chloride is clearly visible.

The time and temperature dependence of the mass spectrum  was also 
studied. The main peaks in the mass spectrum of the substances evaporating 
from the /1-cyclodextrin—HC1 complex at 8 0 —200 °C were as follows: m/e 17;

100 200 300 400 500
°C

B)

°c
F ig . 4. T h erm o d eriv a to g ram s o f /i-cy clodex trin  (A ) an d  its  h y d roch lo ric  acid  co m p lex  (B )

18 (water); 36; 38 (HC1) and 139; 221; 226. The latter three peaks must have 
resulted from a single component, as it is proved by the metastable transitions. 
Table III contains the temperature of the sample as a function of time, the 
intensity of the hydrochloric acid peak in percentage of the total ion current, 
as well as the total ion current compared with the initial state. The hydro
chloric acid peak is always intense, even at about 250 °C at which the thermal

Table II

I hr cell dimension and  space groups fo r  ß-cyclodextrin and its HCl complex

/3-cyclodextrin HCl complex

a 15.18 A 15.04 A

b 10.25 10.27

c 21.12 20.75

ß 111.6° 109.0°

space group P2, P2,
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decomposition of /З-cyclo dextrin begins. These data indirectly confirm that 
the sample contains hydrochloric acid rather in the form of inclusion complex 
than adsorbed. /3-Cyclodextrin examined for comparison loses chiefly water 
when recording the mass spectrum; the intensities of the peaks m/e =  266; 
222 and 139 are very weak.

Table II I

M ass spectrum  data o f  the ß-cyclodextrin—H C l complex

Min
Tem perature

°C
HCI (as %  of 

to ta l ion current)
T otal ion 

current

0 80 0.44 l

8 80 11 l

15 90 42 3/4

26 100 23 1/2

40 1 10 10 1/4

55 150 10 1/4

80 200 7 1/4

90 250 0.8 3/4

Other hydrogen halide com plexes

On the analogy of the /З-cyclodextrin-HCl complex also the following 
crystalline complexes were prepared:

/З-cyclodextrin—hydrobromic acid complex; it contains 13 to 14.7% 
bromine as bromide ion, i . e .  2.13 to 2.45 mole HBr per mole of /3-CD;

/З-cyclodextrin—hydrogen iodide complex; the iodide content is 25.25%, 
i . e .  3 mole HI per mole of /3-CD.

In the a-cyclodextrin—hydrogen iodide complex the iodide content is 
27 to 29%, i .e . 2.85 to 3.1 mole HI per mole of «-CD.

These values have been calculated from the results of elemental micro
analyses.

T he preparation and exam ination  of the ternary com plex o f /3-cyclodextrin,
HCI and acetone

In the course of a study of the complex formation of cyclodextrins and 
diethyl ether, T ak e o  and K ug e  [6] became aware of the ‘Einschleppeffekt’ 
(‘pull-in effect’), which may result in ternary complexes. This means that
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molecules, which in themselves do not form complexes, may he incorporated 
into the cyclodextrin cavity together with another molecule, to give stable 
complexes. For instance, diethyl ether alone is not an appropriate guest 
molecule for /З-cyclodextrin, nevertheless, together with anthracene, it forms 
a ternary complex.

In order to improve the yield of the crystalline /З-cyclodextrin—HC1 
complex, instead of cooling alone, solvent precipitation was also tried. However, 
it was not possible to attain the object with the solvents tested (ethanol, 
methanol, n-butanol, t-butanol, isopropanol, carbon tetrachloride, dimethyl- 
formamide, toluene, ethylacetate). A ternary complex separated, if acetone 
was applied.

/3-Cyclodextrin (10%) was dissolved in water at 80—90 °C, and to this 
solution first the same volume of 10IV HC1 was added, thereafter two and a 
half volumes of acetone until further crystal separation did not occur. This 
mixture was stored in a refrigerator for 24 hours, then the fine crystalline 
powder was filtered off on a G4 glass filter, rinsed with acetone and dried in 
a vacuum exsiccator at room temperature over solid KOH. The yield calculated 
for /3-cyclodextrin was 65—70%.

The product consists of colourless, odourless snow-white small crystals. 
The taste is sour and the aqueous solution smells definitely of acetone. As in 
the case of the /З-cyclodextrin-HCl complex, the hydrochloric acid content 
was determined by alkalimetric and argentometric titration as well as by 
elemental microanalysis, showing the composition of 1 mole hydrochloric 
acid per mole of /3-CD.

For the determination of the acetone content 5% of the ternary complex 
was dissolved in 0.1IV NaOH and about three-quarters of the solution were 
distilled over. The distillate contained the acetone (but no HC1). The acetone 
was determined by gas chromatography.

In this manner the acetone content was found to be 1.5 mole of acetone 
per mole of /3-CD, i . e .  the product contained 8% acetone. The cyclodextrin 
content of the product was determined by the methyl orange method [7], 
as well as with the Somogyi-Nelson method after total hydrolysis, the value 
of 82% (5% moisture content) was found.

Thus, the composition of the ternary complex is 1 : 1.5 : 1 mole /3-CD : 
acetone : HC1. If the complex is stored in vacuum at 60 °C for 2 hours, the 
acetone content decreases and approximates the molar ratio of /3-CD : acetone : 
HCl 1 : 1 : 1. The thermoderivatogram of the product was similar to that 
illustrated in Fig. 4; the loss of acetone and hydrochloric acid practically 
takes place simultaneously.

The /9-cyclodextrin acetone com plex was prepared under similar condi
tions as in the case of the /З-cyclodextrin—acetone—HC1 complex at 80— 90 °C; 
to a 10% aqueous solution of /З-cyclodextrin acetone was added until the
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separation of crystalline precipitate ceased (about three volumes of acetone). 
This mixture was stored in a refrigerator for 24 hours. The separated fine crystal 
powder was filtered off and dried. The yield for /З-cyclodextrin was 63 —65%.

The acetone content of the /З-cyclodextrin—acetone complex was determin
ed directly by means of gas chromatography. The acetone content was found 
to be 2 moles acetone per mole of /3-CD. If the product was stored in vacuum 
at 60 °C for 2 hours, the acetone content decreased to 1 mole acetone per mole 
of ß - C T ) .

Practical applications [8 ]

The /1-cyclodextrin—HC1 complex is suitable for the preparation of 
tablets. One tablet containing 1 g of the /З-cyclodextrin-HCl complex dissolved 
in 150 ml of water gives a 0.01IV hydrochloric acid solution. Thus, the /З-cyclo- 
dextrin—HC1 complex may have the following applications:

— supplying gastric acid in tablet form,
— storage of hydrochloric acid in solid form, easy to dose,
— hydrochloric acid may be introduced, for instance as catalyst, into an

hydrous media,
it may be used as a minor constituent of vehicle for tablets, if slightly 
acid medium is required.
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ELECTRON DEFICIENT HETEROAROMATIC 
AMMONIOAMIDATES, XIV*

T H E  S Y N T H E S IS  A N D  SO M E  R E A C T IO N S O F  9 ,1 0 -R IM E T H O X Y -2 H [1 ,3 ,4 ]- 
T H IA D IA Z IN O [3 ,2 -c ]Q U IN A Z O L IN -5 -IU M -3 -O L A T E S

M. L e m p e r t - S r é t e r , “ К. L e m p e r t ,*1 P. B r u c k c a n d  G .  T Ó T H d

(“D epartm ent o f  Organic C hem istry, Eötvös Loránd U niversity , B udapest, bD eparlm ent o f  Organic 
Chemistry, Technical U niversity , B udapest, cCentral Research Institu te  fo r  C hem istry  o f  the 
H ungarian  A cadem y o f  Sciences, B udapest and  dD epartm ent o f  Organic C hem istry, Pharm aceu

tical F aculty , Sem m elw eis M edical U niversity , Budapest)

R ece iv ed  D ecem ber 6, 1976

R ing  closures o f th e  2 -(2 -acy lam in o p h en y l)-4 H -l,3 ,4 -th iad iaz in -5 (6 H )-o n es 
15d an d  15f fu rn ished  th e  f i r s t  m em bers (16a an d  16b, respec tive ly) o f  a  novel class 
( ty p e  4) o f e lectron  d e fic ie n t h e te ro a ro m a tic  am m onioam idates . A lk a lin e  h y d ro lysis 
o f th e  2 H -[l,3 ,4 ]th iad iaz in o [3 ,2 -e]q u in azo lin -5 -iu m -3 -o la te  16a gave, in  a d d itio n  to 
m inor am o u n ts  of co m p o u n d s 15d and  th e  4 (3H )-qu inazo linone  17a, th e  3 -m ercap to - 
ace tam id o -4 (3 H )-q u in azo lin o n e  18b, w hich is in  eq u ilib riu m  w ith  its  r in g -ch a in  ta u to m e r 
18a, th e  stab le  te tra h e d ra l  in te rm ed ia te  of th e  re ac tio n  1 6 a ^ l8 b .  P h o to ly s is  (H P K -125  
lam p , P y rex , N 2) of I6 a  fu rn ish e d  th e  4 (3H )-qu inazo line th ione  17d and  m in o r  am o u n ts  
o f th e  3 -acetam ido-4 (3H )-qu iuazo linone  17b.

Starting with the two basic types of iV-ammonioamidates, the purely 
aliphatic (1) [1, 2] and the heteroaromatic members (2) [1—3] of this class 
of compounds, it is possible to derive two further types, 3 [1, 2, 4, 5] and 4 
of ammonioamidates by incorporation of the amidate nitrogen and carbon 
and of the ammonio nitrogen atoms into a second ring which may or may 
not contain additional hetero atoms.

R '

R"—
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A very limited number of type 4 compounds has been known so far, 
their majority being derivatives of the pyrazolo[l,5-a]pyrimidine ring system 
|6—10]. These compounds are potentially tautomeric and may be formulated 
either as the С  H (5) or the N —H (6) or the О  —H forms (7) and have, actually, 
invariably been formulated as the О —H forms, although the IR spectrum

* F or P a r t  X I I I ,  see R ef. [14]
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(KBr) of the 3-ethyl-5,7-dimethyl derivative (3300—2300, XH; 1650, 1640 
and 1540, b) [9] rules out the presence of significant amounts of the N —H 
form only, but not of the C — H form. Support for the postulate of the non
existence of the C —H forms may, however, be derived from the analogous 
situation found for the related 1-substituted 3-pyrazolols (8 —10) where, 
in spite of extensive studies [11—13], no evidence for the existence of the 
dipolar C —H forms 8 could be obtained.*

Probably as a consequence of their being iV-pyrimidiniohydroxy- 
vinylamides (cf. limiting structure 7a) rather than true IV-pyrimidinioamidates 
(which, as type 2 compounds, should be photoactive [14]**) both 5,7-dimethyl- 
and 7-methyl-5-phenylpyrazolo[l,5-a]pyrimidin-2-ol [9] (type 7) proved, in 
our hands, photoinactive even if irradiated in quartz vessels. This is in agree
ment with our observation that the related 2-phenylpyrazolo[l,5-a]pyridine 
11 [15] is also stable towards irradiation under all conditions tested (with 
or without Pyrex filters, both in the presence and absence of oxygen and benzo- 
phenone, respectively).

Another type 4 compound, the [1, 3, 4]oxadiazolo[3,2-a]pyridine deriva
tive 12 [16] has also proved stable when irradiated with 300 and 350 nm light, 
both in the absence and presence of benzophenone [17], which may be the

* A dded in proof: F o r  th e  an a lo g o u s s ituation  w ith  th e  p o ten tia lly  tau to m eric  pyrazo lo - 
[ l,5 -a ]p y rid in -2 -o ls  w hich, in  so lu tio n , ex is t a t least p re d o m in a n tly  as such, see R ef. [25].

** I t  should be p o in te d  o u t  in  th is  connection  t h a t ,  as show n b y  th e  p h o to s ta b ility  
o f  co m p o u n d  21 [21], th e  p re se n c e  o f th e  am m o n io am id ate  m o ie ty  m ay  n o t be re g a rd e d  as 
a  su f f ic ie n t condition of p h o to re a c tiv ity .  Studies w ith  th e  a im  to  e lucidate  th e  e ffec t of 
th e  p re sen c e  and the  s tru c tu re  o f  r in g  В on the p h o to re a c tiv ity  o f ty p e  4 am m o n io am id ates  
a re  in  progress.
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consequence of its actual electronic structure closely approaching that shown 
in 12a.

