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REACTION OF STEROIDAL DIENONES WITH  
PERBENZOIC ACID

S. R . H u s a in , M. H u s a i n * and M. S. A h m a d  

(Department o f Chemistry A ligarh M uslim  University, Aligarh-202001, India) 

Received Ja n u a ry  2, 1980 

Accepted for publication  February  15, 1980**

The reaction of cholesta-2,4-dien-6-one (1) w ith perbenzoic acid (1 mole equiva
lent) in the presence of p-toluenesulfonic acid m onohydrate as ca ta ly s t, afforded 
4/?,5/?-oxidocholest-2-en-6-one (4), 4a,5a-oxidocholest-2-en-6-one (5) and  2a,3a-oxido- 
-5-hydroxy-4/?-methoxy’-5a-choiestan-6-one (6). 6-Acetoxycholesta-4,6-dien-3-one (2) on 
similar trea tm en t produced 6a,7a-oxid-6/3-acetoxycholest-4-en-3-one (9) and 7a- 
-hydroxycholest-4-ene-3,6-dione (10). 6-Ethoxycholesta-4,6-dien-3-one (3) provided 
4-hydroxy-6-ethoxycholesta-4,6-dien-3-one (11) and 7a-hydroxy-6/?-m ethoxy-6a-ethoxy- 
cholest-4-en-3-one (13). C haracterization of the products has been m ade on the basis 
of elem ental analysis, spectral properties and by comparison w ith au th en tic  samples, 
where available.

In  co n tin u a tio n  of our s tu d ie s  on th e  peracid  ox ida tio n  o f  s te ro id a l k e to 
nes [I  — 5], d ienones I  3 w ere tr e a te d  w ith  perbenzoic acid  (1 m o le  e q u iv a 
le n t)  u sing  c a ta ly tic  am o u n ts  o f  p -to lu en esu lfo n ic  acid m o n o h y d ra te . W ith  
1 m ole eq u iv a len t o f perbenzoic ac id , 1 gave 4 (m .p. 115 °C), 5 (m .p . 128 °C) 
a n d  6 (in .p . 116 °C). U pon s im ila r t r e a tm e n t, 2 afforded 9 (m .p . 113 °C) an d  
10 (m .p . 165 °C). S im ilarly , 3 y ie ld e d  11 (m .p . 122 °C) and  13 (m .p . 190°).

T he com pounds w ith  m e ltin g  p o in ts  o f 115 °C an d  128 °C w ere  co rrec tly  
an a ly zed  as C27H 120 2. This m o lecu la r com position  (for each p ro d u c t)  suggested  
th e  ad d itio n  o f  a n  oxygen a to m  to  th e  p a re n t dienone. The UV s p e c tra  o f  b o th  
co m pounds w ere found  to  he fea tu re less  in  th e  region of 220 — 360 n m , w hich 
in d ic a te d  th e  absence o f an  a , Д-u n s a tu ra te d  chrom ophore. F ro m  th is  o b se rv a 
tio n , i t  becom es ev id en t th a t  th e se  com pounds a re  isom eric 4 ,5 -o x idoke tones 
4 a n d  5. T he d is tin c tio n  of o x ides 4 an d  5 becam e possible fro m  th e ir  N M R 
sp e c tra , w herein  d ifferen t chem ica l sh ifts  w ere observed for th e  C 4-pro ton . 
In  th e  N M R  sp ec tru m  of th e  co m p o u n d  m elting  a t  128 °C, th e  C 4-pro ton  
ap p e a re d  as a  d is to rte d  dou b le t a t  d 4 .6 , w hereas, th e  N M R  sp e c tru m  o f th e  
co m p o u n d  w ith  m .p . 115 °C show ed  a C 4-pro ton  signal (d is to r te d  d o ub le t) 
a t  ő 3.65. This d is to rtio n  o f th e  d o u b le t in  b o th  cases m igh t be d u e  to  th e  long 
ran g e  coupling  o f th e  C 4-proton w ith  C 2-protons. I t  has been  re p o r te d  [6] 
t h a t  th e  C 4-pro ton  in  4a ,5a-ox idocho lestan -6 -one  (7) abso rbs a t  a  re la tiv e ly  
low er fie ld  th a n  in  its  isom eric 4/?,5/S-oxidocholestan-6-one (8 ). O n th e  basis

1

* To whom correspondence should be addressed. 
** In final form accepted Septem ber 16, 1980.
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o f th is  analogy , th e  co m p o u n d s w ith  m e ltin g  p o in ts  o f 115 °C an d  128 °C 
are  id e n tif ie d  as 4  a n d  5  respective ly .

C om pound 6 h a d  a  co rrec t analysis as C28H 4e0 4. The UY ab so rp tio n  
m a x im u m  w as fo u n d  to  be  featu reless in  th e  reg io n  o f  220-360 nm . I ts  IR  
sp e c tru m  ex h ib ited  b a n d s  corresponding  to  h y d ro x y  an d  k e to  functions. 
T h e  N M R  sp ec tru m  su p p o r te d  s tru c tu re  6 , d isp lay in g  a d is to rted  d o u b le t 
fo r o n e  p ro to n  a t  Ö 3 .75 a sc rib ab le  to  th e  CA-a.II p ro to n . A  m u ltip le t for C2-/SH  
a n d  СЗ-ßH  a t  ö 3.25 a n d  a  sharp  singlet due  to  m e th o x y  p ro to n s (—OCH 3) 
a t  d 3 .6  also fav o u red  com pound  6 .

T h e  elem enta l a n a ly s is  o f 9 (29H 440 4) in d ic a te d  th e  ad d itio n  o f an  oxygen  
a to m  to  d ienone 2. I t s  U V  a b so rp tio n  m ax im u m  a t  238 n m  (e 6800) suggested  
th e  p resence  o f an  a ,  /З-u n sa tu ra te d  ca rb o n y l ch ro m o p h o re . This w as also

CeHn

1 2 li=A c 4 4 (t, 5/Í

3 R CYH s 5 4«, 4«

6

10

7 4a, 5«

8 iß, 5/i

9 P„=Ac 

15 R  =  C2H 5

13 R  =  H

14 R r= Ac
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su p p o rte d  b y  a b a n d  in  th e  IR  sp ec tru m  a t  1675 c m -1 com patib le  w ith  an  
a , /S -unsatu ra ted  chrom ophore . T he co m position , U V  an d  IR  d a ta  le a d  to  
s tru c tu re  9. To th is  s tru c tu re , th e  N M R  sp e c tru m  lends fu r th e r  su p p o rt. 
A sh a rp  sing le t a t  ö 6.2 a n d  an  unreso lved  b ro ad en ed  singlet a t  Ö 3.3 w ere 
ascribab le  to  C4-H  an d  С7-/Ш , respec tive ly . T h e  D reid ing  m odel o f  9 show ed 
th e  d ih ed ra l angle  betw een  C7-/3H  an d  €8-/3H  to  be  a lm o st 90°, w hich acco u n ted  
for th e  n o n -sp littin g  o f  C7-/SH [3]. T he id e n ti ty  o f  th e  com pound w ith  in .p . 
165 °C w as estab lish ed  b y  d irec t com parison  w ith  a u th e n tic  10 [7]. M oreover, 
com pound  10, is a h y d ro ly tic  p ro d u c t o f  9; th is  w as p roved  b y  th e  fa c t  th a t  
w hen  9 w as su b jec ted  to  acid  hyd ro lysis , i t  y ie ld ed  10.

T he com pound  w ith  m .p . 122 °C (C29H 460 3) show ed in  its  m o lecu la r com 
p o sition  th e  ad d itio n  o f  an  oxygen  a to m  to  3. I t s  UV ab so rp tio n  m a x im u m  a t  
335 n m  (e 22090) suggested  th e  presence o f  a d ienone-like  ch ro m o p h o re  w ith  
a h y d ro x y  fu n c tio n  a  to  th e  k e to  group . T he p resence  o f th e  h y d ro x y  g roup  
w as also revealed  b y  its  IR  sp ec tru m , w hich e x h ib ite d  th e  co rrespond ing  b an d  
a t  3400 c m -1 . T he assig n m en t o f th is  s tru c tu re , 11, w as s u b s ta n tia te d  b y  th e  
N M R  sp ec tru m  w hich  d isp layed  an  un reso lv ed  b ro ad en ed  singlet a t  <5 5.65 
(С 7-Л ) (d ih ed ra l angle betw een  37-D  a n d  C8-/SH  is a lm o st 90°). T re a tm e n t o f 
11 w ith  p y rid in e -ace tic  a n h y d rid e  p rov ided  th e  es te r 12.

T he com pound  w ith  m .p . 190 °C, a n a ly z in g  for C30H 50O4, show ed  a  UV 
a b so rp tio n  m ax im um  a t  238 nm  (e 6380). T h e  IR  sp ec tru m , w hich e x h ib ite d  
b a n d s  a t  1680 an d  3400 c m “ 1, also su p p o rte d  s tru c tu re  13. F u r th e r  su p p o rt 
for th is  s tru c tu re  cam e from  th e  N M R sp ec tru m  show ing a sh a rp  s in g le t a t 
ő 6.45 fo r 1 p ro to n  (C4-H  p ro to n ) a n d  also  a n  un reso lved  b ro ad en ed  sing le t 
in te g ra tin g  for 1 p ro to n  a t  6 3.8, w hich  can  be assigned  to  C7-/3H  [3]. C om pound  
13 is p ro b a b ly  a p ro d u c t o f  th e  m e th an o ly sis  (m ethano l p re sen t in  PB A ) 
o f 15. On t re a tm e n t w ith  acetic  a n h y d rid e  a n d  p y rid in e , 13 tra n s fo rm e d  in to  
14. T he n o tab le  fe a tu re  o f th e  N M R  sp ec tru m  o f 14 is th e  dow nfield ap p e a ra n ce  
o f  а С7-/Ш  p ro to n  signal (ő 5.1) re la tiv e  to  t h a t  in 13 (d 3.8). T h is cou ld  be 
a t t r ib u te d  to  th e  p resence o f an  a c e ta te  fu n c tio n  a t  C7, as seen in  s tru c tu re  14.

E xperim ental

All m .p.’s are uncorrected. IR  spectra were determ ined in Nujol on a Perkin-E lm er 
spectrophotom eter. UV spectra were recorded in 95% ethanol using a Beckman D K 2 spectro
photom eter. NMR spectra were run  in CDC13 on a V arian A60 instrum ent w ith TMS as in ter
nal standard . The da ta  arc given on the 6 scale in ppm . Thin-layer chrom atographic plates 
were coated w ith silica gel G (B D H , Bombay). A 20% aqueous solution of perchloric acid was 
used as spraying agent. Silica gel (B D H , Bom bay) was used for column chrom atography.

Reaction of cholesta-2,4-dien-6-one (1 ) w ith perbenzoic acid

To a solution of 1 [8] (2 g) in chloroform (25 m L), was added a chloroform solution of 
perbenzoic acid (1 mole equivalent) and a few crystals of p-toluenesulfonic acid m onohydrate 
as cata lyst, and the reaction m ixture was allowed to  stand  at room tem perature for 10 h.
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The so lven t was then rem oved by distillation under reduced pressure and th e  residue ex tracted  
w ith  e th e r . The ethereal solution was washed w ith w ate r, sodium bicarbonate solution (5% ) 
and  w a te r, and  dried over anhydrous sodium sulfate. The solvent was rem oved and  the residue 
su b jec ted  to  chrom atography on silica  gel (40 g) (each fraction  of about 30 m L was collected). 
E lu tio n  w ith  light petroleum -ether (19 : 1) gave 4, w hich was crystallized from  ligh t petroleum ; 
210 m g, m .p . 115° C; v m ax. 1710, 1620 and 870 cm -1 ; 8 6.9 (m, C2— H , C3—H ), 3.65 (distorted 
d, J  =  4 H z; C4—аЯ ), 2.3 (m, C7— H 2), 0.92 (C10— CH3), 0.7 (Cl3-  CH3).

C27H 420 2. Calcd. C 81.41; H  10.55. Found C 81.39; H  10.58%.
E lu tio n  w ith light petroleum -ether (15 : 1) gave 850 mg of 6, m.p. 116 °C (from  light 

pe tro leum ); v max. 3400, 1720, 1210 and  1080 cm -1; <5 3.75 (distorted d, J  =  1.5 H z; C4—а й ) ,  
3.6 (s, O CH 3), 3.25 (m, C2/3— H  and C3jS—H ), 2.2 (C7—H 2), 1.95 (s -0H; d isappeared on shaking 
w ith  D 20 ) ,  0.9 (C10- C H 3), 0.65 (C13—CH3).

C28H 4e0 4. Calcd. C 75.34; H  10.31. Found C 75.30; H  10.30%.
F u rth e r  elution w ith light petro leum  ether (10 : 1) afforded 5, which was crystallized 

from  lig h t petroleum ; 200 mg, m.p. 128 °C; v m ax 1705, 1620 and 890 cm -1 ; 8 5.7 (m , C2— H  
and  C3— H ), 4.1 (distorted d, J  =  2 Hz; C}- ß H ) ,  2.3 (m , C7- H ) ,  0.91 (C10— CH3), 0.69 
(Cl3- C H 3).

C27H 420„. Calcd. C 81.41; H  10.55. Found C 81.38; H  10.59%.

Reaction of 6-acetoxycholesta 4,6-tlien-3-one (2 ) w ith perbenzoic acid

The dienone 2 [7] (2 g) was trea ted  w ith perbenzoic acid (1 mole equivalen t) in the 
usual m anner. E vaporation  of the solvent gave the residue which was chrom atographed over 
silica gel (40 g). E lution w ith light petro leum -ether (15 : 1) provided 500 mg of 9, m .p. 113 °C 
which w as crystallized from light petroleum  ether. X m ax  238 nm  (e 6800); v m ax  1740, 1675, 
1620, 1200 and  1180 cm -1; <5 6.2 (s, C4—H ), 3.3 (broadened s, C7—ßH), 2.5 (m, C ,— H ,), 2.1 
(s, C H 3COO), 1.2 (C ,„ -C H 3), 0.68 (C13—CH3).

C29H 440 4. Calcd. C 76.31; H 9.65. Found C 76.30; H  9.65%.
F u rth e r  elution w ith light petroleum -ether (3 : 1) gave 10 (250 mg), m.p. and  m .m .p.

165 °C.

R eaction of 6-ethoxychlolesta-4,6-dien-3-one (3 ) with perbenzoic acid

S im ilarly  3 [9] (2 g) was tre a ted  w ith perbenzoic acid (1 mole equivalent) and  worked 
up in th e  usual m anner. A fter the rem oval of the solvent, th e  residue obtained was chrom atog
raphed  over silica gel (40 g). E lution w ith light petro leum -ether (25 : 1) provided 11 (80 mg), 
m .p. 122 °C (from  light petroleum ); X m ax  335 nm  (e 22090); v m ax 3400, 1600, 1580 and  1190 
cm -1 ; 8 6.15 (br, OH; disappeared on shaking w ith D 20 ), 5.65 (broadened s, C7—H ), 3.9 
(q, — O CH 2CH3), 1.2 (C10- C H 3), 0.69 (Ct3- C H 3).

C23H 4g03. Calcd. C 78.73; H  10.41. Found C 78.70; H  10.43%
F u rth e r  elution w ith light petro leum -ether (22 : 1) afforded 13, 400 mg, m .p. 190 °C; 

crystallized  from  light petroleum , X m ax . 238 nm  (e 6380); v m ax 3430, 1690, 1610, 1050 and 
1040 c m - 1; 8 6.45 (s, C4—H ), 3.8 (broad s, C7—ßH ), 3.8 (q-OCH2CH3), 3.1 (s, — OCH3), 1.8 
(br, — O H ; disappeared on shaking w ith  D„0), 1.1 (C10 — CH3), 0.75 (Cl3— CH3).

C3oH500 4. Calcd. C 75.95; H  10.55. Fbund C 76.06; H  10.54%.

4-Aeetoxy-5-eth»xycholesta-4,6-dien-3-one (12)

M ixture of 11 (100 mg), pyridine (0.3 m L) and acetic anhydride (0.3 m L) was left a t 
room tem p e ra tu re  for 24 h under anhydrous condition. The usual work-up and  rem oval of 
the so lven t afforded an oil (ca. 30 mg); X m ax 315 nm  (e 21080); v m ax 1700, 1665, 1600 and 
1200 c m - 1.

C3lH 480 4. Calcd. C 76.86; H  9.92. Found C 76.88; H  9.88% .

7a-Acetoxy-6/?-metlioxy-6a-ethoxychoIest-4-en-3-one (14)

A  m ix tu re  of 13 (50 mg), pyridine (0.5 mL) and acetic anhydride (0.3 mL) was heated  
on a s team  b a th  for 18 h. The usual w ork-up and the rem oval of the solvent provided 14 as 
an oil (120 m g); X m ax 238 nm  (e 6830); v m ax 1735, 1675, 1610, 1220, 1180 and 1040 cm -1 ;
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<5 6.3 (s, Ct H ), 5.1 (broadened, s, С,—ßH ), 3.5 (q, — OCH2- C H 3), 3.1 (s, —OCH3), 2.0 
(s, CH3COO), 0.9 (C10- C H S), 0.7 (C13—CH3).

C32H5„06. Calcd. C 74.42; H  10.10. Found C 74.42; H  10.11%.

*
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Specific ro tations of /-but уloxycarbonуl-I.-t у rosine have been found to  be signif
icantly  lower th an  the values reported previously. Enzym ic resolution of m ethyl 
t-butyloxycarbonyl-DL-tyrosinate is described giving an overall yield of 77% based 
on DL-tyrosine.

In  th e  f irs t sy n th esis  o f B oc-Tyr-O H ** described  b y  A n d e r s o n  an d  
M c G r e g o r  [1 ] ty ro s in e  w as acy la ted  w ith  t-b u ty l-p -n itro p h e n y l c a rb o n a te  in  
a m ix tu re  o f aqueous sodium  ca rb o n a te—sodium  b ica rb o n a te  an d  f-b u ty l 
alcohol. T h e  c ry sta llin e  p ro d u c t w as o b ta in ed  in  a y ield  o f  only  2 9 % . L a te r  
S c h n a b e l  [2] could  reach  a m uch h igher y ie ld  (94% ) b y  using  t-b u ty lo x y - 
c a rb o n y l azide (B oc-N 3) as acy la tin g  a g en t a n d  ru n n in g  th e  reac tio n  in  an  
a u to t i t r a to r .  To fin d  a m ore p rac tica l ro u te  to  B oc-T yr-O H  we p rep a red  th is  
com p o u n d  b y  sap o n ifica tio n  o f  Boc-Tyr-O M e w h ich  could  be o b ta in ed  from  
m e th y l L -ty rosinate  [3] a n d  B oc-N 3 in an  easy  w ay  as described  b y  S c h r ö d e r

[4]. T h is process (m eth o d  A )  afforded  B oc-T yr-O H  in a y ield  o f 77%  based  
on  L -tyrosine.

A ccord ing  to  th e  d a ta  sum m arized  in  T ab le  I ,  o u r p ro d u c t h ad  a m e ltin g  
p o in t a n d  specific ro ta tio n  d ifferen t from  th o se  g iven  in  th e  l ite ra tu re  fo r th is  
com pound . T he h igher m e ltin g  p o in t (137 —139 °C) w as sim ilar to  th a t  re p o rte d  
b y  A n d e r s o n  an d  M c G r e g o r  [1] b u t th e  va lu es  o f th e  op tica l ro ta tio n s
[a ]D =  + 2 .5 °  (A cO II) an d  [a ]578 =  —10.9° (D M F) w ere lower th a n  those  
re p o rte d , [a ]D =  -(-3.9° an d  [a ]578 =  —32.8°, re sp ec tiv e ly . The low er specific  
ro ta t io n  could he due to  a  p a r tia l  racem ization  occu rrin g  du ring  sap o n ifica tio n . 
F o r check ing  th is  po ssib ility , th e  acy la tio n  o f  ty ro s in e  w as also ca rried  o u t 
acco rd in g  to  th e  m e th o d  o f G r z o n k a  a n d  L a m m e k  [5 ] w ith  th e  sole m o d i
f ic a tio n  th a t  th e  reac tio n  b e tw een  th e  am ino  ac id , B oc-N 3 an d  tr ie th y la m in e  
w as ru n  in  aqueous d im eth y lfo rm am id e  in s te a d  o f aqueous d ioxane u sed  in  
th e  case o f  o th e r  am ino  acids [5]. B oc-T yr-O H  o b ta in e d  b y  th is  p ro ced u re  
(m e th o d  B) h ad  specific ro ta tio n s  sim ilar to  th o se  o f  o u r fo rm er sam ple  pre-

* To whom correspondence should be addressed 
** Abbreviations follow IU PA C-Ш В  recom m endations in m ost cases: AcOH: acetic 

acid; Boc: t-butyloxycarbonyl; DM F: dim ethylform am ide; Me m ethyl
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Table I

Properties o/Boc-Tyr-OH  and  Boc-D-Tyr-OH prepared by different methods

C om pound I M ethoda Y ieldb(°/o ) M. p. (C°) Mb0- 2“
(c=2.04 , AcOH)

r„ll8 — 26 [a] 67«
( c = l ,  DMF)

lit. [l] 29 136 137 + 3 .9  ±  0.5°
lit. [2]° 94 96—98 — 32.8°

B oc-Tyr-O H  A 77 138—139 +  2.5 ± 0 .5 ° — 10.9 ±  0.5°
В 55 137—138 +  2.4 ±  0.5° — 11.1 ±  0.5°
C 77 136— 138 +  2.5 ±  0.5° - 1 0 .9  ±  0.5°

Boc-D-Tyr-OH C +  A 77 1 3 6 -1 3 7 — 2.5 ±  0.5° +  10.9 ±  0.5°

“ A :  Boc-Tyr-OMe +  N aOH ; B :  H-Tyr-OH +  Boc-N3/N E t3; C: Boc-DL-Tyr-OMe +  
Subtilisin  Carlsberg/NaOH.

b B ased on tyrosine.
c A  footnote in [2] indicated th is compound as dicyclohexylamine salt, which, according 

to th e  m icroanalysis given, m ust be an error.

p a re d  b y  m eth o d  A .  To o b ta in  fu r th e r  ev idence th a t  no racem iza tio n  occu rred  
d u r in g  th e  a lkaline h y d ro ly sis  o f  B oc-Tyr-O M e, th is  com pound  a n d  Boc-DL- 
-T y r-O M e w ere also sapon ified  w ith  S ub tilis in  C arlsberg  a t  p H  7.3. Boc-DL-Tyr- 
-O M e a n d  H-DL-Tyr-OM e. HC1 w ere p re p a re d  accord ing  to  th e  p ro ced u re  
g iv e n  fo r  th e  L com pounds [3, 4 ]. T h e  enzym ic hydro lyses w ere ca rr ied  o u t in  
a n  a u to t i t r a to r  using a so lv en t m ix tu re  o f b en zen e-d io x an e-w ater, w h ich  fo rm ed  
a  f in e  em ulsion  on s tirrin g . C onsum ption  o f  N aO H  (1 N ,  one e q u iv a len t) 
c e a se d  in  th re e  hours. B oc-T yr-O H  o b ta in e d  b y  th e  enzym ic h y d ro ly s is  
(m e th o d  C ) showed ro ta tio n s  o f  [<x]D =  —(-2.5° (AcOH) a n d  [a ]578 =  —10.9° 
(D M F ), re sp ec tiv e ly , w hich  a g a in  w ere s im ila r to  tho se  o f  o u r fo rm er p re p a ra 
t io n s .  U n h y d ro ly zed  Boc-D -Tyr-O M e iso la ted  from  th e  organic la y e r  o f th e  
r e a c t io n  m ix tu re  was sap o n ified  to  y ie ld  B oc-D -Tyr-O H , th e  specific ro ta tio n  
o f  w h ic h  corresponded  to  t h a t  o f  th e  L isom er (see T ab le  I).

W e  h a v e  no ex p lan a tio n  fo r th e  differences betw een  th e  o p tica l ro ta tio n s  
o f  o u r  p re p a ra tio n s  an d  th o se  described  in  th e  l i te ra tu re  [1, 2 ].

A s a n  ad d itio n a l o u tco m e  o f th is  s tu d y  a  sim ple w ay  w as fo u n d  for th e  
re s o lu tio n  o f  Boc-DL-Tyr-OM e giving B oc-T yr-O H  an d  B oc-D -Tyr-O H  in  an  
o v e ra ll  y ie ld  o f  77%  b ased  on  D L-tyrosine.

E xperim en ta l

M elting  points were determ ined on a micro Boetius not plate appara tus and are u n 
co rrected . O ptical rotations were m easured using an OPTO N  L E P  A2 (G erm any) polarim éter. 
T h in -layer chrom atogram s (TLC) were run  on Silica gel G in the following system s (composed 
by  vo lum e): (A) ethyl acetate-pyridine-acetic acid-w ater (60 : 20 : 6 : 11); (B) e thy l acetate- 
-pyrid ine-acetic  acid-water (480 : 20 : 6 : 11); (C) m ethylene chloride-n-hexaneacetic acid 
(8 : 1 : 1).
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Boc-Tyr-OH

Method A : To a solution of Boc-Tyr-OMe [4] (59 g, 0.2 mol) in m ethanol (160 mL), 
containing thym olphthalein  as indicator, 1 N  sodium hydroxide (approx. 200 mL) was added 
w ith  stirring an cooling in  an  ice bath. W hen saponification was com plete (according to  TLC, 
th e  acidity  was ad justed  to  pH  5, then, a fte r  removing m ethanol u nder reduced pressure, to 
3 w ith  0.5 N  sulfuric acid. The separated  oil was allowed to  crystallize in a refrigerator. 
Crystals were filtered off, washed w ith w ater and dried. Yield 53.5 g (95% ); m .p. 137—139 °C; 
R f  0 .5 -0 .6  (B), 0.2—0.3 (С); [a]b° =  + 2 .5  ±  0.5° (e =  2.04, AcOH); [a]|»8 =  — 10.9 +  0.5° 
(c =  1, DMF).

C14H ,90 6N (281.30). Calcd. C 59.77; H 6.81; N 4.98. Found C 59.7; H  6.9; N 4.95%.
Method B :  To a solution of L-tyrosine (18.1 g, 0.1 mol) and triethy lam ine (42 mL, 0.3 mol) 

in  w ater (150 mL) D M F (150 mL) and Boc-N3 (18 m L, 0.12 mol) were added. The m ixture 
was stirred a t room tem peratu re  until a significant am ount of L-tyrosine was present (accord
ing to  TLC; approx. 24 h), then the solvents were rem oved under reduced pressure. The 
residue was dissolved in w ater, extracted  w ith chloroform to rem ove Boc-Tyr(Boc)-OH, and 
th e  pH  was adjusted to  3 w ith 0.5 N  sulfuric acid. The end p roduct was isolated as described 
in m ethod  A. Yield 15.5 g (55% ); m .p. 137—138 °C; R , 0 .5 -0 .6  (В), 0 .2 -0 .3  (C); [ot]b° =  
+ 2 .4  +  0.5° (c =  2.04, AcOH); [<x]|®8 =  — 11.1 +  0.5° (c =  1, DM F).

Method C: enzym ic resolution of Boc-DL-Tyr-OMe
1) H-DL-Tyr-OMe.HCl: DL-tyrosine (22.4 g, 123.6 mmol) suspended in m ethanol (100 mL) 

was converted into the m ethyl ester hydrochloride by m eans of SOCL (10 m L) as described 
by  B oissonis’AS et al. [3] for the synthesis of the L compound. Yield 25.9 g (90% ); m.p. 178— 
— 180 °C; Re 0.5—0.6 (A).

2) Boc-DL-Tyr-OMe.HC1 (25.8 g, 111.4 mmol) was reacted w ith  Boc-N3 (20.5 mL, 
133.7 mmol) in pyridine (150 mL) containing triethylam ine (47 m L, 336 mm ol) as reported 
by  S c h ö rd er  [4] for th e  preparation of the L compound. Yield 29.55 g (90% ); m.p. 143— 
- 1 4 4  °C; Rf  0.6^ 0.7 (Cp

3) enzymic hydrolysis: Boc-DL-Tyr-OMe (29.54 g, 100 mm ol) was dissolved in a mixture 
of dioxane (200 m L) and benzene (100 m L), then w ater (400 m L) containing Subtilisin Carls
berg (50 mg) was added. The m ixture was stirred and the pH  was m ain tained  a t 7.3 with 1 JV 
sodium  hydroxide by using an au to titra to r. Consumption of sodium  hydroxide ceased in 
3 h  (approx. 50 mL). The aqueous layer was extracted  w ith benzene (3 X 20 m L) and the com
bined organic solutions were washed w ith  w ater (3 x 2 0  m L). The aqueous solutions were 
com bined and filtered, then  acidified w ith  solid citric acid. The separated  oil was allowed to 
crystallize in a refrigerator. Crystals were filtered off, washed w ith w ater and dried. Yield 
13.5 g (96% of theory or 48%  hased on Boc-DL-Tyr-OMe); m .p. 136— 137 °C: Re 0.5—0.6 (B) 
0.2—0.3 (C); [oc]t? =  + 2 .5  +  0.5° (c =  2.04, AcOH); [oc]§®8 =  — 10.5 +  0.5° (c =  1, DMF)

Boc-D-Tyr-OII

The combined organic layer and benzene washing from the previous experim ent (method 
C, step  3) were evaporated  under reduced pressure.The residue was dissolved in m ethanol 
(40 mL) and saponified as described in m ethod  A. Yield 13.48 g (96% of theory  or 48% based 
on Boc-DL-Tyr-OMe); m .p. 1 3 6 -1 3 7  °C; R , 0.5 0.6 (В), 0 .2 -0 .3  (С); [ос]Ь° = —2.5 +  0.5°
(c =  2.04, AcOH); [a] |"8 = +10 .5  +  0.5° (c =  1, DMF).
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The anodic dissolution of copper in non-aqueous acetic acid solutions of HC104, 
LiC104, and NaC104 proceeds according to  diffusion kinetics, or according to mixed 
diffusion and charge-transfer kinetics depending on the composition of the medium. 
A change in kinetics is most probably  caused by  th e  adsorption and desorption respec
tively, of acetate ions.

In  our p rev io u s w orks [1, 2, 3] we s tu d ie d  th e  anod ic  d isso lu tion  of 
co p p er in  n on -aqueous acetic  ac id  so lu tions. I t  has been found  th a t ,  in  th e  
so lu tio n s te s ted , co p p er is oxidised  to  C u + ions. In  so lu tions w hich co n ta in
0.5 m o led m -3 perch lo ric  acid , re sp ec tiv e ly , 0.5 m o led m -3  lith iu m  p e r
c h lo ra te , th e  d iffusion  o f  th e  C u + ions from  th e  m eta l surface in to  th e  bu lk  
o f  th e  so lu tion  is th e  ra te -d e te rm in in g  s tep  o f  th e  anod ic  process. In  solu tions 
w hich  co n ta in  l i th iu m  ch lo ride a co p p er ch loro  com plex  is fo rm ed  as a re su lt 
o f  th e  anodic process. In  th e  case o f  lith iu m  ch lo ride it  has been  found  th a t  a 
m u lti-s te p  process sh o u ld  be considered , viz. ch arg e  tra n s fe r , chem ical reac tio n , 
d iffusion , and  th a t  a d d itio n  of l ith iu m  p e rch lo ra te  to  th e  so lu tio n  affects th e  
ra te -d e te rm in in g  s tep .

A nodic d isso lu tio n  o f  copper in  n o n -aq u eo u s acetic  acid  so lu tio n s of
0.1 m o led m -3 N aC 104 -(- 0.01 m o le d m -3 H C104 has been s tu d ied  also by  
M o l o d o v  cl al. [4]. T h ey  supposed  t h a t  an  increase  in  perch lo ric  acid  c o n c e n tra 
tio n  accelerates th e  processes occu rring  a t  th e  copper. H ow ever, th is  supposi
t io n  seem s to  c o n tra d ic t  som e e x p e rim en ta l d a ta  g iven in  one o f o u r earlie r 
com m u n ica tio n s [1].

In  o rder to  e lu c id a te  th is  m o o t p o in t we s tu d ie d  th e  anod ic  d isso lu tion  of 
co p p e r in  non -aqueous acetic  acid  m ed ia  w hich  co n ta in ed  sod ium  p e rch lo ra te , 
l ith iu m  perch lo ra te , a n d  perch loric  ac id , sev e ra lly  in  v a rious co n cen tra tio n s. 
P e rh a p s  these ex p erien ces  will fu rn ish  fu r th e r  d a ta  also to  in te rp re t th e  
effec ts w hich th e  an io n s  ex ert u p o n  th e  k in e tic s  o f  th e  e lec trode  processes.
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12 KISS ct al.: ANODIC DISSOLUTION OF COPPER

R esu lts  and  D iscussion

T h e  exp erim en ta l a p p a ra tu s , p re p a ra tio n  a n d  q u a lity  o f chem icals used  
w ere  th e  sam e as described  ea rlie r [5]. A ro ta tin g  copper disc e lec trode  w as 
u se d : th is  w as p re p a ra te d  in  th e  sam e w ay  as described  in  [1]. T es ts  w ere 
c a rr ie d  o u t a t  room  te m p e ra tu re . T he e lec tro d e -p o ten tia l va lues re fe r to  a 
ca lo m el electrode w hich  c o n ta in s  a s a tu ra te d  so lu tio n  o f N aCl a n d  a  0.3 
m o le d m -3 solu tion  o f  N aC 104, b o th  in  acetic  ac id . T he m edium  w as consid 
e re d  to  be non-aqueous tvhen  its  w a te r  co n te n t w as less th a n  0.028 m o le d m -3 .

T ests  w ere carried  o u t in  so lu tions g iven in  T ab le  I . F o r so lu tio n  1 —9, 
th e  c h a ra c te r  o f th e  p o la r iz a tio n  curves d e te rm in ed  w ith  a ro ta t in g  disc 
e le c tro d e , is un ifo rm . In  th e  T ab le  also th e  6-coefficien ts o f th e  T afel-lines are  
g iv en . As an  exam ple, F ig u re  1 show s th e  p o la riza tio n  curves reco rd ed  in  th e  
so lu tio n  of 0.1 m o led m -3  LiC104 -f- 0.1 m o led m -3  H C104. W ith  increased  
r .p .m .v a lu e  of th e  disc e lec tro d e  th e  curves a re  sh ifted  to w ard  m ore n eg a tiv e  
v o lta g e s , b u t th e  T afel 6-c o n s ta n t of th e  lin ea r  sec tions is 57 +  2 m V in d e 
p e n d e n tly  o f th e  speed o f  ro ta t io n  of th e  e lec trode . O n th e  basis o f d a ta  in  
F ig . 1, c u rre n t d en sity  j  as a  fu n c tio n  o f th e  sq u are  ro o t o f e lec tro d e-r.p .m ., 
Г ' 2, is p lo tte d  in  F igu re  2. T h e  ex p erim en ta l p o in ts  belonging to  th e  sam e elec
tro d e  p o te n tia ls  give s tr a ig h t  lines in  a j  vs. d iag ram .

T h e  po lariza tio n  cu rv e  c h a ra c te ris tic  for so lu tions 10 —13 is show n in 
F ig u re  3, an d  rep re sen t te s ts  in  0.25 m ole • d m -3  so lu tio n  of N aC104 in  ace tic

Table I

Composition of the  solutions 
mole 
dm 3

Tafel b 
coefficient* 

mV

l 0.5 LiC104 58
2 0.4 NaC104 60
3 0.5 NaC104 60
4 0.25 HC104 60
5 0.25 LiC104 68
6 0.25 NaC104 +  0.1 HC104 62

7 0.25 LiC104 +  0.1 HC104 58
8 0.1 LiC104 +  0.1 HC104 57

9 0.1 NaC104 +  0.1 HC104 71

10 0.1 NaC104 +  0.01 HC104 101
11 0.1 LiC104 +  0.01 HC104 112
12 0.3 NaC104 90

13 0.25 NaC104 124

* Maximum error in figures for solutions 1—8 is ± 2  mV, for solutions 9—13, ± 1 0  mV.
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Fig. 1. E vs. log j  correlation a t various r.p .m ., in  solution of 0.1 m oledm -3  LiCIO, +  0.1 
m oledm -3  HCIO, in non-aqueous acetic acid. 1: r.p.m . 160: 2: r.p.m . 610; 3: r.p .m . 3070

Fig. 2. j  vs. / ' / 2 correlation a t different constan t potentials, in a solution of 0.1 m oledm -3 
LiC104 + 0 .1  mole • d m -3  HC104 in non-aqueous acetic acid. 1: —180 mV; 2: — 200 mV;

3: —220 mV; 4: —240 mV

acid . W ith  increasing  speed  o f  ro ta tio n  o f  th e  e lectrode also h ere  th e  p o la ri
za tio n  cu rve  is sh ifted  to  th e  m ore n e g a tiv e  d irec tion . T here are  tw o  a p p ro x i
m a te ly  lin ea r sections on  th e se  curves. T h e  section  a t  m ore n eg a tiv e  p o te n tia ls  
be long ing  to  low  cu rren t densities in d ic a te s  copper dissolved in  th e  fo rm  of 
a c e ta to  com plexes [6]. T h e  increase o f  c u rre n t d en sity  reaches a lim itin g  c u r
r e n t  in  resp ec t to  a c e ta te  ion , p o te n tia ls  sh ift to  th e  positive  d ire c tio n  an d
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14 KISS et al.: ANODIC DISSOLUTION OF COPPER

F ig. 3. E vs. log j  correlation a t  v arious r.p.m ., found in a so lu tion  of 0.25 m oledm -3  NaClOj 
in non-aqueous ace tic  acid. 1: r.p.m. 160; 2: r .p .m . 610; 3: r.p.m . 3070

F ig. 4. j  vs. f 1!2 correlation a t  d ifferen t constant po ten tia ls, in  a solution of 0.25 moledm 3 
N aC104 in non-aqueous acetic acid . 1: 140 mV; 2: — 160 mV; 3: —180 mV; 4: —220 mV

f u r th e r  on the  copper is n o t  dissolved in  th e  fo rm  o f  an  a ce ta to  com plex  a n y  
m o re .

T he linear sec tio n  b e lo n g in g  to  h igher c u r re n t  densities falls in to  t h a t  
p o te n t ia l  range, w h ere  t h e  po larization  cu rv es show n  in  Fig. 1 a re  to  he 
fo u n d . Thus i t  m ay he  su g g e s te d  th a t  these  sec tio n s  o f th e  p o la riza tio n  cu rves 
fo r  so lu tions 10 —13 sh o u ld  b e  com pared w ith  c u rv e s  fo r so lu tions 1 —9. In  
a  d iag ram m atica l p r e s e n ta t io n  as j  vs . f lj2 fu n c tio n s , as in  Fig. 4, no  s tra ig h t
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Fig. 5. j  1 vs. f  '/2 correlation a t  different constant electrode potential in a solution of 0.25
m oledm -3  NaC104 in  acetic acid

ig i
Fig. 6. e vs. logJ correlation in a solution of 0.25 m oledm ^ 3 NaC104 in acetic acid; jj is the

current density when / - 1/3 =  0

lines can  be ob ta in ed . T here fo re , p ro m p ted  b y  th e  id ea  th a t  th e  k in e tic s  o f  th e  
process on th e  e lectrode a re  a ffec ted  also b y  tra n sfe r-  a n d  diffusion-processes, 
th e  d a ta  in  Fig. 3 are  p lo tte d  also in  th e  co o rd in a te  sy stem  j _1 vs. f ~ ^ 2: see 
F ig . 5. I t  is show n th a t  ex p e rim en ta l d a ta  give s tra ig h t lines; th e  p o in ts  o f 
in te rsec tio n  o f  these  en ab le  u s  to  ca lcu la te  th e  p o la riza tio n  cu rv e  n o t d is to rte d  
b y  d iffusion  effects [7]. T h is  is to  be seen in  F ig . 6 .

T he Tafel b coeffic ien t co rrespond ing  to  tra n s fe r  p o la riza tio n , in  so lu tion  
13 is 124 mV. In  T ab le  1 th e  b coefficients, found  in  th is  w ay , a re  g iven  fo r so lu 
tio n s  1 0 —13. The su ggestion  is th a t  copper is d isso lved  an o d ica lly  as Cu + .

T hus, in  th e  cases ju s t  discussed th e  k in e tic s  o f  th e  ion iza tio n  o f  copper 
is a ffec ted  also b y  charge  tra n s fe r , an d  by  th e  d iffusion  o f  th e  m e ta l ions fo rm 
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ed  in to  th e  bulk  of th e  so lu tio n . I n  th is case th e  eq u a tio n  o f th e  p o la riza tio n  
c u rv e  can  be given is fo llow s:

X

( 1 )

I n  E q . (1)
ocF g

ka =  k'a e x p -----
R T

k k =  К  exp  —
(I  — a) F e  

R T

X  =  0.62 F D 2l3v~lle(2 n f)1/2

( 2)

(3)

(4)

k'a a n d  klc s tan d  for r a te  c o n s ta n ts , respective ly , o f  m e ta l io n iza tio n  an d  m eta l 
io n  n e u tra liz a tio n  (th ese  v a lu e s  depend  on reference  e lectrodes), a  is th e  tran sfe r 
co e ffic ien t, F  th e  F a ra d a y  c o n s ta n t, R  is th e  gas c o n s ta n t, T  th e  th e rm o d y n a m 
ic a l te m p e ra tu re , D  th e  d iffu sion  c o n s tan t o f copper ions, v is th e  k in em atic  
v is c o s ity  o f  th e  s o lu t io n , / i s  th e  r .p .m . v a lu e  for th e  ro ta tin g  elec trode .