In order to avoid complications due to the potential aromaticity of 
ring В in type 4 compounds, we have started studies into the chemistry of 
such compounds containing various six-membered and larger rings B, and 
wish to describe in the present paper our experiences with 9,10-dimethoxy-6- 
-methyl-2H-[l,3,4]thiadiazino[3,2-c]quinazolin-5-ium-3-olate (16a) and the 6- 
-phenyl analogue 16b. The key intermediate for the synthesis of the compounds 
16, v i z .  2-(2-amino-4,5-dimethoxyphenyl)-4H-l,3,4-thiadiazin-5(6ff)-one (15c) 
was obtained starting with 3,4-dimethoxybenzaldehyde v i a  lV-(3,4-dimethoxy- 
thiobenzoyl)piperidine (13a), IV-(a-carboxymethylthio-3,4-dimethoxybenzyli- 
dene)piperidinium bromide (14), S-(3,4-dimethoxythiobenzoyl)thioglycolic 
acid (13b), 3,4-dimethoxythiobenzohydrazide (13c), 2-(3,4-dimethoxyphenyl)- 
(15a) and 2-(4,5-dimethoxy-2-nitrophenyl)-4íí-l,3,4-thiadiazin-5(6íí)-one (15b), 
in part by applying methods described earlier for the syntheses of the 
p-methoxy analogs of 13b [18] and of 13c [19]. Acetylation of 15c furnished, 
depending on the conditions, either the mono- (15d) or the diacetyl deriva
tive (15e);* benzoylation of 15c gave the monobenzoyl derivative (15 f) which 
could be acetylated to 15g.* The ring closures of 15d and 15f to yield the 
perchlorates of 16a and 16b, respectively, were effected with perchloric acid

S

Ъ: — SCHoCOOK

c: Z  —  —N H N H 2

* T he s tru c tu re s  o f th e  d iacyl de riv a tiv i 
N M R  sp ectra .

15e a n d  15g were deduced from  th e ir  I R  and
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15

X Y

a H H

b n o 2 H

C N H 2 H

d NHAc H

e NHAc Ac

f NHRz H

g NHBz Ac

16

a : R  =  Me 

b: R =  Rh

and acetic anhydride in methylene dichloride. The zwitterionic free base 16a 
was liberated from the perchlorate by treatment with Amberlite IRA-4B 
(OH© form) in water; this method is superior to that using Na,C03 as the 
base because, according to exploratory tests, with the latter reagent a certain 
amount of the hydrolysis product 3-amino-2-methyl-4(3H)-quinazolinone (17a) 
is always formed in addition to 16a. The solubilities both of 16b and its per
chlorate in water are so slight that the Amberlite method could not be used 
for the liberation of 16b from its perchlorate.

Treatment of 16a with aqueous NaHC03 furnished two isomeric products, 
v i z .  compound 15d and the tautomeric compound 18, by attack of OH© at 
C-6 and C -llb, respectively. While the former is insoluble in aqueous alkalies, 
the latter can be extracted from its chloroform solutions with excess 10% 
aqueous NaOH in the form of its sodium salt. This salt is apparently a deriva
tive of the tricyclic form 18a since the IR spectrum of the solid, obtained on 
evaporation of the aqueous alkaline solution to dryness, had no C =  0  band. 
The salt is reconverted into 18 when chromatographed over silica. The UV

Y

Y z

a 0 x u 2
b 0 NHAc

C 0 H

d s H

e s NHAc
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spectrum of 18 in ethanol is essentially identical with those of the type 19 
model compounds [14] demonstrating that in ethanolic solution the compound 
exists as the practically pure “open-chain” form 18b. In chloroform solution, 
however, as shown by the typical AB pattern of the methylene group in the 
NMR spectrum, the compound exists as the pure tricyclic tautomer 18a. 
Elevation of the temperature caused slight broadening of the individual peaks 
of the methylene dd. Addition of about 0.25 parts (v/v) of CD3OD to the CDC13 
solution resulted in significant changes of the NMR spectrum. At room tem
perature the signal of Ha (which is a sharp s at ő 7.42 in CDC13) is split into 
two singlets (<5 7.44 and 7.47, total intensity 1H); and the intensity of the 
methylene dd decreases to about 1H. At 40 °C the two Ha singlets coalesce, 
as does also, at 75 °C, the methylene dd. All this may be interpreted as dem
onstrating the coexistence in CDC13/CD30D  4 : 1 (v/v) of the tricyclic (18a) 
and the “open-chain” (18b) tautomers;* elevation of the temperature favours 
the formation of the “open-chain” form (to a lesser degree even in CDC13 
solution), the mean enthalpy of activation of the process 18a ^  18b, as calculat
ed on the basis of both coalescence phenomena, being about 17 kcal/mole.

Compound 18a may be viewed as the stable tetrahedral intermediate 
of the alkaline hydrolysis reaction of the tricyclic imidothioate 16a, leading 
to the cyclic amide 18b.

Treatment of compound 16a with aqueous NaOH gave, in addition to 
compounds 15d and 18, the hydrolysis product 17a.

Irradiation of compound 16a (high pressure mercury immersion lamp, 
Pyrex) in water under nitrogen furnished 4,5-dimethoxy-2-methyl-4(31f)- 
-quinazolinethione (17d) as the main product, and a small amount of 3-acet- 
amido-4,5-dimethoxy-2-methyl-4(3H)-quinazolinone (17b). The structures of 
these products were derived from their spectral properties, in particular 
from the close resemblance of their UV spectra to those of the model compounds 
20a [20] and 19 [14], respectively, and were substantiated by comparison with

О S

19 20

( R = H ,  M e; :r ' =  OKI, OCHVPh, Ph)p  a : В  =  Me, Z H

b : R  =  H , Z =  N H COOEt

* I t  is n o tew o rth y  th a t  th e  com bined desh ie ld ing  e ffec t of the  O H  group  a n d  th e  S 
a to m  on H a of 18a is a lm ost id en tica l w ith  th e  d esh ie ld in g  effect of th e  carb o n y l g ro u p  on 
H a of 181..'
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authentic samples. The photoproducts, at least compound 17b, could in prin
ciple he formed either from 16a itself or from the hydroxyl adduct 18; that 
the latter is actually n o t  the case is shown by the stability of compound 18 
towards prolonged irradiation in aqueous acetonitrile.

Since the closely related compound 21 is known to he photoinactive
[21] , it is assumed that photolysis of 16a is initiated by homolysis of the S—CH2 
bond to yield 22 as the first intermediate. (For an analogous process, see Ref.
[22] .) Hydrogen rearrangement under elimination of 2-azirinone (or its 
equivalent) should then lead to 17d. The formation of 17b is probably the 
result of a photo-oxidative process. A likely intermediate for this process is 
compound 17e (which could be formed from 22 by double H-abstraction from 
the solvent). The closely related compound 20b [20] was, however, found to 
be unaffected by prolonged irradiation in aqueous acetonitrile. It is therefore 
the diradical 22 which is assumed to be photo-oxidized by traces of oxygen 
present in the solvent.

21 22

Experimental

U V  spectra  were o b ta in e d  w ith  a  Carl Zeiss (J e n a , G D R ) ty p e  Specord  U Y  sp e c tro m 
e te r ,  I R  sp ec tra  w ith  Carl Zeiss (J e n a , G D R ) ty p e  10 a n d  H u n g a rian  O p tica l W o rk s (B u d a 
p e s t)  ty p e  Spektrom om  2000 I R  sp ec tro m ete rs , P M R  sp e c tra  w ith  a B ru k er ty p e  X 9 0  N M R  
s p e c tro m e te r  operating  a t  90 M H z in  th e  FT  m ode a n d  w ith  P erk in -E lm er ty p e  R  12 an d  
J e o l  ty p e  RS-100 N M R  sp e c tro m e te rs  o p e ra tin g  a t  60 a n d  100 M Hz, re sp ec tiv e ly , in  th e  
C W  m o d e , using  TMS as th e  in te rn a l  reference co m p o u n d . M ass sp ec tra  were o b ta in e d , ex cep t 
w h e re  n o te d , a t  70 eV w ith  a n  A E I  MS-902 m ass sp e c tro m e te r using  d irec t sam ple  in se rtio n .

N-(3,4-Dimethoxythiobenzoyl)piperidine (13a)

A  m ix tu re  of 3 ,4 -d im eth o x y b en za ld eh y d e  (1.66 g; 10 m m oles), p ip erid in e  (1.5 m l; 
15 m m o le s)  and  sulfur (0.48 g; 15 m m oles) was re flu x e d  fo r 1 h r  u n d e r an  e ffic ien t ho o d . The 
r e s u l t in g  b row n  solution w as d ilu te d  w ith  w a ter a n d  ac id ified  w ith  cone. HC1 (2 m l), a n d  th e  
g u m m y  p re c ip ita te  was c ry s ta lliz ed  fro m  E tO H  to  y ie ld  2.36 g (89%) of 13a. m .p . 107— 108 °C. 

C14H 19N 0 2S (265.3). C alcd . N  5.31. F o u n d  N  5 .2 8 % .

N- (a-Carboxy methyl thio-3,4-dimethoxy be nzyli dene) piper idinium bromide (14)

B rom oacetic  acid (0.62 g ; 45 m m oles) w as ad d ed  to  th e  an h ydrous benzene  so lu tion  
o f  c o m p o u n d  13a (1.0 g; 3.8 m m oles). T he re su ltin g  g u m m y  p rec ip ita te  was t r i tu r a te d  on  th e  
n e x t  m o rn in g  w ith  d ry  e th e r  (15 m l) to  y ield  1.24 g (8 1 % ) o f a  crysta lline  p ro d u c t, m .p . 174— 
176 °C  (fro m  ethanol—eth er).

C16H ,2B rN 0 4S (404.3). C alcd . C 47.53; H 5 .49 ; N  3.46. F o u n d  C 47.14; H  5.80; N  3 .2 8 % .
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S-(3,4-Diinethoxythiobenzoyl)thioglycolic acid (13b)

H 2S was in tro d u ced  fo r 8 h rs  in to  an  ice-cold an h y d ro u s  e th an o lic  (120 m l) solution 
o f  co m p o u n d  14 (6.0 g; 15 m m oles). T he m ix tu re  w as k e p t o v e rn ig h t in  a  re fr ig e ra to r and  
e v a p o ra te d  to  d ryness in v acu u m . T he residue was e x tra c te d  w ith  h o t  benzene  u n t il  the  in
so lub le  m ate ria l tu rn e d  colourless. T he benzene so lu tion  w as c o n ce n tra ted  a n d  chilled to 
y ie ld  4.0 g (98% ) of o range  red  c ry s ta ls , m .p . 143— 145 °C.

Cu H 120 4S2 (272.3). Calcd. C 48.51; H  4.44; S 23.55. F o u n d  C 48.38; H  4.29; S 23.68% .

3,4- Dimethoxythiobenzohydrazide (13c)

C om pound 13b (2.7 g; 10 m m oles) w as ad ded  to  a m ix tu re  o f 1 N  aqu eo u s N aO H  
(14 m l) an d  70%  h y d raz in e  h y d ra te  (3 m l). T he resu ltin g  fa in t  yellow  so lu tio n  w as acidified 
u n d e r  cooling w ith  ace tic  acid  (4.5 m l). T he aqueous lay e r w as d ecan ted  a n d  th e  o ily  p ro d u c t 
d ried  b y  azeo trop ic  d is tilla tio n  w ith  benzene and  crysta llized  from  benzene to  y ie ld  1.46 g 
(6 9 % ) o f com pound 13c, m .p . I l l  — 112 °C.

C9H ,2] \20 2S (212.2). Calcd. N  13.21. F o u n d  N  13.15% .

2-(3,4-Dimethoxyphenyl)-4H-l,3,4-thiadiazin-5(6H)-one (15a)

C om pound 13c (1.06 g; 5 m m oles) an d , su b seq u en tly , e th y l b ro m o ac e ta te  (0.56 m l; 
5 m m oles) were a d ded  to  an  e th an o lic  (15 m l) so lu tion  of N a  (0.13 g; 5.6 m m oles) to  y ield  0.88 g 
(6 9 % ) o f a  c rysta lline  p ro d u c t, m .p . 184— 185 °C (from  A cO H ).

C14H 12N 20 3S (252.3). Calcd. C 52.36; H  4.80; N 11.11. F o u n d  C 52.35; H  5 .40; N  11.46% . 
I R  (K B r): 3200, 3100, 1675, 1520 c m - 1.
N M R  (CDC13): <5 3.5, s, 2 H , C H 2CO; 3.9, s, 6H , (MeO)2; 6.9, d, J  =  9.5 H z , 1H , 5-H  

o f  A r; 7.47, dd , J  =  9.5 a n d  2 H z, 1H , 6-H  o f A r; 7.47, d , J  =  2 H z, 1H , 2 -H  o f A r; 9.75, 
b s , 1H , N -H .

2-(4,5-Dimethoxy-2-nitrophenyl)-4H-l,3,4-thiadiazin-5(6H)-one (15b)

Cone. H N 0 3 (3 m l) w as ad d ed  to  a suspension o f com pound  15a (2.5 g; 10 m m oles) 
in  A cO H  (10 ml). U n d e r gen tle  e v o lu tio n  o f h e a t a  t ra n s ie n t clear yellow  so lu tio n  w as form ed 
fro m  w hich  p re c ip ita tio n  o f th e  yellow  c ry sta lline  p ro d u c t soon s ta r te d . ( In  som e cases the  
re a c tio n  h ad  to  be in it ia te d  b y  p lac ing  th e  m ix tu re  for a sh o rt tim e  in to  a  lu k e-w arm  w ater 
b a th .  I f  larg e r b a tch es  are ru n , e x te rn a l cooling m ay  becom e necessary .) Y ield : 2.7 g (91% ), 
m .p . 2 3 8 -  240 °C (from  A cO H ).

Cn H tlN 30 6S (297.3). Calcd. N  13.82. F o u n d  N  13.65% .
IR  (K B r): 3220, 3100, 1675, 1530 cm “ 1.

2-(2-Amino-4,5-dimethoxyphenyl)-4H-l,3,4-thiadiazine-5(6H)-one (15c)

A m ix tu re  o f co m pound  15b (1.0 g; 3.4 m m oles), p y rid in e  (50 m l) an d  of an  aqueous 
(12 m l) so lu tio n .o f N a2S20 4 (3.0 g) w as s tirred  fo r 5 h rs  a t  90— 95 °C. T h e  re su ltin g  solution 
w as co n ce n tra ted , an d  d ilu ted  w ith  w a te r  to  y ield  0.82 g (88% ) o f 15c, m .p . 208 —210 °C 
(fro m  E tO H ).

C „ H ,3N 30 3S (267.3). Calcd. N  15.81. F o u n d  N  15.72% .
I R  (K B r): 3460, 3340, 3170, 3085, 1670, 1530 c m - 1.

Acetylation

(a) A suspension o f co m pound  15c (0.2 g; 0.75 m m ole) in a  m ix tu re  o f d ry  benzene
(8 m l) a n d  py rid ine  (2 m l) w as tre a te d  a t  0— 5 °C w ith  ace ty l chloride (0.2 m l; 2.7 mmoles). 
T h e  m ix tu re  was k e p t for 2 h rs  a t  th is  tem p e ra tu re , an d  th e  so lven ts w ere rem o v ed  below 
30 — 35 °C in  v acuum . T he residue w as tak e n  up  in w a te r  to  y ield  0.2 g (8 6 % ) o f 2 -(2-acetam ido- 
-4 ,5 -d im eth o x y p h en y l)-4 H -l,3 ,4 -th iad iaz in -5 (6 H )-o n e  (15d), m .p. 216 218 °C (from  AcOH ).

C ,3H ,jN 30 4S (309.3). Calcd. N  13 .59 ;.S 10.27. F o u n d  N 13.53; S 10 .12% .
I R  (K B r): 3400— 2800 w ith  local m ax im a a t 3230 and  3130; 1670, 166Ó sh , 1530 c m '1.
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N M R  (DMSO-d6): 6 2 .05, s, 3 H , Ac; 3.58, s, 2H , C H 2CO; 3.78, s, 6H , (MeO)2; 7.12 
a n d  7 .68 , b o th  s, 1H , each , A rH ’s; 10.35, bs, and  11.6, bs N H ’s.

U V  (E tO H ): 2.48 (4.40); 259 (4 .30), sh: 296 (3.92), sh ; 326 (3.97); 338 (3.98).
M S (75 eV): m/e 309 (M +-, 1 0 0 % ); 267 (M -C .H .O , 3 2 % ); 252 (63 .7% ); 224 (2 6 7 -C „ H 30 ,

7 .6 % ).
(b) Com pound 15c w as a llo w ed  to  reac t w ith  a ce ty l ch loride  as described  above b u t 

w i th o u t  cooling, to y ield 7 6 %  o f 4 -ace ty l-2 -(2 -ace tam id o -4 ,5 -d im eth o x y p h en y l)-4 H -l,3 ,4 - 
-th iad iaz in -5 (6 H )-o n e  (15e), m .p . 218 — 220 °C (from  A cO H ).

C15H 17N 30 5S (351.4). C alcd . N  11.96. F ound  N  11 .94% .
I R  (K B r): 3250, 1730, 1710, 1690, 1530 c m “ 1.
N M R  (CDC13): <5 2.39, s, 3 H , A cN H : 2.75, s, 3H , 4-A c; 3.62, s, 2H , C H 2CO; 3.94, s, 

3H  a n d  4.00, s, 3H , (M e02); 7 .42 , s, a n d  8.64, s, b o th  1H , A rH ’s.

Benzoylation

A  suspension of c o m p o u n d  15b (0 .5  g; 1.9 m m oles) in  a m ix tu re  o f d ry  benzene (10 ml) 
a n d  p y rid in e  (5 ml) was tre a te d  w ith  b enzoy l chloride (0.7 m l; 6 m m oles) a t  room  tem p e ra tu re . 
A f te r  30 m in  the  so lven ts w e ie  d is tilled  off, and  w a te r  w as ad d ed  to  o b ta in  0.7 g (98% ) of 
2 -(2 -b en z a m id o -4 ,5 -d im eth o x y p h e n y l)-4 ff- l,3 )4 -th iad iaz in -5 (6 i/)-o n e  (15f), m .p. 269— 270 °C 
(fro m  D M F).

C,8H i7N 30 jS (371,4). C alcd . N  11.31; S 8.63. F o u n d  N  11.31, S 8.35% .
I R  (K B r): 3400— 2800 w ith  loca l m axim a a t 3180 a n d  3100; 1665, 1530 c m “ 1.

Acetylation of compound 15f

C om pound 15f (0.37 g; 1 m m o le) w as refluxed  for 2.5 h rs  w ith  ace tic  an h y d rid e  (5 m l) 
to  y ie ld  0.32 g (78% ) o f 4 -ace ty l-2 -(2 -b en zam id o -4 ,5 -d im eth o x y p h en y l)-4 H -l,3 ,4 -th iad iaz in - 
-5 (6 H )-o n e  (15g), m .p. 2 0 5 - 2 0 7  ° C (from  AcOH).

C20H 19O6S (413,4). Calcd. N  10.02. Found  N 10.13% .
I R  (K B r): 3275, 1730, 1710, 1675, 1530 c m - 1.
N M R  (CDC13): Ö 2.75, s, 3 H , A c; 3.75, s, 2H , C H 2CO; 4.08, s, 3H , an d  4.16, s, 3H , 

(M eO )2; 7 .4 —7.8, m, 4H , B z, m- a n d  p - H ’s, +  A r i l ;  7 .95— 8.25, m , 2H , B z, o -H ’s; 8.55, s, 
1 H , A rH .

9.10- Dimetlioxy-6-methyl-3-oxo-3,4-dihy<lro-2H-[1,3,4] thiadiazino[3,2-c]quinazolin-
-5-ium perchlorate (16a-HC104)

A  m ix tu re  of Ac20  (0.2 m l) a n d  70%  HC104 (0.2 m l) w as ad d ed  u n d e r con tinuous 
s t i r r in g  to  an ice-cold su sp en sio n  o f com pound 15d (0.2 g; 0.65 m m ole) in  CH2C12 (3 ml). 
T h e  m ix tu re  was k ep t for 2 h rs  a t  ro o m  tem p era tu re . A n h y d ro u s  E tO H  (ab o u t 5 m l) was 
a d d e d , a n d  the  m ix ture  w as b o iled  u p  to  y ield  0.19 g (75% ) of yellow  c ry sta ls , m .p . 247— 251 °C.

C13H 14C1N30 7S (391.8). C alcd . C 39.84; H  3.34; CÍ 9 .05; N  10.75. F o u n d  C 40.02; H  3.81; 
Cl 9 .2 7 ; N  10.41%.

I R  (K B r): 1710, 1100 c m T

9,10-Dimcthoxy-6-methyl-2H-[l,3,4]thiadiazino[3,2-c]quinazolin-5-ium-3-olate (16a)
T h e  above p e rch lo rate  (0 .8  g ; 2 m m oles) w as s tirred  w ith  A m berlite  IR A -4B  (O H ©  form ) 

fo r  1 h r  in  w ater (80 m l). T he re s in  w as filte red  off and  th o ro u g h ly  w ashed  w ith  w a ter. The 
c o m b in e d  f iltra te  and  w ash ings w ere  e v ap o ra ted  to  d ry n ess in  v a cu u m  to  y ield  0.5 g (86% ) 
o f 1 6 a , m .p . 223—225 °C (fro m  E tO H ).

C13H ,3N 30 3S (291.3). C alcd . N  14.45; S 11.08. F o u n d  N  14.20; S 10.89% .
I R  (K B r): no C = 0  b a n d , no C104© band .
U V  (H 20 ): 226 (4.19); 283 (4.41); 361 (4.21), sh ; 380 (4.25).
N M R  (TFA): <5 3.25, s, 6-M e; 4 .17, s, (2-H)„; 4 .29, s, + 4 .3 6 ,  s, (MeO)2; 7.60, s, 8-H ; 

7 .79 , s, 11-H.
MS (200 °C): m/e 291 (M + -, 100% ); 276 (M -  Me, 9 % ); 263 (M '-C O , 52% ); 249 (M— 

N C O , 32 % ); 236 (14% ); 218 (249-^M eO , 40% ); 217 (2 63-^C H ,S , 52% ); 203 (2 4 9 -C H ,S ;  
5 6 % ).

9.10- Dimethoxy-3-oxo-6-phenyl-3,4-dihydro-2H-[l,3,4]thiadiazino[3,2-c]quinazolin-5-
-ium  perchlorate (16b • HC104)

A  m ix tu re  of Ac20  (2.7 m l) a n d  7 0 %  HC104 (2 m l) w as a d d ed , w ith  co n tin u o u s stirrin g , 
to  a n  ice-cold  suspension of c o m p o u n d  15f (2.7 g; 7.3 m m oles) in  C H 2C12 (50 m l). An oily p ro d u c t
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d ep o sited . A fte r 30 m in  th e  C H 2C12 w as e v a p o ra te d  in  v acuum . A nhydrous E tO H  (10 ml) 
w as ad d ed , an d  th e  m ix tu re  was boiled  u p  to  y ield  2.0 g o f th e  yellow  p e rch lo ra te , m .p . 246 — 
— 250 °C. A second crop (0.5 g; to ta l  y ie ld : 68% ) was o b ta in ed  by  co n cen tra tio n  o f th e  m o th e r 
liquor.

C18H 16C1N30 7S (453.8). Calcd. N  19.19; S 7.09. F o u n d  N 9.26: S 7.07% .
1R (K B r): 3290, b; 1725, 1100 c m " 1.

9,10-Dimethoxy-6-phenyl-2H-[l,3,4]thiadiaziiio[3,2-c]quinazolin-5-ium-3-olate (16b)
A suspension  of the  above p e rch lo ra te  (0.9 g; 2 m m oles) in C H 2C12 (10 m l) w as tre a te d  

w ith  N a O E t, o b ta in ed  by d issolv ing N a (0.06 g; 2.6 m m oles) in a n h y d ro u s E tO H  (1.5 ml) 
an d  ev ap o ra tio n  of th e  excess so lv en t. T he re su ltin g  c lear so lu tion  w as e v a p o ra te d  to  d ry n ess 
a n d  th e  residue  t r i tu ra te d  w ith  w a te r  an d  e x tra c te d  w ith  boiling E tO H  (20 m l) to  y ie ld  0.65 g 
(9 2 % ) of com pound  16b, m .p. 2 1 4 - 2 1 5  °C.

C18H 16N 30 3S (353.4). Calcd. N  11.89; S 9.07. F o u n d  N 11.76; S 8 .92% .
I R  (K B r): no С —O, no C104©  ban d .