A s E q . (1) rev ea ls , th e  process follows a p u re  d iffusion  k in e tic s  w hen

h o w ev e r, when

К  > x

K ^ x

( 5 )

(6)

b o th  charge  tran sfe r a n d  d iffu sion  affect th e  k in e tic s  o f  th e  process.
A ccording to  o u r e x p e rim e n ta l d a ta  co n d itio n  (5) is rea lized  in  so lu tions 

1 —9, a n d  condition  (6) in  so lu tio n s 1 0 —13. T his can  be ex p la in ed  b y  assum ing  
t h a t  in  acid so lu tions o f  h ig h  pe rch lo ra te  c o n c e n tra tio n  no a c e ta te  ion , a t  
b e s t  p erch lo ra te  ions ca n  b e  adsorbed  on  th e  su rface  o f  copper. T herefore  
c a th o d ic  (as well as an o d ic ) processes a re  v e ry  ra p id  an d  co n d itio n  (5) is 
re a liz e d , w hereas co n d itio n  (6 ) is favoured  a t  low er acid  an d  p e rch lo ra te  con
c e n tra tio n s . For, in  th e se  so lu tio n s th e  a c e ta te  c o n c e n tra tio n  in  g iven  cu rren t- 
d e n s i ty  range  is n o t en o u g h  fo r th e  fo rm atio n  o f  co p p er a c e ta to  com plex  d u rin g  
a n o d ic  dissolution , b u t  su ffic ien t for a d so rp tio n . In  tu rn , th e  r a te  c o n s ta n t 
k k o f  th e  ca thode process w ill decrease as a  consequence  o f th e  a d so rp tio n  of 
a c e ta te  ions and  th e  r a te  o f  th e  anode process w ill rem ain  p ra c tic a lly  u n 
c h a n g e d , and th is , in d eed , w ill lead  to  th e  rea liza tio n  o f  co n d itio n  (6). T hus 
t h e  suppositions here  p ro p o u n d e d  seem to  ex p la in  th e  e x p e rim e n ta l d a ta .

A ll these are in  acco rd an ce  w ith  th e  w ell-know n s ta te m e n t [8] th a t  
L i + -ions are more “ ac id ic”  in  an  acetic  acid  m ed iu m  th a n  N a +-ions, a n d  th a t  
w a te r  a d d ed  to  acetic  a c id  so lu tions m akes i t  m ore  basic  (increases th e  a c e ta te
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ion  co n cen tra tio n ). T h u s , i f  to  a 0.25 m o le d m -3  LiC104 so lu tion  (so lu tio n  5)
0.27 m o led m -3 H 20  is added , p o la riz a tio n  curves are  sim ilar to  th o se  for 
so lu tions 1 0 —13 w ill re su lt.

I t  can  be con c lu d ed  th a t  th e  H C 104 c o n cen tra tio n  is n o t responsib le  
fo r th e  a lte ra tio n  o f  th e  step  w hich d e te rm in e s  th e  k inetics o f th e  d isso lu tion  
o f  copper in  th e  so lu tio n s stud ied . M ost p ro b a b ly  th e  k inetics is a ffec ted  b y  
th e  ad so rp tio n  an d  d eso rp tion , re sp ec tiv e ly  o f  a c e ta te  ions.
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AljOs—A1F3 cata lysts of various com ponent ratios have been prepared  by  the 
reaction of activated  alum ina w ith N H ,F  followed by  th e  therm al decom position of the 
in term ediate product obtained  a t  the first stage of the reaction. S tructu re , th e rm a l 
stab ility  and surface area of the catalysts have been determ ined. The th e rm al decom 
position of the in term ediate product was investigated  as well.

Introduction

A lum in ium  fluo ride  d iffers m ark ed ly  in  i ts  chem ical and  p h ysica l p ro p e r
ties from  o th e r  a lum in ium  halides. I t  is m ore  ion ic  in  n a tu re  and  e x is ts  in  th e  
form  o f g ia n t m olecules. A1F3 is n o t as s tro n g  Lew is acid  as are o th e r a lu m in iu m  
halides, th e re fo re  its  a p p lica tio n  to  ca ta ly ze  h y d ro c a rb o n  reactions is re la t iv e 
ly  lim ited . In  c o n tra s t to  o th e r  a lu m in iu m  h a lid es  w hich are c a ta ly tic a lly  
ac tiv e  o n ly  if  com plete ly  a n h y d ro u s , A1F3 is a lso  ac tiv e  in  h y d ra te d  fo rm . 
T here  a re  supp o sitio n s t h a t  th e  presence o f  w a te r  is ind ispensable  to  c a ta ly z e  
such  re a c tio n s  o f  h y d ro ca rb o n s  as: p o ly m eriza tio n  [1], h y d ra tio n  [2 ], re fo rm 
ing  [3, 4 ], isom eriza tion , c rack in g  [5 —10] a n d  oil re fin in g  [11, 12]. M ost d a ta  
concern ing  c a ta ly tic  p ro p e rtie s  o f  A1F3 can  be  fo u n d  in  p a te n t l i te ra tu re .

Tw o m od ifica tions o f  a lum inum  flu o rid e  a re  know n. O rth o rh o m b ic  
а -m o d ifica tio n  has been know n for a  long tim e , w hile  th e  m e tas tab le  h e x a g o 
na l ß-form  h as  been re p o rte d  b y  Ch r is t o p h  et al. only  in  1965 [13]. T he 
au th o rs  h a v e  o b ta in ed  th is  new  m od ifica tio n  b y  d e h y d ra tio n  of A1F3 • 3 H ,0 .  
T he p o ss ib ility  o f o b ta in in g  m od ifica tion  o th e r  th a n  a -A lF 3 by  th e  th e rm a l 
decom position  o f  (N H 4)3A1F6 w as re p o rte d  a lre a d y  in  th e  th ir tie s  [14 ,] b u t 
th e re  w as n o  in fo rm atio n  concern ing  th e  s tru c tu re  o f  th e  new fo rm . S h in n

[15] an d  T h o o n e n  [16] o b ta in e d  a lu m in iu m  f lu o rid e  b y  th e  d eco m p o sitio n  
o f (N H 4)3A1F6. T here  w as no  s tru c tu ra l d ifference betw een  th e ir sam p les  an d  
th e  one d efin ed  b y  Ch r is t o p h  as th e  /1-A1F3. T h e  p re p a ra tio n  of m ix tu re s  o f 
A120 3 a n d  /?-A lF3 w as in v e s tig a te d  b y  T h o o n e n  [16]. A n excess o f  a c t iv a te d  
g ibbsite  w as h e a te d  w ith  a n  aqueous, am m o n iaca l so lu tion  of N H 4F  a t  100 °C. 
U nder such  cond itions (N H 4)3A1F6 w as p re c ip ita te d  in  th e  a lu m in a  po res, 
an d  th e n  tran sfo rm ed  in to  a  m ix tu re  o f /5-AlF3 a n d  A120 3 by  h ea tin g  a t  450 —
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—500 °C. A ccord ing  to  th e  a u th o rs  [16,19,20] h ex aflu o ro a lu m in a te  decom poses 
to  te tra f lu o ro a lu m in a te  a t  225 °C. T he l a t t e r  is tran sfo rm ed  to  /S-A1F3. T he 
a u th o rs  suggest th a t  a ll H F  m olecules o b ta in e d  during  th e  th e rm a l process 
a re  l in k e d  to  th e  re m a in in g  A120 3. T hus, th e y  recom end  to  use th e  excess o f 
a lu m in a  in  th is  m e th o d  o f  p re p a ra tio n . Shinn [15] has described  th e  th e rm a l 
d eco m p o sitio n  o f (N H 4)3A1F6 using th e  fo llow ing  se t of eq u a tio n s:

(N H 4)3A1F 6 _iüü*. n h 4a i f 4 +  2 n h 4f  

N H 4A1F4 300° > y -A lF 3 +  N H 4F

y -A lF 3 720l.>  0C-AIF3

A1F3 c la im ed  by th e  a u th o rs  [15] as у -fo rm , has been id en tified  as th e  
/3 -m odifica tion  [17] o f a lu m in u m  flu o rid e . T h e  ß —*- a  tra n s fo rm a tio n  is 
ir re v e rs ib le . A ccord ing  to  D u tc h  au th o rs  [16, 19, 20] th is process ta k e s  place 
a lre a d y  a t  600 °C.

E xperim en ta l

A120 3—A1F3 catalysts of various component ra tio s have been prepared using the m ethod 
sim ilar to  the one described by  D utch authors [16, 19, 20J. Alumina obtained by hydrolyzing 
of a lum inum  isopropoxide [21] was used as a  starting  m ateria l. A120 3 was ac tiva ted  a t 300 °C 
for 16 h. C ontrary to the above authors [16, 19, 20] th e  excess of NH4F (in com parison w ith 
th e  am o u n t of fluorine in th e  final product) was used in  the first reaction step. Our prelim i
n a ry  experim ents have shown th a t fluorine was not com pletely  incorporated into the cata lyst 
du ring  th erm al decomposition of (N H 4)3A1F6 ob tained  in the first stage of p reparation . The 
following w t. ratios were used in the initial m ixture:

A1F3 con ten t in the product 10% J 30% 50% 70% 90% 100%

N H 4F/A120 3 w t. ratio in the substrate 0.44 1.33 2.20 3.08 3.96 4.40

R eac tion  betw een ac tivated  alum ina and aqueous solu tion  of N H 4F w ith the add ition  of 
am m onia  was carried ou t in closed polypropylene vessels a t 95 °C for 2h. The p roducts of the 
first p rep ara tio n  step were separated  by means of cen trifugation  and dried a t 120 °C w ithout 
any  w ashing. In  the nex t step , samples were heated  for 5 h  in platinum  crucibles a t three 
d ifferen t tem peratures: 500, 600 and 750 °C. The furnace was flushed w ith a s tream  of dry 
air du ring  the heating. Fluorine content in the samples w as determ ined by W il l a r d  — W in k l e r  
m ethod  [22, 23] using T h (N 0 3)4. S tructure of the sam ples was characterized by X -ray  diffrac
tion  using  Co-filtred CuKa rad ia tion  (Figs 2 and 4). Therm ographic analyses on MOM OD-120 
d e riva tog raph  were carried ou t in order to  investigate th erm al decomposition of sem iproducts 
and  th e rm al stability  of final ca ta lyst samples. R esults o f therm ographic analyses are shown 
in Fig. 1. IR  spectra were recorded on Perkin E lm er M odel 580 spectrom eter (Fig. 3) using 
K B r w ater technique. Surface areas of the samples were determ ined using Sartorius sorptom - 
e te r “ G rav im at” on the ground of low tem perature n itrogen adsorption (Fig. 5).

R esults an d  D iscussion

T h e  am o u n ts  o f  N H 4F  in  th e  reac tio n  m ix tu re  applied  in  o u r ex p erim en ts  
w ere  h ig h e r th a n  th e  c o n te n t o f fluoride  in  th e  f in a l p roducts. B asing  on th e  
re su lts  o f  th e rm o g rap h ic  analyses, we h a v e  fo u n d  th a t  fluorine  d id  n o t re a c t
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Temperature  (°C)

Fig. 1. DTA (upper curves) and DTA (lower curves) of interm ediate p roduct obtained at the 
first stage of p reparation  of cata lyst samples containing different am ounts of A1F3 (concentra

tions of alum inum  fluoride are given on the righ t hand  side of the Figure)

co m p le te ly  -with a lu m in a  d u rin g  h e a tin g  o f  th e  sam ples o b ta in e d  a t  th e  low- 
te m p e ra tu re  s tag e  o f  p re p a ra tio n . Sam ples o b ta in ed  a t  th is  s tag e  o f  synthesis 
re p re se n t (N H 4)3A1F6 o r a m ix tu re  o f  (N H 4)3A1F6 a n d  A120 3. T herm ograph ic  
d a ta  (F ig . 1) show  th a t  v o la tile  p ro d u c ts  o f  th e rm a l decom position  o f  (N H 4)3A1F0 
(such as  H F  an d  N H 3) leav e  th e  re a c tio n  m ix tu re , th u s  som e p a r t  o f  fluorine 
c a n n o t com bine w ith  a lu m in a . A s show n in  F ig . 1 th e  decom position  of 
(N H 4)3A1FC occurs in  th re e  stages. T hese th re e  stages a re  ex p ressed  b y  th ree 
en d o th e rm ic  effects on  D T A  cu rv e  an d  a re  accom pan ied  b y  a decrease in  m ass 
(D TG  curve). A n a d d itio n a l en d o th e rm ic  effect a t  500 °C occurs fo r th e  sam ple
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c o n ta in in g  th e  least a m o u n t o f  flu o rin e . This effect is a re su lt o f  d eh y d ra tio n  
o f  a lu m in a . P roportions b e tw e e n  th e  above th re e  e n d o th e rm ic  peaks change 
d e p e n d in g  on  th e  fluorine  c o n te n t  in  sam ples. T he en d o th e rm ic  effect a t  ab o u t 
200 °C is  p red o m in an t fo r th e  sam ples of low flu o rin e  c o n te n t. In  th e  case of 
sa m p le s  con ta in ing  m ore f lu o r in e  th is  effect decreases a n d  effects a t  ab o u t 
300 a n d  450 °C becom e th e  m a in  ones. The effect a t  450 °C is due to  th e  fo r
m a tio n  o f  /9-AlF3. IR  sp ec tra  sh o w  th a t  N —H  b an d s  d isap p ea r a t  th is  te m p e r
a tu re .  T h e  X -ray  d iffrac tio n  p a t t e r n  of th e  sam ples o b ta in e d  a t  th is  te m p e r
a tu re  co rresponds to  th e  /3-A lF3 s tru c tu re  (F ig. 2). I R  sp ec tra  o f  sam ples 
c a lc in a te d  a t  200 and  300 °C a re  s im ila r to  each o th e r  (F ig . 3). T he sp ec tru m  of 
th e  o n e  o b ta in ed  a t  300 °C, h o w e v e r , shows m ore in te n s iv e  2920 an d  1880 c m -1 
b a n d s  ch a rac te ris tic  for N H 4A1F4 [15]. The X -ray  d iffra c tio n  p a tte rn  of 200 °C 
sa m p le  show s lines o rig in a tin g  fro m  b o th  (N H 4)3A1F6 a n d  N H 4A1F4 (F ig. 2). 
B a s in g  o n  th e  above re su lts  w e  can  conclude th a t  th e  in te rm e d ia te  p ro d u c t 
o b ta in e d  a t  200 °C rep re sen ts  th e  m ix tu re  of (N H 4)3A1F6 an d  N H 4A1F4. S am 
p les p re p a re d  a t  300 °C c o n ta in  o n ly  te tra f lu o ro a lu m in a te . T here  is no in d ica tio n  
fo r th e  p resence  of (N H 4)2A1F5 o r oxy fluo rocom pounds. A n in te re s tin g  question  
is, w h y  th e  (N H 4)3A lFe —*• N H 3A1F4 -f- 2 H F  -f- 2 N H 3 re a c tio n  proceeds in 
tw o  s te p s  a t  tw o d ifferen t te m p e ra tu re s . The effect a t  a b o u t 300 °C becom es 
p re d o m in a n t for sam ples o f  h ig h  fluorine  co n ten t. I t  is n o t clear w h a t is th e
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Fig. 2. X -ray  pattern  of the sam ples obtained by heating of in term ediate  product a t tem per
ature indicated in  th e  Figure (“ 0 ” — sample w ithou t heating)
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in flu en ce  of u n b o u n d  A120 3 on th is  process, b u t  one can  supp o se  th a t  some 
v o la tile  p ro d u c ts  (p a rtic u la rly  am m onia) of th e  th e rm a l decom position  of 
(N H 4)3A1F6 can  ad so rb  on th e  a lu m in a  surface. T he en d o th e rm ic  effect a t 
200 °C could be a  re su lt o f  th e  deso rp tio n  o f  th e  above  m e n tio n e d  adsorbed  
species. On D TA  cu rves o f a ll th e  flu o rine-con ta in ing  sam ples an  exotherm ic 
effect appears also a t  750 °C. T here  is no m ass loss a t  th is  te m p e ra tu re . The 
exo th erm ic  effect m en tio n ed  above can  be assigned to  th e  /3-AlF3 —*■ a-A lF 3 
tra n sfo rm a tio n . T h e  X -ra y  d iffrac tio n  d a ta  show  th a t  th e  sam p les  ob ta ined  
a t  750 °C have а -s tru c tu re  (F ig . 4). O n th e  o th e r h an d , h ex ag o n a l /3-modifica
tio n  o f A1F3 is p re sen t in  th e  sam ples h ea ted  a t  500 an d  600 °C. Irre sp ec tiv e ly  
o f  th e  ca lc ination  te m p e ra tu re , a decrease in  surface a rea  o f  th e  sam ples occurs 
w ith  an  increase in  flu o rin e  co n te n t. I t  resu lts  from  th e  fa c t t h a t  a lum inum  
flu o rid e  has a co n sid e rab ly  sm aller a rea  th a n  th a t  o f  a lu m in u m  oxide. The 
A120 3—A1F3 sy stem  is a sim ple re s u lta n t o f  surface a reas  o f  com ponen ts, 
since slope o f th e  cu rv e  show n in  F ig . 5 is a t  f ir s t  sh a rp , b u t i t  is s ign ifican tly  
less p ronounced  for th e  sam ples co n ta in in g  m ore th a n  50%  A1F3. This is in 
ag reem en t w ith  a re c e n t p a p e r b y  N eim a ric  [25] w here d ifferences in  porosity  
a n d  adso rp tio n  p ro p e rtie s  b e tw een  in itia l com ponen ts a n d  re su ltin g  m ixed 
a d so rb en ts  (such as zeo lite -a lum ina , ac tiv e  ca rb o n -a lu m in a, zeolite-silica gel) 
a re  exp la ined  b y  a syn erg e tic  m echan ism . A n o th e r fa c to r  show ing  su b stan tia l 
e ffec t on th e  surface a rea  is c ry s ta l s tru c tu re . Surface a reas  o f  /3-AlF3-contain- 
in g  sam ples (ca lc ina ted  a t  500 an d  600 °C) are  tw ice as la rge  as surface' areas
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o f « -A lF j-co n ta in in g  ones, w h ic h  w ere o b ta in ed  b y  h e a tin g  a t  750 °C. The 
re d u c t io n  o f  surface a reas  o b se rv e d  in  th e  case o f  th e  la t te r  sam ples is p a r tly  
d u e  th e  h igh  te m p e ra tu re  o f  ca lc in a tio n  (750 °C). T h e  o bserved  decrease in
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Fig. 4. X -ray  pattern  of the sam ples obtained by heating a t tem pera tu res indicated in the
Figure

Fig. 5. Correlation between surface area and fluorine conten t in  the cata lyst samples. The 
curves represent sam ples ob tained  at 500, 600 and 750 °C, respectively
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su rface  a rea  is, how ever, to o  h igh  to  be a  re su lt  o f pore s in te ring  o n ly . T h u s 
th e  tra n s fo rm a tio n  o f  c ry s ta l s tru c tu re  seem s to  be a decisive fa c to r  fo r th e  
d iscussed  changes in  su rface  a rea .

D ifferences in  p ro p e rtie s  o f  in d iv id u a l sam ples are re flec ted  b y  th e ir  
c a ta ly tic  a c tiv ity . T h is m a tte r  w ill be a su b jec t o f  a n o th e r p ap e r [24].
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Catalytic properties of A120 3—A1F3 samples have been stud ied  in n-butene 
isom erization and cumene cracking. R esults of cataly tic m easurem ents are discussed 
in the light of IR-spectroscopic investigations and structu ral studies (X -ray  diffraction, 
electron microscopy).

I t  has been found th a t the highest cataly tic activ ity  for bo th  reactions studied 
is shown by the samples containing 10 w t.%  A1F3. IR-spectroscopic d a ta  lead to  the 
conclusion th a t cata lysts w ith the above alum inium  fluoride conten t have  the highest 
concentration of Rroensted acid sites. These sites are formed due to  th e  polarization  of 
OH groups on the alum ina surface. F u rth e r increases in the fluorine co n ten t reduce the 
catalytic activity . C atalytic activ ity  is influenced also by the size of A1F3 crystallites. 
Larger crystallites lead to  a decrease in cata ly tic  activity.

M any in v es tig a tio n s  concern ing  c a ta ly tic  p roperties o f  f lu o rin a te d  
a lu m in a  h av e  been  re p o rte d  |1 -7 ] . P ro p e rtie s  o f a lum in iu m  flu o rid e  were 
also  s tu d ie d  [8 —10]. R ecen tly , severa l p ap ers  dealing  w ith  th e  co m b in a tio n  
o f  A1F3 and  zeolites w ere pub lished  [1 1 —17]. A lum inium  f lu o rid e  increases 
th e  se lec tiv ity  o f zeo lite  in  to lu en e  d isp ro p o rtio n a tio n .

C om bination  o f  A120 :! an d  A1F3 w as also described in  re sp e c t to  its  c a ta 
ly tic  a c tiv ity  H olm  an d  Cl a r k  [18, 19] h av e  in v estig a ted  th e  c a ta ly t ic  a c tiv ity  
o f  th e  sam ples co n ta in in g  u p  to  2 0 %  o f flu o rin e  fo r n-octane  c rack in g , o-xylene 
isom eriza tio n , and  p ro p y len e  p o ly m eriza tio n . The m ost in te n s iv e  in crease  in 
a c t iv i ty  w as found  in  th e  case o f  sam ples con ta in ing  1 .6 —3 .0 %  fluorine . 
M ax im al a c tiv ity  w as reach ed  for th e  c a ta ly s ts  co n ta in in g  a b o u t  6 %  F . A 
fu r th e r  increase in  in c o rp o ra te d  f lu o rin e  d id  n o t cause a s u b s ta n tia l  change 
in  c a ta ly tic  a c tiv ity . T h e  a u th o rs , b as in g  on am m onia a d so rp tio n  d a ta ,  con
c lu d ed  th a t  fluo rine  red u ced  th e  s tre n g th  o f  a lu m in a  acid  s ites. W eak e r sites 
allow ed h igher surfaee m o b ility  an d  p e rm itte d  easier deso rp tion  o f  th e  p ro d u c ts . 
Co v in i  et al. [20, 21] in v e s tig a te d  th e  a c t iv i ty  o f A120 3—A1F3 c a ta ly s ts  in 
cum ene h y d ro d ea lk y la tio n , xy len e  iso m eriza tion  an d  te rt-b u ty lb en zen e  h y d ro 
d ea lk y la tio n . The a u th o rs  h av e  co m p ared  th e  ca ta ly tic  d a ta  a n d  th e  resu lts 
o f  th e  tira tio n  w ith  n -b u ty la m in e , u sing  H 0 an d  H R in d ic a to rs . T h e y  have 
fo u n d  a good co rre la tio n  be tw een  th e  re su lts  o f ca ta ly tic  te s ts  a n d  th e  concen
tr a t io n  o f  th e  s tro n g est ac id  sites, as d e te rm in ed  by  using  ind ica to rs.

M o e r k e r k e n  et al. [22] h a v e  p o in te d  o u t  t h a t  th e  c r y s ta l  s t r u c tu r e  of 
A1F3 sh o u ld  he ta k e n  in to  c o n s id e ra t io n  w h e n  s tu d y in g  m ix e d  A120 3—A1F3
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c a ta ly s ts . Sam ples c o n ta in in g  /S-A1F3 w ere m ore  a c tiv e  in  cum ene c rack in g  
t h a n  th e  ones c o n ta in in g  th e  а -form. The h ig h e s t a c t iv i ty  w as reached  for th e  
c a ta ly s ts  contain ing  40 —8 0 %  of /S-A1F3. In c re a se  in  fluo rine  co n ten t in  th e  
а -series ca ta ly sts  le ad s  to  a  decrease in  th e  c a ta ly t ic  a c tiv ity . T he a u th o rs  
d id  n o t  find  any  c o rre la tio n  betw een  ca ta ly tic  a c t iv i ty  o f  th e  sam ples an d  th e ir  
a c id i ty  an d  specific su rfa c e  a rea . R e it s m a  et al. [23] m a in ta in  th a t  c a ta ly tic  
s ite s  a re  located  on th e  c ry s ta l l i te  b o u n d ary  b e tw e e n  A130 3 an d  A1F3 p artic les . 
T h e  sm aller size o f /3-A lF3 c ry sta llite s  leads to  a n  increase  in  th e  n u m b er o f 
ed g es  ad jacen t to  a lu m in a  c ry sta llite s . This m a y  ex p la in  th e  h igher ca ta ly tic  
a c t iv i ty  o f /S-AlFj c o n ta in in g  ca ta ly sts . T he im p o r ta n c e  o f th e  size of A1F3 
c ry s ta ll i te s  for c a ta ly tic  a c t iv i ty  was also em p h asized  b y  Jap an ese  a u th o rs  
s tu  d y in g  m o rd e n ite -su p p o rte d  A1F3 as a c a ta ly s t  fo r to luene  d isp ro p o rtio n a 
t io n  [13].

E xperim ental

The samples described previously  [24] were exam ined in cumene cracking and n -butene 
isom erization . The pulse-technique microreactor was used in th e  catalytic tests. The micro
re a c to r  was connected d irectly  to  a gas chrom atograph. C ata ly st samples were p re treated  a t 
450 °C for 1 h in a stream  of d ry  helium , whose flow ra te  was 30 cm3/m in both during p re trea t
m en t and  during catalytic m easurem ents in the above reactions. The tests for cumene cracking 
w ere carried  out in the tem p e ra tu re  range of 300—400 °C an d  the reaction products were 
sep a ra ted  using a 2 m colum n packed  with Silicone SE-30. The measurem ents of cataly tic 
a c tiv ity  for butene isom erization were carried out in the range of 100—250 °C and the reaction 
p ro d u c ts  were analyzed in a 10 m  long column filled w ith propylene carbonate. Only butene 
isom ers were found in the reac tio n  products. IR  spectra of selected samples were recorded on 
a Perkin-E lm er Model 580 double-beam  grating spectrom eter. C atalyst wafers 2.3 cm in 
d iam ete r, weighing about 0.05 g, w ere pretreated a t  450 °C for 4 h  in a vacuum  cell a t 10-5  
T o rr. Pyridine vapour was adso rbed  on the wafers a t room tem p era tu re  for 1 h  and then  desor- 
ber during  2 h evacuation a t  200 °C.

E lectron micrographs w ere tak en  for some of the investiga ted  samples using a JE O L  
JE M -7A  electron microscope.

R e s u lts  an d  D isc u ss io n

T h e  d a ta  o b ta in ed  sh o w  th a t  th e  A120 3 —A1F3 sam ples under s tu d y  a re  
c a ta ly t ic a l ly  active in  b o th  re a c tio n s  in v estig a ted . C onversions, as m easured  a t  
th e  re a c tio n  te m p e ra tu re  o f  400  °C for crack ing  a n d  250 °C for isom eriza tion , 
a re  g iv en  in  Figs 1 a n d  2. T h e  curves re p re se n tin g  conversion  as a fu n c tio n  
o f  A 1F3 percentage a t  th e  o th e r  tem p era tu res  s tu d ie d  w ere sim ilar to  th o se  
sh o w n  in  these F igures.

C a ta ly st sam ples c a lc in ed  a t  500 °C are  m o st a c tiv e  for n -bu tene  isom er
iz a t io n  (Fig. 1). The a c t iv i ty  o f  th e  sam ples h e a te d  a t  600 °C is equally  h igh  
in  th e  case o f low flu o rin e  c o n te n ts  (up to  30 w t.%  A1F3). A fu r th e r  increase 
in  th e  fluo rine  co n ten t le a d s  to  a decrease in  c a ta ly tic  a c tiv ity . Sam ples con
ta in in g  70 and  90% A1F3 a re  com plete ly  in ac tiv e , w h ereas  a lum in ium  fluoride  
b y  itse lv e s  calcined a t  600 °C show s some a c tiv ity . A m o n g  th e  sam ples hea ted
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Fig. 1. Catalytic activ ity  of A120 3 A1F3 sam ples for n-butene isomerization a t 250 °C as a
function of A lF3 conten t ,

Fig. 2. Catalytic ac tiv ity  of A120 3 A1F3 sam ples for cumene cracking at 400 °C as a function
of A1F3 content

a t  750 °C on ly  th o se  co n ta in in g  u p  to  30 w t.%  A1F., are c a ta ly tic a lly  a c tiv e  for 
b u te n e  isom eriza tion  (F ig . 1). T h e  a b o v e  re a c tio n  can proceed on  b o th  basic 
a n d  ac id  sites o f  Lew is a n d  B ro en sted  ty p e . In  th e  case of a lu m in a , th e  sites 
a c tiv e  for b u ten e  iso m eriza tio n  are  m o st p ro b a b ly  Lewis ac id  c e n tre s . T heir 
p resence  is in d ica ted  b y  th e  v e ry  in te n s iv e  b and  a t 1455 c m -1  in  th e  IR  
sp e c tra  o f  adso rbed  p y rid in e  (F ig. 3), w hile th e re  is no b and  o r ig in a tin g  from
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Frequency Ccm'1)

Fig. 3. IR  spectra of py rid ine  adsorbed on the sam ples ob ta ined  a t 500 °C: 1 — A120 3; 
2 -  A120 3 A1F3 (10%); 3 -  A120 3- A 1 F 3 (50%)

p y r id in iu m  ion in  th e  case  o f  alum ina exposed  to  p y rid in e  vapour. T h e  la s t 
o b se rv a tio n  is in  a g re e m e n t w ith  lite ra tu re  d a ta  on  th e  n a tu re  o f  a lu m in a  
a c id ity  [2 6 —29]. T h e  isom eriz ing  a c tiv ity  o f  A1F3 shou ld  also be ascribed  to  
L ew is ac id ity  since a lu m in iu m  fluoride is ty p ic a l Lew is acid. This is c lea rly  
v is ib le  in  th e  IR  sp e c tru m  o f  pyrid ine a d so rb ed  on  A1F3 (Fig. 3), w here  th e  
b a n d  a t  1455 c m -1 co m in g  from  pyrid ine , c o o rd in a tiv e ly  bonded to  Lew is 
a c id  s ites, is p resen t, w h e re a s  a b and  a t  1540 c m -1  ascribed  to  py rid in iu m  ion  
is a b se n t. The h ig h est c a ta ly t ic  ac tiv ity  is o b se rv e d  fo r th e  sam ples co n ta in in g  
10 w t .%  A1F3 In  th e  case  o f  ca ta ly sts  calc ined  a t  750 °C, th e  a c tiv ity  o f  th e  
sam p le  conta in ing  10 w t .%  A1F3 is, how ever, lo w er th a n  th a t  o f a lu m in a  
a lo n e . R eactions p ro ceed in g  on m ixed A L 0 3 —A1F3 c a ta ly s ts  m ost p ro b a b ly  
o ccu r w ith  th e  p a r tic ip a tio n  o f  B roensted  ac id  c e n te rs . T he presence o f th e
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1540 c m -1 b an d  in  th e  I R  sp ec tru m  of p y rid in e  ad so rb ed  on such c a ta ly s ts  
confirm s th e  ab o v e  op in ion . T he b and  a t  1540 c m -1 o rig in a tin g  from  th e  
reac tio n  betw een  p y rid in e  a n d  p ro tonic  sites o f  th e  c a ta ly s t a re  p re se n t in 
th e  sp ec tra  o f all th e  sam ples o f m ixed c a ta ly s ts  calcined  a t  500 a n d  600 °C 
a n d  can  be seen even  in  th e  case of th e  sam p le  co n ta in in g  10 w t.%  A1F3 
h e a te d  a t  750 °C. T h e  ra t io  betw een  B roensted  a n d  Lew is cen ters (expressed 
b y  th e  ra tio  o f in te n s itie s  o f  th e  1540 and  1450 c m -1  h an d s) changes d epend ing  
on th e  fluorine  c o n te n t. F o r  in stance , th e  in te n s i ty  o f  th e  1540 c m -1 an d  
1450 c m -1 b an d s fo r th e  sam ples hea ted  a t  500 °C is as follows: AI20 3 — 0.00; 
A 1,03 —A1F3 (10% ) -  0 .75; A120 3-A 1 F 3 (50% ) -  0-.31; A1F3 -  Ó.00. The 
acid ic h y d ro x y l g ro u p s g iv ing  th e  1540 c m -1 b a n d  on th e ir  reac tio n  w ith  
p y rid in e  are  th o se  resp o n sib le  for th e  b an d s  a t  a b o u t 3560 an d  3610 c m -1 
in  th e  OH s tre tc h in g  v ib ra tio n  region. Such a  conclusion  m ay  be d row n b asin g  
on a  decrease in  in te n s itie s  o f  th ese  bands a f te r  p y rid in e  ad so rp tio n . T he in te n 
sive b an d  a t  3660 c m -1  p re se n t in  th e  sp ec tra  o f  all th e  flu ro in e-co n ta in in g  
sam ples (including  A1F3) does n o t belong to  ac id ic  O H  groups because  its  
in te n s ity  does n o t  ch an g e  w hen  pyrid ine  is ad so rb ed  on  th e  sam ples (F ig . 3). 
T h e  de tec tion  o f acid ic  h y d ro x y l groups in  th e  A120 3 —A1F3 sam ple con ta in in g - 
10 w t.%  A1F3 a n d  calc ined  a t  750 °C m ay be d u e  e ith e r  to  a  p a rtia l reh y d ro x y - 
la tio n  o f th e  su rface  w hen  it exposed to  a tm o sp h e ric  m oistu re , o r to  th e ir  
su rv iv a l even u n d e r such  d ra s tic  th e rm al co n d itions.

The com position  o f  isom eriza tion  p ro d u c ts  te s tif ie s  to  th e  acidic m ech a
n ism  o f th is  reac tio n . T h e  ra tio  o f cisjtrans isom ers is close to  1, w hich  m eans 
t h a t  th e  reac tio n  p roceeds via  a  b u ty l c a rb o n iu m  ion  form ed on  acid  sites
[25, 30, 31].

The second m odel re a c tio n  in v estig a ted  in  th is  s tu d y , cum ene crack ing , 
is know n to  occur f ir s t  o f  all on s trong  p ro to n ic  cen te rs  [32]. T he absence  of 
such  cen ters from  th e  a lu m in a  surface is th e  reaso n  w h y  none o f th e  a lu m in a  
sam ples (irrespective  o f  ca lc in a tio n  te m p e ra tu re )  is ac tiv e  in  th e  ab o v e  reac 
tio n  (Fig. 2). T he h ig h es t a c tiv ity  in  cum ene c rack in g  is show n by  th e  c a ta ly s ts  
co n ta in in g  10 w t.%  A1F3 (F ig . 2) likewise in  th e  case o f  b u ten e  isom eriza tion . 
T h is o b se rv a tio n  is in  a good agreem ent w ith  th e  re su lts  o f IR -sp ec tro sco p ic  
in v estig a tio n s, w hich  show  th a t  th e  c o n tr ib u tio n  o f B roensted  ac id  sites to  
th e  to ta l  a c id ity  is th e  h ig h est for th e  sam ples w ith  10 w t.%  A1F3. E v e n  th e  
m ixed  c a ta ly s t h e a te d  a t  a  te m p e ra tu re  as h ig h  as 750 °C an d  h av in g  th e  
above a lum in ium  flu o rid e  c o n te n t shows c rack in g  a c tiv ity  as th e  on ly  o f  th e  
sam ples calcined a t  th is  te m p e ra tu re  (F ig. 2).

In  our p rev io u s p a p e r  [24], we have  fo u n d  th a t  th e  surface a rea  o f  th e  
in v es tig a ted  sam ples decreases w ith  increasing  flu o rin e  c o n ten t. T ak in g  th e  
a b o v e  fac t in to  c o n sid e ra tio n , we ca lcu la ted  th e  conversion  degree p e r 1 m 2 
o f c a ta ly s t su rface  a n d  th e  course of a c tiv ity  cu rv es  (F igs 1 an d  2) ap p ea red  
to  be d iffe ren t from  th a t  observed  when th e  conversion  degree is p lo tte d  a g a in s t
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th e  A 1F3 con ten t. As th e  sam p les  w ith  h ig h e r fluo rine  co n ten ts  h a v e  consider
a b ly  lo w er surface a reas , th e  m ax im a  o f cu rves rep resen tin g  conversion  degree 
p e r  u n i t  ca ta ly st su rface a re a  as a fu n c tio n  o f a lum in ium  flu o rid e  c o n te n t are 
s h if te d  tow ards h igher p e rc e n ta g e  o f  A1F3. T h e  absence o f p ro to n ic  sites b o th  
on  A la0 3 and  A1F3 su rfaces a n d  th e ir  a p p e a ra n ce  on th e  su rfaces o f  m ixed 
c a ta ly s ts  te s ti ty  to  th e  fo rm a tio n  o f a new  c a ta ly tic  system . T h o u g h , accord ing  
to  th e  X -ra y  d a ta  p re se n te d  in  ou r p rev ious p ap er, A120 3 —A1F3 c a ta ly s ts  
a re  m ix tu re s  of th e  ab o v e  com pouns, th e ir  c a ta ly tic  b eh av io u r is n o t the  
r e s u l ta n t  o f th e  ca ta ly tic  a c tio n  o f  b o th  com ponen ts. T he in tro d u c tio n  of 
su c h  a  n egative  e lem en t as flu o rin e  leads to  w eakening  of th e  О —H  bonds 
in  su rfa c e  hydroxy l g ro u p s, m ak ing  p ro to n s  m ore m obile. T hus B ro en sted  
ac id  c en te rs  (which w ere a b se n t from  th e  surfaces of th e  co m p o n en ts  ta k e n  
a lo n e ) a re  form ed on th e  m ix ed  c a ta ly s ts . T h e  o b se rv a tio n  th a t  sam ples w ith  
10 w t .%  A1F3 are th e  m o st ac tiv e  is in  ag reem en t w ith  th e  re su lts  o b ta in ed  
b y  C ov iN i et al. [20, 21] a n d  H olm  an d  Cl a r k  [19]. R esu lts  o b ta in e d  in  th is  
s tu d y  a re  a t  variance w ith  th e  op in ion  [5], accord ing  to  w hich, h y d ra te d  flu o 
r id e  a n io n s  can be th e  so u rce  o f ac id ity . I f  th is  concept w as r ig h t, sam ples 
w ith  h ig h e r fluorine c o n c e n tra tio n  shou ld  be  m ore ac tive  an d  th is  has n o t 
b e e n  o b serv ed  in  our m easu rem en ts . The re d u c tio n  of ca ta ly tic  a c t iv i ty  a fte r  
th e r m a l  tre a tm e n t a t  750 °C, w hich  is p a r tic u la r ly  sharp  in  th e  case o f  cum ene 
c ra c k in g , is a resu lt o f  th e  re m o v a l o f  th e  ac id ic  h y d ro x y l groups. I n  th e  case 
o f  b u te n e  isom erization , w h e re  th e  c a ta ly tic  a c tiv ity  comes from  Lew is acid 
c e n te rs  as well, th e  decrease in  a c tiv ity  o f th e  sam ples h ea ted  a t  750 °C m ay  
b e  c a u se d  by  th e  tra n s fo rm a tio n  o f a lu m in iu m  fluo ride  c ry s ta l s tru c tu re . I t  
h a s  b e e n  found in ou r p rev io u s  p ap e r [24] th a t  c a ta ly s ts  calcined  a t  750 °C 
c o n ta in  0C-AIF3, w hereas th o se  h e a te d  a t  low er te m p e ra tu re  c o n ta in  th e  ß- 
-m o d ific a tio n  of a lu m in iu m  flu o rid e . As is show n b y  e lec tro n  m icrog raphs 
(F ig . 4 ), 0C-AIF3 c ry s ta llite s  a re  several tim es  la rg e r th a n  th o se  o f  /S-A1F3. 
A c c o rd in g  to  B o e l h o u w e r  et al. [22, 23] a n d  Sa to  an d  O t a n i [13], th e  size 
o f  A IF 3 c rysta llites is an  e ssen tia l fac to r in flu en c in g  th e  ca ta ly tic  a c t iv i ty  of 
a lu m in iu m  fluoride c o n ta in in g  c a ta ly s ts . O u r resu lts  confirm  th e ir  opin ion . 
I t  h a s  b een  shown in  th e  p re se n t s tu d y  t h a t  one can o b ta in  a c tiv e , m ixed 
A120 3 —A1F3 ca ta ly sts  r ich  in  B ro en sted  ac id  cen te rs, using th e  p re p a ra tio n  
p ro c e d u re  described p re v io u s ly  [24]. As w as a lread y  m en tioned , th e  h ighest 
c a ta ly t ic  effect is observed  a t  10 w t.%  A1F3. IR -spectro scop ic  in v es tig a tio n s  
h a v e  p ro v e d  th a t  th e  c o n c e n tra tio n  o f p ro to n ic  cen ters is th e  h ig h es t for th e  
a b o v e  A1F3 conten t. T he fo rm a tio n  o f  these  cen te rs  resu lts  from  th e  po lariz ing  
e ffe c t o f  fluorine on h y d ro x y l g roups p resen t on  th e  alum ina  surface. C a ta ly tic  
a c t iv i ty  depends also on th e  size o f A1F3 c ry s ta llite s . This is p a r tic u la r ly  c learly  
seen  in  th e  case of b u te n e  iso m eriza tio n , w h ich  can  occur on Lew is a c id  sites. 
T h e  c a ta ly t ic  in ac tiv ity  o f  th e  m a jo rity  o f sam ples h ea ted  a t  750 °C resu lts  
f ro m  chan g es in  th e  A1F3 s tru c tu re , because a t  least a p a r t  o f Lew is acid
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cen te rs  sh o u ld  su rv ive  th e rm a l t re a tm e n t a t  th e  a b o v e  tem p era tu re . T h o u g h  
th e  r e s u lts  p re se n te d  in  th is  s tu d y  h av e  p ro v id ed  e x p lan a tio n  for som e a s p e c t 
o f th e  c a ta ly t ic  beh av io u r o f m ix ed  A120 3 —A 1F3 c a ta ly s ts , m any  p ro b le m s 
are  s ti l l  t o  b e  solved. F u r th e r  s tu d ie s  on th e  m a t te r  in  question  are  u n d e rw a y  
in  th is  L a b o ra to ry .