Reactions of compound 16a with bases
(a) C om pound 16a (1.0 g; 3.44 m m oles) was s tirred  w ith  3%  aqueous N a H C 0 3 so lu tio n  

(50 m l) a t  50— 60 °C u n til th e  s ta r tin g  com pound  w as, according to TLC (K ieselgel G F 254+3f(6, 
M erck; E tO A c -E tO H ,4  : 1), co m ple te ly  used  up  (a b o u t 10 h rs; a clear so lu tion  w as o b ta in e d  
a f te r  2 h rs). E x tra c tio n  w ith  CHC13 fu rn ish ed  0.16 g o f a crude p ro d u c t w hich  w as p u rified  
by  T L C  (K ieselgel P F 254+36fi, M erck; E tO A c) to  y ield  0.1 g (9 .9% ) of 15d, id e n tic a l w ith  an  
a u th e n tic  sam ple  (see above).

T he aqueous solution was s a tu ra te d  w ith  C 0 2 an d  again  e x tra c te d  w ith  CHC13. The 
e x tr a c t  was ta k e n  up in CH2C12 to  y ie ld , a f te r  being  allow ed to s tan d  for a few m in u te s , 0.33 g 
of co m p o u n d  18 w hich was pu rified  b y  e x tra c tio n  o f its  co n tam in an ts  w ith  b o ilin g  E tO A c; 
m .p . 250— 252 °C. A fu rth e r 0.15 g ( to ta l  y ield  4 8 % ) o f com pound 18 w as o b ta in e d  b y  TLC 
w o rk -u p  (K ieselgel PF254+36ß; E tO A c—E tO H , 4 : 1) o f th e  C H X L  m o th er liquor.

C n H 15N 30 4S (309.3). Calcd. N 13.59; S 10.35. F o u n d  N 13.48: S 10.53% .
IR  (K B r): 3250, b; 1680, b ; 1610, 1500 c m " 1.
UV  (E tO H ): 243 (4.69); 293 (3.83), sh ; 310 (3.73): 322 (3.65). Model c o m p o u n d s 19 

(E tO H ): 2 3 9 -2 4 1  (4 .5 9 -4 .6 7 ) ;  2 8 7 - 2 9 0  (3 .6 7 - 3 .7 6 ) ;  3 1 1 -3 1 6  ( 3 .6 4 -3 .7 2 ) ;  324— 326 
(3.56 3.65) [14].

N M R  (CDC13), 25 °C: 6 1.62, s, 1H , exch an g eab le , O H ; 2.59, s, 3H , C -M e; 3 .72 , d , and  
4.24, d , J  =  15.5 H z, 1H , each, C H 2 o f th e  tricy c lic  fo rm ; 3.97, s, 6H , (M e0)o; 7 .04 , s, l H ,H b: 
7.42, s, 1H , H a; 11.02, s, 1H , N H . 75 °C: 1.46, s, 1H , O H ; 2.58, s, 3H , C -M e; 3 .75, d , a n d  4.21, 
d, b o th  s lig h tly  b roadened , 1H , each , C H 0; 3.97, s, 6H , (MeO).,; 7.05, s, 1H , H b; 7 .47 , s, 1H, 
H a; 10.75, bs, 1H , N H .

N M R  (CDC13 -  CD3OD, 4 : 1, v /v ), 25 °C: Ó 2.59, s, 3H , C-M e; 3.66, d , a n d  3.90, d, 
J  — 14.5 H z, total in te n sity  я« H I ,  C H 2 of th e  tricy c lic  form ;* 4,00, s, 4,02, s a n d  4,09, s, 
to ta l  in te n s ity  6H , MeO’s of th e  tw o tau to m e ric  fo rm s; 7.02, s, 1H , H b; 7.44, s, a n d  7,47, s, 
to ta l  in te n s ity  1H , H a’s of th e  tw o ta u to m e ric  fo rm s; 10.97, bs, 0 .5H , N H , p a r tly  ex ch an g ed . 
75 °C: 2.55, s, 3H , C-M e; 3.82, bs, C H 0; 3.95, s, a n d  3.98, s, 6H , (MeO)2; 7.04, s, 1H , H b;7.46. 
s, 1H , H a.

MS (75 eV): m/e 309 (M+*, 62 .6 % ); 262 (M -C H ^ S H , 50 .4% ); 235 (M C 0 C H oC H  +  H , 
6 4 % ); 220 (M NHCOCHoSH +  H , 100% ); 206 (3 0 .1 % ); 205 (2 2 0 -M e , 33 .5% ); 177 (205 — CO, 
12 .8% ); 136 (d im ethoxybenzyne  + *, 22 ,2% ).

(b) C om pound 16a (1.0 g; 3.44 m m oles) w as s tirred  w ith  1%  aqueous N a O H  (10 ml) 
a t  room  te m p e ra tu re  u n til th e  s ta r tin g  co m pound  w as, accord ing  to  TLC, c o m p le te ly  u sed  up 
(a b o u t 3 h rs ; a clear so lu tion  w as o b ta in e d  a f te r  30 m in). T he so lu tion  was e v a p o ra te d  to 
d ry n ess a n d  th e  residue e x tra c te d  w ith  E tO H . T he e x tr a c t  w as boiled up  w ith  E tO A c  to  y ield  
0.12 g (9 .5 % ) of th e  sodium  sa lt o f co m p o u n d  18. T he m o th e r liq u o r o f th e  la t te r  w as e v a p o ra te d  
to  d ry n ess , th e  residue was tak e n  u p  in a  m ix tu re  o f M eOH an d  CH2C12, tra n s fe r re d  o n to  a 
TLC  p la te  (K ieselgel) and c h ro m a to g rap h ed  tw ice w ith  E tO A c to yield 0.07 g (6 .8 % ) o f com 
p o u n d  15d, 0.07 g (8 .6% ) of co m pound  17a, m .p . 217 — 219 °C, iden tica l w ith  a n  a u th e n tic  
sam ple  (see below ), and an  im pure  p ro d u c t o f v e ry  low  Rr. T he la t te r  was c h ro m a to g ra p h e d  
w ith  E tO A c -E tO H  (4 : 1) to  y ield 0.08 g (9 % ) o f 18.

Irradiation of compound 16a
A n itro g en -p u rg ed  aqueous (150 m l) so lu tio n  o f com pound 16a (0.15 g; 0 .52 m m ole) 

was ir ra d ia te d  w ith  a high p ressure  m ercu ry  im m ersion  lam p  (H P K -125) for 14 h rs  th ro u g h

* T he C H 2 signal of th e  “ o p e n -ch a in ”  fo rm  is m erged w ith  the  O H  signal o f  th e  so lv en t.
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P y r e x ,  a n d  evapora ted  to  d ry n e ss . T he residue was ta k e n  u p  in  CH2C12 (ab o u t 2 ml). T he in 
so lu b le  residue, 0.04 g, m .p . 281 — 283 °C (from  D M F ), p ro v e d  iden tica l w ith  an  a u th e n tic  
sa m p le  (see below) of 6 ,7 -d im eth o x y -2 -m eth y l-4 (3 ii)-q u in a z o lin e th io n e  (17d). T he CH,C12 
so lu b le  m ate ria l,w as w o rk ed  u p  b y  p rep ara tiv e  T LC  ( 2 0 x 2 0  cm ; K ieselgel P F 254 + 3eG, M erck; 
b e n z e n e —CHC13—EtO A c, 1 : 1 : 1 ,  a n d  subsequently  E tO A c ) to  y ield  0.01 g o f 17a ( to ta l  y ield  
4 2 % )  a n d  0.005 g (3 .5% ) o f 3 -ace tam id o -6 ,7 -d im eth o x y -2 -m eth y l-4 (3 H )-q u in azo lin o n e  (17b), 
m .p . 2 5 5 — 256 °C (from  E tO H )  w h ic h  proved id en tica l w i th  an  a u th e n tic  sam ple (see below ).

2 -  A cetam ido-4 ,5-d im ethoxybenzam ide

A  m ix tu re  of 4 ,5 -d im eth o x y -2 -n itro b en zam id e  [23] (1 .0  g: 4.8 m m oles), A cO H  (30 m l) 
a n d  A c20  (3 ml) was red u ced  in  th e  presence of a  10%  P d -C  c a ta ly s t  a t  o rd in a ry  p ressu re  an d  
ro o m  tem p e ra tu re . T he c a ta ly s t  w as filtered  off a n d  th e  f i l t r a te  e v ap o ra ted  to  d ryness. T he 
re s id u e  w as boiled u p  w ith  E tO A c  (20 ml) (only p a r t  o f  th e  p ro d u c t w en t in to  so lu tion ) to  
y ie ld , a f te r  cooling, 0.78 g (6 9 % ) o f  th e  title  com pound , m .p . 224—227 °C.

C u H l4N„04 (238.2). C alcd . C 55.45; H  5.92; N  11.76; О 26.87. F o u n d  C 55.15; H  6.03; 
N  11 .60 ; О 26.97% .

I R  (K B r): 3450— 2450, w i th  local m axim a a t  3400, 3370 and  3200; 1680, 1625 c m -1 .

6 .7 - D im eth o x y -2 -m eth y l-4 (3 H )-q u in azo lin o n e  (1 7 c )

T he above p ro d u c t (0 .6  g; 25 mmoles) was h e a te d  fo r  10 m in  a t  240 °C u n d e r n itro g e n  
to  y ie ld  0.52 g (93% ) of th e  t i t l e  com pound , which w as re c ry s ta lliz e d  from  A cO H . T he p ro d u c t 
su b lim e s  around  270 - 280 °C w ith o u t  m elting, an d  m a y  b e  co n v en ien tly  pu rified  by  su b lim a 
t io n  in  vacuum .

Cu H 12N 20 3 (220.2). C alcd . C 59.99; H 4.90; N  12.77. F o u n d  C 60.04; H  5.30; N 14 .52% .
I R  (K B r): 3200— 2700, b ;  1670 c m " 1.

6 .7 - D im eth o x y -2 -m etliy l-4 (3 H )-q u in azo lin e th io n e  (1 7 d )

A  m ix ture  of co m p o u n d  17c (0.22 g; 1 m m ole), P 2S5 (0 .2 4  g; 1.1 m m ole) an d  d ry  p y rid in e  
(3 m l) w as refluxed for 8 h rs  a n d  poured  in to  w a te r  (7 m l). 10%  aqueous N aO H  (2 m l) w as 
a d d e d  a n d  th e  m ix ture  w as a c id if ie d  w ith  AcOH to  y ie ld  0.15 g (64% ) of 17d, m .p. 281 — 283 °C.

Cn H ,2N20 2S (236.3). C alcd . N  11.86; S 13.57. F o u n d  N  11.75; S 13.28% .
U V  (E tO H ): 226 (4 .66 ), s h ;  231 (4.82); 255 (4 .11); 274 (4.13); 351 (3.99), sh ; 367 (4.21); 

383 (4.18). Model co m p o u n d  2 0 a : 223 (4.47), sh; 228 (4 .4 9 ); 260 (4.12), sh; 271 (4.18); 354 
(4 .0 4 ), sh ; 370 (4.22); 383 (4 .1 5 ) [20].

MS (130 °C): m/e 236 (M + % 100% ); 221 ( M - M e ,  1 2 % ); 203 ( M - S H ,  16% ); 118 (8 % ); 
57 (7 % ).

M ethyl 2 -ace tam ido-4 ,5-d im ethoxybenzoate

A  suspension of m e th y l  4 ,5 -d im eth o x y -2 -n itro b en zo a te  [24] (1.0 g; 4.1 m m oles) in 
A c O H  (30 ml) was red u ced  in  th e  p resence of a 10%  P d -C  c a ta ly s t  a t  o rd in ary  pressure  an d  room  
te m p e ra tu re .  The c a ta ly s t  w as rem oved , and th e  re d  so lu tio n  was e v ap o ra ted  to  d ry n ess. 
T h e  re s id u e  was re fluxed  fo r  1 h r  w ith  Ac20  (1 m l) in  C H 2C12 (4 ml). T he CH2C12 was d istilled  
o f f  a n d  th e  solution w as p o u re d  in to  w a ter to y ield  0.82 g (7 9 % ) of th e  t itle  com pound , m .p . 
159— 160 °C (from E tO H ).

CI2H 12N 0 6 (253.2). C alc. N  5.53, Found: N  5 .4 2 %
IR ' (K B r): 3305 (w ), 3270 , 1690, 1680 c m “ 1.

3 -  A m in o -6 ,7 -d im eth o x y -2 -m eth y l-4 (3 H )-q u in azo lin o n e  (17a)

T he above ester (0 .2  g ; 0 .8  m m ole) was re flu x ed  fo r  1.5 h r  w ith  a  m ix tu re  o f p y rid in  
(1 m l)  a n d  98%  h ydrazine  h y d r a te  (0.5 ml) to  y ield  0.16 g (85% ) of com pound 17a, m .p . 
219 - 2 2 0  °C (from A cO H ).