R EFE R E N C E S

[1] W e b b , A. N .: Ind . Eng. Chem., 49, 261 (1957)
[2] G e r b e r ic h , H . R ., Lu t in s k i, F . E ., H a ll , W. K .: J .  C atal., 6, 205 (1966)
[3] A n t ip in a , T. V ., V in o k u r o v a , E . B .iR inet. R a ta l., 9 , 199 (1968)
[4] Ch e r n o v , V. A., A n t ip in a , T. V .: K inet. R a ta l., 6, 1114 (1965)
[5] A n t ip in a , T. V ., B u lgakov , О. V ., U varov , A. V .: Proc. 4th In t Congr. Catal. (Moscow,

1968) Vol. II , p. 376 (A kadém iai R iadó, B udapest 1971)
[6] H u g h e s , T. R ., W h it e , H . M., W h it e , R. J .:  J .  C atal., 13, 58 (1969)
[7] F in c h , J .  N ., Cla rk , A.: J .  C atal., 19, 292 (1970)
[8] A n t ip in a , T. V., Ve r s h in in a , N. D.: R inet. R a ta l., 7, 559 (1966)
[9] B u l g a k o v , О. V., U varov , A. V ., A n t ip in a , T. V .: Zh. Fiz. R him ., 43, 686 (1969)

[10] R a is e r , J .  R ., M oore , L. D., O d io so , R. C.: Ind . E ng . Chem., Prod. Res. D evelop., 1,
127 (1962)

[11] Toyo R ayon  R abushiki R aisha, Tokyo, D utch P a t. 6817615 (1968)
[12] O t a n i , S., I w am ura , T., H a y a s h i, S., R a na o k a , M .: U . S. 3,597,492 (1971)
[13] Sa t o , M. R ., Ota n i, S.: G erm an 1813252 (1972)
[14] S a t o , M. R ., Ota n i, S.: G erm an 1813251 (1972)
[15] Toyo R ayon  R abushiki R aisha, Tokyo, D utch P a t. 6817616 (1968)
[16] A n e k e , L. E ., Ge r r it s e n , L. A., van der B e r g , P . J . ,  de J ong , W. A.: J . C atal., 59,

26 (1979)
[17] A n e k e , L . E ., Ge r r it s e n , L. A ., E il e r s , J . ,  T r ia n , R . :  J .  Catal., 59, 3 (1979)
[18] H o l m , V. C. F ., Cla rk , A.: In d . Eng. Chem., P rod . R es. Develop., 2, 38 (1963)
[19] H o l m , Y. C. F „  Cla rk , A.: J .  Catal., 8, 286 (1967)
[20] Co v in i , R ., F a tto r e , V., G io r d a n o , N .: J . C atal., 7, 126 (1967)
[21] Co v in i , R ., F a tto re , V., G io r d a n o , N.: J . C atal., 9, 315 (1967)
[22] M o e r k e r k e n , A., B e h r , B., N oordeloos-Ma s s , M. A., B o elh o u w er , C.: J .  C atal.,

24 , 177 (1972)
[23] R e it s m a , H. J ., B o e l h o u w e r , C.: J . Catal., 33, 39 (1974)
[24] R o w a l a k , S.: Acta Chim. A cad. Sei. Hung, (subm itted )
[25] M e d e m a , J .:  J . Catal., 37, 91 (1975)
[26] R n ö z in g e r , H ., R a e r l e in , C. P .: J . Catal., 25, 436 (1972)
[27] R n ö z in g e r , H ., Stolz, H .: Fortschr. Roll. Polym ., 55, 16 (1971)
[28] P a r r y , E . P .: J . Catal., 2, 371 (1973)
[29] B a s il a , M. R ., R a n t h e r , T. R ., R h e e , R. H .: J . P hys. Chem., 68, 3197 (1964)
[30] H ig h t o w e r , J . W., H a l l , W . K .: Chem. Eng. P rogr., 63, 122 (1967)
[31] F o r s t e r , N. F ., Cv eta n o v ic , R . J .:  Amer. Chem. Soc., 82, 4274 (1960)
[32] Sa t o , M., A onum a , T., Sh ib a , T.: Proc. In t. Congr. Catal. Amsterdam, 1964, Vol. I ,  p .

396 (1965)
[33] Ch a p m a n , I. D., H a ir , M. L .: J .  Catal., 2, 145 (1963)

S ta n is la w  K o w a l a k  A. M ickiewicz U n iv e rs ity , G runw aldzka 6 , 6 0 —780
P o z n a n , P o land

A cta  Chim. Acad. Sei. Hung. 107, 1981



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 107 (1), pp. 35— 47. (1981)

THE EFFECT OF CELL RESISTANCE IN A.C. 
POLAROGRAPHY

T . Ga rAI and L. MÉSZÁROS

(Research Laboratory fo r  Inorganic Chemistry o f the H ungarian Academy o f Sciences,
Budapest)

Received March"4, 1980 
Accepted for publication May 29, 1980

The effect of th e  ohmic drop on the cell resistance was studied in fundam ental 
harm onic and second harm onic a.c. polarography during the drop growth of the d.m .e. 
The ohmic drop increases when the cell resistance and  the concentration of the solution 
are increased, w hen the frequency of the a.c. voltage is higher and when the num ber 
of electrons exchanged in the electrode reaction  is larger. The relative decrease of the 
amplitudes of th e  a.c. harm onic com ponents u n d er the effect of the ohmic drop varies 
during drop grow th. Thus, anomalous i =  f(t) curves observed during the drop grow th 
in second harm onic a.c. polarography a t higher frequencies viz. the appearance of 
a current m axim um  a t the beginning of the drop life can be a ttribu ted  to ohmic effects.

The iR  d ro p  is a  source o f  e rro r in  e lec tro ch em ica l m easu rem en ts even  
•when p o te n tio s ta tic  m e th o d  an d  a th ree -e lec tro d e  cell are  em ployed as i t  is 
u su a l in  m odern  e lec trochem ical p rac tice . I n  th e  la t te r  case th e  iR  drop  ex ists  
in  th e  resistance  b e tw e e n  th e  m easu rin g  e lec tro d e  (i.e. be tw een  th e  cold ju n c 
tio n  o f th e  p o te n tio s ta t)  and  th e  t ip  o f  th e  L ugg in  cap illa ry  o f  th e  reference  
e lec trode  [1, 2]. I n  w h a t follows, th is  re s is tan ce  w ill be referred  to  as th e  
cell resistance.

The ohm ic d ro p  in  th e  cell re s is tan ce  is n o t s ign ifican t in  m ost o f  th e  
cases in d.c. p o la ro g ra p h y . N everthe less, sev e ra l a u th o rs  tu rn e d  th e ir  a t te n 
tio n  to  th is  p h en o m en o n  [3 —10].

In  th e  case o f  a .c . p o la ro g rap h y , th e  e ffec t o f th e  vo ltage  g en era ted  on 
th e  cell re s is tan ce  m u s t also be ta k e n  in to  co n sid e ra tio n  w ith  resp ec t to  th e  
a lte rn a tin g  c u r re n t com ponen ts. T he iR  d ro p  caused  b y  th e  po la ro g rap h ic  
d ire c t cu rren t a ffe c ts  th e  a.c. co m p o n en ts  o n ly  in  t h a t  th e  p o ten tia l o f  th e  
d ro p p in g  m ercu ry  e lec trode  will d iffer fro m  th e  ap p lied  p o ten tia l. T h e  a .c . 
iR  d rop , how ever s ig n ifican tly  a lte rs  th e  h a rm o n ic  com ponen ts o f th e  a l te rn a t
in g  c u rren t since th e  electrode im p ed an ce , i.e  th e  fa rad a ic  im pedance c h a ra c 
te r is tic  o f th e  e le c tro d e  processes co n n ec ted  in  p a ra lle l to  th e  doub le-layer 
c a p a c ity , re p re se n ts  a m uch sm aller re s is tan ce  to  a .c . th a n  to  d.c. T h u s  th e  
v o ltag e  d iv ision  o n  cell resistance an d  e lec tro d e  im p ed an ce  connected  in  series 
m a y  reduce th e  a lte rn a tin g  v o ltag e  ap p lied  to  th e  fa rad a ic  im p ed an ce . In  
ea rlie r co m m u n ica tio n s  [11, 12, 13] d e ta ile d  th e o re tic a l an d  ex p e rim en ta l 
s tu d ies  have  b e e n  p re sen ted  concern ing  th e  in flu en ce  o f  ohm ic drop  in  fu n d a 
m en ta l harm o n ic  as w ell as in  second, a n d  th ird  h arm o n ic  a.c . p o la ro g rap h y .
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I n  th o s e  s tud ies th e  change o f  th e  su rface  a re a  o f th e  d ro p p in g  m e rc u ry  elec
tro d e  d u rin g  d rop  g row th  w as n o t  ta k e n  in to  acco u n t: c a lcu la tio n s  re fe rred  
to  t h e  c o n s ta n t electrode a re a  o b serv ed  im m ed ia te ly  before th e  d is lo ca tio n  o f 
th e  d ro p .

I n  th e  p resen t p ap e r w e a t te m p t  to  consider th e  effect o f cell re s is tan ce  
o n  th e  h a rm o n ic  com ponen ts o f  th e  a .c . d u rin g  th e  g row th  o f  th e  m e rc u ry  
d ro p  o f  th e  dropp ing  m e rc u ry  e lec tro d e . T h is su b jec t d id  n o t  a t t r a c t  m uch  
a t te n t io n  as fa r  as h igher h a rm o n ic  a n d  in te rm o d u la tio n  a .c . p o la ro g ra p h y  
a re  co n cern ed .

T h e  tim e-dependence  o f  th e  cell re s is tan ce  an d  th a t  o f  th e  h a rm o n ic  
c o m p o n e n ts  o f th e  a lte rn a tin g  c u r re n t are  discussed f irs t.

A cco rd ing  to  K o l t h o f f  |T 0], th e  cell res is tan ce  is com posed o f  tw o  p a r ts :

R  —  Я н *  +  R io  I ( i )

w h ere  I?Hg is th e  resistance  o f  th e  m ercu ry  th re a d  in  th e  d .m .e . c ap illa ry  
w h ich  is c o n s ta n t in  a g iven cell a n d  in d e p e n d e n t o f tim e ; R sol is th e  re s is tan ce  
o f  th e  so lu tio n  betw een  th e  e lec tro d e  su rface  an d  th e  t ip  o f  th e  L u g g in 
c a p illa ry  o f  th e  reference e lec tro d e . T h is resistance  changes in  t im e  an d , 
a cc o rd in g  to  I lk o v ic  [3], i t  l in e a r ly  v a rie s  w ith  th e  rec ip rocal o f th e  ra d iu s  
o f  th e  d ro p . R esistance R s0\ is g iven  b y  th e  follow ing fo rm ula  if  th e  re ference  
e le c tro d e  is considered, as a s im p lific a tio n , to  be concentric  w ith  th e  m ercu ry  
d ro p  a n d  p laced  on an  e q u ip o te n tia l su rface  a t  d istance  r2 from  th e  c e n tre  o f 
th e  g ro w in g  d rop:

A - i l  (2,
r l r 2

w h ere  r x is  th e  rad ius o f th e  m e rc u ry  d ro p , in  cm , q is th e  specific re s is tan ce  
o f  th e  so lu tio n , in  ohm  • cm . T h e  in c rease  o f  rad iu s  rl is p ro p o rtio n a l to  t1/3.

1/3

4 лс1
(;m t)V3 (3)

w here m  is th e  flow  ra te  o f m e rc u ry  in  g • s -1 , t, th e  tim e  e lap sed  since th e  
b e g in n in g  o f  th e  fo rm ation  o f th e  d ro p  in  seconds, d, th e  d e n s ity  of m e rc u ry  
in  g • c m -3  a t  25 °C. T hus th e  d ecrease  in  cell resistance  is in v e rse ly  p ro p o r
tio n a l to  f1̂3.

T h e  v a r ia tio n  of th e  h a rm o n ic  co m p o n en ts  of th e  a.c . d u rin g  th e  life 
o f th e  m e rc u ry  d rop  differs fro m  th e  re la tio n sh ip  valid  for d .c. p o la ro g rap h y .

In  th e  l a t t e r  case th e  c u rre n t in te n s i ty  increases w ith  th e  t h  pow er of

tim e , h o w ev e r, in  a.c. p o la ro g rap h y  th e  a m p litu d e s  of th e  harm on ic  co m p o n en ts
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of th e  c u rren t a re  p ro p o rtio n a l to  th e  su rface a re a  o f th e  m ercu ry  d rop  w hich 
increases as a  fu n c tio n  o f t2/3:

A  =
36л 1/3

d 2
(iпи)2'3 =  0 .851m 2/3 t2'3 (4)

w here A  is th e  su rface  a rea  o f  th e  m ercu ry  d ro p  in  c m 2 a n d  th e  o th e r  sym bols 
a re  id en tica l to  th o se  given in  th e  p reced ing  eq u a tio n s .

C onsequen tly , th e  e x p e rim e n ta l e rro r caused  b y  ohm ic d rop  co n tin u o u sly  
changes during  th e  life o f  th e  m ercu ry  d rop  as th e  c u rre n t in te n s ity  increases 
p ro p o rtio n a lly  to  t2/s w hile th e  cell re s is tan ce  decreases p ro p o rtio n a lly  to  i1/3 
d u rin g  d rop  g row th . In  o th e r  w ords, th e  ohm ic d ro p  a t  th e  beg inn ing  o f  d rop  
g ro w th  is sm aller th a n  th a t  o b serv ed  a t  th e  en d  o f  th e  d rop  life . A ccord ing  
to  B o n d  [14], th is  fa c t is one o f  th e  a d v a n ta g e s  o f  th e  in tro d u c tio n  in to  a.c . 
p o la ro g rap h y  o f a m ercu ry  e lec tro d e  w ith  sh o rt d ro p  tim e.

I t  is n o te w o rth y  th a t  th e  ph ase  angle o f  th e  a .c . h arm on ic  com ponen ts 
also changes d u rin g  d rop  g ro w th . T his p h en o m en o n  w as s tu d ied  b y  J e e  [15] 
from  th e  p o in t o f  view  o f p h ase-sensitive  fu n d a m e n ta l harm o n ic  a.c . p o la 
ro g rap h y .

I n  o rder to  e v a lu a te  th e  e ffec t o f ohm ic d ro p  in  a.c . p o la ro g rap h y , n u m e r
ical ca lcu la tio n s w ere p e rfo rm ed  using  th e  p e r tin e n t re la tio n sh ip s  derived  in  
our fo rm er com m u n ica tio n s [11, 12, 13], ta k in g  in to  acco u n t th e  tim e  dep en 
dence o f  th e  q u a n titie s  in  qu estio n .

F ro m  th e  p o in t o f  view  o f  a .c . p o la ro g rap h y , th e  d ro p p in g  m ercu ry  elec
tro d e  can  he rep re sen ted  b y  th e  eq u iv a len t c ircu it show n in  F ig u re  l a ,  w here 
R  is th e  cell re s is tan ce , v a ry in g  in  tim e  as a  fu n c tio n  o f  m ercu ry  d ro p  rad iu s  
acco rd in g  to  E q . (2); C =  A (t) ■ Cd is th e  d o u b le-lay er c a p ac ity  p ro p o rtio n a l

Ü S in (c jt + f ) = =C ] z F

T 7
a) b)

Fig. 1. a: E quivalent circuit of th e  electrode in the case of solution resistance R. b: E quivalent 
circuit of the electrode in respect of the second harm onic a.c.
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t o  th e  d ro p  surface a rea  A (t)  a n d  Cd is th e  double  la y e r  c a p a c ity  re fe rred  to  
u n i t  su rfa c e  area o f  th e  e le c tro d e ; Z F is th e  fa ra d a ic  im p ed an ce  in v e rse ly  p ro 
p o r t io n a l  to  th e  drop  su rface  a re a : Z p =  Z°FjA (t), w here Z°F is th e  fa rad a ic  
im p e d a n c e  re ferred  to  u n i t  su rface  a rea . U0 sin cot is th e  a lte rn a tin g  v o ltag e  
su p e rim p o se d  on th e  cell, U  sin  (cot -f- cp) is th e  a lte rn a tin g  v o lta g e  across 
th e  e le c tro d e  im pedance . U0 a n d  U  a re  a m p litu d es  o f th e  a lte rn a tin g  v o ltages, 
CO is th e i r  an g u la r freq u en cy  a n d  cp is th e  p h ase  angle .

A m p litu d e  U can  be d e riv e d  from  th e  fo llow ing fo rm ula  re la tin g  to  th e  
v o lta g e  d iv ision  on c o m p o n en ts  R , C an d  Z F:

U
un

jooC

Z f +  -——
jcoC

' F  7

R  +
jcoC

Z F +  —  
jcoC

1 +  R —  +  jcoC
Z F

(5)

I n  th e  case o f a p o la ro g ra p h ic a lly  reversib le , d iffusion  co n tro lled  e lec trode  
p ro c e ss , fa rad a ic  im p ed an ce  is  e q u a l to  th e  W a rb u rg  im pedance  w h ich  is th e  
r e s u l ta n t  o f  p ara lle lly  co u p led  d iffusion  resis tan ce  (R p) an d  d iffusion  c a p a c ity
(Cp) [1 , 11, 12, 13], i.e.

Z F
=  J _  +  icoCp

Rp
( 6)

J _  =  £üCp =  Ä -
R p p Y  2 R T

Vсо (C10 Y D 1 +  Cw Y
___  e [zF!RT] ■ [ E - E . , . ]

( 1  ßizFIRT]  • [E —Ei/»]^2 (7)

w h e re  D 1 an d  D , are  d iffu sion  c o n s ta n ts , w hile C10 a n d  C20 are  b u lk  c o n c e n tra 
t io n s  o f  th e  reduced  a n d  th e  ox id ized  form s o f  th e  co m p o n en ts  ta k in g  p a r t  
in  th e  e lec tro d e  reac tio n , re sp e c tiv e ly ; z is th e  n u m b e r o f e lec trons ex ch an g ed  
in  th e  e lec tro d e  reac tio n , со is  th e  a n g u la r  freq u en cy  o f  th e  a lte rn a tin g  v o ltage  
E  a n d  E lj2 are  th e  d.c. p o te n tia l  a n d  th e  po la ro g rap h ic  h alf-w ave p o te n tia l 
o f  th e  e lec trode  reac tio n , re sp e c tiv e ly , re fe rred  to  a n y  reference  e lec trode; 
T  is th e  te m p e ra tu re , R  th e  u n iv e rsa l gas c o n s ta n t, an d  F  th e  F a ra d a y  
c o n s ta n t .

A m p litu d e  U o f  th e  a lte rn a tin g  v o ltag e  ap p earin g  on  th e  e lec trode  
im p e d a n c e  is ob ta in ed  b y  s u b s t i tu t in g  E q s (6) a n d  (7) in to  E q . (5):

U  = и  0
1 R 2

у 1 + t p
+ ------- b coRC

R P

( 8 )
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The fu n d a m e n ta l h a rm o n ic  co m p o n en t o f  th e  c u rre n t in  th e  case of 
d iffusion  p o la riza tio n  is g iven  b y  th e  follow ing fo rm ula  [1 1 —13, 16]:

h  = ( j ^ i í e  (C10 У D l +  C20 V» 2 ,  -
g l z F / R T i  ■ [ E - E , „ ]

( 1  e [zF/i?T] • [ £ - £ ,„ ]  )2

M L v z
У2 R T

У со (С10 У D i +  С20 I D.,)
e [zF/RT] • [ £ , - £ ,„ ]

(1  +  e [zF/RT] • [ £ - £ , „])2
+  соС

+

2 и  (9)

T he fu n d a m e n ta l h a rm o n ic  co m p o n en t observed  in  th e  case  o f  cell 
re s is tan ce  R  can  be exp ressed  b y  su b s titu tin g  E q . (8) in to  E q . (9) a n d  no ting  
E q . (7)

*i — tfo

1 1 2 1/ + -------h c o C
R P

I R 2 1 R
1 1 +  ^

+  -----+  o>RC

( 10)

T he effect o f  cell re s is tan ce  on th e  second h arm on ic  a.c . c an  be  ca lcu la ted  
as follows. V oltage U0 sin  cot im posed on th e  cell does n o t c o n ta in  h ig h er h a r
m onic com ponen ts since th e  la t te r  a re  g en era ted  in  th e  c u rre n t as a  conse
q uence  o f th e  n o n -lin e a rity  o f  th e  fa rad a ic  im pedance . C o n seq u en tly  th e  elec
tro d e  im pedance can  be su b s titu te d  b y  a c u rre n t g en e ra to r h a v in g  in te rn a l 
re s is tan ce  Z ê 2m) a n d  c u rre n t if  w ith  re sp ec t to  th e  second h a rm o n ic  frequency  
(2co). F u r th e r , p o in ts  A a n d  В in  Fig. l a  h av e  th e  sam e p o te n tia l  as regards 
th e  second harm on ic  a n d  th u s  can  be rep re sen ted  as sh o rt-c irc u ite d  in  the  
e q u iv a le n t c ircu it in  F ig u re  lb .

T he e lectrode im p ed an ce  a t  freq u en cy  2со is g iven  b y  th e  following 
expression

Z e(iu) =  - ^  +  j2coC (11)
Z fcio)

w hile  cu rren t i f  o f th e  g e n e ra to r  can  be  ca lcu la ted  using  th e  fo rm u la  referring  
to  th e  second h arm on ic  co m p o n en t o f th e  c u rre n t [11, 12, 13, 16]:

|*2 I =

(z F )3

2 / 2  (R T )2
У2CO (C10 \ D l +  C20 УD .,)

( 12)

e [zFIRT\  • [ £ - £ .„ ]  I 1  _  e [zF/RT] ■ [E - f i i„ ] |  

_  (1  +  elzFIRT}  • [ £ - £ , „ ]  )3
u2

a n d  no tin g  th a t  v o ltag e  U  across th e  e lec trode  im pedance  is g iven  b y  E q . (8). 
T h e  second harm on ic  c o m p o n en t o f th e  c u rre n t |i2| in  th e  cell in c lu d in g  ohm ic
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r e s is ta n c e  R  is o b ta in ed  b y  a p p ly in g  K irchoff’s law  to  th e  e q u iv a len t c ircu it 
in  F ig u re  lb .  H ence

i t i t
R

M 2 e )

R
R pi 2b)

R
R

2coRC
p i  2 e )

(13)

b y  co m b in in g  Eqs (8), (10), (11), (12) and  (13), th e  exp ression  of th e  a m p litu d e  
o f  th e  second harm onic c a n  b e  w ritte n  in  th e  fo llow ing  fo rm :

( z F )3 ,____  ___ _ ____  e[zFIRT] • [ £ - £ , „ ]  11 _  e[zF!RT] • [ E - E , / J  |
( ’ - f f o  (C10 ] /1), +  C20 У D2 ) 6----------------- .. --------- 1 X

2 / 2  (R T)2 (1  +  e [zF/*T] - [  E -

U2g (14)

1 +
R

R p,a)

R
R

+  coR cY
Pia)

121 1/ R 2 R 2
/ 1 + -f- +  2 wRC

j J K pi 2b) RpiZa)

I t  is  o b v io u s from  E qs (10) a n d  (14) th a t  th e  a m p litu d e  o f  th e  harm on ic  com 
p o n e n ts  o f  th e  a.c. is d e c re a sed  b y  ohmic d rop . T h is  effect is increased  w hen  
th e  ce ll resistance is la rg e  a s  com pared  to  th e  e lec tro d e  im pedance  [11, 13].

I t  is no tew o rth y  t h a t ,  in  th e  usual cell a rra n g e m e n t, th e  re sis tan ce  o f 
th e  m e rc u ry  th read  in  th e  c a p illa ry  of th e  d ro p p in g  m ercu ry  electrode is la rg e r 
t h a n  t h a t  o f th e  so lu tion  a t  th e  end  of the  d rop  life i f  th e  su p p o rtin g  e lec tro ly te  
is  r e la t iv e ly  co n cen tra ted , viz. a b o u t 1 m olar, as i t  is u su a lly  em ployed  in  a.c. 
p o la ro g ra p h y . A few c h a ra c te r is t ic  da ta  o f cell re s is tan ce  are  collected  in  
T a b le  I .

Table I

Components o f cell resistance, with various supporting electrolytes and dropping mercury electrodes

Solution
R*oi
ohm

Capillary
length,

cm
0

cm
R Bg
ohmConcentration

mol/dm3
n

ohm . cm

H C l  0 .1 2 5 .5 7 3 4 .2 10 5  • 1 0 - 3 4 8 .8

H C 1  1 .0 3 .0 1 4 .0 1 0 1 • I O - 2 1 2 .2

K C 1  1 .0 8 .9 5 1 3 .0

* Calculated according to  E q . (2), if r2 =  1 cm, m =  2.5 mg • s~ ' and l = l s

T h e  com ponents o f  e le c tro d e  im pedance — th e  im p ed an ce  o f th e  double  
la y e r  c a p ac ity  and  th e  fa ra d a ic  im pedance — d ecrease  a t  h ig h er frequencies 
(cf. E q s  (6) and  (7)). T h e  fa ra d a ic  im pedance decreases w hen  th e  co n cen tra tio n  
o f  t h e  e lec troactive  c o m p o n e n t is increased a n d  w h en  th e  n u m b er o f e lec trons 
e x c h a n g e d  in th e  e lec tro d e  re a c tio n  is larger.
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F ig u res  3 to  11 show  th e  re su lts  o f n u m erica l calcu lations ca rr ied  ou t 
fo r th e  q u a n tita tiv e  e v a lu a tio n  o f  E q s (10) a n d  (14). The d iag ram s w ere con
s tru c te d  on  th e  basis o f th e  fo llow ing d a ta :  flow  ra te s  o f th e  d ro p p in g  m ercu ry  
e lec tro d e  m =  5 x  10-4  g • s -1  a n d  2.5 X 1 0 -3  g • s -1 , resistances o f  th e  d .m .e. 
c ap illa ry  th re a d :  10, 25, o r 50 ohm s, su p p o rtin g  e lec tro ly te : 1 m o l/d m -3  KC1 
(cf. T ab le  I ) ; e lec troactive  co m p o n en t: D  =  l x l O -5  cm 2 • s -1 , C° =  1 • 10-3  
m ol/dm -3 , z =  1 an d  2. C alcu la tions w ere ca rried  o u t a t th e  d .c . p o te n tia l 
co rresp o n d in g  to  th e  m ax im u m  o f th e  a .c . harm on ics i.e. E  =  E ^^V , in  th e  
case o f  th e  fu n d am en ta l h a rm o n ic  w hile in  th e  case o f th e  second  harm o n ic

0 034'
E  =  E ll2 +  -1 —  (V olts) (15)

z

T h e  am p litu d e  o f  a lte rn a tin g  v o ltag e  w as assum ed  to  be U0 —  I x l 0 - 2V, 
i ts  freq u en cy  w as v a ried  b e tw een  400 a n d  40,000 s _1. The c o n s ta n ts  o f  the 
e q u a tio n s  a re  th e  follow ing: c a p a c ity  o f  th e  doub le  layer Cd =  25 / iF  • c m -2 ; 
F  =  96,500 C; T  =  298 K ; R  =  8.3144 J ;  dHg =  13.456 g • c m -3  [1].

F ig u re  3 shows th e  v a r ia tio n  o f  th e  a m p litu d e  of th e  a.c . fu n d a m e n ta l 
h a rm o n ic  d u rin g  drop  life. I t  is a p p a re n t th a t ,  in  ag reem ent w ith  lite ra tu re  
d a ta  [14, 15], th e  erro r caused  b y  ohm ic res is tan ce  increases d u rin g  th e  g row th  
o f  th e  m ercu ry  drop. F igu res 2 , 3, a n d  4 i l lu s tra te  th e  decrease o f th e  am p litu d e  
o f  th e  fu n d a m e n ta l h a rm o n ic  due  to  ohm ic resistance . This e ffec t increases 
w hen  cell resistance  R, a n d  th e  n u m b e r o f  e lec trons involved in  th e  e lectrode 
re a c tio n  a re  la rger an d  th e  fre q u e n c y  o f  th e  a lte rn a tin g  v o ltag e  is  h igher.

Fig. 2. V ariation of the fundam ental harm onic a.c. during the growth of th e  m ercury  drop 
m== 5 X 10_1 g • s -1 ; R  =  0; jRH„ =  M{ 25 and 50 ohm; Q =  10 ohm • cm ; z =  1;

c 5 =  l x l O 1 s - 1
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t [S]

Fig. 3. V ariation  of th e  fundam en ta l harmonic a.c. during th e  growth of the m ercury drop 
m =  5 X 10 ~ 4 g • s -1 ; R  =  0; R ug  =  10, 25 and 50 ohm ; g =  10 ohm  ■ cm; z — 1; a> = 2 .2 5  X

X 104 s - 1

t [s]

Fig. 4. V ariation of the fundam enta l harmonic a.c. du ring  grow th of the m ercury drop 
m =  5 x l 0 ~4 g ■ в-1 ; R  =  0; R H„ =  10, 25 and 50 ohm ; g =  10 ohm ■ cm; г =  2;

o ? =  2.25x lO 4 s - 1

T h e  am p litu d e  o f  th e  second  harm onic is m ore  s tro n g ly  affected  b y  ohm ic 
d ro p  th a n  th a t  of th e  fu n d a m e n ta l harm onic. A co m p ariso n  of F igures 5 an d  
6 show s th a t  th e  ohm ic d ro p  increases w ith  th e  freq u en cy  of a.c. since 1 /R p 
in c reases  p ro p o rtio n a lly  to  со1*2, cf. E q . (7), w hile  i t  is a p p a re n t b y  co m p arin g  
F ig u re s  5 an d  7 th a t  th e  decrease  o f the  a m p litu d e  due  to  ohm ic effect is con
s id e ra b ly  la rg e r w hen  th e  n u m b e r  o f  electrons e x ch an g ed  in  th e  e lec trode  re a c 
tio n  is 2. T he increase o f  ohm ic  d ro p  during th e  g ro w th  o f a m ercu ry  d rop  m ay
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t [S ]

Fig. 5. V ariation of the second harm onic a.c. during the grow th of the m ercury drop 
m =  5 X 10-4  g • s _1; R  =  0; =  Ю* 25 and 50 ohm ; Q =  10 ohm  ■ cm ; z =  1;

co= lX lO ^ - 1

Fig. 6. V ariation of the second harm onic a.c. during th e  grow th of the m ercury drop 
m =  5 X 10~4 g • s _1; R  =  0; =  Ю, 25 and 50 ohm ; Q =  10 ohm  • cm; z =  1;

m =  2.25X 104 s - 1

cause th e  second h a rm o n ic  to  ex h ib it a m a x im u m  in  th e  f irs t period  o f  th e  
life o f th e  m ercu ry  d rop  w h en  th e  frequency  a n d  th e  resis tan ce  o f th e  so lu tio n  
a re  su ffic ien tly  large as show n  in F igure  8 .

S c h m id  an d  R e i l l e y  [17] recorded  c u r re n t vs. tim e  curves h a v in g  
s im ila r form s in  th e ir  s tu d ie s  o f  som e su rfa c ta n ts . T h is phenom enon  w as in te r 
p re ted  as follow s: th e  d iffu sion  o f  th e  s u rfa c ta n t fro m  th e  bu lk  of th e  so lu tio n  
an d  th e  ad so rp tio n  o f th e  su rfa c ta n t on th e  e lec tro d e  surface w ere su p p o sed
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F ig. 7. V ariation of the  second harm onic a.c. during the growth of the m ercury  d rop  
m  =  5 X 10~4 g • s_1; R  =  0; Вне =  Ю» 25 and  50 ohm; д =  10 ohm • cm; z  =  2;

a, = 1X 104 s - 1

Fig. 8. V ariation of the second harm onic a.c. during the growth of the m ercury  d rop  
m =  2.5X 10-3  g • s -1 ; R  =  0; R H„ =  10, 25 and  50 ohm ; Q =  10 ohm ■ cm; 2 = 2;

co =  1 .6X 104 s->

to  b e  re la tiv e ly  slow processes. T hus th e  in h ib itio n  o f th e  e lec tro d e  p rocess 
c o u ld  o n ly  be observed  a  few  seconds a f te r  th e  em ergence o f th e  m e rc u ry  drop . 
T h e  a b o v e  m en tioned  d is to r tio n  o f th e  c u r re n t  vs. tim e  curves, h o w ev er, can  
a lso  b e  observed  in  a .c . p o la ro g ra p h y  as a n  effect o f  cell re s is ta n c e  a n d  in  
th i s  case  ad so rp tio n  p h en o m en a  on th e  m e rc u ry  surface need n o t  be  in v o lv ed .
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E xperim en ta l

The above considerations were also supported by experim ents. The block diagram of 
the experim ental appara tu s is shown in Figure 9. Po ten tiosta t (1) (Tacussel, type  PR T  20—2x) 
was controlled by m eans of helipot (2) used for the ad justm en t of direct voltage, and by means 
of generator (3) (type EMG) supplying a distortion-free sinusoidal a lte rna ting  voltage. Three- 
electrode cell (4) consisted of dropping m ercury electrode (6), 1 norm al calom el reference elec-

Fig. 9. B lock-diagram  of the experim ental apparatus

trode  (5), and counter-electrode (7) m ade of a p la tinum  ring w ith a large surface. The voltage 
proportional to the cell cu rren t appearing on resistor R M (8) was m easured a t  the appropriate 
frequency by means of a selective voltm eter (9) (Rhode —Schwarz, type FN A ) and recorded 
by  a  X —Y recorder (10) (H ew lett—P ackard , type 7000 AM) as a function  o f tim e. The X-axis 
of the recorder was controlled by the built-in  tim e base circuit.

The data  of the dropping m ercury  electrode were as follows: m =  2.4 x lO -3 g • s -1, 
«max =  3.9 s, length of capillary about 100 mm . The experim entally  found resistance R Hg of 
the m ercury thread in the capillary was 52 ohm.

The experim ents were carried ou t in a therm osta ted  cell a t 25 °C, using 1 X 10~4 m ol-dm -3 
Cd2+ solution in 1 mol • dm -3  HC1 as the supporting  electrolyte. The po ten tia l was adjusted to 
660 mV referred to 1 norm al calomel electrode corresponding to  the m axim um  current of the 
second harmonic. E {i2 was found to be 680 mV as referred to  1 norm al calomel electrode. The 
am plitude of the alternating  voltage was 10 mV a t each m easuring frequency. The measuring 
resistance was 50 ohm.

Some experim ental records of the second harm onic as a function of tim e are shown in 
Figures 10, 11 and 12. The i = f ( t ) curves calculated on the basis of the theoretical relation
ships are also shown. The param eters needed for th is calculation, nam ely the specific resistance 
of th e  solution and the differential capacity  of the m ercury electrode were experim entally 
determ ined.

Fig. 10. Second harm onic a.c. as a function  of tim e during the grow th of the m ercury drop 
1 X 10-4  mol • dm -3  Cd2+ in 1 mol • dm- 3 HC1. A.c. frequency: to =  5 X 103 s -1, am plitude: 

10 mV. Experim ental d a ta  (1); da ta  w ith  iR -com pensation (2); calculated curve (3)
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Fig. 11. Second harmonic a.c. as a fu n c tio n  of time during the  grow th of the m ercury drop 
1 X 10 _4 m ol - dm -3  Cd2+ in 1 m o l-d m -3  HC1. A.c. frequency co =  1 X 104 s _1, am plitude: 10 mV. 

Experim ental data  (1); d a ta  w ith  iR-com pensation (2); calculated curve (3)

Fig. 12. Second harmonic a.c. as a  func tion  of time during the grow th of the m ercury drop 
lX  10 ~ 4 m ol • dm-3  Cd2+ in 1 m ol • d m - 3  HC1. A.c. frequency со =  1.5X 104 s_1, am plitude: 

10 mV. E x p erim en ta l da ta  (1); calculated curve (2)

Specific resistance of 1 m o l-d m -3  HC1 was found to  be 3.0 ohm.cm.
T he  differential capacity o f th e  dropping m ercury electrode was also m easured in the 

su p p o rtin g  electrolyte. An a lte rn a tin g  voltage having an am plitude of 10 mV and a frequency 
of 64 H z  w as superimposed on th e  dropp ing  mercury electrode and  the fundam ental harm onic 
co m p o n en t of the a.c. was m easured  a t  the  potential used in th e  experim ents. Since faradaic 
re ac tio n  cannot occur at th is p o te n tia l in  the absence of electroactive com ponent, the cell 
im pedance  is the resultant of resistance  R  and double-layer capacity  C in series (cf. Fig. 1). 
The am p litu d e  of the a.c. across th e  cell is inversely proportional to  the cell im pedance, thus, 
doub le-layer capacity C can be ca lcu la ted  as follows:

c-£[(•£)'- - Г
T he diffusion constant of cadm ium  ion is D =  0.82 X lO -5  cm 2 s _1 according to  lite ra 

tu re  d a ta .  The agreement betw een calculated  and observed d a ta  was found to  be satisfactory. 
The dev ia tions can be explained b y  tw o facts. Namely, the screening effect of th e  capillary 
w as n o t ta k e n  into account in th e  calculations, and the effect of charge transfer polarization 
w as also disregarded which causes deviation  a t higher frequencies from  Eqs (121 and (14) 
re fe rrin g  to  diffusion polarization.

T he foregoing results ind ica te  th a t  the ohmic drop causes an error in th e  m easurem ent 
o f th e  harm onic components of th e  alternating  current. T h a t error increases when the cell 
res is tance  and the concentration o f th e  electroactive com ponent are increased, when the num ber 
o f e lec trons involved in the elec trode reaction is larger and finally  when the frequency of the
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alternating  voltage is higher. T h a t is the reason w hy relatively  low frequency a lte rn a tin g  vo lt
age viz. со <  1000 is generally used in  polarographic experim ents.

M easurem ents were also carried ou t w ith  iR-com pensation, using iR -com pensator 
Tacussel type  CDCO (not shown in Fig. 9) w hich perm itted  the elim ination o f th e  ohm ic 
drop in  the case of constant cell resistance [2]. T hus th e  instrum ent was ad ju s ted  in  such 
a m anner as to compensate the  cell resistance a t  th e  end of the m ercury drop life. The d a ta  
of these m easurem ents are represented  by  dashed lines in Figures 10 and  11. The da ta  
calculated for cell resistance R  =  0 are also shown in the Figures.

The curves obtained w ith  ohmic com pensation differ from curves calculated  for R  =  0 
because the cell resistance during drop grow th is larger th an  the resistance com pensated  a t 
the  end of the life of the m ercury  drop.

I t  is apparen t th a t the com pensation of the  cell resistance a t the end of th e  life of 
the m ercury drop perm its the use of higher frequencies th an  the usual ones in a.c. polarographic 
m easurem ents and thus the sensitiv ity  of analy tical determ ination can be enhanced , since 
the harm onic components of the alternating  curren t increase proportionally to  со1/2.

The increase in frequency is advantageous as long as the electrode reaction  is diffusion 
controlled i.e. the  diffusion im pedance is m uch larger th an  the charge transfer resistance [16].
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Isentropic com pressibility of binary  m ix tures of ethylenediamine w ith  1-propa
nol, 1-butanol, 1-pentanol and 1-hexanol were determ ined a t 303.15 and  313.15 K. 
The four m ixtures exh ib it negative deviations in  compressibility. This is ascribed to 
dom inant character of structure-m aking effect of the components. The resu lts also 
show th a t there is regular trend  betw een th e  deviation in com pressibility and  tem 
perature.

In tro d u c tio n

A su rv e y  o f th e  l i te ra tu re  has show n t h a t  few  a tte m p ts  h av e  b e e n  m ade 
to  s tu d y  isen tro p ic  com pressib ilities  o f  b in a ry  m ix tu res  m ade u p  o f  a d iam in e  
an d  a hom ologous series o f n-alcohols. Ise n tro p ic  com pressib ility  s tu d y  of 
th ese  m ix tu re  th row s lig h t on self-association  o f  th e  com ponents in  th e  m ix tu re  
an d  also  on th e  e x te n t o f  in te ra c tio n  b e tw een  un like  m olecules. H e n c e  new  
isen tro p ic  co m p ressib ility  d a ta  for m ix tu re s  o f  e thy lened iam ine  w ith  1 -p ro p a
nol, 1 -b u tan o l, 1 -pen tano l and  1 -hexanol, w h ich  are  self-associated  th ro u g h  
h y d ro g en  bond ing  [ 1 —5], h av e  been  d e te rm in e d  a t  303.15 a n d  313.15 K. 
T h e  d a ta  h av e  been  an a ly sed  in  te rm s o f  s tru c tu re  b reak ing  a n d  s tru c tu re  
m ak in g  effects o f com ponen ts a n d  th e  in flu en ce  o f  alcohol chain  le n g th .

E x p erim en ta l

Isentropic com pressibility was calculated from  precise density and sound speed, deter
m ined a t 303.15 and 313.15 K . D ensity was com puted  from the measured excess volume 
reported elsewhere [6], and  using the relation

x tMl +  хгМг 
V  +  V B ( 1 )

X, and V., denote mole fractions of two com ponents and  M , and М г stand for m olecular weights. 
V represents molar volume of the m ixture. U ltrasonic sound speed was m easured w ith  a single- 
-crystal interferom eter a t a frequency of 2 MHz, and  was accurate to + 0 .15%  [7]. The isen
tropic com pressibility was calculated from the relation

K s =  u - ’p - i  (2)
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where u  and  g denote sound speed and density. The values of K s are accurate to + 2  T P a -1 . 
A q u a n ti ty  was calculated em ploying the relation [8]

K s — K s Ф\К$1 Ф2К $ г (3)

where K s, K s , and K s „ are the  isentropic com pressibilities of the mixtures and  th e  pure 
com ponents and  Фг and Фг are volum e fractions. K s rep resen ts the deviation from  ideal be
haviour.

E thylenediam ine was purified  by the m ethod described by  R id d ic k  and B u n g e r  [9]. 
The anhyd rous grade ethylenediam ine was kept over po tassium  hydroxide pellets for several 
hours an d  th en  fractionated  over metallic sodium using a  colum n containing 30 theoretical 
p lates. Alcohols were purified by  th e  method described b y  R ao and Na id u  [10]. 1-Propanol 
and 1-bu tanol were refluxed over lime for five hours an d  th e n  distilled using a frac tionating  
colum n contain ing 30 theoretical plates. 1-Pentanol an d  1-hexanol were dried over D rierite 
and  frac tionally  distilled. The p u rity  of the samples w as checked by comparing th e  m easured 
densities w ith  those reported  in th e  literature [11]. The d a ta  are given in Table I.

Table I

Density o f  the pure components at 303.15 К

Component Present w ork Literature

Ethylenediam ine 0.88600 0.88595
1-Propanol 0.79596 0.79600
1-Butanol 0.80195 0.80206
l-Pentanol 0.80760 0.80764
1-Hexanol 0.81195 0.81201

R esu lts  and D iscussion

E x p e rim e n ta l d a ta  for d ensity , sound , sp eed  isen tropic  co m p ressib ility , 
an d  K s de fined  in  E q . (2) a re  included in  T a b le  I I ,  for th e  fou r b in a ry  
m ix tu re s  a t  b o th  te m p e ra tu re s . Values o f K s a re  a lso  graphically  re p re se n te d  
in  F ig s  1 —4. T he d ep en d en ce  of K s on v o lu m e  fra c tio n  is expressed  b y  an  
em p irica l eq u a tio n  o f th e  fo rm

K s =  Ф ,Ф # о  +  М Ф , -  Ф2) +  Ъ2(Фг - Ф2)*] (4)

T h e  va lu es  o f  b0, b x a n d  b2 dete rm ined  b y  th e  m ethod  o f le a s t-sq u a re s  
are  g iv en  in  T ab le  I I I  a long  w ith  s tan d a rd  d e v ia t io n  <f(Ks).

T h e  d a ta  inc luded  in  T a b le  I I  in d ica te  t h a t  K s values are  n eg a tiv e  o v er 
th e  e n tir e  co m p o sitio n  ra n g e  in  th e  four sy s te m s  a t  b o th  tem p era tu res . T h e  
v a lu es  o f  K s m ay  be in te rp re te d  in  te rm s o f  tw o  opposing  effects: (i) M u tu a l
b re a k u p  o f  О —H -------0  a n d  N  —H ------ N  b o n d s  p resen t in  ag g reg a tes  o f
a lcoho l a n d  am ine , (ii) H y d ro g e n  bond  in te ra c tio n , lead in g  to  th e  fo rm a tio n  o f 
0  —H  —N  bo n d s, be tw een  u n lik e  m olecules. T h e  fo rm e r effect c o n tr ib u te s  to
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Fig. 1. K s vs Ф, plots for ethylenediam ine and 1-propanol m ixtures

Fig. 2. K s vs plots for ethylenediam ine and 1-butanol m ixtures

Fig. 3. K s vs Ф, plots for ethylenediam ine and 1-pentanol m ixtures
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Table II

Volume fraction Фх o f ethylenediamine, density (j- sound velocity u, isentropic 
compressibility x s [from  equation (1) and K s from  equation (2)] 

fo r ethylenediamine -f- n-alcohol mixtures

Results a t 303.15 К R esults a t  313.15 К

Q u x t K . Q u K .
g cm 3 m s-1 T P a -1 T P a -1 g cm -3 m s-1 T P a -1 I P a - i

E thylenediam ine +  1-propanol

0 0.79596 1191 886 0 0 0.78762 1151 958 0
0.1318 0.81442 1275 755 -  69 0.1363 0.80695 1234 815 — 72

0.1805 0.82042 1306 715 — 86 0.1869 0.81357 1264 769 91

0.2514 0.82875 1344 668 — 100 0.2757 0.82309 1316 701 — 114

0.2977 0.83345 1367 642 — 104 0.3288 0.82823 1345 671 — 117

0.4046 0.84346 1416 591 — 105 0.4027 0.83487 1374 632 -117

0.5133 0.85249 1471 542 — 97 0.5329 0.84534 1434 576 — 106

0.5693 0.85933 1495 520 — 89 0.6060 0.85060 1462 550 -  94

0.6655 0.86353 1522 500 -  73 0.7384 0.85969 1514 508 — 61

0.7587 0.86991 1562 471 — 55 0.8490 0.86691 1558 475 — 43

0.8684 0.87732 1578 458 — 20 0.9043 0.87060 1580 461 -  29

1.0000 0.88600 1650 416 0 1.0000 0.87650 1608 441 0

E thylenediam ine +  1-butanol

0 0.80195 1224 832 0 0 0.79451 1188 892 0
0.1108 0.81653 1277 759 — 35 0.1118 0.80939 1242 801 — 41

0.1500 0.81923 1294 729 — 43 0.1716 0.81595 1271 758 — 57

0.2042 0.82684 1319 695 — 52 0.1993 0.81865 1284 740 - 6 2

0.2677 0.83299 1347 662 — 58 0.2819 0.82614 1324 689 — 76

0.3425 0.84016 1377 628 — 62 0.3219 0.82934 1342 669 — 78

0.4078 0.84471 1417 590 — 63 0.3703 0.83306 1362 647 - 7 8

0.4785 0.85003 1437 570 — 63 0.5944 0.84900 1450 561 -62

0.6060 0.85918 1492 523 — 58 0.7258 0.85798 1502 516 — 48

0.7275 0.86765 1545 483 — 46 0.8547 0.86683 1552 478 — 28

0.8495 0.87579 1593 450 — 28 0.9109 0.87055 1572 462 — 18

1.0000 0.88600 1650 416 0 1.0000 0.87650 1608 441 0
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Table II (cont.)

Results a t  303.15 К Results a t 313.15 К

Q U *e A'. Q u *8
g cm -3 m s-1 T P a - i TPa~* g cm -3 ms 1 T P a -1 T P a-»

Ethylenediam ine + 1-pentanol

0 0.80760 1256 785 0 0 0.79992 1224 840 0

0.1025 0.81972 1295 724 - 2 3 0.1055 0.81185 1271 762 - 3 6
0.1658 0.82590 1325 690 - 3 4 0.1483 0.81593 1290 737 — 44
0.2209 0.83063 1346 663 - 4 1 0.2370 0.82343 1325 691 — 54
0.2842 0.83358 1376 634 - 4 6 0.2777 0.82664 1340 674 — 55
0.3622 0.84152 1404 603 —  48 0.3459 0.83159 1363 647 - 5 5
0.4032 0.84453 1420 587 - 4 9 0.4024 0.83556 1382 626 - 5 3
0.4723 0.84940 1446 563 —  47 0.5611 0.84668 1435 573 —  43
0.6034 0.85859 1497 520 —  42 0.5956 0.84907 1450 561 —  41
0.7301 0.86739 1543 484 - 3 2 0.7298 0.85822 1520 518 — 30
0.8415 0.87524 1585 455 -2 0 0.8572 0.86686 1552 479 — 18
1.0000 0.88600 1650 416 0 1.0000 0.87650 1608 441 0

Ethylenediam ine -f- 1-hexanol

0 0.81195 1288 742 0 0 0.80448 1251 792 0
0.0735 0.81881 1312 710 12 0.0625 0.81179 1264 736 12
0.1276 0.82414 1335 681 -2 1 0.1169 0.81732 1296 728 — 22
0.1478 0.82792 1357 662 26 0.1600 0.81888 1307 715 — 28
0.2173 0.83148 1368 643 - 3 2 0.2064 0.82422 1331 685 — 32
0.2752 0.83697 1394 615 - 3 7 0.2754 0.82829 1353 660 — 37
0.4067 0.84546 1438 572 - 3 7 0.4020 0.83674 1396 613 — 39
0.4625 0.85258 1478 537 - 3 6 0.5120 0.84028 1416 594 — 38
0.5438 0.85796 1506 514 - 3 2 0.5976 0.84518 1440 570 — 33
0.7272 0.87233 1580 459 - 2 3 0.8135 0.85706 1506 514 — 18
0.8598 0.87877 1611 438 — 12 0.9031 0.86597 1556 478 -  9
1.0000 0.88600 1650 416 0 1.0000 0.87650 1608 441 0

increase in  free  le n g th s  described  by  J a c o b s o n  [12 ]. This leads to  n eg a tiv e  
d ev ia tio n  in  sound  speed  a n d  positive d e v ia tio n  in  isen trop ic  co m p ressib ility . 
T he la t te r  e ffec t, on  th e  o th e r  h an d , c o n tr ib u te s  to  positive  d ev ia tion  in  sou n d  
speed an d  n e g a tiv e  d e v ia tio n  in  isen trop ic  co m p ressib ility . The sign a n d  m ag-

Acta Chim. Acad. Sei. Hung. 107, 1981



54 RAO e t al.: ISEN TRO PIC  C O M PRESSIBILITY

Fig. 4. K s vs Ф1 plots for ethylenediam ine and  1-hexanol m ixtures 

Table III
Values o f the parameters o f  equation (4) and the standard deviation, a  (K s)

System T(K) bo bi bo <r(K.)
T P a - i T P a - i T P a - i T P a -1

E thy lened iam ine  +  1-propanol 303.15 — 401 266 —  1 2
E thy lened iam ine  -f- 1-butanol 303.15 —  248 78 — 69 1
E thy lened iam ine  +  1-pentanol 303.15 —  189 69 — 20 1
E thy lened iam ine  +  1-hexanol 303.15 —  152 67 — 13 1
E thy lened iam ine -f- 1-propanol 313.15 —  438 209 — 76 3

E thy lened iam ine  +  1-butanol 313.15 —  290 134 -  56 2
E thy lened iam ine  -f- 1-pentanol 313.15 —  189 143 —  1 2 2 1
E thy lened iam ine  -f- 1-hexanol 313.15 —  148 54 5 2

n i tu d e  o f  th e  ac tu a l d e v ia tio n  depends on  th e  re la tiv e  s tren g th s  o f  th e  tw o  
e ffec ts . T h e  ex p erim en ta l v a lu es  o f  K s, w h ich  a re  negative , p o in t o u t  th a t  
th e  l a t t e r  effect d o m in a tes  in  th e  four m ix tu re s .

T h e  nega tive  values o f  K s fa ll in  th e  o rd e r : 1 -propanol >  1 -b u ta n o l >  
>  1 -p e n ta n o l >  1-hexanol. T h is  o rd er suggests  t h a t  th e  e x te n t o f  in te ra c tio n  
b e tw e e n  u n lik e  m olecules decrease  w ith  a n  in c rease  in  chain  le n g th  o f  a lcoho ls.

T h e  curves in  F igs 1 —4  show  th a t  th e re  is a reg u la r tr e n d  b e tw een  
K s a n d  te m p e ra tu re . T he te m p e ra tu re  coeffic ien t o f  K s is n eg a tiv e  fo r m ix tu re s  
o f  e th y le n e d ia m in e  w ith  1 -p ro p an o l, 1 -b u tan o l, 1 -pen tano l an d  1 -hexano l.
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Reactions betw een m ethyl an th rau ila te  and a variety  of P I  sa lts  afforded 2- 
-am m onio-4U-[3,l]-benzoxazine-4-one chlorides which were sub jec ted  to  nucleophi
lic reactions. W ith  p rim ary  amines, 2-ureidoanthraniloyl amides were ob ta ined , which 
were smoothly cyclized in boiling acetic anhydride or d im ethylform am ide to give 
1 Jf,3H-quinazoline-2,4-diones.

A m ong re ac tiv e  im in iu m  ch lo rides, th e re  are  a n u m b er o f  u se fu l reagents 
w h ich  a re  fre q u e n tly  em ployed  in  h e te rocyc liza tions. T h re e  fu n d am en ta l 
re p re se n ta tiv e s  o f  th e se  “ im in ium  sy n th o n s”  (the  nam e co ined  b y  V i e h e  [2]) 
a re  as follows:

A n excellen t rev iew  h as re c e n tly  b een  published  on th e  a b o v e  im inium  
sa lts  [3]. E ach  o f  th e m  is a s trong  e lec tro p h ile , especially I I  a n d  III .

B o th  II an d  I I I  a re  gain ing  in  u se , n o t  on ly  in  la b o ra to ry  w o rk , b u t  also 
in  in d u s tr ia l  p rac tice . T h e ir w id esp read  ap p lica tio n  is due t o  th e i r  superior 
re a c tiv i ty , easy p re p a ra tio n  (cheap m a te r ia ls , sim ple m eth o d s) a n d  v e rsa tility . 
M any  rin g  closure re a c tio n s  h av e  b een  reco rded  in  th e  l i t e r a tu r e  in  which 
I a n d  II are  d irec tly  u sed  as one-carb o n  com ponen ts, b u t  m a n y  m o re  cycliza- 
t io n s  h a v e  been acco m p lish ed  w ith  th e  1 ,3-dielectrophiles g e n e ra te d  from  the 
re a c tio n  o f  I  or II  w ith  sim ple k e to n es, am id es, lac tam s e tc .

I n  our earlie r p a p e rs  we re p o rte d  b o th  k inds of cy c liza tio n s .
N ucleophilic  sp li t t in g  o f  t r is u b s t i tu te d  am idines, p re p a re d  fro m  deriva

tiv e s  o f  a n th ra n ilic  ac id  an d  II, w ith  d iffe ren t am ines an d  h y d ra z in e s  resu lted  
in  th e  fo rm atio n  o f  a  g rea t n u m b er o f  [3H ]-qu inazo lin -4 -ones a n d  4-am ino- 
qu inazo lines [4]. C yclizing a ro m atic  am in es and  2 -am in o p y rid in e  w ith  1,3- 
-d ich lo rocyan ines a n d  azacy an in es , p re p a re d  from  te r tia ry  a m id e s , cyanam ides 
a n d  P I  sa lt or pho sg en e , re su lted  in  th e  p re p a ra tio n  of d iffe re n t qu inazolines, 
p y rid o -[ l,2 a ]p y rim id in e s  an d  tria z in es  [5].

* For the previous com m unication, see Ref. [1].

R 1R 2N + =  C H o X "  R 1R 2N + =  C H —Cl X - B 1B 2N + =  CC12 X -
I M annich-salts II Yilsmeier — H aack—

A rnold-salts
III Phosgene-im inium  salts, 

or P I  sa lts
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R ealiz ing  th e  re m a rk a b le  reac tiv ity  of P I  s a l ts ,  we have s tu d ied  th e ir  
c o n v e rs io n s  w ith  a n th ra n i la te s  an d  now we w ish  to  re p o rt th e  re a c tio n  o f  
m e th y l  a n th ra n ila te  a n d  a n th ra n il ic  acid w ith  d if fe re n t P I  salts an d  a  few  
n u c le o p h ilic  reactions o f  t h e  [4 H ]-3 ,l-b en zo x az in -4 -o n es so ob ta ined .

M eth y l a n th ra n ila te  sm o o th ly  reacted  w ith  P I  s a lts  in  d ich lo rom ethane 
a t  40  °C to  give 2 - a m  m o n io  - 4  H  - [3,1 ] -b enzoxazin- 4 - o n  e chlorides (IV) in  h ig h  
y ie ld s . A n th ran ilic  acid  a f fo rd e d  th e  same p ro d u c ts , b u t  th e  yields w ere low er.

О

T h e  IR  spectra  o f  th e  s a l ts  IV  are very  c h a ra c te r is tic :  г CO b an d s n e a r  
1815 c m -1 and  i>C =N + a ro u n d  1670 cm -1 a re  p re s e n t, while th e  rN H  + 
b a n d  occu rs as a w ide a b s o rp t io n  betw een 2800 a n d  2400  c m -1 . In  th e  sp e c tra  
o f  t h e  b a se  (V) th e  sam e b a n d s  a re  shifted to  th e  v ic in i ty  of 1765 c m -1  a n d  
1620 c m -1 , and  th e  N H  b a n d  is absent.

О О
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T he s tru c tu re s  o f  com pounds IV  can  be d e p ic te d  in  tw o  d iffe ren t fo rm s.
I t  is w o rth  n o tin g  th a t  com pounds o f  ty p e  V are  fairly  s tab le  in  sp ite  

o f  th e ir  O -acylisourea fea tu re .
To o u r b e s t know ledge only  one sim ilar e x a m p le  has been re p o rte d  in  th e  

l i te ra tu re  [6]: L e m p e r t  an d  D o l e s c h a l l  d esc rib ed  th e  reaction  of a n th ra n ilic  
ac id  an d  cyanogen  b ro m id e  w hich fu rn ish ed  V (R 1 =  R 2 =  H ). A cco rd in g  
to  th e  IR  spectroscop ic  d a ta , th e  В  ta u to m e r  m a y  ex ist in  th e  so lid  s ta te ,  
s im ila rly  to  D o l e s c h a l l ’s observ a tio n  in  th e  case  o f R 1 =  R 2 =  H .

I t  is n o t su rp ris in g  th a t  com pounds IV a n d  V a re  very  reac tiv e  to w a rd s  
nucleophiles. T h e ir b ase -ca ta ly zed  alcoholysis a n d  hydro lysis gave r in g -c leav ed  
p ro d u c ts  VI, VII, w hile  ac id  hydro lysis d id  n o t  c leave  th e  ring, b u t  re su lte d  
in  th e  fo rm atio n  o f  isa to ic  an h y d rid e  (V illa).

XOOR4

. \ H C O \ ( C H 3)2

VI a, b

|{ 4  =  е н .ч .с 2н ,

C om pound IV read ily  reac ted  w ith  d iffe re n t am ines and  h y d ra z in e s  in  
an h y d ro u s  e th a n o l a t  a m b ie n t te m p e ra tu re  to  g ive 2 -ureidobenzoic a c id  am id es 
an d  h y d raz id es  IX  in  good yields. T he re a c tio n  w as accom plished in  th e  p resen ce  
o f  a n  acid  accep to r, sod ium  ace ta te  o r  excess o f  base.

R5 =  H (a), R-O4H9 ( b ) ,  C«H5—CH2 (c), CV,H5 (d), 4-C1—CeH4 (e),

2 -C 00H — CAR (f), 2-CONHa— CeH« (g), 2-NHiNH—CO—C'eHi (h), 

R — C10H7 (i), 2-NH2— C„Hs (j), N H 2 (k), C0H5NH (1)
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I n  th e  IR  sp ec tra  o f  com pounds o f  ty p e  IX , tw o s tro n g  rCO b a n d s  
a p p e a r  a t  1640—1690 c m “ 1, an d  b ro ad  rN H  b an d s  betw een 2500 c m -1  an d  
3400 c m -1  are  p re se n t because  o f a sso c ia tio n .

R e c e n tly  a new  asp ec t of th e  am in o ly sis  o f  d ifferent 2-a lk y l-4 //-  [3,1]- 
-b e n zo x az in e  d e riv a tiv es  h as  been re p o rte d  [7]. In fluenced  by  th e  s u b s titu e n ts  
a t  th e  2 -p osition , b y  th e  am in e  and  b y  th e  so lv e n t, tw o ty p es of r in g  open ing  
h a v e  b e e n  observed  d ep en d in g  on th e  s ite  o f  th e  nucleophilic a t ta c k .  B eside 
a r a r e  ap p ea ran ce  o f ty p e  IX  a n th ra n ilo y l am ides, m ostly  jV -2-carboxy- 
p h e n y la m id in e  in te rm e d ia te s  could be iso la te d  ind ica ting  th e  p o ss ib ility  o f  
n u c leo p h ilic  a t ta c k  a t  th e  C2-a tom . This c a rb o x y a m id in e  exists in  a  zw itte rio n ic  
fo rm , a n d  on th e  a d d itio n  o f  base i t  is in s ta n t ly  tran sfo rm ed  in to  a qu in azo lin e .

I n  o u r experience no  o th e r  com pounds su c h  as IX  could be d e te c te d .
T h e  cycliza tion  o f 2 -u re idobenzam ides (IX , R 15 R 2 =  H) in to  3_H-quina- 

zo line-2 ,4 -d iones is described  in  th e  l i te ra tu re  [9]. W e hoped th a t  co m p o u n d s 
IX  m ig h t be su itab le  fo r th e  p re p a ra tio n  o f  3H -quinazolin-4-ones c o n ta in in g  
t e r t i a r y  am in o  groups a t  th e  2-position , w h ic h  h a v e  n o t been p re p a re d  so fa r  
b y  d ire c t  cycliza tion . O ur e x p ec ta tio n  fa iled , h o w ever, because w h en  th e  re a c 
t io n  w as  ru n  in  bo iling  ace tic  an h y d rid e  or d im eth y l fo rm am ide 1H ,3H - 
-qu inazo line-2 ,4 -d iones X I w ere o b ta ined  in  good  yields.

О

I n  th e  IR  sp ec tra  o f  th e  cyclized p ro d u c ts  X I th e  rCO b an d s a re  sh ifted  
to  1 6 7 0 —1730 c m -1 ; th e  R 15 R 2 signals are  m issin g  in  th e  N M R sp e c tra .

R in g  closure ta k e s  p lace  m uch m ore  r a p id ly  in  boiling Ac20  th a n  in  
D M F , re q u ir in g  only  5 m in u te s  even i f  R x= p h e n y l  an d  R 2= C H 3. T h is re a c tio n  
is a  r a th e r  ra re  exam ple o f  acy la tio n  b y  a re v e rse  m echanism , i.e. n o t  a d d itio n -  
e lim in a tio n  b u t  e lim in a tio n -ad d itio n . C om pounds IX , like tr is u b s ti tu te d  u reas , 
re a d ily  d issocia te  in to  iso cy an a tes  an d  se c o n d a ry  am ines in  p ro to n -c a ta ly ze d
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reac tio n s . T he am ine  is tra p p e d  by  Ac20 ,  a n d  th e  am ide n itro g en  is a tta c k e d  
b y  th e  iso cy an a te  in  a  ra p id  in tram o lecu la r reac tio n :

IX
AcjO

-R .I t .N H A c X I

O u r conclusion is su p p o rte d  b y  th e  fac t th a t  in  th e  cases w here  R x, R , are 
m e th y l an d  pheny l or d ie th y len eo x y  groups, w hich  are  poor le av in g  groups, 
r in g  closure is as ra p id  as w hen  R 1= R 2=  m e th y l. In  boiling D M F o r p y rid ine , 
a few  hou rs  are  n ecessary  to  a t ta in  th e  sam e re su lt, since p ro to n  c a ta ly s is  or 
am ine  tra p p in g  is a b se n t.

I f  h y d raz in es  a re  u sed  in s tead  of am ines, in  Ac20  th e  e n d -p ro d u c ts  are 
a c e ty la te d , so th a t  th re e  rCO  bands (a t 1680 c m -1 , 1710 c m -1 a n d  1745 c m -1) 
a re  observed  in th e  IR  sp e c tra  o f X lk , 1.

IL IT. 0„H.,

E xperim en tal

P re p a ra tio n  o f  2 - a m in o n io - 4 H - [ 3 , l ] -b e n z o x a z in -4 -o n e  ch lo rid e s  ( IV )

The P I salt* ( I I I )  (0.1 mole) was suspended in  80 m L dry dichlorom ethane and  15.1 g 
(0.1 mole) of m ethyl an th ran ila te  in 20 mL dichlorom ethane was added a t am b ien t tem pera
tu re . An exotherm ic reaction  and  strong gas evolution ensued, while a w hite solid m aterial 
p recip itated  from the solution. A fter short boiling the evolution of gas ceased; the product 
was then  filtered off w ith suction, washed w ith dry  e ther and dried in a vacuum  desiccator.

IV a : R ,= R  = C H 3. Y ield: 18.4 g (81%), m .p. 2 1 1 -2 1 3  °C (d).
C10H h N2O2C1 (226.47). Calcd. C 52.90; H  4.86; N 12.36; Cl-  15.68. F ound  C 53.12; 

H  4.87; N 12.38; Cl-  15.75%.
IR  (K B r): vCO 1815 cm -1 ; v C = N + 1680 cm -1.
41-N M R (TFA): NMe2 3.39 s (3H), 4.43 s (3H ); A rH  7.5—7.75 m (2H ); 7.98 t (1H), 

8.22 d (1H), J„  =  8 Hz.
IV :b  R tR 2 = (C H „C H ,)20 . Y ield: 16.0 g (60% ), m .p. 2 0 0 -2 0 1  °C (d.).
C ,,H 13N20 3C1 (268.50)* Calcd. C 53.65; H  4.84; N 10.44; Cl-  13.23. F ound  C 53.63; 

H  4.99; N 10.82; Cl-  13.31%.

* The P I salts were prepared  by chlorination of the respective th iu ram  disulfides or 
m ethyl dithiocarbam ates in dichlorom ethane at 40 °C.
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Table I

Physical properties o f compounds IX

<J>to

It.
M.p., Yield, Analysis

Кг °c % Calcd. Found

a CH3 CH3 H 1 7 6 -8  (d) 72.0 C 57.9 H 628 . N 20.3 C 57.15 H 6.21 N 20.45

b CH3 CH3 Ii-C4H9 9 3 - 5 76.2 C 63.9 H 7.99 N 15.95 C 63.43 H 7.78 N 15.51

c CH3 CH3 C,H5CH2 1 2 4 -6 87.5 C 68.8 H 6.4 N 14.15 C 68.87 H 6.34 N 13.80

<1 CH3 CH3 C6H5 1 6 0 -2  (d) 78.0 C 67.8 H 6.0 N 1483 C 67.85 H 6.10 N 14.75

e CH2CH20 CH2CH2 C6H5 275- 7 71.5 C 66.4 H 5.83 N 12.92 C 66.52 H 5.69 N 12.97

f CH3 C6N3 C6H5 189 91 90.0 C 74.95 H  5.51 N 12.18 C 72.57 II 5.57 N 12.06

g CH3 CH3 4-ClC6H4 1 7 6 -7  (d) 
290 -2

91.5 C 60.05 H 5.04 N 13.25 C 60.15 H 5.09 N 13.14

ь CH3 CH3 2-COOH—C6H4 1 8 0 -1  (d) 81.0 C 62.4 H 5.20 N 12.84 C 62.29 H 5.26 N 12.71

i CH3 CH3 2-COOCH3 C6H4 173 4 (d) 85.0 C 5.32 H 5.57 N 12.32 C 62.93 H 5.67 N 12.43

j CII2CH20 CH2CH2 2-COOCH3 C6H4 155- 9 (d) 35.0 C 62.6 H 5.48 N 10.96 C 62.28 H 5.40 N 10.89

к CH3 CH3 2-CONH2 C6H4 1 9 5 -6  (d) 89.0 C 61.55 H 5.52 N 17.18 C 62.15 H 5.58 N 17.57

1 CH3 CH3 2-CONHNH2 C 59.75 H 5.58 N 20.53 C 59.3 H 5.61 N 20.45

c , h 4 1 1 5 -7  (d) 87.0

m CH3 CH3 2-C10Hg 1 7 1 -3  (d) 
2 9 4 -5

84.0 C 72.10 H 5.71 N 12.61 C 71.94 H 5.90 N 11.91

11 c h 2c h 2o CH2CH2 2-C10H9 1 8 5 -8 59.0 C 70.04 II 5.61 N 11.20 C 70.51 H 5.56 N 11.47

о CH3 C6H6 2-C10H9 1 7 6 -8 74.0 C 75.93 H 5.31 N 10.62 C 75.78 H 5.32 N 10.56

p CH3 CH3 2-NH2— C6H4 1 6 8 -7 0  (d) 
3 1 0 -2

71.0 C 64.40 H 6.03 N 18.78 C 64.49 H 6.11 N 18.68
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IR  (K B r): vCO 1810 c m -1; vC = N +  1670 c m '1.
IV c : R ,= C H 3, R 2= C 6H 5. Yield: 18.0 g (62% ). m .p. 181— 184 °C (d.)
C16H I3N20 2C1 (288.47). Calcd. C 62.40; H  4.51; IN 9.72; Cl~ 12.32. Found  C 62.08; 

H  4.53; N  9.68; CI“  12.45%.
IR  (K B r): vCO 1815 cm “ 1; vC = N +  1670 cm ’ 1.

P re p a ra tio n  o f  2 -d ia lk i la in iПО-47/-[3 ,1 ]  -b e n /o x a z ii i-4 -o iie s

A m ixture consisting of 0.002 mole of IV , 10 m L  of w ater, and 0.35 m L (0.0026 mole) 
of triethylam ine, was stirred  for 30 m in a t room tem perature. The w hite solid was filtered off, 
washed w ith  w ater and  dried in  air.

V a: 2-D im ethylam ino-4H -[3,l]-benzoxazin-4-one 
Y ield: 0.35 g (87% ), m .p. 127—128 °C (E tO H ).

T ab le  I I

Spectral data o f compounds IX

IX IR (K B r),cm -1 ’H-NM R (TMS =  0), Ö ppm  (CDC1S)

a 1690, 1660, 3340, 3170 3.15 s (6H); 7.02 t  (1H); 7.45 td  (1H); 7.70 dd (1H); 8.28 d 
(1H); J 0 =  8 Hz, J m =  2 Hz, 10.8 s (1H)

b 3330, 3250, 1670, 1640 3.10 s 3.12 s (6H): 4.34 q (2H); 6.79 t ,  6.92 t  (1H); 7 .2 -  
-7 .5  m (2H); 8.21 d, 8.49 d (1H); 7.55> (1H); 10.4, 38 s (1H)

c 3240,3060, 1660, 1640 2.95 s (6H ); 4.51 d (2H) ( J =  5 Hz); 7.20 s (5H); 6.67 t (1H); 
7.08 t  (1H); 7.41 d (1H); 8.12 d (1H); 8.05 s (1H); 10.52 s 
(1H)

d 3250, 3210, 1660, 1635 3.09 s (6H ); 6.70 t  (1H); 7.00- 7.2 m  (2H); 7 .2 -7 .4  m (2H); 
7.27 d (2H); 7.97 d (1H); 9.51 s (1H); 9.81 s (1H)

e 3260, 3210, 1660, 1640
f 3280, 3200, 1665, 1640

g 3260, 3220, 1665, 1650 3.15 s (6H); 6.75 t  (1H); 7 .0 -7 .4  m  (4H); 7.70 d (2H); 7.95 
d (1H) ( J 0 =  8 Hz), 9.50 s (1H); 9.84 s (1H)

b 3280-2700, 1695, 1675 
1650

i 3250, 3210, 1690, 1680, 
1655

3.12 s (6H); 3.91 s, 4.01 s (3H); 7.0 m  (2H); 7.5 m (2H); 
7.78 dd (1H); 7.96 td  (1H); 8.52 dd  (1H); 8.73 d (1H); 
(J„ =  8 Hz, J m =  2 Hz) 10.76 s (1H ); 11.85 s (1H)

j 3265, 3210, 1695, 1680, 
1655

к 3360, 3200, 3105, 1680, 
1660, 1640

1 3460, 3360, 3250, 1665, 
1650, 1635

in 3280-2850, 1660, 1640 3.19 s (6H ); 6.47 t  (1H); 7.08 t  (1H); 7.4 m  (3H); 7.8 m (4H); 
8.02 d (111) ( J 0 =  8 Hz), 8.33 s (1H), 9.70 s (1H); 9.93 s 
(H I)

n 3360-2820, 1665, 1640
3250 -2800, 1665, 1650

p 3420, 3340, 3240, 1660, 
1640

3.10 s (6H); 6 .7 -7 .2 5  m (5H); 7.45 t  (1H); 7.70 d (1H); 
8.20 d (1H) (J„ =  8 Hz)
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C10H 10N A  (190.01). Calcd. C 63.15; H  5.26; N  14.71. F ound  C 63.07; H  5 . '1 ; N 
14.76% .

IR  (K B r): rCO 1765 cm -1 ; 1>C=N 1630 cm -1.
1H -N M R  (CDC13): NMe2 3.25 s (6H ); ArH 7.09 t  (1H), 7.20 d (1H ), 7.93 dd (1H), 7.55 d 

(1H ), J m =  2 Hz, J 0 =  8 Hz.
Vb: 2-D iethyleneoxyam ino-4R-[3,l]-benzoxazin-4-one 
Y ield: 0.4 g (86% ), m .p. 150— 151 °C (benzene).
Ct2H 12N20 3 (232.01). Calcd. C 61.95; H  5.17; N 12.06. Found  C 62.09; H  5.07; N  12.18%. 
IR  (K Br): vCO 1760 cm -1 ; v C = N  1615 cm -1.
Vc: 2-Mi't byl-piieI) уbam ino -4 //-  [ 3. l j-beiizoxazin-1 -one
Y ield: 0.45 g (89%), m .p. 130— 132 °C (EtO H )
C15H ,2N20 2 (252.28). Calcd. C 71.35; H  4.76; N 11.11. F ound  C 70.98; H  4.70; N 10.95%. 
IR  (K B r): rCO 1770 cm -1 ; v C = N  1620 cm -1.

P re p a ra tio n  o f  2 -(IV, lV -d im e th v lu re id o )-b e n z o ic  a c id  ( V i la )

Com pound IVa (2.3 g; 0.01 m ole) was mixed w ith 20 m L  of 5% N aH C 03 solution« 
The m ix tu re  was boiled for 15 m in . The resulting solution was acidified w ith HC1 to obtain
1.55 g (77% ) of V ila, m.p. 160— 161 °C (E tO H ).

Table I I I

Physical properties o f compounds X I

IX Rs
M .p., Y ield , A nalysis

° c % Calcd. Found

a H 350 — 2 
[8] 
lit.

351 2
81.0 C 59.26 H 3.73 N 17.28 C 59.09 H 3.70 N 17.34

b « -0 ,1 1 ,, 1 5 4 -6 82.5 C 66.05 H 6.42 N 12.83 C 65.85 H 6.52 N 13.06
C C6H 5CH2 2 2 5 -7

[8]
lit.

2 2 7 -8

96.5 C 71.41 H 4.76 N 11.11 C 71.25 H 4.78 N 11.25

d CeH 5 2 7 7 -9
[8]
lit.

278 -  80

98.0
95.5

C 70.58 
C 61.65

H 4.23 
H 3.30

N 11.75 
N 10.27

C 70.47 
C 61.84

H 4.31 
H 3.32

N 11.47 
N 10.05

e 4-C1—C6H4 293 - 5
f 2-COOH C6H4 297 -  

300 [6a]
lit.

298 300

93.0 C 63.83 H 3.57 N 9.93 C 63.67 H 3.61 N 10.17

g 2-COOCH3
C6H4

249 -50 90.5 C 64.80 H 4.06 N 9.46 C 64.73 H 4.10 N 9.19

h 2-H 2NCO
CeH4

265 - 6 18.0 C 64.05 H 3.92 N 14.95 C 63.85 H 3.90 N 14.72

i 2-H 2NHHCO
C6H4 229 31 77.0 C 60.80 H 4.05 N 18.91 C 60.47 H 4.0 N 18.47

j 2-C10H9 2 8 9 -9 2 96.0 C 74.90 H 4.17 N 9.72 C 74.51 H 4.09 N 9.60

к 2-C H 3C O N H -
c 6h 4 322 -5 89.0 C 65.05 H 4.41 N 14.25 C 64.81 H 4.48 N 14.36
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Cl0H l2N2O3 (208.22). Calcd. C 57.80; H  5.78; N 13.45. Found C 57.67; H  5.75; N 13.52%. 
IR  (KBr): rCO 1695, 1650 c m "1; rOH, N H  3300—2400 c m - 1.
'H -N M R  (CDCI3): NMe2 3.15 s (6H); ArH 7.0 t  (1H ), 7.50 td  (1H), 8.03 dd (1H), 8.50 d

(I I I ) , J 0 =  8 Hz, J m =  2 Hz, N H  4.36 s (1H).

Preparation  o i 2-(IV, N -dim ethylureido)henzoates (VI)

IVa (2.3 g; 0.01 mole) was boiled in 10 m L of alcohol for 30 min. A fter evaporation of 
the solvent, the residue was suspended in w ater to ob ta in  a white solid.

Via: Methyl 2-(iV,iV-dimethylureido)-benzoate 
Yield: 1.95 g (88% ), m .p. 8 8 -9 0  °C (MeOH).
Cu H 14N20 3 (222.25). Calcd. C 59.40; H 6.31; N 12.61. Found: C 59.58; H  6.25; N 12.57%. 
IR  (KBr): vCO 1695, 1660 c m '1; vNH 3290, 3260 c m - 1.
iH-NM R (CDCl3): NMe2 3.13 s (6H); OMe 3.92 s (3H ); A rH  6.6 t  (1H) 7.87 td  (1H); 

7.86 dd (1H); 8.44 d (1H ); N H  10.4 s (1H).
VIb: E thy l 2-(JV-JV-dimethylureido)-benzoate 
Yield: 1.90 g (80)% , m .p. 1 0 0 -1 0 2  °C (E tO H ).
Cl2H ,eN20 3 (236.27). Calcd. C 61.05; H  6.77; N  11.86. Found  C 60.97; H  6.90; N 11.71%. 
IR  (KBr): rCO 1690, 1670 cm ” 1; vNH 3280, 3250 c m - 1.

Preparation of 2-ureidoDenzamides (IX )

A solution of IV (0.01 mole) and of the appropriate p rim ary  amine (0.02 mole) in 15 m L 
of E tO H  (in some cases 0.01 mole of the amine and 0.01 mole of sodium acetate were used) 
was stirred  a t am bient tem pera tu re  for 2 h. To the reaction  m ixture there was added some 
w ater to  obtain a white solid, which was recrystallized from  E tO H . The physical properties 
of the  products are sum m arized in Table I; the spectroscopic d a ta  are shown in Table II.