CUH 13N 303 (235.2). C alc. C 56.40; H  5.57; N 17.86. F o u n d  C 56.62; H  5.72; N 17 .70% .
I R  (K B r): 3270, 3180, 1665, 1625 c m - 1.
MS (130 °C): m/e 235 (M + -, 100% ); 220 (M —M e, 2 9 % ); 206 (M-£-N2H , 5 1% ); 191 

(2 2 0 — N 2H  and 206-£-Me, 1 0 % ); 190 (9% ); 162 (1 9 1 ^ -H C Ó , 12% ); 136 (d im eth o x y b en - 
z y n e  + -, 12% ).

3 -A cetam ido-6 ,7 -d in ie th o x y -2 -m eth y l-4 (3 H )-q u in azo lin o n e  (17b)

C om pound 17a (0.4 g; 1.7 m m ole) was re flu x ed  w ith  a m ix tu re  o f py rid in e  (5 m l) and  
A c20  (0.8 ml). The d ry  re s id u e  o f  th e  reaction  m ix tu re  w as t r i tu ra te d  w ith  w a te r  to  y ield  
0 .52  g (96% ) of th e  3 -d iac e ty lam in o  com pound, m .p . 223— 225 °C (from  AcOH ).
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C,5H 17N 30 5 (319.3). Calcd. C 56.40; H 5.37; N  13.16; О 25.05. F o u n d  С 56.25; H  5.27; 
N  13.35; О 25.07% .

IR  (K B r): 1735, 1690, 1605, 1500 c m - '.
P a r t ia l  d e ac e ty la tio n  of th is  p ro d u c t (0.2 g) w as effected  by  re flu x in g  w ith  E tO H  

(2 m l) co n ta in in g  a trac e  o f  N a O E t. T he so lven t w as d is tilled  off, th e  residue w as d isso lved  in 
w a te r, an d  CO, w as in tro d u c ed  to  p rec ip ita te  0.14 g (7 9 % ) o f th e  t itle  com pound , m .p . 255 — 
256 °C (from  E tO H ).

Cl3H 16N 30 4 (277.3). Calcd. C 56.32; H 5.40; N 15.15. F o u n d  C 56.05; H  5.90; N  15 .32% . 
I R  (K B r): 3200— 2700, b ; 1670 c m 1, b.
UV (E tO H ): 241 (4.80); 283 (3.94); 310 (3.89); 323 (3.83). F o r th e  sp ec tra  o f th e  m odel 

com pounds 19, see above.
MS (140 °C): m/e 277 (M + -, 9% ); 235 ( M - A c  +  H , 15% ); 220 (M - A cN H  +  H , 100% ); 

205 (220— Me, 5 0% ); 177 (205^*-CO, 24% ); 175 (1 8 % ); Í36  (d im eth o x y b en zy n e  + -, 2 5% ); 
134 (29% ).

*

T he a u th o rs  a re  in d eb te d  to  D r. H. M e d z i h r a d s z k y - S c h w e i g e r  and  Mrs. I. B a l o g h - 
B a t t a  an d  sta ffs for th e  m icroanalyses, to D r. J .  N y i t r a i  an d  Miss E . S z a p á r y  fo r p a r t  o f  th e  
N M R sp ec tra , to  D r. J .  B a l l a  and  s ta ff  fo r p a r t  o f th e  m ass sp ec tra , and  to  D r. F . R u f f  
an d  s ta f f  fo r th e  IR  an d  UY spec tra .
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ISOXAZOLES, I

T H E  CR Y STA L A N D  M O L E C U L A R  ST R U C T U R E  A N D  SO M E R E A C T IO N S O F  A N O V E L  
T Y P E  C O N D E N SA T IO N  PR O D U C T  O F  E T H Y L  2 -E T H O X Y -2 -IM IN O P R O P IO N A T E

A N D  H Y D R O X Y L A M IN E

P .  L u g o s i ,8* G. D o l e s c h a l l ,8 L .  P á r k á n y i 11 and A. K á l m á n 1*

(&D epartm ent o f  Organic C hem istry , Technical U n iversity , B udapest, and bCentral Research  
Institu te  fo r  C hem istry , H ungarian  A cadem y o f  Sciences, B udapest)

R eceived  D ecem ber 10, 1976

A 2 : 1 co n d en sa tio n  p ro d u c t of s tru c tu re  2 is fo rm ed in th e  re ac tio n  o f  e th y l 
2 -e th o x y -2 -im in o p ro p io n ate  in  th e  presence of sod ium  hydroxide. T h e  c ry s ta l 
an d  m olecu lar s tru c tu re  o f th e  p ro d u c t was so lved  b y  th e  d irec t m ethod  a n d  re fin ed  
by  least-sq u ares calcu la tio n s to  R  0.057 fo r 1724 o b se rv ed  reflexions co llec ted  on  a 
S y n tex  P 2 t fou r-circ le  a u to m a tic  d iffrac to m e te r u sin g  a  g rap h ite  m o n o ch ro m ato r. 
T he d im ers o f th e  m olecules fo rm  in fin ite  sh ee ts m a in ta in e d  by  hydrogen  b o n d in g .

Condensation of ethyl 2-ethoxy-2-iminiopropionate chloride (1) [1]
with hydroxylamine in the presence of alkali furnished, instead of the expected
1 : 1 condensation product, 3-ethoxy-5-isoxazolol (or tautomeric forms), a
2 : 1 condensation product, C10H14N2O5. The structure of this compound 
which, according to its IR and NMR spectra, had one NH2, one CH2, two C =  0  
and two OEt groups, was revealed by X-ray structure determination (see 
below) to be 2. The tautomeric structure, in the crystalline state, of this poten
tially tautomeric compound agrees with the tautomeric structures of related 
compounds both in the crystalline state and in solutions, as established earlier 
by IR and NMR spectroscopic methods [2].

As a result of its various functional groups and active sites, the reactions 
of compound 2 are manifold.

Treatment of 2 with dry hydrogen chloride in boiling ethanol caused 
selective hydrolysis of the ethoxy group attached to the ring. Treatment 
of 2 with a hot mixture of hydrochloric and acetic acids, on the other hand, 
resulted in hydrolysis of both the ethoxy and the ester groups, and treatment 
of the resulting acid with copper powder effected smooth decarboxylation 
to 3. Direct deethoxycarbonylation of 2 to 4 was brought about by treatment 
with sodium chloride in aqueous DMSO (c f . [3]). Attack of electrophilic reagents, 
such as nitrous acid and bromine, took place at the methylene group and 
furnished compounds 5 and 6, respectively. The latter was obtained also on

* C hinoin resea rch  fellow , 1972— 1976
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NBS treatment of compound 2. When treated with boiling acetic anhydride, 
compound 5 was acetylated both at the hydroxyimino and the amino groups 
to yield compound 7. Attack of the nucleophilic hydrazine took place at the 
а-position of the side chain of compound 2 furnishing, after acidification, 
the pyrazolylisoxazole derivative 8 (or tautomeric forms).

Crystal and m olecular structure determ ination of 2

C r y s t a l  d a t a .  From single-crystal diffractometry, using Mo-7ia radiation 
(A =  0.7069 Á), a  =  13.317(3), b =  6.988(2), c =  25.797(4) Á, ß  =  102.42(2)°, 
space group C2/c (from the structure determination), D x  =  1.37 g.cm-3  
for Z  =  8.
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I n t e n s i t y  d a t a ,  s t r u c tu r e  d e t e r m i n a t i o n  a n d  r e f i n e m e n t

Intensities of 2227 independent reflexions were collected on a Syntex 
P2j automatic four-circle single-crystal diffractometer from a graphite mono
chromator. The structure was solved by an XTL version of program MULTAN
[4] and Fourier techniques. The full-matrix refinement of the non-hydrogen 
atoms with a weighting scheme of tv =  l / д  (F )2 led to a final R  value of 0.057 
for 1724 observed [F 0 >3.9<r (F 0)] and 0.073 for all reflexions. Hydrogen

Table I

A tom ic coordinates ( X 10*) and anisotropic temperature factors fo r  the non-hydrogen atoms 
Temperature factors are o f  the fo rm  exp (1 / a?a*hjhjВ [j) with B jj in  Á 2

У Z B 22 B 33 B„ B„

0 (1 ) 4942(2) 2107(3) 415(1) 3.2(1) 2.6(1) 4.6(1) — 0.9(1) 0.9(1) - 0 .5 ( 1 )
N(2) 4398(2) 3410(4) 695(1) 2.8(1) 3.2(1) 4.1(1) - 0 .8 ( 1 ) 1.0(1) - 0 .3 ( 1 )
C(3) 4998(2) 4893(5) 804(1) 2.8(1) 3.1(1) 2.9(1) — 0.4(1) 0.6(1) 0.0(1)
C(4) 5934(2) 4740(4) 619(1) 2.4(1) 2-5(1) 2.8(1) - 0 .5 ( 1 ) 0.5(1) o .i(D
C(5) 5872(2) 2901(4) 376(1) 2.7(1) 2.6(1) 3.3(1) - 0 .6 ( 1 ) 0.6(1) 0.2(1)
0 (6 ) 6451(2) 2049(3) 152(1) 4.2(1) 3.0(1) 4.9(1) - 0 .5 ( 1 ) 1.8(1) - 0 .8 ( 1 )
C(7) 6715(2) 6059(4) 629(1) 2.9(1) 2.7(1) 2.3(1) - 0 .7 ( 1 ) 0.4(1) - 0 .1 ( 1 )
N(8) 7536(2) 5639(4) 451(1) 3.0(1) 3.2(1) 4.3(1) - 1 .0 ( 1 ) 1.7(1) - 0 .5 ( 1 )
C(9) 6624(2) 8067(4) 815(1) 3.6(1) 2.6(1) 3.0(1) - 1 .1 ( 1 ) 0.8(1) - 0 .2 ( 1 )
0 (1 0 ) 6781(2) 8297(5) 1409(1) 3.4(1) 3.0(1) 3 .K D - 0 .9 ( 1 ) 0.4(1) - 0 .3 ( 1 )
0 (1 1 ) 7138(2) 7134(4) 1733(1) 7.1(2) 4.2(1) 3.3(1) 1-0(1) - 0 .3 ( 1 ) 0.2(1)
0 (1 2 ) 6480(2) 10044(3) 1515(1) 5.4(1) 3.4(1) 3.0(1) 0.1(1) 0.8(1) 0.5(1)
0(13) 6579(3) 10540(6) 2071(1) 5.9(2) 5.1(2) 2.9(1) - 0 .4 ( 2 ) 0.9(1) - 0 .9 ( 1 )
C(14) 6049(3) 12414(7) 2084(2) 5.9(2) 5.9(2) 5.0(2) 0.2(2) 1.5(2) — 2.0(2)
0 (1 5 ) 4791(2) 6413(3) 1073(1) 3.0(1) 3-7(1) 4.7(1) - 0 .8 ( 1 ) 1.5(1) - 1 .1 ( 1 )
0(16) 3825(2) 6419(6) 1247(2) 2.7(1) 5.5(2) 5.1(2) - 0 .1 ( 1 ) 1.5(1) — 0.8(2)
0(17) 3871(3) 8146(8) 1607(2) 4.9(2) 7.8(3) 7.8(3) - 0 .3 ( 2 ) 3.2(2) — 3.8(2)

Table I I

P ositional parameters and isotropic temperature factors  (A 2) and C -H  distances (Ä) fo r  the hydrogen
atoms

x У Z В C - H X У z B C -H

H (8a) 804 643 45 2.9 0.87* H (14b) 528 1227 192 4.8 1.03

H (8b) 768 464 36 2.9 0.77* H(14c) 634 1341 193 4.8 0.93

H (9a) 593 855 65 2.9 0.99 H (16a) 374 524 146 3.8 1.01

H (9b) 712 886 73 2.9 0.93 H (16b) 322 645 95 3.8 0.99

11( 1 3a) 732 1066 226 4.0 1.01 H (17a) 437 792 188 5.0 0.87

11(13b) 627 957 227 4.0 0.99 H (17b) 333 833 167 5.0 0.78

U (14a) 608 1287 246 4.8 1.01 H(17c) 417 917 146 5.0 0.94

* N — H
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atoms of the two m ethyl groups and those attached to the N(8) atom were 
located in a difference map. Other hydrogens were geometrically generated. 
No hydrogen parameters were refined. All hydrogen atoms were involved in 
the structure factor calculations, however. Final atomic parameters are shown 
in Tables I and II.

All calculations have been performed on a NOVA minicomputer with 
the XTL structure determination program package supplied by Syntex.