Table IV

Spectral data o f compounds XI

IX I IR  (K Br), c m -1 ; 'H -N M R  (TMS =  0), S ppm  (CDC1,)

a 3250-2850, 1720, 1685 7.25 m (2H); 7.63 d (1H); 8.03 d (1H); J„  =  8 Hz
b 3190-3000, 1720, 1665 1.05 t  (3H); 1.3 —1.9 m  (4H); 4.17 t  (2H); 7.2 m (2H); 7.57

td  (1H); 8.06 d (1H); J 0 =  8 Hz, 10.93 s (1H)
C 3180-2800, 1720, 1670
d 3200-2750, 1730, 1670 7 .0 -7 .7  m (8H); 7.98 d (1H) J 0 =  8 Hz
e 3190-2890, 1730, 1675 7.22 m (3H); 7.45 m (3H); 7.65 td  (1H); 8.04 d (III)
f 3180-2890, 1730, 1685

g 3260, 1730, 1680, 1655
ь 3460,3350,3200, 1750,

1680, 1650
i 3450, 3340-2850, 1735,

1680, 1660

j 3200-2800, 1730, 1670 7.25 t  (1H); 7 .4 -7 .6 5  m (5H); 7 .7 5 -8 .0  m  (4H); 8.08 d
(III) J „ =  8 Hz

к 3360-3250, 1730, 1710, 2.12 s (3H); 7 .1 -7 .7 5  m (6H); 7.92 d (III); 8.20 d (1H)
1670 J 0 =  8 Hz
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Preparation of liT ,3iT-quinazoline-2,4-diones (X I)

C om pounds IX  (0.01 mole) were refluxed in 10 m L of acetic anhydride for 10 m in (or 
in  D M F  fo r 1— 2 h). On cooling, w hite crystals p recip itated  (in the case of DM F some w ater 
was added ). The products were w ashed, and  recrystallized from  ethanol. The physical prop
erties o f com pounds XI are sum m arized in Table I I I ;  the  spectroscopic d a ta  are listed in 
T able IV.
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THERMOLYSE YON CYANOKOMPLEXEN, XVI*
T H ER M ISC H E ZERSETZU NG  VON L IN E A R E , PLAN ARE U N D  

T E T R A E D R JSC H E  A N IO N EN  EN TH A LTEN D EN  
[D IPH EN Y L-JO D O M U M ]-|C Y A N O M ETA LLA TEN ]

K . G y ő r y o v á ** und  B . M o h a i

(Lehrstuhl fü r  Allgemeine und Anorganische Chemie der Universität fü r  
Chemische Industrie, Veszprém)

Eingegangen am 17. A pril 1980
Zur V eröffentlichung angenom m en am  18. Jun i 1980

Ada Chimica Academiae Scientiarum Hungaricae, Towns 107 (1), pp. 67— 75 (1981)

Die Zersetzung d ir  |D iphenyl-jcdcriium ]-[C yanem etallate] beg inn t zum eist mit 
einer heftigen exo therm en R eaktion, die dam it e ik lä it wird, daß die bei der A bspalt
ung von P h i verbleibende Phenylgruppe des Jodonium kations über eine CN-Brücke 
vorübergehend an das Zentralatom  gebunden wird (M—CN—Ph) un d  der exotherme 
E ffekt auf eine Isocyanidbildung zurückzuführen ist. Die A rt und  Reihenfolge der 
A bspaltung der flüchtigen Zersetzungsprcdukte (P h i, n-PhCN, i-PhN C ) w urden IR- 
-spcktrophotom etrisch erm itte lt. E ndprodukte  der Zersetzungsvorgänge w aren metalli
sches Ag, Au, Ni, P d , P t  und  Cu(C); beim H g-, Cd- u rd  Zn-K cm plex blieb kein fester 
R ückstand zurück.

E in leitung

V on den E le m e n te n  d e r V -ten  H a u p tg ru p p e  b ilde t der P h o sp h o r  und  
in  geringerem  M aße au ch  das A rsen den quartären A m m onium salzen  ähn liche  
»O nium «-K om plexe. D ie analogen  V erb in d u n g en  der E lem en te  d e r V I-ten  
H a u p tg ru p p e  sind die tertiäre O xon ium -, Sulfonium - und  S e len o n iu m -, bzw. 
in  d e r V II- te n  H a u p tg ru p p e  die sekundäre C hloronium -, B ro m o n iu m - und  
Jo d o n iu m k a tio n en  e n th a lte n d e n  K om plexe .

D ie T herm olyse  d e r e in fachen  [1] u n d  d er versch ied en en  q u a r tä re n  
A m m o n iu m -C y an o m eta lla te  [2, 3] w u rd e  schon  frü h er u n te rs u c h t. In  dieser 
u n d  ein igen w eite ren  A rb e iten  sollen die Z erse tzungsvorgänge d e r Cyano- 
kom p lex e  m it te r t iä re n  Sulfonium - u n d  sek u n d ä ren  Jo d o n iu m k a tio n e n  m it
g e te ilt u n d  zu n äch st m ite in a n d e r , im  w e ite ren  ab e r auch  m it den  Z e rse tzu n g s
re a k tio n e n  der q u a r tä re n  A m m o n iu m -C y an o m eta lla te  verg lichen  w erd en .

V on den sekundäre Jodonium kationen  e n th a lte n d e n  V erb in d u n g en  w urde 
in  e rs te r  L inie die T h erm o ly se  der s tab ilen  [D ipheny l-jodon ium ]-[C yano- 
m e ta lla te ]  u n te rsu c h t. Z u r  G ew innung d ieser V erb indungen  w u rd e n  w ässerige 
L ösungen  der e n tsp re c h e n d en  A lk a li-C y an o m eta lla te  m it ä q u iv a le n te n  M en
gen [D ip h en y l-jo d o n iu m ]-ch lo rid , [P h2I]C l v e rse tz t, w obei d ie  e rw ü n sch ten

* XV. M itteilung: H o r v á th , A., Mo h a i, В., M ik ó , F.: J . Therm al A nal., 18, 341 (1980)
** Lehrstuhl f ü r  Anorganische Chemie der P .J . S a f a r i k  U niversität, K osice (Tschecho

slowakei)
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D o p p e lk o m p lex e  als k r is ta l l in e  N iederschläge e rh a lte n  w urden  [4, 5]. M it 
R ü c k s ic h t  a u f  die große Z a h l der kom plexen  C y an id e  w ird  der th e rm isch e  
A b b a u  d e r  D oppelkom plexe im  folgenden n a c h  d e r  F o rm  des C y an o m eta lla t-  
A n io s (linear, p lan ar, te t r a e d r is c h  usw.) g ru p p en w eise  beh an d e lt.

1. M eßergebnisse: A usw ertung  der th e rm isc h e n  K urven

W ie schon in unseren frü h eren  Mitteilungen [6], so w urden  auch diesmal in den Tabellen 
I — I I I  n ich t die unm ittelbaren  M eßergebnisse, sondern die au f 1 mol des Ausgangskomplexes 
um gerechneten  Werte angegeben. D em entsprechend sind die an  den TG-Stufen au ftretenden  
G ew ichtsverluste in den Abb. 1 — 3 in  der Einheit g/m ol aufgetragen. D adurch w erden die 
S tu fenhöhen  m it den M olekulargew ichten der Z ersetzungsprodukte gleich, was ihre qualitative 
Iden tifiz ie rung  erleichtert. Bei stöchiom etrischen Stufen w urde die Molzahl und (in K lam m ern) 
au ch  das Molekulargewicht der entw eichenden flüchtigen P ro d u k te  angegeben. E in  Vergleich 
der in  der d ritten  und v ierten  S pa lte  der Tabellen angeführten  W erte ermöglicht eine d irekte 
B eu rte ilu n g  des quantitativen V erlaufs der Teilprozesse.

a) Grundverbindung und lineare Cyanometallate

D a s  weiße k ris ta llin e  [P h 2I]C l d issoziiert b e i 190 °C in  einer e inzelnen  
e n d o th e rm e n  Stufe u n te r  B ild u n g  von P h i  u n d  P h C l (A bb. la ) .  D ie S tu fe n 
h ö h e  is t  e tw as kleiner a ls d a s  M olekulargew icht (T abelle  I), da die S u b stan z

Tabelle I
Zersetzungsvorgänge von [Diphenyl-jodonium]-[Cyanometallaten] 

(G rundverbindung und  lineare C yanom etallat-A nionen)

V erbindung
(F arbe)

P h 2I  • c i  
(weiß)

[Ph*I][A g(CN )J
(weiß)

[P h .I] [A u (C N )2] 
(weiß)

Zersetz. - 
tem p.
(°C)

G ew ichts
abnahm e
(g/m ol)

F lüchtige
Zersetzungsprodukte 

(mol/ mol)

190 313 1 P h i +  1 PhCl (316.6)

ÍNH4C1 (Verunreini-
~ 330 1 —  2 1 gung: sublim iert 

[ bei 335 °C)

100 _ Ladungstransfer-
effekt

135 — Schmelzpunkt

1551
306

l(n-PhCN)

175J j l  P h i +  1 i-PhNC (307,1)

^ 4 0 0 25,7 0,5 (CN)2 (26,0)

140 — Schmelzpunkt

180]
308

i(n-PhCN)

190) 11 P h i +  1 i-PhNC (307,1)

^ 4 5 0 27 0,5 (CN)2 (26,0)

Bem erkungen 
zum DTA-Peak

schwach, flach: 
endo.J endotherm

schwach, scharf: 
endo.

schwach, scharf: 
endo.

schwach, flach: 
endo.

schwach, scharf: 
exo.

schwach, scharf: 
endo.

schwach, scharf: 
endo.

schwach, flach: 
endo.

schwach, scharf: 
exo.

schwach, scharf: 
endo.
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w äh ren d  der H e rs te llu n g  [5] m it w enig N H 4C1 v eru n re in ig t w ird . D er k leine 
en d o th e rm e  E ffek t bei e tw a 330 °C ist a u f  d ie  S u b lim atio n  des NH,C1 (335 °C) 
zu rü ck zu fü h ren .

Die D T A -K u rv e  des [P h 2I][A g(C N )2] ze ig t — noch  vo r dem  B eg inn  der 
Z erse tzung  — zwei en d o th e rm e  P eaks (A bb. lb ) .  D er k leinere  (100 °C) w urde  
von  uns als L ad u n g s tra n sfe re ffe k t g e d e u te t, d er größere (135 °C) is t  dem  
Schm elzen des K om plexes zuzuschreiben . D ie Z erse tzu n g  der Schm elze b eg in n t 
bei 155 °C u n te r  endothermer A bgabe von  w en ig  n -P hC N , u n d  sc h re ite t bei 
175 °C in  e iner exothermen R eak tio n  fo rt. D ie H ö h e  der D oppelstufe  e n tsp r ic h t 
in  g u te r A n n äh eru n g  d er g leichzeitigen E n tfe rn u n g  von  1 m ol P h i  u n d  1 mol
i-P hN C  (Tabelle I). D a in  der le tz ten  S tu fe  bei 400 °C 0,5 mol D icyan  fre ige
se tz t w ird , is t das feste  E n d p ro d u k t m eta llisch es Silber. (A uf die D eu tu n g  
des L ad u n g stran sfe re ffek te s  kom m en w ir im  Z u sam m en h an g  m it äh n lich en  
E rsch e in u n g en  bei a n d e ren  K om plexen  n o ch  zu rück ).

D ie Z erse tzu n g sreak tio n en  von  [P h2I]  [A u(C N )2] en tsp rechen  den en  der 
S ilb e rv e rb in d u n g , n u r  v e rlau fen  sie bei e tw as  höh eren  T e m p e ra tu ren  (A bb. 
lc ) . V on den  zwei lin ea ren  C y an o m eta lla ten  is t  also  der G oldkom plex  die 
th e rm isch  s tab ile re  V erb indung .

b) Planare Cyanometallate

Die T herm olyse  d er p lan a re  q u a d ra tisc h e  A nionen e n th a lte n d e n  V er
b in d u n g en  w urde  am  B eispiel der T e tracy an o k o m p lex e  des N ickels, P a llad iu m s 
u n d  P la tin s  u n te rsu c h t. D ie therm ische  S ta b i l i tä t  d ieser K om plexe n im m t — 
la u t  der V ersch iebung  sow ohl der ers ten  e x o th e rm e n , als auch  d e r zw eiten  
en d o th e rm en  S tu fe  zu höh eren  T e m p e ra tu ren  h in  — m it zu n eh m en d er O rd-

DTG

DTA

TG

100

200

300

9
mol

)Í '
190° ~ 330°

150 3 0 0  A50 °C

N

a)  R

1 Phi + 1 PhCI 

4____(NHt CI)

400" '• 0

Abb. I. TG-, DTG- und D TA -K urven von a) [Ph2I]Cl (G rundverbindung), b) [Ph2l]  [-Ag(CN)2],
c) [Ph2I][Au(CN)2l (lineare Anionen)
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n u n g s z a h l  des Z en tra la to m s zu  (T abelle I I ,  A bb . 2). D ie erste  Z erse tzu n g sstu fe  
des b la ß g e lb e n  [P h2I ]2[N i(C N )4] g eh t m it dem  g röß ten  G ew ich tsv e rlu st 
(2 P h i  -f- 2 PhC N ), jed o ch  m it  d e r  g e rin g sten  R eak tio n sw ärm e v o ra n . D er 
e x o th e rm e  E ffek t is t beim  P a lla d iu m k o m p le x  a m  au sg ep räg tes ten , b e i dem  
a b e r  n e b e n  2 m ol P h i  n u r  1 m ol P h C N  a b g e sp a lte t w ird. D ie P la tin v e rb in d u n g  
n im m t h in sich tlich  der G röße des W ärm eeffek tes  u n d  der M enge d er Z e rse tz 
u n g s p ro d u k te  (2 P h i  -f- 1,5 P h C N ) g le ich erm aß en  eine Z w ischenste llung  ein.

A u s  A bb . 2 is t zu e rseh en , d aß  bei je n e n  V erb indungen , be i d en e n  die 
A b s p a ltu n g  des PhC N  g eg en ü b er der des P h i  »verzögert« v e r lä u f t, in  den 
n a c h fo lg e n d e n  Z erse tzungsphasen  i-P h N C  g eb ild e t w ird . M an k a n n  b e o b a c h te n , 
d a ß  d e r  ex o th e rm e  E ffek t u m so  g rößer is t , je  w eniger и-PhC N  m it d em  P h i  
z u sa m m e n  ab sp a lte t. Z ur K lä ru n g  dieser T a tsa c h e  n ah m en  луп a n , d a ß  bei 
d e r  F re is e tz u n g  von  P h i  die a n d e re  P h e n y lg ru p p e  des Jo d o n iu m k a tio n s  d u rch  
eine  s ic h  ausb ildende M —C N —P h -B in d u n g  v o rü b erg eh en d  an  das Z e n tra l
a to m  d es K om plexes g eb u n d en  w ird . D em n ach  h ä n g t die V erzögerung  der 
P h C N -A b sp a ltu n g  m it der A u sb ild u n g  v o n  Isocyanid-Intermediären  zu sam m en , 
d e re n  B ildungsw ärm e den  exothermen E ffekt v e ru rsa c h t.

c) Tetraedrische Cyanometallate

D ie  th erm isch e  S ta b i l i tä t  d e r te tra e d risc h e  A nionen e n th a lte n d e n  [D i
p h e n y l-jo d o n iu m ]-[C y an o m e ta lla te ] n im m t — äh n lich  tvie bei den  lin ea ren  
u n d  p la n a re n  V erb indungen  — m it z u n eh m en d e r O rdnungszah l des Z en tra l-

Tabelle II
Zersetzungsvorgänge von [Diphenyl-jodonium]-[Cyanometallaten] 

(planare Cyanometallat-Anionén)

V erb indung
(F arbe)

Zersetz. - 
tem p.
(°C)

G ew ichts
abnahm e

(g/mol)

Flüchtige
Zersetzungsprodukte

(mol/mol)

Bem erkungen 
zum D TA -Peak

[Ph ,I],[N i(C N )4] 175 616 2 P h l +  2 PhCN (614,2) schwach, scharf: 
exo.

(blaßgelb) 400 25,5 0,5 (CN)2 (26,0) schwach, flach: 
endo.

500 25,5 0,5 (CN), (26,0) schwach, flach: 
endo.

[Ph2I]2[Pd(CN)4] 200 513 2 P h i +  1 PhCN (511,1) stark , scharf: exo.
(weiß) 250 450 53,7 0,5 PhNC (51.5) endotherm

460 26,5 0,5 (CN)2 (26,0) schwach, scharf: 
endo.

[Ph2I]2[P t(C N )4]
(weiß)

200 — ' Schmelzpunkt schwach, scharf: 
endo.

220 566 2 P h i +  1,5 PhCN (562,6) m ittelm ., scharf: 
exo.

250 550 50 0,5 PhNC (51,5) endotherm
575 27 0,5 (CN)2 (26,0) schwach, scharf: 

endo.
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Abb. 2. TG-, DTG- und DTA-Kurven von a) [Ph2I],[Ni(CN)4], b) [Ph2I]2[Pd(CN)4], 
c) [Ph2I]2[Pt(CN)4] (p lanare Anionén)

a to m s  zu. D ie A n n ah m e der B ild u n g  v o n  Iso cyan id -Z w ischenverb indungen  
w ird  au ch  d u rch  die T herm olyse der te tra e d ris c h e n  C y an o m eta lla te  g e s tü tz t.

D ie P h i— P hC N -Z erse tzungsphasen  k o n n te n  im  Falle des [P h 2I ]2H g[(C N )4] 
am  b e s te n  g e tre n n t w erden (A bb. 3a). D ie Isocyan idb ildung  is t  fo lg lich  bei 
d iesem  K o m p lex  am  m eisten  b ev o rzu g t, d .h . der g röß te  e x o th e rm e  E ffe k t zu 
b e o b a c h te n . D ie S tu fenhöhe e n tsp r ic h t g en au  der A bgabe v o n  2 m ol P h i  
(T abelle  I I I ) .  D ie w eitere  Z erse tzung  des K om plexes zeigt b e im  S ied ep u n k t 
des Q uecksilbers w ieder eine m ax im ale  G eschw indigkeit. I n  d iese r E ta p p e  
b ild en  sich  — im  E in k lan g  m it den  o b ig en  — 2 m ol i-P hN C  u n d  je  1 m ol 
Q uecksilber u n d  D icyan . (IIg(C N )2 z e rse tz t sich bei 450, K 2[H g(C N )4] bei 
435 °C [7].)

B ei d er Z erse tzung  von [P h 2I ] 2[Cd(CN )4] ü b e rlap p t sich  schon  die 
A b sp a ltu n g  des P h i  u n d  die des P h C N  (A bb . 3b). Da in  d er e rs te n  E ta p p e  
n u r  1 m ol P h i  fre ig ese tz t w ird  (Iso cy an id b ild u n g ), is t der e rs te  ex o th e rm e  
P e a k  (170 °C) w esen tlich  größer als d er zw eite  (240 °C), der n eb en  d e r  A b sp a lt
u n g  v o n  1 m ol P h i  au ch  m it d er von  1 m ol P h C N  einhergeht. D em en tsp rech en d  
s in d  die w eite ren  Z erse tzu n g sp ro d u k te  i-P h N C  u n d  (CN)2. D ie le tz te  S tufe 
w ird  d u rch  die V erdam pfung  des m e ta llisch en  K adm ium s bei se in em  Siede
p u n k t  (765 °C) h e r v o r gerufen.

D ie Z erse tzu n g  des Z inkkom plexes u n te rsch e id e t sich v o n  d e r  d er K a d 
m iu m v e rb in d u n g  n u r  d a rin , d aß  die T eilv o rg än g e  bei etw as n ie d rig e re n  T em 
p e ra tu re n  (165, 195 °C) und  m it g rö ß ere r Ü berlap p u n g  v e rlau fen  (A bb. 3c). 
D em zufolge en tsp rech en  die e inzelnen  S tu fe n  w eniger der S tö ch io m etrie . D a
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Tabelle III
Zersetzungsvorgange von [Diphenyl-jodonium]-[Cyanomelallaten] 

(tetraedrische Cyanometallat-Anionen)

V erbindung
(Farbe)

Zersetz.- 
tem p.
(°C)

Gewichts
abnahm e

(g/mol)

F lüchtige
Zersetzungsprodukte

(mol/mol)
Bem erkungen 

zum DTA-Peak

[Ph2I]2[Hg(CN)4] 180 409 2 P h i (408,0) stark, scharf: exo.
(weiß) 355 455 2 PhNC +  1 H g + schwach, b reit:

+  1 (CN)2 (458,8) endo.

[Ph2I]2[Cd(CN)4] 170 207 1 P h i (204,0) mittelm ., scharf:
(weiß) exo.

240 300 1 P h i +  1 PhCN (307,1) schwach, scharf:
exo.

3 0 0 -7 5 0 — 160 1 PhNC +  1 (CN)s (155,1) endotherm
765 110 1 Cd (112,4) endotherm

[Ph2l] 2[Zn(CN)4] 165 190 1 P h i (204,0) m ittelm ., scharf:
exo.

(weiß) 195 300 1 P h i +  1 PhCN (307,1) schwach, scharf:
exo.

2 5 0 -9 0 0 —  150 PhNC +  (CN)2 endotherm
9 0 0 - (kontin.) Zn endotherm

[Ph2I ]3[Cu(CN)4] 65 305 1 P h i +  1 PhCN (307,1) schwach, scharf:
(weiß) exo.

95 410 2 P h i (408,0) mittelm ., scharf:
exo.

150—650 —200 PhNC +  (CN)2 endotherm

150 300 450 
°C

I Phi +1 PhCN

(j) R700" Cu '*’c

mol
Abb. 3. TG-, DTG- und  D TA -K urven von a) [Ph2I]2[Hg(CN)4], b) [Ph2I]2[Cd(CN)4], 

c) [Ph2I ]2[Zn(CN)4], d)  [Ph2I ]3[Cu(CN)4] (tetraedrische Anionén)

das im  V erlau fe  der Z erse tzu n g  gebildete Z ink  be i se inem  S iedepunkt (905 °C) 
v e rd a m p f t , b le ib t au ch  h ie r k e in  fester R ü c k s ta n d  zu rück .

[P h 2I ] 3[Cu(CN)4] is t a m  w enigsten  s ta b il (65, 95 °C) u n d  zeig t au ch  
e inen  ab w eich en d en  Z erse tzungsverlau f. B eim  K u p fe r(I)-K o m p lex  t r i t t  d ie
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gem einsam e A b sp a ltu n g  von  P h i  u n d  P h C N  schon in  der e rs te n  S tu fe  ein, 
d er g rö ß te  T eil des P h i  en tw eich t ab e r in  d e r zw eiten E ta p p e . D e m en tsp re 
chend  is t  v o n  den  zwei ex o th erm en  E ffe k te n  — im  G egensatz zum  K ad m iu m - 
u n d  Z in k k o m p lex  — der zw eite der au sg e p rä g te re  (Abb. 3d). D er th e rm isch e  
A b b au  n im m t au ch  bei dieser V erb in d u n g  m it der B ildung von  i-P h N C  und 
(CN)2 seinen  F o rtg a n g . D er feste R ü c k s ta n d  b e s te h t aus e lem en ta rem  K u p fer 
(Schm p. 1083 °C) u n d  aus einer m ehr o d e r w en iger großen M enge v o n  K o h len 
stoff.

2. Iden tifiz ierung  der Z erse tzungsp roduk te

(IR -sp e k tro p h o to m e trisc h e  U n tersuchungen)

O bw ohl n a c h  den  b isher gesag ten  d ie  d en  S tu fenhöhen  d e r T G -K u rv en  
zu zu o rd n en d en  Z erse tzu n g sp ro d u k te  ( P h i  o d er PhCN ) u n d  die en d o th e rm en  
u n d  e x o th e rm en  E ffek te  der D T A -K u rv en  (A bspa ltung  von  re-PhCN bzw. 
B ild u n g  v o n  i-P hN C ) im  E in k lan g  s te h e n  u n d  e inander gegenseitig  u n te r 
s tü tz e n , is t die q u a n ti ta t iv e  A u sw ertung  d e r T G -S tu fen  doch d u rch  zw ei U m 
s tä n d e n  b is zu einem  gewissen G rade e rsc h w e rt. D a erstens die S ied ep u n k te  
des P h i  u n d  P hC N  sehr nahe  be ie in an d er liegen  (6 5 —70 °C), k a n n  die R e ih en 
folge der A bg ab e  a u f  G rund  ih re r F lü c h tig k e ite n  n ich t angegeben  w erden . 
Die zw eite  S chw ierigkeit e rg ib t sich au s dem  Z ufall, daß  das M oleku large
w ich t des P h i  (204,0) be in ah e  zw eim al so g roß  is t, als das des P h C N  (103,1). 
D esw egen k o n n te n  w ir uns hei d er Id e n tif iz ie ru n g  der Z e rse tzu n g sp ro d u k te  
n ich t n u r  a u f  die G ew ich tsabnahm en  s tü tz e n , sondern  m u ß ten  d azu  au ch  die 
IR -S p e k tre n  heran z ieh en .

Da die Z ersetzungstem peraturen der K om plexe aus den D erivatogram m en schon 
bekannt w aren, w urden die zu untersuchenden P roben  au f diese Tem peraturen e rh itz t. Das 
K ondensat der im Laufe der exotherm en R eaktion  herausdestillierenden flüchtigen K om po
nenten wurde in CH2CI2 gelöst. Der feste R ückstand  w urde m it CH2C12 behandelt un d  das 
E x trak t abgetrenn t. A nschließend wurden die IR -S pek tren  des Destillats und E x trak te s  auf
genommen und  m it den Spektren von ebenfalls in CH2C12 gelöstem P h i bzw. PhC N  verglichen.

Das P h i kann  vom PhCN anhand der vertika len  Deform ationsschwingungen der 
Phenylgruppe unterschieden werden [8]. Die sehr starke und  scharfe A bsorptionsbande tr it t  
im Falle des P h i bei 450, beim PhCN bei 550 c m -1 auf. Zur Unterscheidung der Normal- 
bzw. Isocyanide sind die CN-Valenzfrequcnzen geeignet: im Falle des n-PhCN liegen diese 
bei 2230, beim i-PhNC bei 2130 cm -1, sind also ebenfalls gu t unterscheidbar.

In  A bb. 4 sind  die IR -S p e k tre n  d er Z e rse tz p ro d u k te  von [P h 2I]  [A g(CN )2] 
angegeben . W ie e rs ich tlich , ist im  D e s tilla t (o) n eben  viel P h i  h a u p tsä c h lic h  
re-PhCN zu fin d en . D agegen e n th ä lt d er E x t r a k t  (b) n u r ganz w enig  P h i  und  
b e s te h t überw iegend  aus i-PhN C . Diese V e rte ilu n g  der flüch tigen  Z e rse tzu n g s
p ro d u k te  b e s tä tig te  die A nnahm e, d aß  im  L aufe  der Z ersetzung  (s. A b b . lb )  
e rs t w enig  /i-PhC N  (endo therm ) a b g e sp a lte t w ird , danach  in q u a n t i ta t iv e r  
R eak tio n  P h i  (ex o th e rm ) und  schließlich  i-P h N C  en ts te h t.

A da  Chim. Acad. Sei. Hung. 107, 1981
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n -P h C N
” phCN

Phi

1 - ’hNC

b)
J- --1-------- 1------------ I______

220 0  2100 600 500 A00 2200 2100 600 500 AOO
cm"1 cm"1

Abb. 4. IR -S pek tren  der flüchtigen Zersetzungsprodukte von [Ph2I] [Ag(CN)2] bei 180 °C:
a) im  D estillat, b) im  E x tra k t

2200 2100 6 0 0  500  A00 2200 2100 600 500  A00
cm"1

Abb. 5. IR -S pek tren  der flüchtigen Zersetzungsprodukte von [Ph2I]2[Cd(CN)4] im  D estillat:
a) bei 195 °C, b) bei 240 °C

D e r größere u n d  d er d a ra u f  fo lgende k le in e re  exotherm e P e a k  in  der 
D T A -K u rv e  des [P h2l ] 2[Cd(C N ),] k o n n te  d a d u rc h  e rk lä rt w erden  (s. A bb . 
3 b ), d a ß  im  ers ten  A b sc h n itt d er Z erse tzung  P h i ,  im  zw eiten g leichzeitig  P h i  
u n d  n -P h C N  und  im  d r i t te n  i-P hN C  fre ig ese tz t w erden . D em en tsp rech en d  
e n th ä l t  d a s  D estilla t der b is 195 °C e rh itz te n  P ro b e  neben  viel P h i  vo rw ieg en d  
n -P h C N . E rh itz t  m an  d ieselbe P ro b e  jed o ch  w e ite r  a u f 240 °C, so w eis t das 
IR -S p e k tru m  a u f das V orliegen  v o n  v e rh ä ltn issm ä ß ig  w enig P h i  u n d  b eso n 
d e rs  a u f  d ie  A nw esenheit v o n  i-P hN C  h in  (A bb . 5).

A u f  ähn liche W eise w u rd e  auch  d ie  abw eichende S tö ch io m etrie  der 
Z e rs e tz u n g  des N ickel- u n d  P a llad iu m k o m p lex es  bew iesen. Im  E in k la n g  m it

A c ta  C h im . A cad . Se i. H ung. 107, 1981
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d en  th e rm isch en  K u rv en  (s. A bb . 2) is t die R eihenfolge d er B a n d e n in te n s i
tä te n  im  e rs te n  F a ll n -P hC N  — P h i  — i-P h N C , im  zw eiten  a b e r  gerade  u m 
g ek eh rt.
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Die Therm olyse der [D iphenyl-jodonium j-H exacyanom etallate sowie die der 
G em ischtligand-Penta- und -T etracyanom etallate wird von einer heftigen exotherm en 
R eaktion eingeleitet. Bei der A bspaltung von  P h i bildet nämlich die andere Phenyl
gruppe des Jodonium kations nur später entw eichendes i-I’hNC. Die T em peratu r, bei 
der die exotherm en R eaktion verläuft, is t um so niedriger, je kleiner die CN-Valenz- 
frequenzen in den Doppelkomplexen sind. Diese Tendenz kann durch eine zunehm ende 
W echselwirkung zwischen den Phenylgruppen der K ationen und den Cyanidliganden 
der Anionen — die die alleinige A bspaltung von P h i ohne n-PhCN begünstig t — 
erk lärt w erden.

1. E rgebn isse  der th e rm isch en  U ntersuchungen

D ie M eßergebnisse  sind  in  den T ab e llen  I  u n d  I I  a u f  die g leiche W eise 
w ie in  der v o ra n s te h e n d e n  M itte ilung  z u sam m en g e faß t. W ie e rs ich tlich  e n th ä lt  
ein Teil der K o m p lex e  2 —3 m ol K ris ta llw asse r , die W assers tu fen  w urden  
ab er der besseren  Ü b ersich tlich k e it w egen in  den  A bbildungen  1 u n d  3 wegge
lassen.

a) \D iphenyl-jodonium]-\Hexacyanometallate]

D ie th e rm isc h e n  Z erse tzungsvorgänge d ieser V erb indungsg ruppe  w erden  
a m  B eispiel des M n (III)- , C r(III)- , C o (III)- , F e ( I I I ) -  und  F e (II)-K o m p lex es  
d arge leg t (T abelle  I) . V on diesen is t d a s  C y an o k o b a lta t die s ta b ils te , das 
C y an o m an g an a t d ie  in s ta b ils te  V erb in d u n g . A u f diese T a tsach e  w e is t au ß er 
den Z e rse tz u n g s te m p era tu re n  (140 bzw . 215 °C) au ch  die M enge d e r  in  der 
ex o th e rm en  R e a k tio n  geb ildeten  Z e rse tzu n g sp ro d u k te  h in . Im  F a lle  des 
M angankom plexes (A bb. la )  w erden in  e in e r  einzigen S tufe  je  3 m ol P h i  
u n d  PhC N  a b g e sp a lte t. D ie Z ersetzung  des b e k an n tlich  sehr s ta b ile n  C ayno- 
k o b a lta ts ( I I I )  v e r lä u f t  m eh rstu fig  [1, 2 ]. In  d er ers ten  E ta p p e  xvird neben  
3 mol P h i  n u r  1 m ol P hC N  freigesetzt (A b b . lc ) . N ach un se re r A n n ah m e

* XVI. M itteilung: G yőryová , К ., M o h a i, В .: A cta  Chiin. Acad. Sei. H ung., 107, 67
(1981)

** Lehrstuhl für Anorganische Chemie der P. J . Sapabik U niversität, Kosice (Tsche
choslowakei)
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DTG
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M  PhNC +1 (CN)2 600 I
V ___ 2 PhNC

PhNC +(CN)2^ \ q П 0

c) R800° ; C° + C 9 ^800° ' Fe3C
rao!

Abb. 1. TG-, DTG- und D TA -K urven von a) [Ph2I ]3[Mn(CN)e], b)  [Ph2I]3[Cr(CN)6], 
c) [Ph2I ] 3[Co(CN)6], d) [Ph2I ] s[Fe(CN)6]

b ild e t  e in  Teil der P h e n y lg ru p p e n  du rch  A u sb ild u n g  von  Co —CN —P h -B in -  
d u n g e n  Iso cy an id -Z w isch en p ro d u k te , die n u r  b e i höheren  T e m p e ra tu re n  
z e r s e tz t  w erd en . Die re su ltie re n d e  exo therm e Z erse tzungsw ärm e is t also d e r 
Iso c y a n id b ild u n g  zuzu sch re ib en . D a  diese im  F a lle  des K o b a ltk o m p lex es
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a)
________ I___________ I---------------- 1__________ I___________I___

2200 2100 600 500 400
cm'1

b )

2200 2100 600 500 400
cm'1

Abb. 2. IR -Spektren  der flüchtigen Zersetzungsprodukte von a) [Ph2I]3[Mn(CN)6] bei 155 °C,
b) [Ph2I ]3[Co(CN)6] bei 220 °C

b e g ü n s tig t is t, is t au ch  der ex o th e rm e  E ffe k t h ie r viel g rößer a ls bei d er 
M angan v erb in d u n g .

D ie R ich tig k e it d ieser A nnahm e w u rd e  d u rch  den V ergleich d e r IR -  
-S p e k tre n  der f lü ch tig en  Z e rse tzu n g sp ro d u k te  von  [P h2I ] 3[M n(CN)e] u n d  
[P h 2I ] 3[Co(CN)e] nachgew iesen  (A bb. 2). B eim  M angankom plex  w u rd en  
n eb en  ganz w enig i-P hN C  u n g efäh r gleiche M engen von P h i  u n d  n -P h C N  
g efunden , im  F alle  d er K o b a ltv e rb in d u n g  e n th ie lt  dagegen das Z e rse tzu n g s
p ro d u k t neb en  viel P h i  h au p tsäch lich  i-P h N C  (siehe auch  v o ra n s te h e n d e  
M itte ilu n g ).

D as [P h 2I ] 3[Cr(CN)fi] n im m t sow ohl bezüglich  seiner Z e rse tz u n g s te m 
p e ra tu r  (200 °C), als au ch  h insich tlich  des M olverhältn isses d er frag lich en  
Z e rse tzu n g sp ro d u k te  (3 P h i  -f- 2 PhC N ) eine Z w ischenstellung  e in ; d e r m it
te lg ro ß e  ex o th e rm e  E ffe k t s te h t d a m it in  völligem  E ink lang  (A bb. lb ) .

D e r A bgabe d er »organischen« B e s ta n d te ile  schließt sich im m e r eine 
D icy an b ild u n g  an . D ie in  diesem  R ed o x v o rg an g  geb ildeten  zw eiw ertigen  Ü ber- 
g an g sm eta ll-cy an id e  se tzen  sich zum  en tsp rech en d en  M eta llk arb id  (M n3C, 
Cr3C2) bzw . zu e lem en tarem  M etall um  [3, 4].

In  d er D T A -K urve  des [P h 2I ] 3[Fe(C N )e] tr e te n  n ach e in an d er — sozu sa
gen  a lle in s teh en d  — drei s tä n d ig  zun eh m en d e  exo therm e E ffek te  au f. D ie 
g u te  A u ftre n n u n g  der P eak s w urde  d u rch  k leine A ufheizgeschw ind igkeit 
(3°/m in) e rre ich t (A bb. Id ). D ie Z erse tzu n g  des paramagnetischen E ise n (I I I ) -  
-K om plexes b eg in n t — ähn lich  den m it a n d e ren  K a tio n en  g eb ilde ten  V erb in d 
u n g en  — m it e iner exothermen D icy an ab g ab e  [5, 6]. D a zusam m en  m it dem  
D icy an  au ch  PhC N  en tw e ich t (en d o th e rm ), is t d er exo therm e P e a k  be i 170 °C 
v e rh ä ltn ism ä ß ig  k lein . In  der zw eiten  u n d  d r i t te n  E ta p p e  (180 u n d  190 °C) 
w erd en  1 bzw . 2 m ol P h i  fre igese tz t. D ie Iso cy an id b ild u n g  f in d e t also  in

Acta Chim. Acad. Sei. Hung. 107, 1981
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Verbindung
(Farbe)

[Ph2I]3[iMn(CN)6] • 3,5 H 20  
(ockergelb)

[Ph2I]3[Cr(CN)6] ■ 2 H„0 
(blaßgelb)

[Ph2I]3[Co(CN)6] • 2 H20  
(weiß)

[Ph2I]3[Fe(CN)e] • 3 H20  
(zitronengelb)

[Ph2I]4[Fe(CN)c]
grüngelb

Tabelle I

Zersetzungsvorgänge von [Diphenyl-jodonium]-[Cyanometallaten] 
(oktaedrische Hexacyano-Anionen)

Zersetz.- Gewichts- Flüchtige Bemerkungen
tem p. abnahme Zersel zungsprodukte zum DTA-Peak
(°C) (g/mol) Í mol/mol)

8 0 -1 0 0 65 3,5 H20 (63,1) schwach, flach: endo.
140) 947 }3 P h i +  3 PhCN + mittelm ., scharf: exo.
180 J 1 +  0,5 (CN)j (947,3) schwach, flach: exo.

8 0 -1 1 0 37 2 H20 (36,0) schwach, flach: endo.
120 — Ladungstransfereffekt schwach, scharf: exo.

200 842 }3 P h i +  2 PhCN +  
1 +  0,5 (CN)2 (844,2) j mittelm ., scharf: exo.

2 50 -450 ~ 1 0 0 1 PhNC (103,2) endotherm
480 — 30 (CN)2 schwach, scharf: exo.

9 0 -1 1 0 38,5 2 H ,0 (36,0) schwach, flach: endo.
170 Ladungstransfereffekt schwach, scharf: exo.
215 717 3 P h i +  1 PhCN (715,1) stark, scharf: exo.

2 50 -450 ~ 150 1 PhNC +  1 (CN)2 (155,1) endotherm
~ 5 0 0 ~  75 PhNC +  (CN)2 schwach, flach: exo.

9 0 -1 1 0 53,5 3 U20 (54,0) schwach, flach: endo.
170 127 0,5 (CN)2 +  1 PhCN (129,1) schwach, scharf: exo.
180]
190} 607 (1 +  2) P h i (612,0) Jm ittelm ., scharf: exo. 

(stark, scharf: exo.
~ 3 5 0 208 2 PhNC (206,2) schwach, breit: endo.

155 815 4 P h i (816,0) stark, scharf: exo.
2 00 -400 205 2 PhNC (206,2) stark, breit: endo.
40 0 -8 0 0 ~ 2 5 0 PhNC +  (CN)2 +  N2 endotherm
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d ieser Z erse tzungsphase  s ta t t ,  desw egen n eh m en  R eak tionsw ärm e u n d  Z er
se tzungsgeschw ind igkeit g leicherm aßen  zu. Im  v ie rten  A b schn itt w erd en  2 m ol 
i-P hN C  ah g esp a lte t und  Fe(CN)., b le ib t zu rü ck .

D er s tä rk s te  exo therm e E ffekt k o n n te  heim  [P h2I]4[Fe(CN )e] b e o b a c h te t 
w erden . D er G ru n d  d a fü r is t, daß  am  A n fan g  der Z ersetzung (155 °C) 4 m ol 
P h i  in  einer einzigen w oh ldefin ierten  S tu fe  abgegeben  w erden (s. T ab e lle  I). 
Im  w eiteren  b ilden  sich i-P hN C , D icyan  u n d  S ticksto ff, das feste  E n d p ro d u k t 
is t Z em en tit, F e3C [7, 8 ].

b) Gemischtligand-Penta- und -Tetracyanometallate

V on den  [D ip h en y l-jo d o n iu m j-K a tio n en  en th a lten d en  G em isch tligand- 
C y an o m eta lla ten  w u rd en  die in  T abelle  I I  ang efü h rten  D oppelk o m p lex e  
u n te rsu c h t.

D ie Z erse tzung  des [P h 2I]2[Fe(C N )5N O ] beg in n t hei 150 °C m it einer 
k le inen  e n d o th e rm en  S tufe  (A bb. 3a). O b diese der B ildung  v o n  0,5 m ol 
(CN)2 oder 1 m ol NO zuzuschreiben  is t, k o n n te  w eder au f G rund  d e r S tu fe n 
höhe, noch  der R eak tio n sw ärm e en tsch ied en  w erden : die A b sp a ltu n g  der fa s t 
gleiche M olekulargew ichte au fw eisenden  P ro d u k te  vom  diamagnetischen 
P ru ss ia tk o m p lex  is t näm lich  in  beiden  F ä llen  ein endothermer V organg . D a 
ab e r die den N O -V alenzfrequenzen (1890 c m -1) en tsp rech en d en  B a n d e n  im  
IR -S p e k tru m  einer bis 185 °C e rh itz te n  P ro b e  noch u n v e rä n d e rt a u f tre te n , 
m uß  als A n fan g ssch ritt eine D icy an b ild u n g  angenom m en w erden.

Bei den K om plexen  [P h 2I ] 3[M n(CN)5N O ] u n d  [P h2I ]3[Cr(CN)3N O ] b le ib t 
die m it D icy an en tw ick lung  v erlau fen d e  R ed o x reak tio n  infolge ih re r  n ie d e r
w ertigen  Z en tra la to m e  aus (A hh. 3h u n d  3c). D ie Z ersetzung b e g in n t m it der 
g leichzeitigen  A bgabe von P h i  und  /i-PhC N  (105 bzw. 190 °C). D ie N O -G ruppe  
w ird , zusam m en m it m ehr oder w eniger i-P h N C , n u r in  der zw e iten  Z e rse tz 
u n g ss tu fe  a b g esp a lte t. D ie A bgabe des N O -L iganden  in einer v e rh ä ltn ism ä ß ig  
»späten« Z erse tzungsphase  s te h t üb rigens m it d er früheren  E rfa h ru n g  [3] im  
E in k lan g , n ach  d er die A h sp a ltu n g s te m p e ra tu r  d er N O -G ruppe bei d en  A lkali- 
[P e n ta c y a n o n itro sy l-m eta lla te n ] — im  E in k la n g  m it den PNO“W e rte n  [9] — 
in  d er R eihenfolge F e —M n —Cr b e trä c h tlic h  zu n im m t.

D as [P h 2I ] 3[Fe(C N )5P B u 3] g ib t bei 100 bzw . 150 °C in zwei S tu fe n  von  
g leicher H öhe u n te r  be in ah e  g leichen Z erse tzungsw ärm en  in sg esam t 3 m ol 
P h i  u n d  1 mol PhC N  ah  (A hh. 3d). Im  w e ite ren  b ilden  sich noch 2 m ol i-P hN C  
u n d  1 m ol B u 3P . V on k leineren  A bw eichungen  abgesehen v e r lä u f t  au ch  die 
Z erse tzung  des T rip h en y lp h o sp h in o -K o m p lex es im  w esentlichen a u f  gleiche 
W eise (s. T abelle  II) .

V on den  B ip y rid y l e n th a lte n d e n  T e tra c y an o fe rra te n  is t w ieder die 
E isen (III)-V erb in d u n g  s tab ile r, ab e r d er U n tersch ied  ist viel g rö ß e r als bei 
den  H ex acy an o fe rra ten  (vgl. m it T abelle I). D ie Z ersetzung  des d iam ag n e tisch en  
E isen (II)-K o m p lex es  (A bb. 3e) b eg in n t schon  bei 80 °C u n te r  e x o th e rm e n

6 A d a  Chim. Acad. Sei. Hung. 107 , 1981
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Tabelle II

Zersetzungsvorgänge von [Diphenyl-jodonium]-[Cyanometallaten] 
(Gemischtligand-Penta- und -Tetracyano-Anionen)

Zersetz.- Gewichts- Flüchtige Bemerkungen
(Farbe) temp. ahnahme Zer set zungsprod uk t e zum DTA-Peak

(°C) (g/mol) (mol/mol)

[Ph2I]2[Fe(CN)5NO] 150) 570 /0,5 (CN)2 +  1 PhCN +
(567,1)

schwach, scharf: endo.
(drappfarbig) 190) )_ +  2 P h i +  1 NO mittelm ., breit: exo.

—350 100 1 PhNC (103,1) schwach, breit: endo.

[Ph2I)3[Mn(CN)5NO]
(olivbraun)

85)
105) 765 3 РЫ  +  1,5 PhCN (766,6) schwach, scharf: endo, 

mittelm ., scharf: exo.
150 -400 136 1 NO +  1 PhNC (133,1) endotherm

[Ph,IlJCr(CN ),N 01 65. ПО — Landungstransfereffekte beide: schwach, exo.
(gelbgrün) 190 —800 3 P h i +  2 PhCN (818,2) mittelm ., scharf: exo.

200-450 82,6 1 NO +  0,5 PhNC (81,5) endotherm

[Ph2I]3[Fe(CN)6PB u3] 100,150 710 3 P h i +  1 PhCN (715,1) Doppelstufe: scharf, exo.
(blaßgelb) 150 400 410 2 PhNC +  1 PB u3 (408,5) endotherm

[Ph2I]3[Fe(CN)5P Ph3] 90,120 612 2 P h i +  2 PhCN (614,2) Doppelstufe: scharf, exo.
(blaßgelb) 1 inn 520 f 1 P h i -b 0,5 PhNC +

(517,8) endotherm1 +  1 P Ph3

ÍPh,IU Fe"rC N ),B ipv l 80 412 2 Phi (408,0) mittelm ., scharf: exo.
(violettbraun) 220 100 1 PhNC (103,1) schwach, breit: endo.

280 260 PhNC +  Bipy schwach, breit: endo.

[Ph2I][FelN(CN)4Bipy| 200 265 1 P h i +  0,5 (CN)2 +  (PhCN) (230,1) mittelm ., scharf: exo.
(goldgelb) 200-500 250 PhNC +  Bipy endotherm
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Abb. 3. TG-, DTG- und DTA-Kurven von a) [Ph2I]2[Fe(CN)5NO], b) [Ph2I]3[Mn(CN)5NO],
c) [Ph2I]3[Cr(CN)5NO], ,1) [Ph2I]3[Fe(CN)5PB u3], e) lP h2I]2[Fell(CN)4Bipy], 

f )  [Ph2I|[F e l"(C N )4Bipy]

A bgabe von  2 m ol P h i .  In  derselben  Z erse tzu n g sp h ase  b ild e t sich im  F alle  
d er p a ram ag n e tisch en  E isen (III)-V erb in d u n g  bei 200 °C auch  D icyan  zu sam 
m en m it P h i  (A bb. 3f). E in  w eiteres Z e rse tzu n g sp ro d u k t ist i-P hN C , das zum  
Teil allein  in e iner S tu fe  bei 220 °C, zum  Teil zusam m en  m it B ip y rid y l in  einer 
S tu fe  bei 280 °C en tw e ich t.

Die festen  R ü ck s tän d e  der G em isch tlig an d -P en ta - und  -T e tracy an o - 
kom plexe sind m it denen  der en tsp rech en d en  H ex acy an o v erb in d u n g en  iden
tisch  (F e3C, Mn.,C, Cr3C2).
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2. Z u sam m en h an g  zw ischen  Z e rse tzu n g stem p era tu r u n d  
CN - V a lenzfr equenzen

D ie  c h a rak te ris tisch s te  K en n zah l fü r die th e rm isch e  S ta b il i tä t  irg en d e i
n e r  V e rb in d u n g  ist die Temperatur d e r b eg in n en d en  Z erse tzung . E in e  ähn liche  
B e d e u tu n g  h aben  die W ellen zah len  der CN-Valenzschwingungen fü r  die s t ru k 
tu rc h e m isc h e  C h arak te ris ie ru n g  der C yanokom plexe. D iese zwei K en n zah len  
d e r [D ip h en y l-jo d o n iu m ]-[C y an o m eta lla te ] sind  in  T abelle  I I I  u n d  IV  e in an d e r 
geg en ü b erg este llt.

E s  m uß  e rw äh n t w erd en  (da dies aus den T abe llen  n ic h t h e rv o rg eh t) , 
d a ß  d ie  C N -F requenzen  in  d en  [D ip h en y l-jo d o n iu m ]-[C y an o m eta lla ten ] im  
V erg le ich  zu denen der e n tsp re c h e n d en  A lk a li-C y an o m eta lla ten  u m  1 0 —20 
W ellen zah len  k leiner sind . D ie T a tsa c h e  b erü ck sich tig en d , d aß  bei d er T herm o- 
ly se  d e r  [D ip lien y l-jo d o n iu m ]-[C y an o m eta lla te ] in  jed em  F a ll au c h  m eh r oder 
w en ig e r Iso p h en y lcy an id  geb ild e t w ird , k a n n  die V erm in d eru n g  der vCN-W erte  
— w ie im  w eiteren  d a rg e leg t — e rk lä r t  w erden .

D ie  K a tio n en  u n d  A n ionen  der D oppelkom plexe  tr e te n  m ite in a n d e r in  
W echse lw irkung , d .h . die я - E le k tro n e n  d er [P h .,I]-G ruppen  ü b e rla g e rn  sich

Tabelle III
CN- Valenzfrequenzen und Zer setzungstemper atmen 

von \Diphenyl-jodonium\-\Cyanometallaten\
(oktaedrische Anionen)

Verbindung t'CN ( c m - 1) T (°C )

[Ph2I]j[Feil(CN)4Bipy] 2000, 2020, 2060 80

[Ph2I]3[Feii(CN)6P P h3] 2050 90

[Ph2I]3[Feii(CN)5PB u3] 2065 100,150

[Ph2I]3[Mn(CN)sAO] 2080, (2090), (2105),
2135 105

[Ph2I]3[Mn(CN6)] 2085, (2105), 2115,
(2120) 140

[Ph2I]4[Fell(Ci\)6] 2090, 2105, 2115 155
[Ph2I]3[Fein(CN)6] 2095, 2100,2110,

(2120) 180, 190
[Ph2I]3[Cr(CN)5NO] 2095, (2100), 2115,

2130 190

[Ph2I]2[Fe(CN)äNO] 2125, (2135), 2140 190
[Ph2I],[Cr(CN)e] 2110, (2115), 2120,

2135 200

[Phjl] [Fei1 i(CN)4Bipy] 2110 200
[Ph2I]3[Co(CN)e] 2110,2125, 2140 215
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p a rtie ll m it den lockernden 7t-O rb ita len  d e r C yanid liganden . A ls F o lge  dessen 
nehm en  die C N -V alenzfrequenzen ah  u n d  zugleich b ildet sich  e ine  »poly
m erartige«  S tru k tu r  aus. (D a fü r sp rich t z. B . auch  die geringe L ö slich k e it der 
D oppelkom plexe.) Die C N . . . P h -W echse lw irkung  w ird ab e r b e im  B eg inn  der 
Z erse tzung  n ich t au fgehoben , sondern  im  G egenteil s tab ilis ie rt, d a  d ie A bgabe 
von  P h i  das Z u stan d ek o m m en  e iner CN —P h  S igm abindung  e rm ö g lich t. Der 
die A b sp a ltu n g  des P h i  b eg le iten d e  ex o th e rm e  E ffek t w ird  d e m n a c h  durch  
die Isocy an id b ild u u g  v e ru rsa c h t. D ad u rch  w ird  v ers tän d lich , d a ß  einerseits 
der ex o th e rm e  E ffek t u m so  a u sg ep räg te r  is t, je  w eniger n -P h C N  gleichzeitig  
m it P h i  ab gespa lten  w ird , w e ite rh in  au ch , d aß  in  den n ach fo lg en d en  Z ersetz
u n g sp h asen  bereits i-P h N C  als Z e rse tzu n g sp ro d u k t fre igese tz t w ird .

D iese V orausse tzungen  w erden  a u c h  von  den D a ten  d e r T ab e lle  I I I  
b e s tä tig t . W ie ersich tlich , t r i t t  die ex o th e rm e  R eak tion  (P h i-B ild u n g )  bei 
um so n ied rigerer T e m p e ra tu r  ein , je  k le in e r die W ellenzahlen d e r  CN-Valenz- 
schw ingungen  sind. D a d ieser E ffek t m it d er S tä rk e  der C N . . . P h  W echsel
w irk u n g  zu sam m en h än g t, w ird  m it V errin g eru n g  der PcN 'W erte d ie  g e tren n te  
A b sp a ltu n g  von P h i  (ohne n-P hC N ) im m er m ehr b eg ü n stig t. Im  E in k lan g  
d a m it w ird  die Z e rse tz u n g s te m p era tu r  d e r ok taed risch e  A nionen  e n th a lte n d e n  
[D ip h en y l-jo d o n iu m ]-[C y an o in eta lla te ] m it zunehm enden  P cN 'W erten  e rh ö h t.

W as diese F es ts te llu n g  b e tr if f t , so b ild e t allein das [P h 2I]2[F e(C N )5NO] 
insofern  eine A usnahm e, d a ß  im  V erh ä ltn is  zu r Z e rse tz u n g s te m p e ra tu r  die 
C N -F requenzen  zu hoch  sin d . D er G ra n d  d a fü r ist, daß  d e r N O -L ig a n d  als

Tabelle IV

CN- Valenzfrequenzen und Zersetzungstemperaturen von 
[Diphenyl-jodonium]-[Cyanometallaten] 

(nicht-oktaedrische Anionen)

V erbindung t>CN (c m -1) T(°C )

[Ph2I][Ag(CN)j] 2095, 2115,2125 175
[PhJ][A u(C N )2] (2100), 2145 190

[Ph2I]2[Ni(CN)4] (2075), 2115 175
[Ph,I]2[Pd(CN)4] (2087), 2127 200

[Ph2I]2[Pt(CN)4] (2085), 2125 220

[Ph2I]3[Cu(CN)4] (2075), 2080, 2090, 
2115

65, 95

[Ph2I]2[Zn(CN)4] 2150 165,195
|P h 2I]2[Cd(CN)4] (2125), 2140, 2170 170, 240
[Ph2I]2[Hg(CN)4] 2150 180

[Ph2IJ4[Mo(CN)e] 2090,2110, 2125 125
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se h r  g u te r  я:-A kzeptor v o m  E lek tro n en ü b e rsch u ß  d e r  P heny lringe  einen  v iel 
g rö ß e re n  A nteil als d e r C N -L ig an d  ü b ern im m t. D ies  b e s tä tig t  auch  die T a t 
sa c h e , d aß  die F req u en z  d e r  N O -Y alenzschw ingung beim  D oppelkom plex  
(1890 c m -1 ) b e träch tlich  k le in e r  als heim N itro p ru s s id n a tr iu m  (1945 c m " 1) is t.

E in  ähnlicher Z u sa m m e n h a n g  ist auch  im  F a lle  der n ich t-o k taed risch e  
A n io n e n  en th a lten d en  [D ip h en y l-jo d o n iu m ]-[C y an o m eta lla te ]  zw ischen den  
W ellen zah len  der C N -V alenzschw ingungen  u n d  d en  T em p era tu ren , bei denen  
d ie  e x o th e rm e n  R e a k tio n e n  v e rlau fen , zu k o n s ta t ie re n  (s. T abelle IY ). E s is t 
n a tü r l ic h  in  B e trach t z u z ie h e n , daß die th e rm isc h e  S ta b ilitä t der D o p p e l
k o m p le x e  auch  von der F o rm  des C yano m eta lla t-A n io n s abhäng ig  is t. D esha lb  
k o m m t die Tendenz, d a ß  z u  höheren  C N -F req u en zen  zugleich höhere  Z er
se tz u n g s te m p e ra tu re n  g e h ö re n , n u r  bei V erb in d u n g en  desselben A n io n en ty p s 
( l in e a r , p lan a r usw.) z u r G e ltu n g .
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RECENSIONES

Flow-induced crystallization in  polymer systems 

E dited  b y  R o b e rt L . M il l e r

Gordon and B reach Science Publishers. New Y ork, London, Paris, 1979. pp . 370

This volume w ith  the title above collects the proceedings of a sym posium  organized 
by the Midland Macromolecular In s titu te  w hich la tte r  gained already a high rep u ta tio n  in 
the fields of m acrom olecular chemistry and  physics. If offers a survey about the crystalliza
tion  principles of polym ers (A. P e t e r l in ), and gives an analysis of the kinetical investigation  
of such crystallizations (R . L. M il l e r ).

Crystallization phenom ena from different m edia are discussed further on. I t  is regret- 
able th a t the m anuscrip t of A. J. P e n n in g s , en titled  Crystallization from Solution, was not 
subm itted  for publication hence, som ewhat reduced the completeness of the book. The review 
lecture about crystallization processes from  m elt ( J .  N. H a y ) is supplem ented by  a series of 
u tm ost interesting contributed  papers. Among these, the Solidification of Q uasi-B inary Systems 
of Polyethylene F ractions (P . Sm ith , R. St. J o h n  M a n l e y ) has to be m entioned because of 
its novel view point and many-sided experim ental m ethods. Fiber-formation from  solid phase 
is the th ird  main tendency, which is covered by the paper of W. T. Mead  and R . S. P o rter  
(The Influence of In itia l Morphology on the Physical and Mechanical Properties of E x truded  
High D ensity Polyethylene Fibers). The following chapters deal with the effects of the techno
logical param eters, e.g. w ith the influence of the extrem e tem perature and pressure gradients 
on the crystallization process (II. D. N o e t h e r ).

In  the chap te r entitled Stiff-Chain A rom atic Polymer Solutions, Melts and  Fibers 
(W . B ru ce  B la ck ) again a valuable and entirely  new area is presented, the fac to rs affecting 
the processing conditions of liquid crystalline fibers w ith superior mechanical streng th . The 
subject of Polym er Crystallizations Induced  by B iaxial Streching During Film  M anufacture 
(T. A l f r e y ) has a technological im portance, when it enlightens the relationships among the 
m anufacturing param eters and the obtained  properties.

L. J a r e c k i and A. Z ia b ic k i present a high level therm odynam ical theo ry  on the role 
of crystal o rien tation  in non-crosslinked and crosslinked polymer system s in  th e  chapter 
T herm odynam ically  Controlled Crystal O rientation  in Stressed Polymers. F inally , in chapter 
O ptical Studies of S tress-Induced Crystallization of Polym er Melts, R.S. St e in , M. I I a shiyam a  
and M. K. P a r pa r t  expound their most recent results in the development of optical evaluation 
m ethods th a t perm it the characterization of even the shapes and Size of crystalline super
structures.

As a conclusion it  can be established th a t th is book is an excellent sum m ary  of an 
area th a t is very rap id ly  developing, and has a p rim ary  im portance in fields of bo th  the polymer 
physics and the technology, by covering the m ost recent leading achievem ents of science.

G y. H a r d y

Y ale L. Me l t z e r : Water-soluble polymers

Recent Developments

Chemical Technology Review No. 126.
Noyes D ata  Corporation, New Jersey , USA, 1979. pp. 496

The book comprehends the detailed  description of 240 U. S. pa ten ts. Among these 
paten ts the earliest one was issued in March 1977. Due to many reasons, the  m arkets and 
application fields of the water-soluble polym ers are developing rapidly. W ater as solvent is
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harm less for the environm ent and has no fire or explosion hazard . Hence, their application  in 
the areas of m otor-car pain ts, binders and adhesives grows very  dynamically. There is a sim ilar 
s itu a tio n  in the branches of pharm aceutical, food and cosm etic industry  where they  are con
sum ed as auxiliary m aterials th a t  increase the value of the  products significantly. The survey 
of th e  240 U.S. patents is divided into groups in accordance w ith the chemical s truc tu re  of 
th e  polym ers. Beginning w ith acrylam ide polym er, — cellulose derivatives, epoxy resins, 
n a tu ra l gum s, polyurethanes un til starch  and related p ro d u c ts , — the whole subject is covered 
by  th is  book. The descriptions are well arranged and are rich  in information.

B y studying th is book one m ay obtain a view  th a t  enables the discovery of o ther, 
novel fields of application. From  the last part of the book the reader may get acquain ted  
w ith  those up  to date technologies in which w ater soluble polym ers are used. Most of these deal 
w ith  th e  m odern m ethods of sewage purification and  w ith  such special applications as the 
crosslinking of hydrophilic colloids chelate forming aqueous resin compositions, w ater-based 
m ag n e tic  inks and alike. This book is worth to be used by  the specialists who care for the 
p roduc tion  and application of unique water-soluble polym ers.

Gy. H a r d y

M. W illiam  R a n n e y : A ntioxidan ts  
Recent Developments

Chemical Technology Review No. 127.
Noyes D ata  C orporation, Park  Ridge, New Je rsey , USA, 1979. pp. 372

T his book presents brief and  essential inform ation abou t U .S.patents issued since 
O ctober 1974. The paten ts are divided into groups according to  the fields of application. Hence 
more th a n  4/5th of the content covers antioxidants for p lastics and elastomers and 1 /5th con
cerns an tiox idan ts  used in food products.

In  case of plastics, substances applied mostly in polyolefin resins are described nam ely, 
phenolic com pounds and their derivatives, piperidine and  o th er nitrogen-containing com po
sitions, m etal-organic com pounds and  others.

F o r polyvinyl chloride resins organotin com pounds and  m etalcontaining compositions 
are listed . Polyesters, polycarbonates and polyurethanes are the last among the plastics.

In  the chapter on elastom ers antiozonants, phenolic an tiox idan ts and copolymerizable 
an tio x id an ts  are surveyed. The chap te r about antiox idants, o f petroleum  products and sy n th e 
tic lu b rican ts  involves oxidation h indering additives of m ineral oil lubricants, gasoline com 
positions, polyester lubricants and phosphate ester fluids. As protective ingredients of food 
p roducts p a ten ts  about nonabsorbable and general an tio x id an ts , ascorbic acid com positions 
and o th e r system s are described. The las t chapter makes one acquain ted  w ith some antiox idants 
applied in o ther fields, e.g. additives against oxidations of herbicides, light-sensitive photo 
papers, d en ta l products, hair tre a tm en t preparations and  sun  tan  lotions.

As a conclusion it can be s ta ted  th a t this book gives a valuable review about the U.S. 
p a ten ts  re la ting  to an tioxidants and it can be an effective aid for specialists who deal w ith  the 
app lica tion  of ingredients or e laboration  and developm ent of technological prescriptions in 
the p las tic , elastom er, food and cosm etic industries.

Gy. H a r d y

Recent Results in Chemistry, Vol. 45
E d ito r  B. Csá k v á r i, A kadém iai Kiadó, B udapest, 1979. 384 pages (In H ungarian)

T he num ber of books dealing w ith  mass spectroscopy in H ungarian is low; hence the 
publication  of the most recent volum e of the series giving a pict ure of some new fields of app li
cation o f m ass spectroscopy, is particu larly  welcome. The following papers are included in 
the book.
Is tv án  Co r n id e s : Mass Spectroscopy Today and Tomorrow

T he paper gives a system atic survey of the past, p resen t and  future of mass spectros
copy an d  outlines the directions of the future developm ent expected . I t is very instructive to 
follow, b y  th e  help of the au thor, the explosion-like appearance of mass spectroscopy in the 
field o f chem ical and physical research; this description is useful no t only for researchers ju s t
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wishing to ob tain  a picture of m ass spectroscopy, bu t also for experts working in some special 
field of chemical science.

The survey clearly shows th a t  the field of mass spectroscopy is alarmingly w idespread, 
in which orientation  is possible only by means of a system  developed on the basis of carefully 
selected points of view. The au th o r presents a system based on the character of the mass spectro- 
m etric inform ation, from m ethodical points of view and according to the fields of application 
of mass spectroscopy; this system  is illustrated in clearly constracted  tables.

The final short chapter deals w ith the future of mass spectroscopy, in the knowledge 
of present trends of requirem ents and  of the expected possibilities of technical developm ent 
Olivér K a p o s i: High-temperature M ass Spectrometry

In higli-tem perature chemical research, mass spectrom etry  is one of the most im portan t 
methods. The paper surveys the theory , experim ental technique and the most recent research 
results of h igh-tem perature m ass spectrom etry.

The first chapter deals w ith  the theory of evaporation  processes. I t  clearly draw s up 
the problems th a t m ust he elucidated  unambigously to describe an evaporation process, then 
the m ethods widely employed in high-tem perature m ass spectrom etry  for measuring tension 
are discussed in detail: the L angm uir free evaporation and the Knudsen effusion m ethod.

In the second chapter th e  experim ental basis of the m ethod is described. This deals 
w ith the fundam ental principles o f mass spectrom etry only to the ex ten t necessary for the topics 
discussed. Then the types of vaporization  cells and the ta sk  of coupling to the ion source are 
trea ted  in detail. The clearly constracted  figures can greatly  help experts who intend to work 
in this field of science.

In the nex t chapter th e  evaluation of mass spectrom etric data , the identification of 
ions and vaporized neutral molecules, as well as the correlation between the ion curren t and 
the partia l pressure are discussed.

In  the fourth  chapter therm ochem ical and therm odynam ical calculations are shown 
which allow the establishm ent of therm odynam ic d a ta  of vapour phase and condensed phase 
in equilibrium , once the vaporized components have been identified and their partial pressures 
determ ined. Then the param eters affecting the equilibrium  conditions in the K nudsen cell 
furtherm ore the stab ility  of h igh-tem perature molecules are discussed.

The last chapter is a survey  of the field of application  of the m ethod discussed. The 
problems considered include the determ ination of the ac tiv ity  of the individual com ponents 
in salt m elts and alloys, and the isotherm al vaporization of b inary  systems. Finally, the au thor 
summarizes the research fields o f high-tem perature m ass spectrom etry  and the m ost im portan t 
results achived.

The clear and logical costruction , the high-level tre a tm en t of the subject, as well as the 
ample am ount of references included up to 1978 m ake the paper a source of com prehensive 
and thorough knowledge concerning this field of h igh-tem perature  chemistry.
Lajos Ma t u s , Is tván  Op a u s z k y : Investigations on Gas Phase Reactions by means o f a Mass 
Spectrometer

In  the paper the research aiming a t the exam ination  of gas phase reactions tak ing  
place in the ion source of the m ass spectrom eter as in a reaction space is reviewed.

In  the first chapter a h istorical survey of the ion-molecule reactions and the reactions 
of excited sta tes is given. The au tho rs follow the research of secondary ions formed in the  ion 
source, from the time of the b ir th  of mass spectrom etry , when it was a “by-process to  be 
elim inated” , up to today, the appearance of theories in terp re ting  these processes.

The nex t chapter deals w ith  the m easurem ent principles and the experim ental appa
ratuses. I t  discusses in detail the  types of ion sources having a fundam ental im portance in 
research. The Nier inner ionization source, as well as the im pulse, the tw o-cham ber and photon 
im pact ion sources, their fields of application, advantages and disadvatages are then  reviewed. 
In the nex t two suh-chapters such types of mass spectrom eters are described (ion-cyclotron 
resonance and tandem  mass spectrom eters), which can be em ployed very advantageously in 
the investigation of certain types of reactions (processes of small effective cross section and 
processes betw een reaction p a rtn e rs  w ith exact critical energies).

The th ird  chapter gives a survey of the chemical system s exam ined, in an arrangem ent 
based on the type of the in teraction . Atom- or ion tran sfe r reactions accompanied by charge 
transfer, fu rtherm ore, the processes where neutral reaction  partners produce ionic products 
during collisions are described and  illustrated by exam ples. F inally, the correlation betw een 
the research field discussed and o ther physical-chemical investigations (plasma sta te , electric 
discharge, flames) is m entioned in a short sub-chapter.

The very readable paper is useful not only for researchers working in mass spectroscopy, 
bu t also for those engaged in reaction  kinetics; the carefully compiled reference list is of great 
assistance.
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M iklós R ie d e l : Secondary Ionization M ass Spectrometry
The methods suitable for exam ining surfaces have developed greatly  in  the las t decade, 

th e ir  num ber is about 70. Among them  can be found  the secondary ionization m ass spectrom 
e try  (SIM S), which is an  analy tical m ethod for solids gaining increasing im portance today.

The paper is divided in to  five chapters; the f irs t presents the fundam ental un its  of the 
ex p erim en ta l apparatus and  the grouping of the types of instrum ents.

The second chapter deals w ith  the fundam ental phenom ena of secondary ion emission, 
includ ing  the dependence of th e  secondary ion cu rren t on energy, the energy- and  angle- 
d is tr ib u tio n  of secondary ions, and  the effects of th e  natu re , surface and tem p era tu re  of the 
sam ple.

F u rth e r on, the au thor gives a short sum m ary of the theories regarding ion d istribution  
an d  th e  various models developed to  describe the ion form ation.

The following chapters survey the applications of the SIMS. C hapter 3 is devoted to 
th e  problem s of qualitative and q uan tita tive  analysis. Like in all analitical m ethods, qu an ti
ta t iv e  determ ination  requires g rea t care in the case o f the SIMS, too; the lim its and  the m ethods 
su itab le  for practical application are outlined by the au thor. The chapter also contains a descrip
tio n  of ion microscope mass spectrom etry.

In  the fourth  chapter the problem s of secondary ion emission surface analysis, fu rth er
m ore, tw o  practical realizations, th e  dynam ic and  sta tic  SIMS techniques, are discussed. The 
a u th o r  also deals w ith investigations on solid-gas interface reactions, on th e  com position of 
m onom olecular layers developed previously in chem ical reactions, and a  short lite ra tu re  
su rvey  is given regarding adsorp tion  studies.

In  the  last chapter th e  determ ination  of concentration  d istribution  in  dep th  by  the 
SIM S technique, and the factors affecting the accuracy of the m easurem ent of d ep th  are 
tre a te d . Exam ples of application are also included.

T he paper which contains 422 references, can  be regarded as a fundam enta l w ork in 
th e  lite ra tu re  of secondary ionization mass spectrom etry  published in H ungarian.

The only flaw of the book is th a t  the authors neglected the recom m endations regarding 
the  use o f SI units. L . SzEPES

Topics in  Current Chemistry, Vol. 86 
Spectroscopy

E d. F. L. B o sc h k e , Springer-Verlag, B erlin—H eidelberg—New Y ork, 1979 
294 pages, 136 figures, 22 tables

T he 86th  volume of the popular series contains four chapters w ritten  by d ifferent authors.
T he title  of the first chap te r is: Photochemistry and spectroscopy o f simple polyatomic 

molecules in  the vacuum ultraviolet, w ritten  by  M. N. R. A s h fo ld , M. T. M a c ph e r s o n  and 
J .  P . S im o n s .

In  th e  vacuum  u ltrav io let range o f 'th e  u ltrav io le t spectrum also th e  atm ospheric 
gases abso rb , thus here the substances can be exam ined only in vacuum . H owever, a  more 
charac te ris tic  notation for vacuum  u ltrav io let is th e  “high-energy optical spectrum ” . The 
ab so rp tio n  of higher energies m ay resu lt p artly  in the excita tion  of more stable bonding electrons 
(“ in travalence  spectrum ” ), p a rtly  in  excitations w ith  more th an  one principal q u an tu m  num 
bers (R ydberg  spectrum). In te rp re ta tio n  of the high-energy spectra can help the solution of 
several photochem ical problem s, the  direct determ ination  of dissociation energies, the dynam ics 
o f photodissociation, the kinetic properties of molecule species w ith excited electrons, astro 
nom ic problem s, the fu rther developm ent of chemical lasers. In  the chapter, the spectroscopic 
and  photochem ical problems are discussed parallel for the types of molecules. The following 
m olecules are discussed system atically: H ,0  and D „0, H„S, H 2Se, H„Te, N H 3, N D 3, P H 3, 
P D 3, H C N  and DCN, CO , ÖCS, OCSe, CS2, CSe2, N20 , ICN, BrCN, C1CN, (CN)2 and  cyano- 
acety lenes, CH3CN, CH3NC, CF3CN.

T he second  ch ap ter w as w r i t te n  b y  C. SÁNDORFY u n d e r  th e  t itle : Far ultraviolet absorp
tion spectra o f organic molecules: valence-shell and Rydberg transitions.

The au thor particularly  stressed the connection betw een the electronic spectra  and 
pho tochem istry . In order to  elucidate the reaction m echanism s, all excited electronic states 
should  be know n, in principle. However, the num ber of problems th a t can be solved by  the 
u ltrav io le t spectroscopy is lim ited , due to  the selection rules. Therefore, the electron im pact 
spectroscopy  can be an im portan t supplem entary  technique, as well as the circular dichroism 
and  th e  several-photon spectroscopy provided by the laser technique. The au th o r separately
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trea ted  the a-, non-shared electron pair and л -spectra, and the C = C  and  C = 0  bonds in 
high-energy excitation  are compared.

The title  of the th ird  chapter in: Some o f aspects o f the photoelectron spectroscopy o f organic 
sulfur compounds. The authors are Rolf G l e it e r  and  Jens Spa n g e t -L a r s e n . Sulfur compounds 
have im portan t X -ray  and u ltraviolet photoelcctron spectra. In  the X -ray  spectrum , the closed 
2p electron of the sulfur atom  can be excited, b u t the structure of ions w ith  various electron 
structures can be understood more deeply in the u ltraviolet photoelectron spectra . The ionisa
tion  energies indicate the site of the electron rem oved, the adiabatic or vertical s truc tu re  of the 
bands refer to  the ex ten t of loosening of bonds (adiabatic: hardly changing, vertical: more 
strongly changing atom ic distances), while the fine structure of the vertical bands reflect the 
change in v ibration  frequencies in ionic sta te . The com pound families discussed are: saturated, 
unsatu ra ted  sulfides, thiocarbonyls and  m ultivalen t sulfur compounds. A t th e  end of the 
chap te r the authors give the ionisation energies of about hundred organic su lfur compounds 
determ ined from  spectra, in tabu la r form .

The title  of the fourth chap te r is: Pholoelectron spectra and bonding in  small ring 
hydrocarbons, w ritten  by Rolf Gl e it e r . In  the absence of heavier a tom s, evidently  only 
u ltraviolet photoelectron spectra are discussed. The au thor treated  first cyclopropane and its 
derivatives including the bicyclopropyl com pounds, then  cyclobutane derivatives, as well as 
the derivatives of bicyclohexane and  tricyclooctane containing condensed cyclobutane rings. 
Then again the bicyclobutane and its  derivatives containing condensed cyclopropane rings 
are discussed, and the trea tm en t of th e  bond system  and photoelectron spectra  o f hydrocarbons 
w ith strained rings are finished w ith  two in teresting  skeletons, hexacyclooctane and tetra- 
cyclobutane. Ionisation energies of ab o u t two hundred compounds are given in tables.

The num ber of literature references is 800. The book represents a g rea t step  towards 
the knowledge of the electron s truc tu re  of small and medium size molecules. I t  gives an im
p o rtan t experim ental m atte r for the understanding  of the m echanism  of photochem ical reac
tions and for quan tum  chemists.

G y. V a r s á n y i

M. T. G i l l i e s : Nonwoven Materials

Chemical Technology Review No. 141 
Noyes D ata C orporation, P ark  Ridge, N. J ., USA, 1979. 372 p.

The book is a  comprehensive and  detailed review of U.S. pa ten ts  g ran ted  after January 
1976 on nonwoven m aterials. The previous volum e by the same publisher, en titled  Nonwoven 
Textiles, appeared in 1975.

Nonwoven m aterials are fibres formed into webs and bonded by  chem ical, therm al or 
m echanical means. Their industrial and  comm ercial im portance has been rising steadily during 
the past 25 years. Since nonwovens can be m anufactured a t m uch less cost and  w ith much 
higher p roductiv ity , they  can — in certain  applications — successfully com pete w ith woven 
fabrics, k n itted  goods and felts.

In  the first p art of the book, general m ethods of web form ation an d  fibre bonding are 
dealt with. In  web form ation p a rticu la r in terest is a ttached  to the m ore recen t techniques, 
as compared to  the traditional m echanical process based on carding and  the wet-laying of 
fibres similar to  the paperm aking process; such new methods are

— spunbonding, a technique in which syn thetic  filam ents are u tilized  directly  as they 
leave the spinneret by laying th em  on a conveyor belt, and

— air-laying, th a t is, dispersing the compressed fibres by m eans of a  high-velocity air 
stream  and laying them  on perforated  rollers, screens or conveyor belts.

The subsequent chapters review  the paten ts for processes serving to  link the fibres 
together and give the web cohesion.

In  the second p art of the book, pa ten ts for the m anufacture of nonw oven materials 
for specific applications are covered.

C O N T E N T S  (the figures in brackets after each subject group ind ica te  the number of 
pa ten ts reviewed):

Part One: Processes
Web form ation

Air-laying techniques (5)
Spunbonding techniques (6)
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Postdrawing m elt-blow n w ebs (1)
Radial extrusion and  fib rilla tio n  (1)
Using special fibres (po lyv iny l alcohol, polyacrylonitrile, regenerated cellulose, poly- 
arylene-l,3,4,-oxydiazoles) (4)
Miscellaneous processes (11)

Chemical bonding of webs
W eb chemical binding sy s tem s (10)
D ry adhesives (5)

T herm al and m echanical b o nd ing  
Thermal bonding (10)
Ultrasonic bonding (3)
Fibre entanglement b y  h y d rau lic  means (4)
O ther processes (m echanical entanglement, fusion b y  high frequency electric field, 
affixing by v ibration , need le  tracking) (4)

Part Two: Products
Disposables 
Diapers (15)
D iaper liners (3)
Sanitary  napkins (2)
Flushable products (5)

L ea th e r substitutes
Im provem ent of shape re te n tio n  and strength (6)
Im proving appearence o f sy n the tic  leather (2)
Im provem ent of b re a th a b il ity  (2)
Base sheets (2)

P roduc ts  from inorganic fib res 
Glass fibres (11)
R efractory metal oxide fib res  (2)
Asbestos fibres (1)
Carbon fibres (2)
L ead fibres (1)

C arpeting
Carpet backings (11)
Carpets (3)
Resilient carpet padding  (1)

In d u s tria l applications 
F iltration  (9)
Insulation (7)
B a tte ry  separators (2)
Lam inates for circuit bo a rd s (2)
Paperm akers’ felt (2)
O ther industrial uses (gaskets for luminairs, conveyor be lts , artificial leather, flexible 
lam inates, etc.) (6)

M ateria ls for use in home b u ild ing  
Roofing (4)
Decorative coverings (3)
F loor coverings (2)
W all coverings (3)
O ther products (2)

M ateria ls for medical use an d  packaging 
Medical and hospital p ro d u c ts  (8)
Packaging materials (5)

P ro d u c ts  w ith miscellaneous uses (19).
All in  all, the review covers a to ta l  of 230 patents. I ts  hand ling  is facilitated by indexes 

according to  the names of the in v en to rs  and  the patent holders and  according to  U.S. p a ten t 
num bers.

T he w ork will be of p a rticu la rly  great value no t only to  m anufacturers of nonwoven 
m ateria ls , b u t also to m anufacturers o f  synthetic fibres and to  adhesive m anufacturers, and 
above all to  th e  rapidly expanding circle of all those who apply nonw oven m aterials, bo th  for 
in d u s tria l purposes and for consum ers’ goods.

I. R usz nák
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L. H . Y a v e r b a u m : N itrogen  O xides C ontrol and  R em oval 

Noyes D ata  Corporation, P ark  Ridge, N .J., 1979

This book presents m ethods suitable for p reventing the contam ination of our eniviron- 
m en t by nitrogen oxides. The 387 pages contain the specifications of relevant p a ten ts  issued 
in the Ü.S.A. since April 1975. In  fact, th is volume continues the information the Noyes D ata  
Corporation has already published under the title  “ N itrogen Oxide Removal’’.

The task  this book performs is twofold. On the one hand it makes detailed technological 
inform ation available, on the o ther it greatly facilitates a survey of the m any pa ten ts  in this 
field granted by the U.S.A., these patents being sources of knowledge not published in literature .

For easier reading the specifications are abridged in this book and, on the supposition 
th a t the readers will be technologically schooled persons, the rather particular ju ristic  language 
is done w ithout. W hat one reads in this book offers good help in research and developm ent 
w ork, m ay spark off novel ideas tow ards studies in new directions.

The book is divided into two main parts. The first deals with the ways and m eans how 
to minimize the emission of nitrogen oxide fumes by pow er-stations, boilers, n itric acid works, 
i.e. by  stationary  industrial facilities. A short in troduction  summarizes the m echanism s th a t 
produce nitrogen oxides in flue gas when some fossile fuel is being burnt. The various tech
niques conducive to  a diminished generation of nitrogen oxides are reviewed, fu r th e r, those 
suitable for the removal of these gases (together w ith th a t  of sulphur dioxide present in flue gas).

According to w hat we find in this book, ca ta ly tic  reduction of nitrogen oxides, in view 
of the de-contam ination of industrial flue gases w hich contain these, is the m ethod  most 
extensively studied. This is evidenced also by the conspicuously great num ber of pa ten ts 
issued in the U.S.A., in the last five years, for the preparation and application of cata lysts. 
The chapter th a t deals w ith these is m ostly about m etal- and oxide -catalysts, and also about 
types of reactors recently developed.

A separate chapter is about sorption m ethods, of which the m ajority  is characterized 
by being suitable for the rem oval also of sulphur dioxide present in flue gases.

Exposing effluent gases which carry nitrogen oxides to very high tem pera tu res, and 
the conversion of the badly absorbable nitrogen monoxide into well absorbable dioxide, are 
the topics in the next chapter.

The first part of this book is made complete by  paten ts which concern the purification 
of air, and relevant analytical methods.

The second main p a rt concerns mobile ap p ara tu s, equipm ent, and m achinery: internal 
com bustion engines first of all. Paten ts relevant to the dim inution of nitrogen oxide contents 
in exhaust gas are discussed here. F irst and forem ost are the patents for the p repara tion  of 
various catalysts, arranged under sub-heads severally pertinent to copper/nickel, nickel/noble 
m etal, iron, p latinum /palladium , rhodium  and ru then ium  catalysts. The next chap te r describes 
carrier substances for catalysts and particular ca ta ly tic  methods; the following one is about 
cataly tic converters and reactors.