D i s c u s s i o n  o f  the m o l e c u l a r  s t r u c t u r e

The atomic numbering used, together with the hydrogen bond network 
are shown in Fig. 1. The bond lengths and angles with their e.s.d.’s are given 
in Table III. The non-hydrogen atoms of the molecule except the C(9), C(10),

Table II I

Bond lengths ( A )  and  angles (° )  with their e .s.d .’s in  parentheses

m e a n  [5] m e a n  [5]

0 ( 1 ) - N ( 2 ) 1.451(3) 1.422 C(5)— 0 (1 )— N (2) 109.6(2) 108.1

N ( 2 ) -C (3 ) 1.302(3) 1.324 0 ( 1 ) - N ( 2 ) - C ( 3 ) 104.9(2) 105.7

C(3)— C(4) 1.431(4) 1.425 N ( 2 ) - C ( 3 ) - C ( 4 ) 114.0(3) 111.0

C(4)— C(5) 1.424(4) 1.352 C(3)— C (4 ) -C (5 ) 104.0(3) 104.8

C(5)— 0 (1 ) 1.380(4) 1.352 C(4)—C (5)— 0 (1 ) 107.4(3) 110.4

C(3)— 0 (1 5 ) 1.330(4) N(2)— C(3)— 0 (1 5 ) 124.1(3)
0 (1 5 )— C(16) 1.450(4) C(4)—C(3)— 0 (1 5 ) 121.9(3)

C(16)— C(17) 1.516(7) C(3)—0 (1 5 )— C(16) 117.5(3)

C(4)— C(7) 1.386(4) 0(15) —C (16)— C(17) 105.7(3)

C (7 ) -N (8 ) 1.308(4) C(3)—C(4)— C(7) 130.4(3)

C(7)— C(9) 1.496(4) C(5)— C(4)— C(7) 125.5(3)

C(9)— C(10) 1.509(4) C ( 4 ) - C ( 7 ) - N ( 8 ) 121.7(3)

n © T О 1 .189(4) C (4 ) - C ( 7 ) - C ( 9 ) 121.2(3)

C(10)— 0(12) 1.332(4) N ( 8 ) - C ( 7 ) - C ( 9 ) 117.1(3)

coО

1 .454(4) C (7 ) -C (9 ) -C (1 0 ) 115.0(3)

C(13)— C(14) 1.491(6) C(9)—C (10)—0 (1 1 ) 126.0(3)

C(5)— 0 (6 ) 1.215(4) C(9) —C(10) — 0 (1 2 ) 108.9(3)

0 (11)— C( 10)— 0 (1 2 ) 125.0(3)

C(10)— 0 (1 2 ) — C(13) 117.0(3)

0(12) —C(13) —C(14) 106.7(3)

0 (1 )— C(5) — 0 (6 ) 120.6(3)

C(4)—C(S)— 0 (6 ) 132.0(3)
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EtO

01й

CHü—COOEt

ЕЮ

® ) c — CH2—COOEt 

H 2N

H O N H j

1 2

Me
\

RO C — N H 2

CXY—COOEt
\

E tO  C— N H j

AeO COOEt
\  /
N =C

\
E tO  C— NHAo

3: R  =  H

4: R =  E t

5: X  +  Y —HO— N =  7

6: X = B r ,  Y =  H

OH

‘ TaiitoiroHc structure  no t known

Fig. J .T h e  p ro jec tion  of th e  m olecu lar d im er p e rp en d icu la r to  th e  c* axis w ith  a to m ic  n u m b er
ing an d  hydrogen bo n d s. G eo m etry  of th e  hydrogen  b o nds are  also given. T he b a re  num bers 

are for c a rb o n  a to m s, while th e  sm aller circles re p re se n t H  a tom s

0(11), 0(12), C(13), C(14) and C(17) atoms form a planar arrangement as 
shown in Table IV. The conformations of the 3-ethoxy- and the 4-/J-amino- 
ethylpropionate moieties are described by the torsion angles (Table V). The 
nearly planar carbethoxy group is twisted from the best-plane of the five- 
membered ring around the C(7)- C(9) bond [cf. C(4) -C (7)—C(9)—C(10) =  
=  75.9°]. The bond lengths and angles in the five-membered ring show only 
slight differences from the average values (c f . Table III) calculated for seven 
isoxazole rings discussed by S im o n  e t  a l .  [5] in connection with the structure 
analysis of 5-diacetylamino-3,4-diphenylisoxazole. Only the C(4)—C(5) bond
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is considerably longer (1.424 Á) than the mean value of 1.352 Ä; this is 
presumably due to the vicinity of the C(4) — C(7) and C(5)—0(6) multiple 
bonds. The exocyclic bond lengths are comparable with the corresponding 
data in the literature. As can be seen from Fig. 1, the molecular dimers with 
a centre of symmetry are maintained by the hydrogen bonds N(8)— H . . . 0(6). 
These dimers are linked together by weak hydrogen bonds N(8) —H . . . N(2) 
and, thus, form infinite sheets.

Table IV

Least-squares p lane o f  the isoxazole ring and deviation o f  atoms fro m  this p lane

P la n e  e q u a tio n : 0.4424X— 0 .4 1 5 2 Y + 0 .7 9 4 9 Z  =  1.9636 w here X ,Y  and  Z are in  A and re la ted  
to  o r th o g o n a l axes: a,* b , c.

Isoxazole ring d (Á) O ther atom s d (A)

0 (1 ) — 0.006 C(9) — 0.33

N(2) 0.001 C(10) 0.88

C(3) 0.003

C(4) — 0.006 0(11) 2.00

C(5) 0.007 0(12) 0.48

C(13) 1.51
Atom s w ith in o .i  A d (A) C(14) 0.81

0(6) — 0.003 0(17) 0.31

C(7) — 0.097

N(8) - 0 .0 5 5

0(15) 0.042

C(16) 0.061

Table V

Torsion  angles

(a ) T o rs io n  angles w ith in  th e  isoxazo le  rin g

0 (1 )— N ( 2 ) - C ( 3 ) — C(4) 0.0°
N (2)— C (3)— C(4)— C(5) — 0.9
C(3)— C (4)— C(5)— 0 (  1) 1.3
C (4 ) -C (5 )— 0 (1 )— N(2) — 1.2
C(5)— 0 ( 1 ) — N (2)— C(3) 0.0

(b ) T o rs io n  angles re la ted  to  th e  isoxazole ring

0 (1 ) —N (2 )—C(3)—0(15) — 178.3°
N (2)— C ( 3 ) - C ( 4 ) - C ( 7 )  175.1
N (2)— 0 ( 1 ) — C(5)— 0 (6 ) 180.0
0 (1 5 )— C (3)— C(4)— C(5) 177.6
0 (1 5 )— C (3)— C(4)— C(7) — 6.3
C(3)— C(4) — C(5)— 0 (6 ) 180.0
C(7)— C (4)— 0 (5 )— 0 (1 ) — 175.1
C(7)— C(4)— C(5)— 0 (6 ) 3.0
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(c) T orsion  angles o u ts id e  th e  isoxazole ring

C ( 3 ) - C ( 4 ) - C ( 7 ) - N ( 8 ) 178.2
C(3)—C(4)— C(7)— C(9) — 5.5
C(5)— C(4)— C(7)— N(8) - 6 . 5
C(5)— C(4)— C(7)— C()9) 169.8
C(4)— C(7)— C(9)— C(10) 75.9
N (8)— C(7)— C(9)— C(10) — 107.7
C(7)— C(9)— C(10)— 0(11) 14.1
C(7)—C(9)— C( 10)—0(12) — 167.6
C(9)— C (1 0 ) -  0 ( 1 2 ) -  C(13) 180.0
0 ( 1 1 ) - C ( 1 0 ) - 0 ( 1 2 ) - C(13) — 1.3
C (1 0 ) -  0 ( 1 2 ) -  C (1 3 )-  C(14) — 171.4
C(4)— C ( 3 ) -  0 ( 1 5 ) -  C(16) 180.0
N (2)— C(3)— 0 (1 5 )— C(16) — 1.0
C(3)— 0 (1 5 )— C(16)— C(4) 171.7

E xperim en ta l

Condensation of ethyl 2-ethoxy-2-iminopropionate chloride (1) with hydroxylainine

A n aqueous (i 80 m l) so lu tion  of N aO H  (16.5 g; 412 m m oles) w as added u n d e r  co n tin u o u s  
s tirr in g  to  th e  suspension  of com pound  1 [1] (60 g; 305 m m oles) in  e th e r (400 m l), p la c e d  in to  
an  ice-sa lt b a th ,  a t  su ch  a  ra te  th a t  th e  te m p e ra tu re  n e v e r  exceeded  0 °C. The e th e re a l  la y e r  
w as se p a ra ted  an d  a d d e d  to  th e  aqueous (40 m l) so lu tio n  o f h y d ro x y lam m o n iu m  ch loride  
(11.5 g ; 165 m m oles). The m ix tu re  w as s tirred  fo r 10 m in  a t  0 °C an d  th en  for 1 h r  a t  room  
te m p e ra tu re . T he lay e rs  w ere se p a ra ted  and  th e  a q u eo u s  la y e r  w as ex trac ted  w ith  tw o  p o r
tio n s (80 m l each) o f e th e r . T he com bined e th e rea l so lu tio n s w ere d ried  (M gS04), th e  so lv e n t w as 
e v ap o ra te d  an d  th e  resid u e  k e p t for several d ay s in  a n  e x s icc a to r w hereby m o st o f  i t  tu rn e d  
c ry sta llin e . T he crude  c ry s ta llin e  p ro d u c t was f ilte red  off, w ash ed  w ith  e th e r and  re c ry s ta lliz e d  
from  e th a n o l to  y ield  27.7 g (58% ) of ethyl 3-amino-3-(3-ethoxy-5-oxo-2-isoxazoIin-4-ylid- 
ene)propionate (2), m .p . 120 —122 °C (E tO H ).

C ,0H ,4N 2O5 (242.2). Calcd. C 49.58; H  5.81; N  11.57. F o u n d  C 50.01; H  5.94; N  11 .84% .
I R  (K B r): 3350, 3210, 3000, 1745, 1725, 1665, 1590 c m - 1.
N M R  (CDC13): 8 9.2 an d  8.1, b o th  bs, 1H each , I4H.2; 4.35 an d  4.26, b o th  q u , 2 H , each , 

+  1.43 an d  1.32, b o th  t r ,  3H , each , J  =  7 Hz for b o th , 2 E tO  groups; 3.84, s, 2H , C H 2 • N M R  
(CDC13 +  T F A ): 8 9.4 a n d  8.76, b o th  bs, 1H each, N H 2; ~  4.28, two qu , 4H , +  1.46 a n d  1.32, 
b o th  t r ,  3H , each , J  «« 7 H z fo r b o th , 2 E tO  groups; 3 .92 , s, 2H , CH2.

E thy l 3 -a m in o -3 -(3 -h y(lioxy-5 -oxo-2 -Í40xazo lin -l-v lidene)-propionate

D ry  HC1 gas w as in tro d u c ed  for 1 h r  in to  th e  re flu x in g  so lu tio n  of com pound 2 (2.42 g; 
10 m m oles) in  a n h y d ro u s  E tO H  (25 m l). The m ix tu re  w as e v a p o ra te d  to dryness in  v a cu u m . 
W hen  t r i tu ra te d  w ith  5 %  aqueous N a H C 0 3 so lu tio n , th e  o ily  residue tu rn ed  c ry s ta llin e . 
R e cry s ta lliza tio n  o f th is  p ro d u c t gave 1.2 g (56% ) of th e  t i t le  com pound, m .p. 150— 152 °C. 

C8H i 0N ,O 5 (214.18). Calcd. C 44.86; H  4.71; N  13.39. F o u n d  C 45.10; H 4.70; N  13 .50% . 
I R  (K B r): 3350, 3200, 1730, 1710, 1670, 1635, 1560 c m “ 1.
N M R  (DM SO-d„): 8 9.55, bs, 2H  and 9.05, bs, 1H , N H 2 +  O H ; 4.10, qu , 2 H , +  1.15, 

tr ,  3H , J  =  7.2 H z, C O O E t; 3.83, s, 2H , CH..