In the last chapter we find the “ o ther”  m ethods, for instance reduction of nitrogen 
oxides w ith carbon monoxide a t high tem peratures, or filtration  apparatus w ith  calcium  car
bonate packing.

A list of the nam es of p a ten t holders, inventors, and of the patents arranged in sequence 
of increasing registration num bers completes this book.

In sum: this is a very useful book, full of fresh inform ation, for research as well as for 
production engineering personnel th a t has to wrestle w ith the labours of reducing o r p reven t
ing the contam ination of natu ral environm ent.

P . K Á L D I

J .  C. J o h n s o n : Industrial starch technology 
Recent Developments

Chemical technology rewiew, No.: 142.
Noyes D ata  Corporation, P ark  Ridge, New-Jersey, USA 1979. p. 372

During the last two decades a definite separation  of informations published in periodical 
papers and in paten ts can be observed. Those, who rely exlusively on the periodical journals 
overlook essential details of commercially useful inform ations. Therefore the im portance of 
p a ten t literature is continuously growing.
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However, in con trast to well organized scientific papers the paten t literature  has two 
disadvantages: the considerable lag between the app lica tion  and the granting of p a te n t, as 
well as the lack of easily accessible comprehensive surveys on the patents. This title , together 
w ith  the previous one (published in 1974) is a sub s tan tia l aid  for those who are in terested  in 
US p a ten ts  issued since Ju ly  1976 on the technology and  utilization  of starches, th e ir deriva
tives and  analogous hydrocolloids.

This book contains detailed  descriptive inform ations, eliminating legal ja rgon  and 
ju r is tic  phraseology. Being an  advanced, comm ercially orien ted  rewiew, is recom m ended to 
everyone who is in terested  in technological transfer o r w an t to  establish a sound background  
before starting  research and  developm ent activ ity  in  th is  field.

The content is as follows:
Modified (oxidized, enzym atically  degraded, ir rad ia ted ) starches 
S tarch  derivatives (esters, ethers, cationic derivatives)
S tarch  polymers and  copolym ers (high w ater ab so rben t polym ers, biodegradable copoly

m ers, g raft polym ers, block copolym ers, crosslinked starches, etc.).
Starch-plastic com positions 
S tarch  in paperm aking 
B inders and adhesives 
Coatings and inks
U tilization in pharm aceuticals (cyclodextrin com plexes and derivatives, tab le ttin g  m a te 

rials, m edical-dental p roducts, chrom atographic m atrices, etc.).
Consumer products (detergents, laundry aids, pesticides)
O ther products (well-drilling aids, fibres and film s, etc.).

J .  S zE JT L I

F . A. R i d d e l : The Conformational A nalysis  o f  Heterocyclic Compounds 

A cademic Press, London, 1980, 152 pages

R id d e l ’s book m akes enjoyable reading. I t contains a rem arkable wealth of inform a
tion  b u t it  is still small enough to  be read from cover to cover w ithin reasonable tim e. This is 
m ainly  owing ra ther to an in telligen t selection of w hat should be covered and w hat should be 
om itted , and not to a com pression of the m aterial in a  Chemical A bstracts fashion.

In  the first two chapters th e  reader is in troduced  to  the essentials of conform ational 
analysis and its m ethodology w ith  special emphasis on th e  problem s of heterocyclic com pounds. 
The rest of the book is devoted to  the presentation of our cu rren t knowledge about th e  con
form ations and conform ational changes of specific heterocyclic compounds. T hough the 
au th o r does not claim to  be com prehensive, it seems th a t  as fa r as sa turated  monocyclic com 
pounds w ith up to eight-rnem bered rings are concerned, no t m uch of relevant inform ation 
was left out. In  this light it seems th a t  the fundam ental conform ational problems in th is class 
of com pounds have been adequa te ly  solved, and the knowledge gathered provides a sound 
basis for extrapolations to  more complex systems. I t  is therefore only natural th a t  little  is 
said abou t unsatu ra ted  and  condensed heterocyclic system s.

Facts are always accom panied by in terpre tations, som etimes a t variance w ith  th a t  
given b y  the original authors, and it is clearly pointed ou t w hen, in the authors opinion, there 
is no adequate explanation for a given phenomenon.

Two minor criticism concerning terminology m ay  be raised: species related by  n itrogen 
inversion should not be term ed  different conformations (p. 54) and chair conform ations of 
1 ,3-oxathian are not dissym m etric b u t asymmetric (p. 113).

M. N ó g r á d i

P e te r  L u g e r : Modern X -R ay  Analysis on Single Crystals 

W alter de G ruyter, Berlin—New Y ork 1980 pp X II I  +  312

The determ ination of m olecular and crystal stru c tu re  by  the X -ray  diffraction analysis 
on single crystals has become a routine technique perform ed even in commercial laboratories 
by  order. I t  has also become a routine technique in chem ical research laboratories where it  is 
often perform ed by workers who m ay  have only a very  superficial knowledge of the basics in 
this ever increasingly au tom ated  technique. For chemists who w ould like to  be better p repared ,
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■who are not crystallographers them selves bu t who are to  perform  X -ray diffraction analysis 
o n  single crystals, Professor L u g e r ’s book is ju s t th e  r igh t in troduction  and guide.

A theoretical basis is presented in the first p a rt w ith  m athem atical in troduction  and 
a  b rief sum m ary of fundam enta l results of diffraction theory . All subsequent chapters consist 
of general descriptions of experim ent, analysis procedure or sym m etry  concepts and the practi
cal considerations and applications for three selected exam ples. The following compounds were 
chosen for detailed presen tation  of their analysis:

(1) Potassium  hydrogen ta r ta ra te  (C.,H50 6K)
(2) Ammonium te trasu lfurpentan itride oxide (N H 4[S4N50 ])
(3) Sucrose (C,2H 22O u )

Of course, these exam ples are n o t random ly picked b u t th e ir choice has well-defined purpose.
Considerable a tten tio n  (and space) is given to the description of the prelim inary exper

im ents. N aturally they  are the least autom ated p a rt of the single crystal structure analysis 
where the scientist’s experience and  in tuition m ay still p lay  an im portan t role. The introduction 
to  crystal sym m etry is illu stra ted  by some pleasant figures of the sym m etry  operations using 
a “ baby-head” motif. The las t three chapters prepare th e  reader for collecting the d a ta  and 
analysing them. They are on the diffractom eter m easurem ents, the solution of the phase 
problem , and the refinem ent.

The book is up -to -date , well-balanced and nicely produced. I t  fulfills its s ta ted  aim 
“ to serve as guide and  enable the reader to solve his s tru c tu ra l problem s alm ost w ithout 
fu r th e r preparation.” Of course, the meaning of almost here m ay well widely differ for different 
readers and different tasks. T , r

I .  H a r g it t a i

M. E i g e n , P . S c h u s t e r : The Hypercycle. A  Principle o f  Natural 
Self-organization

Springer Verlag, Berlin, Heidelberg, New York. pp. 92. W ith 64 Figures

In  1971, Manfred E ig e n , the Nobel-prize w inner G erm an physicochem ist published a 
conceptionally new theory  on the spontaneous dinam ical self-assembling of macromolecules 
into self-reproducing system s. These systems, the so-called hypercycles were considered as 
in ternal stages of abiogenesis (N aturw iss., 58 465, 1971). A fter an essentially six year silence 
E ig e n  and his coworker, P eter S c h u ste r  published three new  papers on the hypercycles inves
tiga ting  in this case m ostly  the evolutionary properties o f these system s (N aturw iss., issues 
11/1977, 1/1978 and 7/1978). These short series of papers is available now as a book, published 
by the Springer Verlag.

The book is divided into three parts. In  p art A ,  th e  behaviour of the D arwinian systems 
are discussed under the title  “ Emergence of the H ypercycle” . The results show th a t the 
macromolecules having self-reproducing capacities or th e  “ non-cooperative”  systems of them  
are no t able to undergo such evolution processes the resu lt of which would be the presently  
living world of the E a rth . The authors declare the necessity  the appearance of the system s 
having hypercyclic organization during the evolutionary  processes.

The title of p a rt В  is “The A bstract H ypercycle” . Topologie m ethods are used in this 
p a r t to investigate the s tab ility  properties of some self-reproducing netw orks. The accum ulating 
system s are divided into three groups here by the the au thors according to the type of the 
grow th of the system s: into the linear (x =  k), the exponential (ec =  kx) and  the hyperbolic 
(лс — k x 2) ones. The hypercycles are considered as hyperbolically  growing systems, however 
the detailed proof of th is declaration is missing. A lthough the hypercyclic growth plays an 
im portan t role in th is p a rt of the theory, the given ab s trac t exam ple of the hypercycles (hyper
cycle with translation) seems to have either linear or exponential grow th depending on the 
fac t whether the E, enzym es or the I / nucleic acids are in excess. Among the netw ork’s studied, 
the hypercyclic organization  is proved to be a  necessary prerequisite for m aintaining the 
stab ility  of inform ation and for prom oting its fu rther evolution.

In p art C, en titled  “ The Realistic Hypercycle”  the prim ordial coding problems are 
discussed on the basis of the hypercycle theory, giving some interesting new aspects for the 
solution of this problem.

The theorie outlined in  th is book are quite new  and  interesting. Their real values depend 
on the veracity of th e  declared properties of hypercycles. ТЫч book m ay be an extrem ely 
im portan t step tow ards the founding of theoretical biology. „  ,

X . G A N T I
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REACTION OF LEAD(IV) ACETATE WITH 
STEROIDAL 6-OXIMINO COMPOUNDS

S h a f i u l l a h , H . A l i  and S h a m s u z z a m a n

{Department o f Chemistry, Aligarh M uslim  University India) 

Received O ctober 11, 1979 

In  revised form M arch 3, 1980 

A ccepted for publication M arch 19, 1980*

The reaction of 6-oximino-5a-cholestane (1) w ith lead(IV) acetate  in  AcOH — 
—benzene m ixture gives 6a-nitroso-6/?-acetoxy-5a-cholestane (3) and 6/?-nitro-5-acetoxy- 
-5a-cholestane (4). U nder similar reaction conditions, 3/)-hydroxy-6-oximino-5a-cho- 
lestane (2) yielded 3/9-hydroxy-6a-nitroso-6/?-acetoxy-5a-cholestane (5) and 3/7-hydroxy- 
-6/9-nitro-5-acetoxy-5a-cholestane (6). The reac tion  o f 3a-5-cycio-6-oximino-5a-cholestane 
(10) afforded 3a-5-eyc/o-5ot-cholestan-6-one (11), 3/?-5-diacetoxy-5a-cholestan-6-onc (12), 
3/9,7a-diacetoxy-5a-cholestan-6-one (13) and  3/?-acetoxy-5-methyleneacetoxy-A-nor-5a- 
-cholestan-6-one (14). The structures of these com pounds were established on th e  basis 
of the ir spectral properties and comparison w ith  au then tic  samples, where available.

A prev io u s p a p e r [1] has d e a lt w ith  th e  sy n th esis  of s te ro id a l n itro so - 
an d  n itro  a c e ta te  d e riv a tiv e s  b y  th e  o x id a tio n  o f  oxim es w ith  P b (O A c)4. T he 
p re sen t w o rk  has been  u n d e rta k e n  in  o rd e r to  e x te n d  th e  scope o f th e  re a c tio n  
and  to  check  th e  p ro d u c t d is tr ib u tio n  w h en  a cyclopropane ring  is p re se n t.

T re a tm e n t o f  1 w ith  P b(O A c)4 in  a  m ix tu re  of AcO H  and  b e n z e n e  f u r 
n ished  tw o  com pounds, one o f th e m  b lu e  (3 ), m .p . 88 °C and  th e  o th e r  (4) 
w h ite , m .p . 130 °C. T h e  b lu e  colour o f  th e  so lid  3 suggested th a t  i t  w as a 
gem inal n itro so  acy lo x y  com pound , since I f f l a n d  an d  Cr i n e r  [2] a n d  Y u k a w a  
et al. [3] re p o r te d  th a t  such  com pounds a re  c h a ra c te r iz e d  by  b lue c o lo u ra tio n . 
T he e lem en ta l an a ly sis  o f 3 show ed th e  c o m p o s itio n  C29H 19NO3. I ts  I R  s p e c tru m  
h ad  b an d s  a t  1755 (C H 3C O O - ) ,  1555 ( - N = 0 ) ,  1240 and  1220 c m - i  ( C - O ;  
axial a c e ta te )  [4]. In  th e  N M R  sp ec tru m , th e  b ro a d  m u ltip le t for 3H ,  c e n te re d  
a t  ő 2.96 ca n  be  assigned  to  m e th in e  an d  m e th y le n e  p ro tons (C5-H; C7-H 2) [5]. 
A d d itio n a l ev idence fo r th e  gem inal n itro so  a c y lo x y  s tru c tu re  w as o b ta in e d  b y  
t re a tm e n t o f  3 w ith  1 0 —20%  aqueous h y d ro c h lo r ic  acid , w hich g e n e ra te d  th e  
p a re n t k e to n e  9 , m .p . an d  m ixed  m .p. 96 °C  (lit. [6 ] m .p. 97 — 98 °C).

C om pound  4 h ad  co rrec t analysis fo r  C29H S0N O 4. The IR  sp e c tru m  e x h ib 
ited  b an d s  a t  1758 (C H 3C O O - ) ,  1555, 1325 ( - N 0 2), 1230,1220 c m “ 1 ( C - O ,  
axially-o rien ted  acy lo x y  g roup). In  th e  N M R  sp e c tru m  a double o f  d o u b le ts  
for one p ro to n  a t  <5 3.13 (A B X  sy stem , J  =  7 H z  an d  3 Hz) can  be  a ss ig n ed  to  
th e  C-6 equatorial a -p ro to n .

* In  final form accepted October 14, 1980.

1 A c ta  Chim . Acad. Sei. H u n g . 1 07 , 1981
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S im ila rly , th e  t r e a tm e n t  o f 2 affo rded  5 , m .p . 108 °C and  6 , m .p . 170 °C. 
T h e  a c e ty la tio n  (Ac20 /P y )  o f  com pound  5 fu rn ish e d  7, m .p. and  m ix ed  m .p . 
89 °C  (lit. m .p . 89 °C ), w hile 6 gave 8, m .p . a n d  m ixed m .p. 115 °C (lit. [1] 
m .p . 115 °C).

T h e  oxim e 10, w h en  su b jec ted  to  s im ila r  re a c tio n  conditions, g a v e  co m 
p o u n d s  11, m .p . an d  m ixed  m .p . 96 °C (lit. [7] m .p . 97 °C), 12, m .p . a n d  m ix ed  
m .p . 170 °C (lit. [8 ] m .p . 170 °C), 13 an d  14. T h e  elem ental analysis  o f  com -

X Y 3 X  - II 4 X H

1 H N O H 5 X  = OH 6 \ -O H

2 OH X O H 7 X  = O A c S X - О A

9 H О

11 Y, 0

p o u n d  13 show ed th e  com position  C31H S0O5 a n d  i ts  IR  spectrum  h a d  b a n d s  a t  
1745, 1755 (2 C H 3C O O - ) ,  1710 ( C = 0 ) ,  1235 a n d  1220 c m ' 1 (C — O ; axial). 
T h e  N M R  sp ec tru m  h a d  a signal a t  d 5.2 (, 1 H , C 3-a-H ; W \  =  16 H z ; rin g  
ju n c t io n  trans), 4.5 (b ro ad , s, 1 H , C7-/3-H).

A cta Chim. Acad. Sei. Hung. 107, 1981
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A u e x a m in a tio n  of th e  D re id in g  m odel o f  13 revealed  th a t  th e  d ih e d ra l 
ang le  b e tw een  th e  p lan es o f C8-/3-H (a x ia l)  a n d  C7-/1-H w as a lm o st 90°; th is  
m ay  acco u n t fo r  th e  C7-/J-H a p p ea rin g  as a  b ro a d  singlet.

C om pound 14 h a d  co rrec t an a ly sis  fo r  C31H 50O5. I ts  IR  sp e c tru m  h ad  
b an d s  a t  1755, 1740 (C H 3C O O - ) ,  1710 (C =  0 )  and  1240 c m " 1 ( C - O ) .  T he 
N M R  sp ec tru m  show ed a sing le t a t  ö 4 .98 fo r  th e  m eth y len e  p ro to n s  in  C if2-OAc 
an d  also in d ic a te d  a tta c h m e n t a t  a te r t ia r y  p o sitio n ; th e re  w as a m u ltip le t  a t  
6 5.12 (C3-a-H; W \  — 4 H z; equatorial; r in g  ju n c tio n  Irans).

In  conclusion , th e  lead(IV ) a c e ta te  c leav ag e  o f th e  cy c lo p ro p an e  r in g  of 
bicyclic  co m pounds occurs m ain ly  a t  th e  e x te rn a l С —C bo n d  to  g ive trans-2- 
-ace to x y cy c lo a lk y l a c e ta te s ; in te rn a l С C b o n d  cleavage occurs to  a  lesser 
e x te n t, th e  p ro d u c t b e ing  1 ,3 -d iace ta te  [9].

E x p erim en ta l

M.p’s are uncorrected. IR  spectra were ob ta ined  in  Nujol w ith a Perkin  —E lm er 237 
spectrophotom eter. NM R spectra were ru n  in  CDC13 on a V arian A60 in s trum en t w ith  Me4Si 
as the in ternal standard . TLC plates were coated w ith  silica gel. A 20%  aqueous so lu tion  of 
perchloric acid was used as the spraying agent. L igh t petroleum  refers to  a frac tion  of b.p. 
60—80 °C. NMR values are given in ppm  (s =  singlet, d =  doublet, b r =  broad , m  =  m ul
tiplet).

R e a c tio n  o f  1 w ith  le a d ( IV )  a c e ta te

Lead(IV) acetate  (1.0 g) was added in  portions to  a stirred solution of the oxime 1 [10] 
(1.0 g) in  a m ix ture  of benzene (20 m L) and  acetic acid (10 mL). The reaction m ix ture  was 
stirred  a t room  tem peratu re  for 3 h. The solvent was then  rem oved under reduced pressure 
and the residue was taken  up in ether (100 mL). The ethereal solution was washed successively 
w ith w ater, N aH C 03 (5% ), and w ater and  dried (N a2S 0 4). E vaporation of the e ther le ft an oil 
(1.10 g) which was chrom atographed on silica gel (20 g). E lution w ith light petro leum  gave 
an oil, which was crystallized from m ethanol to  ob ta in  3 (400 mg), m.p. 88 °C.

NMR: 6 2 .9 6  (m , C5-H  and C7-H2); 1-91 (C if3COO—); m ethyl signals appeared a t  ő 1.1, 
0.9 and 0.8 (for 5 m ethy l protons).

C29H49N 0 3. Calcd. C 75.81; H 10.6; N  3.05. Found  C 75.71; H 10.51; N  3.03% .
F urther elu tion  w ith light petro leum -ether (20 : 1) furnished a solid (4 )  w hich was 

recrystallized from  light petroleum , m .p. 130 °C (30 mg).
NMR: <5 3.13 (dd. C6-a-H); 2.1 (s, CH3COO—); m ethyl signals were present a t <5 0.92, 

0.84, 0.75 and 0.68 (for 5 m ethyl protons).
C29H 49N 0 4. Calcd. C 73.2; H  10.3; N  2.94. Found  C 73.0; H 10.28; N 2.89% .

R e a c tio n  o f  2  w ith  le a d ( IV )  a c e ta te

The oxime 2 (1.0 g) was trea ted  as above and  the reaction product was chrom atographed. 
E lution  w ith |lig h t petroleum -ether (5 : 1) gave a blue solid 5, which was recrystallized from 
light petroleum |(300 mg), m.p. 108 °C.

v max 3530 ( - O H ) ,  1755 (CH3- C O O - ) ,  1555 ( - N  =  0 ), 1235 and 1220 cm “ 1 (C -O ) . 
C29H49N 0 4. Calcd. C 73.26; H 10.30; N  2.90. Found  C 73.24; H 10.28; N 2.87% .

Further elution w ith  light petro leum -ether (4 : 1) afforded 6 which was recrystallized 
from ethanol (450 mg), m .p. 170 °C.

vmax 3535 ( - O H ) ,  1750 (CH3C O O -) , 1550, 1330 ( - N 0 2), 1230 and 1210 cm - 1 (C -O ) . 
C,9H49N 0 5. Calcd. C 70.81; H  9.9; N 2.83. Found  C 70.87; H 9.9; N  2.85% .
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Reaction of 10 with lead(IV) acetate

Lead(IY ) acetate (2.0 g) was added in  portions to a stirred  solution of the oxim e 10 
[11] (2.0 g) in  benzene (40 m L) and  acetic acid (15 mL). The m ixture was refluxed on a w ater 
b a th  for 3 h  and, after the usual-w ork up, was chrom atographed on silica gel (40 g). E lu tion  
w ith  ligh t petroleum -ether (20 : 1) yielded 11; recrystallized from  m ethanol (150 mg), m .p. 
and  m ixed  m.p. 96 °C [7].

E lu tion  w ith light petro leum -ether (18 : 1) yielded 12; recrystallized from  m ethanol 
(200 m g), m .p. and mixed m.p. 170 °C.

v max* 1735, 1720 (2 C H .,C O O -), 1240 and 1235 cm - 1 (C -O ) .
N M R : ö 4.75 (br, 3C-<x.-H, J  =  16 Hz), 2.1, 1.95 (s, 2 C if3COO—); m ethyl signals were 

seen a t  á 0.84, 0.80, 0.78 and 0.59 (for 5 m ethyl protons).
C3iH 5o°5- Calcd. C 74.10; H  9.96. Found C 73.98; H  9.94% .

E lu tio n  w ith light petro leum -ether (15 : 1) afforded 13 as a non crystallizable oil 
(350 mg).

NM R: Ő 5.2 (m, СЗ-ос-Я, W'- =  16 Hz), 4.5 (br, s, C7-ß-H), 2.12 and 1.95 (2 CH3C O O ~ ); 
m e th y l signals were seen a t  <5 0.88Í 0.82, 0.79 and  0.50 (for 5 m ethyl protons).

C31H50O5. Calcd. C 74.10; H  9.96. Found  C 73.98; H  9.93% .

F u rth e r  elution w ith  ligh t petro leum -ether (5 : 1) afforded 14 as an oil (300 mg).
N M R : <5 5.2 (m, СЗ-Я); 4.98 (s, СЯ2-О А с ) , 2.07s, 2.0s, (2 СЯ3С О О -), 0.95, 0.90, 

0.85 an d  0.8 (for 5 m ethyl protons).
C31 H 50 0 5. Cald. C 74.10; H  9.96. Found C 73.95; H  9.95%.
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An electron spin resonance stu d y  of the C u(ll) complex w ith  DL-alanine has 
been carried ou t in  th ree different phases, namely polycrystalline, glassy and  solution 
sta tes. Optical abso rp tion  and m agnetic  susceptibility m easurem ents have also been 
performed. Various m agnetic and non-m agnetic param eters have been determined. 
These param eters have further been used to com pute th e  different bonding param eters. 
The linewidth of each hyperfine line has been m easured. The da ta  ob tained  in  this way 
have been in te rp re ted  using K iv e l s o n ’s theory  of linew idth in  solution. The magnetic 
susceptibility of th e  complex has also been calculated theoretically . The d a ta  obtained 
from  all the three m easurem ents are com plem entary to  each other.

In troduction

Y o k o i [1] a n d  J e z o w s k a -T b z e b ia t o w s k a  et al. [2] o b ta in e d  a n  im m en se  
a m o u n t  o f  in fo rm a tio n  f ro m  ESR, o p tic a l  a b s o rp tio n  a n d  m a g n e tic  s u sc e p ti
b i l i ty  s tu d ie s  o f  c o p p e r  a m in o  ac id  c o m p le x e s . K e e p in g  th is  in  v ie w , th e  ab o v e  
th r e e  s tu d ie s  h a v e  b e e n  c a r r ie d  o u t  t o  o b ta in  in te r e s t in g  in f o rm a t io n  re g a rd in g  
th e  m a g n e tic  as w e ll a s  n o n -m a g n e tic  in te r a c t io n s  a n d  th e  n a t u r e  o f  ch em ica l 
b o n d in g  in  th e  c o p p e r  D L -a lan ine c o m p le x .

E xp erim en ta l

The Cu(II)-DL-alanine complex was prepared by a know n m ethod  [3]. The complex 
crystallized as the m onohydrate  with the following composition

Cu [CH3CH(NH2)COO], • H„0 (257.73). Calcd. C 27.96; H  5.47; N  10.87; Cu 24.65. 
Found  C 28.60; H 5.24; N  10.78; Cu 25.00%.

D ensity  2.37 g cm -3 .
The optical absorption  of the com plex in  aqueous solution has been studied using a 

Cary-14 autom atic recording spectrophotom eter in the region 13330 — 28570 cm -1 . A 10~3 
mol d m -3 solution in a p y rex  capillary tu b e  was used for the E SR  study  of the solution. The 
glass sam ple was prepared by dissolving th e  complex in  a glycerine-w ater m ixture w ith a 
glycerine to w ater ra tio  o f 3 : 2 and cooling i t  to 77 К  in a quartz  tube . A V arian X -band 
V4502-12 reflection type  E S R  spectrom eter w ith  a m ultipurpose V4531 cav ity  w ith  100 kHz 
field m odulation was used for the E SR  s tudy . A proton probe com bined w ith  a Hewlett 
P ackard  frequency counter was used for field  m easurem ent. A V arian tem pera tu re  control 
u n it was used for low tem pera tu re  work. The magnetic susceptibility  of the complex was 
m easured by the F araday  m ethod  em ploying a single pan M ettler analy tical balance (Type-H 
16GD) w ith a least count o f 10-5 g.
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T heoretical

B on d in g  Parameters

T h e  copper am ino  ac id  co m p lex  in v es tig a ted  h e re  h as  a sq u a re  p lan a r 
D ih sy m m e try  [4]. T he 2s, 2p x, 2py and  2pz o rb ita ls  o f each  o f th e  fo u r ligands 
a re  a v a ila b le  to  form  m o le c u la r  o rb ita ls  w ith  th e  3d o rb ita ls  o f th e  cen tra l 
c o p p e r  io n . The expressions fo r  th e se  o rb ita ls h av e  b een  d e riv ed  [5] in  te rm s 
o f  a, a', /?x and  ß w here a a n d  a' rep re sen t th e  c o v a le n t or ion ic  c h a ra c te r  o f 
in -p la n e  sigm a bond ing , a n d  ß x a n d  ß rep re sen t in -p lan e  an d  ou t-o f-p lane  
л -b o n d in g , respectively . I t  h a s  b e e n  show n [5] th a t  a2 =  1 in d ic a te s  th a t  th e  
b o n d  is  100%  ionic, w h e reas  a2 =  0.5 100%  co v a len t c h a ra c te r .

T h e  sp in  HAMiLTONian fo r  C u (II) in  a f ie ld  o f  D ih s y m m e tr y  is g iv e n  as

Ж =  ß 0[gnH z Sz +  g±(H x S x +  HySy)]  +  A ns z l z +  A ±(SXI X +  Syly)  (1)

K iv e l s o n  and  N e im a n  [5], a s su m in g  th a t  F e r m i’s h y p e rf in e  c o n s ta n t is p ro 
p o r t io n a l  to  th e  covalence p a ra m e te r ,  derived  a re la tio n sh ip  b e tw een  th e  b o n d 
in g  p a ra m e te rs  a, a', ß v  ß  a n d  th e  m agnetic  p a ra m e te rs  g^, g±, А ц, A ± as well 
as  th e  tra n s itio n  energies E xy — E x._y, and  E xz — Е х,_уг. T h u s , i f  one can 
o b ta in  g ||, g±, А  у, A ±, E xy — Е хг_у. and  E xz — E x._y*, th e n  a, a', ß x an d  ß 
c a n  b e  de te rm ined . B u t re c e n t ly  R o c k e n b a u e r  [6] h as show n th a t  th e  above 
a s s u m p tio n  is no t t ru e  a n d  th e re fo re  th e  d iffe ren t b o n d in g  p a ra m e te rs  have  
b e e n  e v a lu a te d  from  th e  m o d if ie d  expression [6] o f  K iv e l s o n  an d  N e im a n .

Linew id th

K iv e l s o n  [7], fo llow ing  th e  fo rm ula tion  o f K u b o  a n d  T o m it a  [8 ], 
d e v e lo p e d  th e  th eo ry  o f  l in e w id th  in  solu tion . L a te r  on  W i l s Ön  an d  K iv e l 
s o n  [9 ] h av e  shown th a t  th e  lin e w id th  T ^ 1 is g iven  b y

Г ,“ 1 =  (A  +  A ')  +  B M  +  C M 2 +  D M 3 (2)

w h e re  th e  linew idth  p a ra m e te rs  А ,  В , C, D have th e ir  u su a l m ean ing  [9] an d  
A '  is  ca lled  the  residua l l in e w id th  due to  u n spec ified  m ech an ism s. T he spin- 
- ro ta t io n a l  re laxa tion  m e c h a n ism  h as  been found  to  be th e  m o st im p o r ta n t of 
th e s e  m echanism s. A ticipís  a n d  K iv e l s o n  [10], fo llow ing  H u b b a r d ’s th eo ry
[11], g a v e  th e  follow ing ex p re ss io n  for th e  lin ew id th  d u e  to  th is  m echanism

w h ere

2  h  1 / л  2 I о  л  2 \  k T
*R S  —  -j7 = - —-------- ГТ - % * g | |  +  - A g ± ) -------

[ 3  ß0g  12 л  r3 Í?

Ág\\ — g\\ 2 .0023 , Zlgj_ — 2.0023

(3)
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r) is th e  v iscosity  o f  th e  so lu tion , r  th e  m o lecu la r rad iu s  o f  th e  eq u iv a len t 
ro ta t in g  sphere in  th e  so lu tio n  an d  th e  re m a in in g  sym bols h a v e  th e ir  usual 
m ean ing . K iv e l s o n  [12] has also c a lc u la ted  th e  c o n tr ib u tio n  o f  e lec tric  fie ld  
f lu c tu a tio n  m echanism s a f te r  V a n  V l e c k  [13] a n d  O r b a c h  [14], as app lied  to  
liq u id s , b u t  only th e  O r b a c h  process w as fo u n d  to  be  useful.

Results an d  D iscussion

Optical Absorption S tudy

T h e ex p e rim en ta l o p tica l a b so rp tio n  cu rv e  o f th e  com plex  in  so lu tion , 
a p lo t betw een  o p tica l d e n s ity  D  an d  w av e n u m b e r a, h as  a n o n -G au ss ian  form  
as show n in  Fig. 1. I t  w as analyzed  [15, 16] in to  th re e  G aussian  cu rv es, each 
o f  w h ich  corresponds to  a single tra n s i t io n . T he m easu red  va lu es  o f  d ifferen t 
p a ra m e te rs  like line  p o s itio n  a (103 c m -1 ), h a lf  lin e w id th  b (103 c m -1 ), op tical 
d e n s ity  D, m olar ab so rb a n c e  e (dm 3 m o l-1  c m -1 ), a n d  o sc illa to r s t r e n g t h / f o r  
e x p e rim e n ta l as w ell as ana lyzed  cu rv es a re  show n in  T ab le  I .

T h e  analyzed  b a n d s  have  been  fo u n d  to  be  o f  th e  ‘fo rb id d e n ’ ty p e  since 
th e y  are  qu ite  w eak  (e <  103). Such a b so rp tio n  b an d s  are  o b served  o n ly  in  
th e  case of C u(II) com plexes b u t n o t  in  th e  case o f th e  free ion . T h is shows 
th a t  th e  tran s itio n s  resp o n sib le  fo r th e se  b a n d s  ta k e  p lace b e tw een  th e  levels 
caused  b y  th e  fie ld  o f  th e  ligands [17]. T h u s th e  an a ly zed  b a n d  po sitio n s convey 
im p o r ta n t  in fo rm a tio n  a b o u t th e  sy m m e try  o f  th e  c ry s ta l f ie ld  a t  th e  C u(II) 
io n  in  th e  com plex. In  o c tah ed ra l sy m m e try  o n ly  one b a n d , w h ereas  in  a field  
o f  te tra g o n a l sy m m e try  th re e  b an d s  a re  possib le  because o f  th e  sp littin g  of

Fig. 1. Experim ental (1) and analyzed (2) optical bands of Cu/DL-alanine in  solution
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Table I

Parameters obtained from  the optical absorption study o f the complex

cr • D e /X 10« <r,l<ra

Experim ental
band 16.29 2.34 1.43 51.6 11.11

Cu/DL-ala-
nine

Component
bands

1 19.23 1.54 0.25 9.2 1.30 1.16
2 16.57 1.54 1.36 49.2 6.97
3 14.87 1.54 0.68 24.4 3.45

th e  e n e rg y  levels. B j e r r u m  [18] h a s  show n th a t  th e  ra tio  a j a2 is 1 fo r o c ta 
h e d ra l  sy m m e try  and  th e  v a lu e  red u ces from  2 to  1.67 on going from  a sq u are  
p la n a r  to  a square p y ra m id a l s tru c tu re , fo r co p p er n i t r a te  in  w a te r  an d
a m m o n ia  is found  to  be 1.33 a n d  th e  s tru c tu re  is d is to r te d  o c ta h e d ra l. T his 
r a t io  is s lig h tly  m ore th a n  1 fo r  a te tra g o n a l com plex . In  o u r case th e  ra tio  
oq/og is  1.16 suggesting  a  te t r a g o n a l  sy m m etry  o f lig an d s a ro u n d  th e  C u (II) ion. 
T h e  X - r a y  c ry sta l s tru c tu re  d a ta  o f Cu/DL-alanine [4] show  th a t  th e  copper 
a to m  is  a t  th e  cen te r o f  sy m m e try  an d  is su rro u n d ed  b y  tw o oxy g en  an d  tw o 
n itro g e n  a to m s in  a d is to r te d  sq u a re . T he o c ta h e d ro n  is com pleted  b y  a long 
C u —0 5 b o n d  (276 p .m .), th u s  fo rm in g  a te tra g o n a l s tru c tu re . T h erefo re  th e  
s y m m e try  p red ic ted  on th e  b as is  o f  th e  ra tio  oq/ct, o b ta in ed  ex p e rim e n ta lly  
is s a t is f ie d .

F o llow ing  O w e n ’s w o rk  [19], th e  cubic f ie ld  sp littin g  p a ra m e te r  Л has 
b e e n  c a lc u la ted  tak in g  th e  g ro u n d  s ta te  as dxs_y« a n d  th e  o p tica l e x c ita tio n  
e n e rg ie s  as e 1 =  dxs_y, —>- dxzyz, <r2 =  dxI_y, —► dxy a n d  a3 =  dxi_y* —*■ d2*. 
T h e  v a lu e  o f Л o b ta in ed  fo r th e  com plex  in v e s tig a te d  is 13.54 k K  w h ich  is in  
a g re e m e n t w ith  b o th  th e  th e o re tic a l  an d  ex p e rim en ta l o b se rv a tio n s  fo r s im ila r 
co m p lex es  [20]. This ju s tif ie s  th e  level a rra n g e m en t assum ed  here .

E S R  S tu d y

T h e  E S R  sp ec tra  o f th e  C u(II)-D L -alan ine com plex  in  p o ly c ry s ta llin e , 
g la ssy  a n d  so lu tion  s ta te s  a re  g iv en  in  Fig. 2. F o r  th e  sake  o f conven ience, 
th e  r e s u l t  o f each w ill be d iscu ssed  sep ara te ly .

Polycrystalline Study

T h e  po ly cry sta llin e  sp e c tru m  has show n seven  p o in ts  of in fle c tio n  a n d  
h en ce  th r e e  g  values, g l5 g2 a n d  g 3. A ll th e  th ree  g  v a lu es  h av e  been  m easu red  
w ith  th e  h e lp  of K n e u b u h l ’s [21]  m eth o d . T he lin e sh ap e  has been  d e te rm in ed
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DPPH

Fig. 2. Experim ental E SR  spectra of Cu/DL-alanine in (a) Polycrystalline, (b) Glassy and
(c) D issolved state

a n d  fo u n d  to  be L o ren tz ian . The p e a k -to -p e a k  lin ew id th  has b een  m easu red , 
w h ich  is la rg e r th a n  fo r th e  p a re n t co p p e r com pound [21]. T h e  re su lts  are 
g iven  in  T ab le  I I .

Table II

Parameters obtained from  polycrystalline sample study

Sample gi g2 ga s AHpji
и

CuS04 ■ 5 H „0 g l  =  2.080 *11 = 2.270 2.143 5.774
C u/D L -alan ine 2.054 2.126 2.183 2.121 19.256

T he change in  g -v a lu es  from  th e  p a re n t  com pound , as seen in  T ab le  I I ,  
is d u e  to  som e change in  th e  sp in -o rb it coupling  c o n s ta n t A0 a n d  th e  energy 
gap  b e tw een  th e  ex c ited  an d  g ro u n d  s ta te s  ЛЕ. H ow ever, a sm all ch an g e  in 
Л Е  w ill n o t affect g m u ch  an d , th e re fo re , a red u c tio n  in  A0 due to  covalency  
[22] seem s to  be m a in ly  responsib le  fo r  th e  decrease in  g -values. T h is  in d ica tes  
a g re a te r  covalency  in  th e  com plex . M oreover, th e  decrease in  g -v a lu e s  m ay 
also be  ascribed  to  ex ch an g e  effects.

T he change in  lin ew id th  is m a in ly  due to  th e  change in  sp in - la ttic e , 
d ipo le-d ipo le  and  exchange in te ra c tio n s  [23]. In  copper sa lts , sp in s a re  loosely
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c o u p le d  to  la ttice  v ib ra t io n s  [24] and  so sp in - la ttic e  in te ra c tio n  w ill n o t a ffec t 
th e  w id th  of the  lin e . T h u s  th e  w id th  of th e  lin e  w ill m a in ly  be con tro lled  b y  
d ipo le -d ip o le  and  e x c h a n g e  in te rac tio n s. I t  is ob v io u s t h a t  a f te r  com plex  
fo rm a tio n  th e  copper io n s a re  d ilu ted , d ec reas in g  th e re b y  th e  d ip o la r a n d  
e x c h a n g e  in te rac tio n s. B u t  th e  decrease in  e x ch an g e  w ill be  due to  its  e x p o 
n e n t ia l  form  [25] a n d  so th e  b road en in g  of th e  lin e  is observed . A nyw ay , such  
r e d u c t io n  in  exchange co u ld  n o t  b ring  an y  ch an g e  in  th e  shape  o f th e  line.

A  defin ite  and  q u a n t i ta t iv e  in te rp re ta tio n  o f  th e  changes in  lin ew id th  
c a n  b e  provided  u s in g  d if fe re n t linew id th  th e o rie s  [8 , 26, 27]. T he va lu es  
o b ta in e d  for d ifferen t p a ra m e te rs  from  above th e o rie s  a re  show n in  T ab le  I I I .

F ro m  Table I I I  i t  is  seen  th a t  {AHlj2)exp is sm a lle r  th a n  (A H ^2)caIc. T h is 
is d u e  to  exchange c o u p lin g . T he ca lcu la ted  v a lu e s  of d ip o la r w id th  a n d

Table П1

Computed values o f mean ion distance, linewidth, dipolar width, exchange frequency and
exchange integral

Mean
V an  Vleck 

T heory
A n d e b s o n — W e is s  

Theory
K u b o — T o m it a  

Theory Ex-

Sample
ion
d is

tance
Linew idth

Dipolar
w idth

Exchange
frequency

Dipolar
w idth

Exchange
frequency

change
integ

ra l
w

(cm -1)
ra

(pm) ( jH j / g J e x p *
(ш Т)

( d f í i / j j e a i
(mT)

cupX lO "18 
(rad2 • s ' 2)

(O eX lO -9 
(rad  • s -1)

wSoXlO-» 
(rad2 s -2)

o)„X  10-® 
(rad s -1)

C uS 04 •5  H 20 520 5.000 41.416 14.96 17.02 10.66 50.67 0.15
Cu/ d l -alanine 570 16.670 42.075 15.71 5.35 11.19 15.92 0.02

* A H xj2 =  Half w id th  a t  h a lf  power points = /3 A H pp (for Lorentzian shape)

e x c h a n g e  frequency  h a v e  d ec rea sed  as com pared  to  th e  copper sa lt. M oreover, 
th e  re d u c tio n  in  ex ch an g e  n a rro w in g  is fa s te r  t h a n  t h a t  in  d ip o la r w id th  a n d  
th u s  i t  is inferred  t h a t  th e  red u c tio n  in  ex ch an g e  is th e  p rin c ip a l cause o f 
b ro a d e n in g  here.