3-Amino-3-(3-hydroxy-5-oxo-2-isoxazolin-4-ylidene)-propionic acid

A  m ix tu re  o f co m p o u n d  2 (2.42 g; 10 m m oles), A cO H  (30 m l) and cone, h y d ro c h lo ric  
acid (15 m l), w as s tir re d  fo r 3 h rs  a t  75 — 80 °C an d  e v a p o ra te d  to  d ryness in v a cu u m . W a te r  
(30 m l) w as ad ded  to  th e  d ry  residue and  the  resu ltin g  m ix tu re  w as again  ev ap o ra ted  to  d ry n ess  
in v acu u m . T he residue w as recry sta llized  from  w a te r to  y ield  1.3 g (70% ) of the  t itle  co m p o u n d . 

C6H 6N ;Os (186.13). Calcd. C 38.71; H  3.25; N  15.05. F o u n d  C 38.55; H  3.22; N  14. 7 9 % .
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4-(l-Aminoethylidene)-3-hydroxy-2-isoxazolin-5-one (3)

T h e  above com pound (1.86 g ; 10 m m oles) w as s t i r re d  w ith  pyrid ine  (15 m l) in  th e  p resence  
of a  c a ta ly t ic  am o u n t o f copper p o w d er a t  room  te m p e ra tu re  u n til the  ev o lu tio n  of C 0 2 ceased. 
T h e  m ix tu re  was e v ap o ra te d  to  d ry n ess, and  th e  re s id u e  w as tr itu ra te d  w ith  e th e r  to  y ield
1.0 g (5 4 % ) of com pound 3, m .p . 152 —153 °C (d .; f ro m  i -P rO H ).

C5H 6N 20 3 (142.12). Calcd. C 42.35; H  4.26; N  19.72. F o u n d  C 42.12; H  4 .08 ; N  20 .01% . 
I R  (K B r): 3310, 3110, 1690, 1590 c m “ 1.

4-(l-Aminoethylidene)-3-ethoxy-2-isoxazolin-5-one (4)

A  m ix tu re  of com pound  2 (2.42 g; 10 m m oles), N aC l (0.7 g), w a ter (0.4 m l) a n d  DM SO 
(20 m l) w as stirred  a t  150 °C. W h en  th e  ev o lu tio n  o f C 0 2 h a d  ceased, th e  m ix tu re  w as p o u red  
o n to  ice , a n d  th e  p ro d u c t w as e x tra c te d  w ith  tw o p o rtio n s  o f  e th e r (25 m l e ac h ). T h e  com bined  
e th e re a l  so lu tio n s were w ash ed  w ith  w a te r  (tw o p o r tio n s , 10 ml each), d r ie d  (M gS O ,) an d  
e v a p o ra te d  to  dryness. T he resid u e  w as rec ry sta llized  fro m  w ater to  y ield  0.6 g (3 6 % ) of 4, 
m .p . 1 5 8 — 160 °C.

C7H 10N 2O3 (170.17). C alcd. C 49.40; H  5.92; N  16. 47. F o u n d  C 49.04; H  5.60; N  16 .50% .
I R  (K B r): 3250, 3050, 1670, 1570 c m - 1.
N M R  (DM SO-dc): <5 9.35 a n d  9.05, b o th  bs, N H 2; 4.20, qu, 2H  +  1.30, t ,  3 H , J  =  7.3 

H z , E tO ;  2.26, s, 3H  C Me.

E thyl 3-amino-3-(3-ethoxy-5-oxo-2-isoxazolin-4-ylidene)-2-hydroxyimino propionate (5)

A n  aqueous (5 m l) so lu tio n  of N a N 0 2 (0.84 g ; 10 m m oles) w as ad d ed  b y  d ro p s  u n d e r  
s t i r r in g  a n d  ice-cooling to  a  m ix tu re  o f com pound 2 (2 .42 ; 10 m m oles), ace tic  acid  (30 m l) an d  
w a te r  (5 m l) a t  such a ra te  t h a t  th e  tem p e ra tu re  d id  n o t  exceed  10 °C. T he m ix tu re  w as s tir red  
fo r  a n o th e r  30 m in  a t  th is  a n d  fo r 1 h r a t  room  te m p e ra tu re . The residue o b ta in e d  a fte r  
e v a p o ra t io n  to  d ryness w as rec ry s ta llize d  fro m  w a te r  to  y ield  2.5 g (92 .5% ) o f co m pound  
5, m .p .  212 °C (d.).

C IOH 13N 30 B (271.22). C alcd. C 44.28; H  4.83; N  15.59. F o u n d  C 44.10; H  4 .92 ; N  15 .79% .
I R  (K B r): 3100, b , w ith  sh ’s a t  3300 and  2850; 1720, 1690, 1640, 1575 c m - 1.
N M R  (DM SO-d6): á 13.2 a n d  13.05, b o th  s, to ta l  in te n s ity  1H , ox im e-O H , E  a n d  Z  

iso m e r; 9 .4  a n d  9.0, b o th , b s, N H 2; 4.25 an d  4.05, b o th  q u , 2H , each, -f- 1.25 a n d  1.20, b o th  tr ,  
3 H , e a c h , J  =  7 H z fo r b o th , tw o  E tO  groups.

Acetylation

A  m ix tu re  of th e  above  p ro d u c t (1.35 g; 5 m m o les) and  acetic  an h y d rid e  (25 m l) w as 
r e f lu x e d  fo r  2.5 hrs an d  e v a p o ra te d  to  d ryness. T h e  re s id u e  was t r i tu ra te d  w ith  w a te r  an d  
e x tr a c te d  w ith  th ree  p o rtio n s  o f CHC13 (15 m l each ). T h e  com bined CHC13 so lu tio n s  were 
w a sh e d  w ith  w a ter (tw o p o rtio n s , 5 ml each), d r ied  (M gSO,) and e v ap o ra te d  to  d ryness. 
T h e  o ily  residue  was t r i tu r a te d  w ith  e th e r to  y ield  1.0 g (5 6 % ) of th e  0 ,lV -d iace ty l d e r iv a tiv e  
7, m .p . 127 °C (from  E tO H ).

C X4H 17N 30 8 (355.30). Calcd. C 47.32; H  4.72; N  11.83. F o u n d  C 47.20; H  4.77; N  11.68% .

Ethyl 3-amiiic-2-bromo-3-(3-ethoxy-5-oxo-2-isoxazoliii-4-ylidene)propionate (6)

(a ) A  m ix tu re  of B r2 (0.486 m l) and  CHC13 (5 m l) w as added  b y  d rops u n d e r  c o n tin u o u s  
s t i r r in g  a t  am b ien t te m p e ra tu re  to  a so lu tion  of co m p o u n d  2 (2.42 g; 10 m m oles) in  CHC13 
(50 m l). T h e  m ix tu re  w as w ash ed  w ith  tw o p o rtio n s  o f 5 %  aqueous N a H C 0 3 so lu tio n  (25 m l 
e a c h )  a n d  tw ice w ith  w a te r  (20 m l, each) and  dried  (M gSO ,). Th< oily residue, o b ta in e d  a f te r  
e v a p o ra t io n  of th e  so lv en t, fu rn ish e d  on sc ra tch in g  2.4 g (75% ) of a yellow  p o w d er, m .p . 
1 1 4 - 1 1 6  °C (from  i-P rO II) .

C 10H 13B rN 2O5 (321.14). Calcd. C 37.40; H  4 .08 ; B r  24.88; N  8.72. F o u n d  C 37.63; H  
4 .0 6 ; B r  24.49'; N 8.99% .

I R  (K B r): 3350, 3200, 2900, 1740, 1720, 1610, 1570 c m ” 1.
N M R  (CDC13): 6 5.73, s, 1H , CH; 4.37 an d  4 .32 , b o th  qu , 2H , each, +  1.46 a n d  1.35, 

b o th  t r ,  3 H , each, J  =  7 H z fo r b o th , tw o E tO  g ro u p s.
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(b) A m ix tu re  o f co m pound  2 (2.42 g; 10 m m oles), d ry  CC14 (50 m l), N B S (2 .4  g; 13.5 
m m oles) an d  dibenzoyl p e ro x id e  (0.2 g) was re flu x ed  fo r 1.5 h r and allowed to cool. T h e  succini- 
m ide w as filte red  off, th e  f i l t r a te  e v ap o ra te d  to  d ry n ess and  the resu lting  o ily  p ro d u c t  was 
w orked  u p  as described ab o v e, to  y ield  1.92 (6 0 % ) o f a p ro d u c t which, a cco rd in g  to  its  m .p. 
(114—-116 °C, from  i-P rO H ) and  IR  sp e c tru m  p ro v ed  id en tica l w ith th e  p ro d u c t  described  
u n d e r  (o).

3-Ethoxy-4-(5-hydroxy-3-pyrazolyl)-5-isoxazolol (8)
(or tautomeric forms)

A m ix tu re  of co m pound  2 (2.42 g; 10 m m oles), 100%  hydrazine h y d ra te  (1 .5  m l) and 
E tO H  (10 m l) was re flu x ed  fo r 15 m in  to  y ie ld , a f te r  be ing  allowed to cool, 2.4 g (9 9 % ) of the 
h y d ra z in e  sa lt of th e  t it le  co m p o u n d , m .p . 195— 196 °C (d.).

T he la t te r  (1.2 g; 5 m m oles) w as d issolved in  w a te r  (6 ml) and acidified w ith  a ce tic  acid 
to  y ield  0.8 g (73% ) of th e  t it le  co m pound , m .p . 162 163 °C (d .; a fte r th o ro u g h  d ry in g  over
P 20 5 in  vacuum ).

C8H 9N 30 4 (211.18). Calcd. C 45.50; H  4 .29 ; N  19.90. F ound  C 45.31; H  4 .01 ; N  19 .68% .
N M R (D M SO -dfi) (of th e  n o n -an h y d ro u s  p ro d u c t) :  ő 5.65, s, 1H, p y razo le  C -H ; 4 .Í5 , 

qu , 2H  -F 1.28, tr ,  3H , J  =  7 H z, E tO .
I R  sp ec tra  were o b ta in e d  on a MOM (H u n g a ria n  O ptical W orks) sp e c tro m e te r , ty p e  

S p ec tro m o m  2000; N M R  sp e c tra  w ere o b ta in e d  a t  60 M H z on a P e rk in -E lm er sp e c tro m e te r, 
ty p e  R  12.

*

T he au th o rs  are in d eb te d  to Mrs. I. B a l o g h - B a t t a  and Dr. P . K o l o n i t s  a n d  sta ffs 
for th e  m icroanalyses an d  th e  sp ec tra , re sp ec tiv e ly . T h a n k s  are due to  Mr. G. L i n d a h l  (G eneral 
M anager, S y n te x  A n a ly tica l In s tru m e n ts  A B ., A k e rsb e rg a , Sweden) for h is o ffe r to  collect 
d a ta  on  th e ir  S y n tex  P 2 t a u to m a tic  sing le-c ry sta l d iffrac to m e te r in our la b o ra to ry  a t  C R IC .
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РЕЗЮ М Е

К о л и ч е с т в е н н о е  о п р е д е л е н и е  с л е д о в  э л е м е н т о в  в  с и л и к а т н ы х  м а т р и ц а х  
с п е к т р о г р а ф и ч е с к и м и  м е т о д а м и  с  н е п р е р ы в н о й  п о д а ч е й  р а с т в о р о в ,  II I

Сравнение аналитической эффективности различных экспериментальных
методов

А. ДОМБИ, Э. ГЕГУШ и К. ФАРКАШ-УЙХИДИ

Описанные спектроаналитические методы, основанные на постоянном введении  
растворов в источник света, пригодны для количественного определения низкоконцентра
ционных компонентов металлического характера в материалах на силикатной основе.

В ходе исследований были сделаны следующ ие заключения:
— чувствительность методов, использую щ их искровое возбуждение, м о ж ет  быть 

повышена применением атмосферы аргона;
— точность испытанных методов удовлетворяет требованиям, предъявляемым в 

анализе следов элементов;
— метод стабилизированной дуги низкоамперного прямого тока обеспечивает  

больш ую точность по сравнению с методами искрового возбуж дения, но более 
чувствителен к изменениям состава матрицы, вследствие чего приводит к мень
шей аналитической надеж ности по сравнению  с методами распыления и враща
ющегося диска.

Использование программы расчета на ЭВМ  ускоря ет процесс обработки спектров  
и результаты  получаются быстрее и аккуратнее.

К о л и ч е с т в е н н о е  о п р е д е л е н и е  с л е д о в  э л е м е н т о в  в  с и л и к а т н ы х  м а т р и ц а х  
с п е к т р о г р а ф и ч е с к и м и  м е т о д а м и  с  н е п р е р ы в н о й  п о д а ч е й  р а с т в о р о в ,  I

Исследование некоторых параметров, влияющих на характер изучающей
плазмы

А. ДОМБИ, К. ФАРКАШ-УЙХИДИ и Э. ГЕГУШ

Для количественного определения некоторых низкоконцентрационных компонен
тов материалов с силикатной основой были выбраны три спектрографических метода, а 
такж е установлены оптимальные условия их использования. Было изучено влияние окру
жающей атмосферы, а такж е интерелементный эффект (влияние «третьих элементов»), 
являющийся наиболее значительным фактором при анализе растворов.

Аналитическая эффективность методов м ож ет  быть повышена применением ат
мосферы благородного газа (Ar). Это влияние наиболее сильно выражено в м етоде вра
щающегося диска. Метод распылен я с применением трубчатого электрода и м етод вра
щающегося диска являются менее чувствительными к изменению содержания щелочного 
металла в растворе пробы, вводимой в разряд, чем техника стабилизированной дуги  по
стоянного тока.

К о л и ч е с т в е н н о е  о п р е д е л е н и е  с л е д о в  э л е м е н т о в  в с и л и к а т н ы х  м а т р и ц а х  
с п е к т р о г р а ф и ч е с к и м и  м е т о д а м и  с  н е п р е р ы в н о й  п о д а ч е й  р а с т в о р о в ,  II

Программа расчета на ЭВМ для обработки результатов анализа и сравнения
методов

А. ДОМБИ и Э. ГЕГУШ

Была разработана программа расчета на ЭВМ для статистической оценки количест
венного спектрографического анализа.



П омимо осуществления процесса оценки полученны х данных, в программу такж е  
входит определение

— стандартных отклонений от результатов опыта,
— параметров аналитических кривых (градуировочны х прямых) и их стандартных  

отклонений,
— относительного суммарного стандартного отклонения концентрации, 

совпадения данных с аналитическими кривыми (градуировочными прямыми).
П рограмма для расчета на ЭВМ  применима та к ж е и для оценки данных, полученны х  

другим и методами.

Т е р м и ч е с к и й  а н а л и з  п о л и п р о п и л е н о в о г о  в о л о к н а

М. Л Е Н Д Ь Е Л , К. МАТЭ и Г. Б О Д О Р

В  х о д е  термообработки полипропиленового волокна наблюдается процесс пере 
кристаллизации. Изотермическая термообработка бы ла произведена на приборе Д С К  и 
процесс перекристаллизации был детектирован в форме экзотермического пика. И змерения  
проводились в области плавления и ниже ее.

Д в ой н ой  пик плавления, наблюдаемый для полиропиленового волокна, и новый 
эндотермический пик, обнаруживаемы й на кривых Д С К  для полимеров, подвергнуты х  
изотерм ической термообработке, интерпретируется на основе процесса перекристаллиза
ции. К ривы е ДСК для полимеров с метастабильной структурой всегда следует рассм атри
вать к а к  результат параллельно протекающих экзотермических и эндотермических  
реакций.

Э л е к т р о н о г р а ф и ч е с к о е  и с с л е д о в а н и е  с т р о е н и я  м о л е к у л ы  д и ф е н и л с у л ь ф и д а

Б. РОЖОНДАИ, Д Ж . X . МУР, Д. С. Г РЕ Г О РИ  и И. ХАРГИТТАИ

М етодом газовой электронографии определены структурные параметры диф енил
сульф ида. Д лины  связей (ra) S —С 1,771 ±  0,005 Á, С С 1,399 ±  0,003 Á, С- Н 1,089 ±  
±  0,008 Á  и угол  С—S —С 103,7 ±  1,3°. По крайней мере две формы относительно вращ ения  
около S — С связей находятся в согласии с  экспериментальными данными.

Э л е к т р о н о г р а ф и ч е с к о е  и с с л е д о в а н и е  с т р о е н и я  м о л е к у л  в и н и л с у л ь ф о н и л -

х л о р и д а

Й. Б РУ Н В О Л Л  и И. Х А РГИ ТТА И

Электронсграфическим методом было исследовано строение молекул винилсуль- 
ф онилхлорида в парообразной фазе. Три конформера относительно вращения вокруг  
связи S — С м огут обковяем угщ суствова сосущ ествовать. Эти формы характеризую тся  
углами вращ ения (С = С —S —С1) 60, 80 и 160 180°, а угол  0° соответствует форме
анти.  Б ы ли определены следую щ ие длины связей (г0) и валентные углы:

с = с 1.357 1 0.018 C - C - S 121 .3-И .7
S — с 1.744 0.005 C - S — Cl 100.2 +  0.6
s = o 1.420 +  0.006 c - s = o 109.8 +  0.4
S -C 1 2.035 ■0.005 O S O

CI -  s = = o
122.0 +  1.0 
106.4 +  0.6

К онф игурация связей атома серы , в целом, находится в согласии с молекулярны ми  
геометриями в других простых сульф онах. Связь С = С  оказывается одной из длиннейш их  
среди производны х этилена, а связь S —С несколько короче, чем в других хлористы х сул ь-  
фонилах.



А л к а л о и д ы  с о  с к е л е т о м  и н д о л о [ 2 )3 - с ] х и н а з о л и н о [ 3 ,2 - а ] п и р и д и н а ,  V I

Получение цис- и транс-гексагидрорутекарпина
К . ХОРВАТ-ДОРА, Г. ТОТ, И. ТАМАШ и О. КЛА У ДЕР

Подобно синтезу рутекарпина, 1,2 ,3 ,4-тетрагидро-1-оксо-^-карболин (3) конденси
ровали с цис- и транс-2-аминоциклогексанкарбоновой кислотой. В качестве конечного 
продукта было получено два стереоизомера: цис- (4) и транс-гексагидрорутекарлин (5). 
Строение соединений (4) и (5) было доказано на основе У Ф , И К , ЯМ Р и MC спектров.

Были изолированы также и промежуточные продукты конденсации, цис- (6) и транс- 
гексагидрорутекарпкислота (7), которые дальнейший циклизацией был превращены в 
продукты (4) и (5).

О б р а з о в а н и е  п р о и з в о д н ы х  1 ,3 - б е н з т и а з о л а  и з  2 ,2 - д и а м и н о д и ф е н и л д и с у л ь ф и д а

Роданирование 2,2’-диаминодифенилдисульфида и реакция с 
N-арилизотиоцианатом

Э. В И Н К Л Е Р и Ф. К Л И В Е Н И

При взаимодействии 2 ,2 ’-диаминодифенилдисульфида с тиоциановой кислотой  
одновременно образую тся производные 2-аминобензтиазола и 2-бензтиазолинтиона. 
С арилизотиоцианатами образуется лишь 2-аминопроизводное. Был исследован ход  реак
ции, а также отнош ение одновременно образую щ ихся производных. Строение производных  
бензтиазола определяли, исходя из их ИК спектров.

Р е а к ц и и  м о н о -  и  д и а р и л и д е н ц и к л о а л к а н о н о в  с  т и о к а р б а м и д о м  и  р о д а н и д о м

а м м о н и я ,  II

Синтез солей 4-арил-2-имино-1,2,5,6,7,8-гексагидро-4Н-3,1-бензотиазина и 
4-арил-2-имино-1,2,4,5,6,7-гексагидроциклопента [d] (1,3)-тиазина

Т. Л О РА Н Д  и Д . САБО

2-Арилиденциклогексаноны в кислых средах  с тиокарбамидом дают соли 4-арил-
2-им ино-1,2,5,6,7,8-гексагидро-4Н -3,1-бензотиазина (1 а - с ) ,  а 2-арилиденциклопентаноны  
дают соли 4-арил-2-имино-1,2,4,5,6,7-гексагидроциклопента[с1][1,3] тиазина. 2 ,6-Д иарили- 
денциклогексаноны и 2,5-дибензилиденциклопентанон подобным образом даю т соответ
ствующие тиазиновые производные ( I I I a d и IV, соответственно).

П р о и з в о д н ы е  а м и н о ф т а л а з и н о н а ,  II

Синтез 4-(гидроксиалкиламино)-1(2Н)-фталазинонов из гидроксиалкилфталь-
имидов

К. КЁРМ ЕН ДИ

4-(Гидроксиалкиламино)-1(2Н)-фталазиноны (6) с  хорошим выходом могут быть по
лучены из 1,2- и 1,3-аминоспиртов, замещенных различным образом, через циклический  
иминоэфир 5  по схем е реакций 1 -► 6. Ранее разработанный метод (для этаноламина и
3-амино-1-пропанола) [2,3], согласно последним исследованиям может быть обобщ ен и с 
помощью целесообразны х модификаций в большой степени мож ет быть уточнен, так что 
даж е в случае аминоспиртов, стерически экранированны х на конечном азоте (напр., 2- 
амино-2-метил-1-пропанол), получается превосходный выход (около 90% ). З-Гидрокси- 
пропилфтальимид имеет аномальную реакцию тозилирования, аименно вместо тозильного  
эфира (3) образуется 3-хлорпропилфгальимид (4). Ц иклический промежуточный продукт  
5,  взаимодействуя с монозамещенными алкилгидразинами, дает 2-1Ч-замещенные произ
водные (7).



К р и с т а л л и ч е с к и е  г а л о г е н в о д о р о д н ы е  к о м п л е к с ы  ц и к л о д е к с т р и н о в

Й. СЕЙТЛИ и Ж . БУ ДА И

О дна молекула /?-циклодекстрина образует кристаллический комплекс с  включе
нием 1 ,5 —2 ,0  молекул НС1. В ы ход по отношению к циклодекстрину составляет 72 — 74% . 
О бразован ие комплекса было подтверж дено его кристаллической формой, термодерива
тографическими, рентгенодиффракционными и масс-спектрометрическими данными. Выли 
та к ж е  приготовлены в кристаллической форме и комплексы /3-циклодекстрина (/3-ЦД) 
с  Н В г и H J , и а-циклодекстрина с H J. Они оказались стабильными при комнатной темпе
ратур е.

В  присутствии ацетона образую тся третичные комплексы с молярным отношением  
/3-ЦД: ацетон: НС1 = 1 : 1  : 1.

А ц етон , в свою очередь, так ж е дает комплекс с  /3-ЦД с молярным отношением 1 : 1 .

Г е т е р о а р о м а т и ч е с к и е  а м м о н и о а м и д а т ы  с  э л е к т р о н н ы м  д е ф и ц и т о м ,  X I V

Синтез и некоторые реакции 9,10-диметокси-2Н-[ 1,3,4]тиадиазино[3,2-с]
хинезолин-5-ий-З-олатов

М. Л ЕМ П ЕРТ-Ш РЕТЕР, К. ЛЕМ П ЕРТ, П. Б Р У К  и Г. ТОТ

Ц иклизация 2-(2-ациламино фенил)-4Н -1,3,4-тиадиазин-5(6Н )-онов (15d, 15f) при
водит к  первым представителям (16а, 16Ь) новой группы (тип 4) электронодефицитных 
гетероаром атических аммониоамидатов. Щелочной гидролиз 2/7- [1, 3 ,4]тиадиазино[3,2-с]- 
хиназолин-5-ий-З-олата (16а) приводит к образованию в качестве основны х продуктов  
помимо соединений 15d и 4 (3 /7 )-хиназол пиона (17а), такж е и 3-меркаптоацетамидо-4(3/7)- 
хин азол и нон а \(18Ь), который находится в равновесии с таутомером цикл-цепь (18а), т.е. 
тетраэдрическим  стабильным промежуточным продуктом реакции 16а ->- 18Ь. П ри фото
лизе соедин ен ия 16а (лампа Н Р К -1 2 5 , Пирекс, N 2) в качестве основного продукта имеем 
4(3/7)-хиназолинтион (17:1) и в небольш их количествах 3-ацетамидо-4(ЗН)-хиназолинон  
(,17 b).

И з о к с а з о л и ,  I

Кристаллическая структура, а также некоторые реакции нового продукта 
конденсации этил 2-этокси-2-иминопропионата с гидроксиламином

П. ЛУГОШИ, Г. ДО Л ЕШ А Л , Л . П А РК А Н И  и А. КАЛМАН

П р одук т  конденсации состава 2  : 1 и структуры  2  м ож ет быть получен в реакции  
этил 2-этокси-2-иминопропионата в присутствии (N aO H ). Кристаллическая и м олекуляр
ная стр ук туры  продукта были определены прямым методом, а уточнены с помощью метода 
наим еньш их квадратов до R =  0 ,0 5 7  для 1724 наблюдаемых рефлексий, наблюдаемых на 
четы рехконтуром  автоматическом дифрактометре с графитным монохроматором марки 
S y n tex  Р 2 , . Димеры молекул образую т бесконечные листы, удерживаемые водородными  
м остикам и.
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