Glass S tudy

K iv e l s o n  an d  N e i m a n  [5] p red ic ted  e ig h t (fo u r w eak  an d  fo u r s tro n g ) 
lin e s  fo r  copper co m p lex es in  glasses. H ow ever, o u r  co m p lex  gave fo u r w eak  
lin e s  a n d  only one s tro n g  lin e . T he m agnetic  p a ra m e te rs  £ц, Ац  an d  A ± 
fo r  th e  com plex h a v e  b e e n  d e te rm in ed  em p lo y in g  th e  m e th o d  o f V a n n g a r d  
a n d  A s sa  [28] an d  a re  g iv e n  in  Table IV . T h e  v a lu e s  o f  d iffe ren t b o n d in g  
p a ra m e te rs  ev a lu a ted  [6 ] u s in g  th e  above m a g n e tic  p a ra m e te rs  are  show n in  
T a b le  V.
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Table IV

Parameters obtained fo r  glassy state*

Ag g (lO8^ ,, 8 -1) (10M A.-«)

Cu / d l -alanine 2.255 2.058 0.197 2.123 3.19 0.28

* v =  9131 MHz.

Table V

Bonding parameters fo r  the copper ( I I )  complex

«* a'* /3*

Cu/DL-alanine 0.79 1 0.29 0.87 0.90

I t  is seen from  T ab le  У  th a t  a 2 or ß\ o r ß 2 is less th a n  1 b u t  g re a te r  th a n  
0 .5 , w h ich  show s th a t  th e  b o n d in g  in  th e  com plex  is fa irly  c o v a le n t. T h e  v alue  
o f  ß 2 is g re a te r  th a n  ß\ su g g e s tin g  th a t  th e  b o n d in g  o f th e  c e n tra l  m e ta l to  
th e  lig a n d s  occurs m a in ly  in  th e  m o lecu lar p lan e . A fa ir ly  c o v a le n t n a tu re  of 
th e  com plex  is also in  a g re e m e n t w ith  th e  re su lts  o f  o p tica l s tu d y  [5]. The 
v a lu es  o f  th e  bond ing  p a ra m e te rs  o b ta in ed  h ere  are  o f th e  sam e  o rd e r of 
m a g n itu d e  as found fo r o th e r  co p p e r com plexes o f sim ilar n a tu re  [9, 25, 29].

F u rth e rm o re , th e  s tu d y  o f  th e  com plex  in  g lassy  s ta te  g iv ing  tw o  values 
o f  g  in d ic a te s  an  ax ia l s y m m e try  o f  th e  lig an d s, w hereas th e  p o ly c ry s ta llin e  
s tu d y  show s a rhom bic one s ince  th e  sp ec tra  gave th re e  values o f g. T h e  rhom bic 
g -v a lu es  in  p o ly c ry sta llin e  s ta te  h a v e  been ascribed  to  th e  sp in -ex ch an g e  in te r 
ac tio n  e ffec t betw een  th e  d iss im ila r C u (II)  ions [1]. M oreover, te tra g o n a l 
m o lecu la r g -values can be  e s tim a te d  from  th e  rhom bic  g -v a lu es  o f  th e  c ry sta l 
b u lk  b y  considering  th e  c ry s ta l  s tru c tu re  an d  th e  effect o f  th e  ab o v e  spin 
ex ch an g e  in te rac tio n . T he v a lu e s  a re , £ц =  2.251 an d  =  2.054.

Solution Study

T h e aqueous so lu tio n  s tu d y  of th e  com plex  show ed fo u r h y p e rf in e  lines 
co rresp o n d in g  to  I  =  3/2 fo r  copper. T he in d iv id u a l h y p e rfin e  lin es  are  no t 
co m p le te ly  sym m etric  a n d  also  h av e  d iffe ren t in ten s itie s . T he sp e c tra l line 
can  be  rep resen ted  [9] b y  th e  eq u a tio n

w n =  goßoH lh  +  a M  +  \ h a i W  +  !)  -  M 2]lgnß 0H  (4)

w here  co0 is th e  m icrow ave freq u en cy  in  ra d /s , g 0 th e  iso tro p ic  g -v a lu e , a the  
iso tro p ic  hyperfine  sp lit t in g  c o n s ta n t an d  th e  re s t of th e  sy m bo ls h av e  th e ir
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u s u a l  m ean ing . The v a lu e s  o f  g 0 an d  a o b ta in ed  u s in g  th e  m e th o d  o f W i l s o n  
a n d  K i v e l s o n  [9] are  2 .077  a n d  1.25x10® s _1, re sp e c tiv e ly .

T h e  abso lu te  sign o f  a h a s  n o t  been d e te rm in e d . H o w ev er, from  E q . (4), 
i f  th e  M  =  —3/2 line is a s su m e d  to  be a t  a low er f ie ld  th a n  th e  M  =  3/2 line, 
a  sh o u ld  be negative . B u t  h e re  a  p o sitive  v a lu e  o f a h a s  b e e n  considered  because 
th e  e x p e rim e n ta l lin e w id th  p a ra m e te r  В  com es o u t to  be  p o sitiv e  a n d  th e  
th e o r e t ic a l  value of В  c a n  b e  p o s itiv e  only  w h en  a is p o s itiv e .

T h e  th eo re tica l v a lu e s  o f  th e  lin ew id th  p a ra m e te rs  h a v e  been  d e te rm in ed  
f ro m  E q s  (5 — 8) used b y  M i s r a  a n d  Sh a r m a  [9]. T h e  e x p e rim e n ta l p a ra m e te rs  
(A  +  А ') ,  В, C an d  D  h a v e  b e e n  o b ta in ed  b y  so lv in g  s im u ltan eo u sly  fou r 
e q u a t io n s  sim ilar to  E q . (2 ), e ach  co rrespond ing  to  one h y p e rfin e  lin ew id th . 
T h e  e x p e rim e n ta l A '  is th e n  o b ta in e d  b y  s u b tra c tin g  th e  ca lcu la ted  A  from  
th e  e x p e rim e n ta l (A  -j- A ') .  T h e  d iffe ren t c a lc u la te d  lin e w id th  p a ra m e te rs , TR 
a n d  a RS values are show n  in  T ab le  V I w hile th e  p a ra m e te rs  o b ta in ed  from  
e x p e r im e n ta l  lin ew id ths a re  g iv e n  in  T ab le  V I I .  T h e  d a ta  on C u/D L-aspartic 
a c id  [9] h av e  also been  g iv e n  in  th ese  tab le s  fo r  th e  p u rp o se  o f com parison .

T h e  only  a d ju s ta b le  p a ra m e te r  in  th e  c o m p u ta tio n s  o f lin ew id th  p a ra m 
e te r s  is  r , th e  m o lecu lar h y d ro d y n a m ic  rad iu s . T h e  v a lu e  o f th is  p a ra m e te r  
w a s  a d ju s te d  in such a w a y  t h a t  i t  should give th e  b e s t ag reem en t b e tw een  
e x p e r im e n ta l  and c a lc u la te d  p a ra m e te rs  В  an d  C. T h e  c a lc u la ted  an d  e x p e ri
m e n ta l ly  ob ta ined  lin e w id th s  a lo n g  w ith  th e  r v a lu e  a re  g iven  in  T ab le  V I I I .  
T h e  m o m e n t of in e r tia  o f  C u/D L -alanine co m p lex  a long  th e  sy m m etry  ax is 
p e rp e n d ic u la r  to  th e  p la n e  o f  lig a n d s  and passin g  th ro u g h  th e  copper nucleus 
h a s  b e e n  ca lcu la ted  [30] e q u a l  to  1654 .80X 1 0 “ 36 a .m .u . c m 2 b y  ta k in g  th e

T able V I

Calculated linewidth parameters, tr and 
(T  =  300 K , ?7water =  -01002 poise)

A В c D TR a R S
(,nT) H (mT) (mT) (10-11 s) (mT)

C u / D L - a l a n i n e 0.2557 0.1494 0.0097 0.00027 0.591 8.5908
C u / D L - a s p a r t i c  a c i d 0.6047 0.3414 0.0195 0.00061 1.007 11.0000

* r R =  | я г ! # Т

T able  V II

Experim entally obtained linewidth parameters

A  +  A ' A ' В C D
(mT) (mT) (mT) (mT) (mT)

C u / D L - a l a n i n e 3.2664 3.0107 0.1688 0.2023 —0.0272
C u / D L - a s p a r t i c  a c i d 3.3656 2.7608 0.3106 0.1799 —0.1866
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Table VIII

Experimental and calculated lineividth along with the hydrodynamic radius

M ■̂̂ exp
(mT)

■̂ ĉal
(mT) Д̂ехр *4̂ cal 

(mT)
Г

(pm)

3/2 3.883 .514 0.369
Cu/DL-alanine 1/2 3.398 3.344 0.054 180

- 1 / 2 3.236 3.194 0.042
- 3 / 2 3.560 3.062 0.497

bond distances from crystal structure data [4] which gives the radius of an 
equivalent sphere to be 253 pm. The value 180 pm obtained here for this 
complex does not seem to be too low considering the uncertainties associated 
with the estimation of magnetic parameters and also the approximation in 
applying Eq. (2). The value of r found for copper acetylacetonate in toluene
[9] was 335.7 pm. Acetylacetonate is a larger molecule than alanine and so a 
smaller value of r for Cu/DL-alanine is reasonable.

K lV E L S O N  [ 1 2 ]  gave expressions fo r th re e  im p o r ta n t electric  f ie ld  f lu c tu a 
tio n  m echan ism s w h ich  c o n tr ib u te  to  e x p e rim e n ta l linew id th . F o r th e  com plex  
s tu d ie d  here  th e  c o n tr ib u tio n s  (in m T) a re  as follow s:

V a n  V l e c k  d i r e c t  =  0.3
V a n  V l e c k  R a m a n  =  2 .9
O r b a c h  =  56.0
U n e x p la in e d  e x p e r i 

m e n ta l  e x t r e m e  
h y p e r f in e  l i n e w id th  
in  case o f  C u / d l - 
- a la n in e  =  23 .9

I t  ap p ears  fro m  above  resu lts  t h a t  th e se  processes are  in a d e q u a te  to  
a c c o u n t fo r th e  u n e x p la in e d  ex p erim en ta l lin e w id th . O nly th e  O r b a c h  p ro c 
ess gives som e h o p efu l re su lts .

I t  is observed  from  T ab le  V I t h a t  th e  c a lc u la ted  p a ram e te rs  A  a n d  В  
a re  q u ite  co m p arab le  a n d  a large re sid u a l lin e w id th  is o b ta ined . T h is  is due  
to  th e  fac t th a t  th e  f i r s t  te rm  in th e  ex p ressio n s o f A  an d  В  is v e ry  s ig n if ic a n t 
a n d  com es o u t n e a r ly  o f  th e  sam e o rd er o f m a g n itu d e . T he lin ew id th  c o n tr ib u 
tio n  a RS due to  sp in -ro ta tio n a l re la x a tio n  m ech an ism  is su ffic ien tly  la rg e . T h is  
m ig h t be so because th e  H u b b a r d  th e o ry  [ 1 1 ] ,  w hich  is th e  b as is  o f  c a lc u la 
tio n  o f  a RS, b est ap p lie s  to  large m olecules w h e re  s tro n g  in te rm o le c u la r  a n iso 
tro p ic  in te ra c tio n s  a re  p re se n t w ith  th e  so lv e n t m olecules [9] an d  also  ro ta t io n s  
a re  n o t  re la tiv e ly  free  or in e r tia l [14]. T h e  d e v ia tio n  of ca lcu la ted  lin e w id th s
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fro m  th e  e x p e rim e n ta l d a ta  is m ore  in  e x tre m e  lin es . One of th e  re a so n s  m ay  
b e  t h a t  th e  lin e w id th  p a ra m e te rs  В  an d  C a re  n o t  o f  d ifferen t signs.

F ro m  th e  ab o v e  i t  can  be  concluded  t h a t  th e  ag reem en t b e tw een  th e o ry  
a n d  e x p e r im e n t is n o t  as good as w as fo u n d  b y  K iV E L S O N  [ 9 ]  fo r v a n a d y l 
a c e ty la c e to n a te  in  ch lo ro fo rm . T h is is p e rh a p s  b ecau se  th e  th e o ry  h o ld s  b e s t 
fo r sm a ll v a lu es  o f  |fe/ct)0| a n d  | Avjv\. In  o u r case th e  values o f 16/co01 a n d  \Av/v\ 
a re  0 .03 a n d  0.10, re sp e c tiv e ly , com pared  to  0 .007  a n d  0.02 for v a n a d y l a c e ty l
a c e to n a te . T h e  v a lu es  o f | 6/o>0| an d  |/ f r / r | in  o u r case are  sim ilar to  th e  v a lu es
0.01 a n d  0.10 o b ta in e d  fo r co p p er a c e ty la c e to n a te  in  chloroform  [9]. F u r th e r 
m o re , th e  E q . (2) is a second o rd e r exp ression  w h ich  m ay  n o t ho ld  as w ell for 
C u 2+ as  fo r  V 0 2+ d u e  to  la rg e r  an iso tro p ies  in  th e  C u2+ m agnetic  p a ra m e te rs , 
c a u s in g  p o o r a g reem en t b e tw een  th e o ry  a n d  e x p e rim e n t.

Magnetic Susceptibility S tudy

T h e  a p p a ra tu s  fo r m easu rin g  th e  m ag n e tic  su scep tib ility  o f th e  com plex  
h as  b e e n  c a lib ra te d  w ith  th e  help  o f s ta n d a rd  su b stan ces  C u S 0 4 • 5 H 20  an d  
H g[C o(C N S )4], h av in g  su scep tib ilities  5.85 x l O -6  an d  16.44 x l O -6 cgs u n its , 
re sp e c tiv e ly . T h e  su sc e p tib ility  th u s  m easu red  h a s  been  correc ted  fo r th e  d ia 
m a g n e tism  o f d iffe ren t .d iam ag n e tic  g roups a n d  a to m s in  th e  com plex  m ole
cu le [31]. T h is co rrec ted  su sc e p tib ility  h as  b e e n  used  for th e  d e te rm in a tio n  
o f  e x p e r im e n ta l e ffec tive  d ipole m o m en t [31]. T h e  th eo re tica l su sc e p tib ility  
o f  th e  com plex  h as  also b een  e v a lu a ted . T h e  re su lts  ob ta in ed  are  g iv en  in  
T a b le  IX .

T ab le  IX

The data on susceptibility and magnetic moment together with diamagnetic correction
at room temperature

(T  =  300 K)

Experim ental D iam agnetic
correction x theoret/gm 

(10-® cgs)
*correct/gm
(10-® cgs)( i d - '  cgs) D/gm 

(10“ '  cgs)
(B.M.)

Cu/DL-alanine 4.96 0.42 5.46 5.38 1.83

O n acco u n t o f  D ih sy m m e try  of th e  c ry s ta l  f ie ld  and  energy leve l schem e 
as g iv en  here , B l e a n e y  et al. [32] an d  O w e n  [19] o b ta ined  th e  fo llow ing  
ex p ress io n s  fo r th e  m ag n e tic  m om ents a long  a n d  n o rm a l to  th e  te tra g o n a l  ax is:

f*n — 3 

/4  =  3

1 4^o P i"

A  \
+

24 k T  p i

1 A)P2 "
+

6 k T  p l

^2 _ ^2

(5)
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w here

A i  =  E xy — E x,_y, , A2 =  E xz yz — E x,_y,

p \ = o ? ß \  an d  p 22 = * 2ß2

F o r th e  ev a lu a tio n  o f  /Лц a n d  p ±; a , ß  an d  ß x h av e  been  ta k e n  fro m  th e  glass 
s tu d y , w hereas A x a n d  A2 from  th e  o p tica l ab so rp tio n  s tu d y  o f  th e  com plex. 
A v erag e  dipole m o m en t pc h as  been  d e te rm in ed  from  th e  re la tio n

p\ =  ^  + - 2 ^ - (6)

T he re su lts  th u s  o b ta in e d  a re  show n in  T ab le  X . T he e x p e r im e n ta l dipole 
m o m en t has also b een  g iven  fo r th e  p u rp o se  of com parison .

Table X

Dipole moment data using two methods, their difference and percent change

/*11
B.M.

/*±
B.M.

/*0
B.M.

/*«
B.M.

/*е — /*e 
B.M. ± % change

Cu/DL-alanine 1.90 1.77 1.82 1.83 + 0 .0 1 0.6

I t  is observed  from  T ab le  X  th a t  th e re  is a good a g re e m e n t b e tw een  the 
e x p e rim e n ta l an d  ca lc u la ted  p  va lu es  a t  room  te m p e ra tu re . T h u s  th e  assum ed 
dx,_yt g round  s ta te  fo r th e  com plex  s tu d ied  seem s to  be  a p p ro p r ia te . The 
e x p e rim e n ta l m ag n e tic  m o m en t v a lu e  o f 1.83 В. M. fo r th e  co m p lex  is g rea te r 
th a n  th e  co rrespond ing  v a lu e  o f 1.45 В. M. rep o rted  fo r co p p e r a c e ta te  m ono
h y d ra te ,  w hich consists  o f  iso la ted  ion  pa irs  w ith  Тц =  260 p m  a n d  \J\ =  
=  300 c m -1 [31]. T h e  p re se n t com plex  w ith  rt , and  \ J \  as g iven  in  T ab le  I I I  
c a n n o t be ex p ec ted  to  h a v e  iso la ted  ion  p a irs  an d  th u s  th e  d iffe rence  in  the  
m ag n e tic  m om ents is ex p la in ed . T h e  c o n firm a tio n  o f th is  co n c lusion  comes 
fro m  X -ra y  c ry s ta llo g rap h ic  d a ta  [4] o f th e  com plex. T h e re fo re , d im er fo rm a
tio n  as suggested  b y  J e z o w s k a - T r z e b i a t o w s i c a  et al. [2] in  o th e r  copper 
am in o  acid  com plexes does n o t seem  to  be valid  here.

Conclusion

T h e  com bined  s tu d y  o f o p tica l a b so rp tio n  an d  m ag n e tic  su scep tib ility  
has show n th a t  th e  com plex  in v e s tig a te d  has a c ry s ta l f ie ld  o f  te trag o n a l 
sy m m e try  and  th e  g ro u n d  s ta te  is dxS_yI. T he p o ly c ry sta llin e  p h a se  E S R  s tu d y  
h as  show n th a t  th e  lin e sh ap e  is L o ren tz ian  an d  a la rg e r lin e w id th  o f  th e  com-
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p le x  t h a n  th e  p a re n t c o m p o u n d  is due to  a g re a te r  decrease  in  exchange as 
c o m p a re d  to  d ipo lar in te r a c t io n  on com plexaticm . T h e  glass an d  o p tica l 
a b s o rp t io n  s tu d y  in d ica te s  t h a t  th e re  is a d e fin ite  b o n d in g  b e tw een  th e  ce n tra l 
m e ta l  io n  an d  th e  lig an d s  a n d  th a t  th e  in -p lan e  b o n d in g  is fa ir ly  cov a len t in  
c o m p a r iso n  w ith  th e  o u t-o f-p la n e  тг-bonding. T h e  lin e w id th  s tu d y  in  so lu tio n  
re v e a le d  th a t  a b e tte r  f i t  o f  th e o re tic a l re su lts  w ith  th e  ex p e rim en ta l one can 
b e  o b ta in e d  by  acco u n tin g  f o r  th e  co n trib u tio n s o f  s ig n if ic a n t m echanism s such  
as  sp in -ro ta tio n a l re la x a tio n  m ech an ism  or O r b ACH process. A  good ag reem en t 
b e tw e e n  th e  effective m a g n e tic  m om ent va lu es  f ro m  tw o  m ethods in d ica tes  
t h a t  b o th  m ethods, m a c ro sc o p ic  an d  m icroscopic, a re  eq u a lly  v a lid  fo r such  
s y s te m s . T hus all th e  th re e  s tu d ie s  p resen ted  h ere  a re  co m p lem en ta ry  to  each  
o th e r  a n d  are useful to  p ro v id e  im p o rta n t in fo rm a tio n  a b o u t th e  physico- 
-c h e m ic a l n a tu re  of th e  co m p le x  as well as a b o u t th e  m a g n e tic  an d  non-m agnetic  
in te r a c t io n s  ex isting  b e tw e e n  th e  m eta l ion  an d  th e  lig an d s.
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D u rin g  our in v e s tig a tio n  on th e  tra n s fo rm a tio n  of s te ro id a l k e to n e s  to  
co rresp o n d in g  lac tam s an d  te tra z o le s  [1, 2 , 3 ], we tre a te d  3/3-chloro-5,7/S-di- 
b ro m o -5a-ch o le s tan -6-one (1 ) in  benzene w ith  sodium  azide  — H 2S 0 4 and  
h e a te d  th e  reac tio n  m ix tu re  on a w a te r  b a th  fo r 15 h . A fte r  u su a l w o rk -u p  
o f  th e  re a c tio n  m ix tu re  an d  co lum n c h ro m a to g ra p h y  over silica gel, a single 
co m p o u n d , in .p . 128 °C w as o b ta in ed . C o n tra ry  to  our e x p e c ta tio n s  th is  com 
p o u n d  w as show n to  be  th e  ring -A  a ro m a tiz e d  keto n e  2 .

T h is  s tru c tu re  of th e  com pound  m e ltin g  a t  128 °C is co m p a tib le  w ith  its  
sp ec tra l p ro p e rtie s . I ts  IR  sp ec tru m  h a d  p eak s  a t 1685 (c o n ju g a ted  ^ C = 0 ) ,  
1585 ( ^ C = C ^  aro m atic ) [4] and  680 c m -1  (C B r). The p resence o f  a ca rb o n y l 
ch ro m o p h o re  co n ju g a ted  w ith  c a rb o n -ca rb o n  double  bond w as f u r th e r  rev ea led  
b y  its  UV sp ec tru m  (255 nm  an d  290 nm ). T h e  XH -N M R  sp ec tru m  o f com p o u n d  
2 gave signals  a t d 7.92 d , d (1 H , J  =  8 H z , o-coupled, and  J  =  2 H z , m- 
-coup led  C4- H ) ,  7.3 m .c. (2 H , C2-H  and  C3- H ) ,  2.4 s (Cr C H 3), 0.75 (C13-CH3), 
1.0 an d  0.87 (o th e r m e th y l p ro to n s). T he ap p e a ra n ce  of signals in  th e  dow nfield  
reg ion  (ő 7.92 7.3 in te g ra tin g  fo r 3 p ro to n s)  stro n g ly  su p p o rted  th e  presence
o f a ro m a tized  ring  A. Tw o possib le  s tru c tu re s  2 and  3 can be su g g ested  fo r the  
co m p o u n d  o f m .p . 128 °C. A d is tin c tio n  b e tw een  these tw o s tru c tu re s  2 and  3 
w as m ade w ith  help  of th e  N M R  d a ta . T h e  signal a t  d 7.92 (1 H ) is c le a rly  due 
to  a p ro to n  b e ta  to  th e  C6-k e to  g roup  as in  th e  case of 2; th e  a l te rn a te  s tru c tu re  
3, w here  th e  b e ta  p o sitio n  to  th e  c a rb o n y l is occupied by  a m e th y l g roup , 
w ould  be ex p ec ted  to  g ive a m u ltip le t fo r 3 p ro to n s  in th e  region a ro u n d  <5 7.0. 
O n th e  basis  th e  com pound  m eltin g  a t 128 °C has been id en tified  as 2.

Experim ental

The m .p. is uncorrected. The UV spectrum  was determ ined in 95%  ethano l w ith a 
B eckm an D K 2 spectrophotom eter. The IR  spectrum  was recorded in K B r w ith  a Perkin — 
-E lm er 237 spectrophotom eter. The NMR spectrum  was obtained in CDC1:1 on a V arian A60 
instrum en t w ith Me4Si as the in ternal standard  (s - singlet; d.d =  double doub le t; m.c. =  
m ultip let centred at).

2* Acta Chim. Acad. Sei. Hung. 107, 1981



116 SHAFIULLAH et al.: 3/S-CHLORO-5,T/S-DIBROMO-5*-CHOLESTAN-6-ONE

R eaction  of 1 with sodium azide —  H 2S04

A m ixture of 1 [5] (1.0 g), d ry  benzene (25 m L) an d  cone, sulphuric acid (3 m L) was 
hea ted  to  a tem perature of 80 — 90 °C and sodium azide (200 mg) was added gradually, w ith  
stirring . The reaction m ix tu re  w as k ep t a t this tem p era tu re  for 15 h  and then poured onto 
crushed ice. The benzene lay e r w as separated and th e  aqueous layer was extracted  several 
tim es w ith  chloroform. The com bined extracts were w ashed w ith  sodium bicarbonate solution 
(5% ) an d  w ater and dried over anhydrous sodium sulfate. The solvents were rem oved under 
reduced  pressure; the sem i-solid th u s  obtained was chrom atographed  over silica gel (20.0 g).

A cta Chim. Acad. Sei. Hung. 107, 1981
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E lu tion  w ith light petroleum  ether (8 : 1) (15 m L fractions) yielded 7-brom o-l-m ethyl-19-nor- 
cholesta-l,3,5(10),7-tetraen-6-one (2), recrystallized from  light petroleum  (630 m g), m .p. 128 °C. 

C,7H 37OBr. Calcd. C 70.89; H  8.09. Found C 70.67; H  8.00%.
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Es wurde die Anwendungsmöglichkeit der M ittelspannungsfunkenentladung in 
V erbindung m it der spektrochem ischen Anregung der Lösungen in K apillarelektroden 
un tersuch t. Die O ptim ierungen waren au f die V erbesserung der optim alen U n terg rund
schwärzung, des Signal/Rauschen-Verliältnisses und  des Param eters der analytischen 
Eichgeraden gerichtet.

Einleitung

D ie K a p illa re lek tro d en  w urden  bis j e tz t  fa s t  aussch ließ lich  in  V erb in d u n g  
m it d er A breißbogen-A nregung  ang ew en d et [1 — 3]. Bei diesen V ersuchen  
w u rd e  die L e is tu n g sfäh ig k e it d ieser A n reg u n g sa rt n ach  den  e rre ich ten  W erten  
d e r re la tiv e n  E m p fin d lic h k e it (P a ra m e te r  B x ), d e r re la tiv en  G en au ig k e it (P r ä 
zision) d er K o n zen tra tio n sb e s tim m u n g  (P a ra m e te r  sCA,f ) u n d  den  N ach w eis
grenzen  (P a ra m e te r  cL) b e u rte ilt . D ie gegebenen  W e rtu n g sp a ra m e te r  re ich ten  
fü r  die B estim m u n g  von  H a u p t-  und  N eb en k o m p o n en ten  aus [4, 5 ], ab e r 
bei der B estim m u n g  von  S p u ren e lem en ten  [5, 6 ] w u rd e  die gew ünsch te  d u rc h 
sc h n ittlic h e  N achw eisgrenze  von  20 fig • m L -1  en tw ed er n u r  gerade oder ab e r 
au ch  n ic h t an n ä h e rn d  e rre ich t. D a ab er d iese M ethode günstige  G en au ig k e its 
w erte  au fw eist, w u rd en  fü r  die B estim m u n g en  d e r N eben- u n d  ein iger S p u re n 
e lem en te  in  a u f  M em b ran filte rn  [7] aus d er L u f t  au s f iltr ie r te n  S ta u b te ilc h e n , 
die K a p illa re lek tro d en  angew endet. U m  das N achw eisverm ögen  w e ite r zu  v e r
bessern  w urde  fü r  die A nregung  a n s ta t t  d er W echselstrom bogen  ein  M itte l
sp a n n u n g sfu n k e  e in g ese tz t.

Experimenteller Teil

Die durch O ptim ierungsversuche als optim al erm itte lten  allgemeinen experim entellen 
Versuchsbedingungen sind in Tabelle I angegeben. In  Tabelle II  sind die verw endeten Spek tra l
linien zusam m en m it deren w ichtigsten, der L ite ra tu r entnom m enen [8] Param etern  angeführt.

* II . M itteilung: A cta Chim. (B udapest), 48, 203 (1966)
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T ab e lle  I

Allgemeine Arbeitsbedingungen und Anregungsbedingungen

Spektrograph G itterspektrograph PGS-2, C. Zeiss- 
-Jena, D D R  m =  2; D — 0,365 • 10~ 6

Wellenlängenbereiche 1. von 240 nm  bis 320 nm
2. von 300 nm  bis 380 nm

Abbildungsart dreilinsige m it Zwischenabbildung
Zwischenblende 5,0 mm
Spaltbreite 0,040 mm
Elektrodenart G raphit, УЕВ Elektrokarbon, Topol- 

cany, CSSR
Trägerelektrode SU-404 m it Teflon-Reservoir
Gegenelektrode SU-202
Elektrodenabstand 4,0 mm
Emulsionsart Orwo, D D R ; WU-3
Entwickler Orwo, D D R ; F-43, 10 Minuten bei 20 °C
Anregungsart M ittelspannungsfunkenanregung
Anregungsquelle BIG-300; U ngarn
Primärspannung 420 V
Prim ärintensität 7 А
Dämpfungswiderstand 15,5 Ohm
K apazität 3 ,uF
Selbstinduktion 75 mH
Zündungszahl 100 pro Sekunde
Expositionszeit 120 Sekunden; 4 x 3 0  s un ter N achfül

lung des Reservoirs m it neuen analy
sierenden Lösung

Mikrophotometer G -II, C. Zeiss-Jena, DDR
Yergrösserung 16X
Spalthöhe 14,0 mm
Spaltbreite 0,20 mm

D ie gemessenen Schw ärzungsw erte w urden aufgrund der i-Transform ationsoperation
[9] in  die 1-W erte und  m anchm al auch in  die re la tiven  In tensitä tsw erte  I  m it dem  U nter
p ro g ram m  “TRANSL” um gerechnet [10]. Die notw endigen Transform ationsparam eter wurden 
w iederum  rechnerisch m ittels des Program m s D EPA L T  G/K-M-78 erm itte lt [11]. F ü r die 
O p tim ierung  der Expositionszeit sowie fü r die U ntersuchung der P roportionalitä t zwischen 
den  L in ien in tensitä ten  und  den zugehörigen U nterg rund in tensitä ten  w urden die Beziehungs
k u rv e n  [12, 13] herangezogen. F ü r  diese Berechnungen wurde das Program m  ECC-F-72 [14] 
v e rw en d e t. F ü r die E rm ittlung  der P aram eter der analytischen E ichgeraden w urde eine 
M inim alisierungsprozedur [15] in  Form  des R echenprogram m s CANCAL ACL-MO-78 [16] 
angew endet, welches gleichzeitig auch  durch sta tistische Testprüfungen die ganze Prozedur 
k o n tro llie rt. Die W erte der Nachweisgrenzen, G arantiegrenzen der R einheit sowie die zuge
hörigen  S tandardabw eichungen w urden  m it Hilfe des Rechenprogram m s NG-LM-71, welches 
die R echensequenz [17] berücksichtig t, e rm itte lt.

B ei den analytischen A rbeiten  w urden zwei bis sechs M em branfilter in  Salpetersäure 
(1 : 4) aufgelöst. Diese Lösung w urde nach  A bdam pfung des überflüssigen Anteils in  einem 
50 m L  M eßkolben aufgefüllt. Die Zahl der verw endeten  M em branfilter w urde so gew ählt, 
daß  die Staubm enge m axim al 50 m g und  m inim al 10 mg betrug.

Die Param eter der op tim ierten  E ichgeraden sind zusam m en m it den W erten  der N ach
weis- u n d  G arantiegrenzen der R einheit in  Tabelle I I I  angegeben.

D iskussion

I n  d e r E m issio n ssp ek tro ch em ie  m u ß  die O p tim ie ru n g  [18] e in e r gege
b e n e n  an a ly tisc h e  A ufgabe v o r  a llem  zw ei F a k to re n  b e rü ck sich tig en . E s is t 
d ie  d u rc h sc h n ittlic h e  U n te rg ru n d sc h w ä rzu n g  u n d  das S ignal/R auschen -V er-
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T ab e lle  I I

Verwendete Spektrallinien und deren Parameter

Element W ellenlänge 
in  um

In tensitä t 
im Cu-Bogen

Ionisations-
potential

in
k J  • m ole-1

Anregungspotential 
in k J  • m ole-1

Al I 256,798 240 466
Al I 257,510 480 578 466
Al I 266,039 200 459
Со I 252,136 4 300 478
Со I 257,435 960 516
Со I 341,234 6 700 401
Со I 347,402 8 000 D oublett
Cr II 267,716 1 800 597
Cr II 283,563 250 653 572
Cr I 298,647 2 100 500
Cu I 261,837 400 ' 591
Cu I 327,396 25 000 ' 365
Fe I 248,815 2 600 486
Fe I 302,107 1 600 760 402
Fe I 344,061 4 000 348
M g l 279,553 10 000 738 428
Ni I 300,363 2 200 409
Ni I 301,200 3 700 737 438
Ni I 341,476 8 200 352
Pb I 261,418 7 000 ' 551
Pb I 280,199 10 000 ■ 716 554
Pb I 368,348 14 000 419
Zn I 334,502 1 400 907 751
Pd I 276,309 1 900 432
Pd I 302,791 1 500 488
Pd I 324,270 11 000 448
Pd I 325,164 2 700 J 488

Bemerkung: der U m rechnungsfaktor [22] für 1 k J  • mole-1 ist 0,01036 eV (SI-E inheiten !)

h ä ltn is . E rs ten s  is t es e rw ü n sch t, m it so lchen  S p ek tren  zu a rb e ite n , d ie  im  
ganzen  ak tu e llen  W ellen län g en b ere ich  eine op tim a le  U n te rg ru n d sc h w ä rzu n g  
aufw eisen . D ad u rch  k a n n  m an  die geringste  U n te rg ru n d in te n s itä ts f lu k tu a tio 
n en  e rre ich en , die le tz te n  E n d es  das N achw eisverm ögen  a n h e b t. D ie  S te ige
ru n g  des N achw eisverm ögens k a n n  ab er a u c h  d u rch  O p tim ie ru n g  d e r  S ignal/ 
R au sch en -V erh ä ltn isse  e rre ic h t w erden .

B ei d er en d g ü ltig en  A usw ahl der an a ly tisc h e n  L in ien p aare , d ie  z u r  K o n 
z e n tra tio n sb e s tim m u n g  h e rangezogen  w erd en , s ind  u n b e s tr i t te n  d ie  P a ra m e te r  
d er au fg este llten  a n a ly tisc h e n  E ich g e rad en  d ie  en tsch e id en sten  W e rte . D abei 
is t d er K oeffiz ien t d e r  B e s tim m th e itsm a ß e  R°/0 (R — r2 • 100) n u r  e in  H ilfs
w e rt u n d  s te llt  das M aß d er E rsch ö p fu n g  des O p tim ie ru n g sv erm ö g en s  der 
M ethode d a r. E n tsc h e id e n d e  W erte  sind  a b e r die R ic h tu n g s ta n g e n te  d e r E ic h 
g erad en  u n d  die re la tiv e  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  sow ie die 
L in e a r itä t .
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T abelle  I I I

Parameter der optimierten analytischen Eichgeraden

L in ie n p a a r
B e

s tim m t- P a r a m e te r
R elative

G enauigkeit
[%]

T e s tp rü fu n g e n
N achw eisgrenze G aran tieg ren ze

h e itsm a ß
[% ]

±  *b x
•b x =  1 'LIN [pg  • " L I U g  ■ m L - 'J

A l  257,5 
Pd  276,5

95,6 0,86 +  0,04 ±19,0 e © 15,4±7,0 31,7±15,3

Co 341,1 
P d  325,1 98,9 0 ,99+ 0 ,04 ±13,4 e © 4,0±1,0 7,0 ± 2 ,0

Cr 267,7 
P d  276,5

99,2 1 ,25+0,03 ±11,3 e © 1,6 ± 0,2 2,8 ± 0 ,4

Cu 327,1 
Pd  324.3

92,6 1 ,29+0,09 ±32,4 e ©

F e  302,1 
P d  296,3 99,5 1 ,12+0,03 ±10,3 e © 1,1 ± 0,1 2 ,2+0,3

M g 279.6 
Pd  302,8

97,8 0 ,99+ 0 ,04 ±22,4 © ©

Ni 300,4 
Pd  276,3 99,5 0 ,91+ 0 ,02 ±13,2 e © 0,4 ±0,04 0,5+0,07

P b  280,2 
P d  276,3

97,8 1 ,01+0,03 ±17,9 © © 9,8±3,8 27,0 +  10,0

Zn 334,5 
Pd  324.3

96,0 0 ,84+ 0 ,05 ± 5 4 , 8 e © 0,9 ±0,5 2,0 +  1,1

O p tim ie ru n g  der E xpositionszeit

D ie  O p tim ierung  d e r  sp ek trochem ischen  a n a ly tisch en  M ethoden  v e r
la n g t  v o r  allem  die F e s t le g u n g  der günstig sten  E x p o s itio n sz e it. D ies is t d u rch  
d ie  F a h rs p e k tro g ra m m te c h n ik  [19] zu e rre ic h en . B ei dieser O p tim ie ru n g  
m ü sse n  jedoch  zwei F a k to r e n  b e rü ck sich tig t w e rd e n : das S ignal/R auschen - 
-Y e rh ä ltn is  sowie die o p tim a le  U n te rg ru n d sch w ärzu n g . Die O p tim ie ru n g  der 
e rs tg e n a n n te n  E rsc h e in u n g  k a n n  anhand  d er A b h ä n g ig k e it (1) d u rch g e fü h rt 
w e rd e n . Diese F u n k tio n sa b h ä n g ig k e it w eist e n tw e d e r  e inen  s tän d ig  s te ig en d en  
C h a ra k te r  auf, oder a b e r  e in e n  sä ttig u n g sa rtig en  V e rla u f even tu e ll m it einem  
f la c h e n  M axim um .

- у  ( I X , L + U , i  I

1 I X , U ,  i

X , U , i )
( 1 )

D a b e i s te llt  i die Folge u n d  Q d ie E ndzah l d er F a h rsp e k tro g ra m m sc h r it te  dar. 
D ie  F u n k tio n sa b h ä n g ig k e it (2 ), die eine H ilfs fu n k tio n  is t,

Q

2  ( I x , L + U , i  —  I x , U , i )  —  f  I U  
1 l 1

(2 )
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v e ran sch au lich t die A b än d eru n g en  der N e tto in te n s itä ts w e r te  in  A b h än g ig k e it 
d er E x p o sitio n  t t . D ie E n tsc h e id u n g  bei d er W a h l d er E x p o sitio n sze it lä ß t  fü r  
den  V erlau f m it s te tig  s te ig en d e r T endenz eine so lange  E x p o sitio n  zu, bis m an  
die op tim a le  U n te rg ru n d sch w ärzu n g  e rre ich t. D agegen  is t beim  M ax im u m v er
la u f  die E rre ich u n g  des M axim um  m aßgebend .

D ie F es tleg u n g  d e r o p tim a len  U n te rg ru n d sc h w ä rzu n g  w urde  a n h a n d  der 
von D o e r f f e l  u n d  D e m u t h  [20] em pfoh lenen  G le ichung  (3) e rm itte lt :

S l/.opt =  0Д83 • у (3)

D as ab e r b e d e u te t, d a ß  d ieser W ert, ebenso  w ie d er y -W ert, w e llen län g en ab 
h än g ig  [9] is t. D iese T a tsa c h e , d a d u rc h  d aß  d ie  y -W erte  o b erh a lb  von 310 nm  
eine ste igende T en d en z  aufw eisen , b e d e u te t, d a ß  d er W e rt S U opt oberh a lb  von  
310 nm  w iederum  e in en  s te ig en d en  C h a ra k te r  b e s itzen  w ird . D ie so e rm itte l
te n  Sfj opt W erte  w u rd en  je d o c h  fü r die w e ite re  B e a rb e itu n g  k o n seq u en t in 
d ie re la tiv e n  In te n s i tä ts w e r te  I U opt u m g erech n e t.

D ie F estleg u n g  d e r end g ü ltig en  o p tim a le n  E x p o sitio n sze iten  is t in  den  
A bb ild u n g en  1 u n d  2, d ie  fü r  Al u n d  P b  g e lten , v e ra n sc h a u lich t. A us diesen 
A bb ild u n g en  is t e rs ich tlich , d aß  g leichzeitig  m it d e r E rre ich u n g  der o p tim a len  
U n te rg ru n d in te n s itä tsw e r te  I U opt in  der F u n k tio n sa b h ä n g ig k e it (4),

<? /  Q \
2 V i  =  f  (4 )

1 1 1 /

au c h  das e rw a rte te  M ax im um  d er F u n k tio n  (1) e in tr a t .  D ie U inien d er an d eren  
E lem en te  h aben  sich  m it A usnahm e der F e  344,1- u n d  N i 341 ,5-L in ien , ganz 
äh n lich  wie die Al- u n d  Pb-U in ien  v e rh a lte n . B ei den  g en an n ten  zwei L in ien

Abb. 1. Graphische D arstellung des Verlaufs der A bhängigkeiten (1), (2) und (4); Spektrallinie: 
Al 257,5. (1) Funktionsabhängigkeit (1); (2) Funktionsabhängigkeit (2); (3) Funktionsab

hängigkeit (4)
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Abb. 2. Graphische D arstellung des V erlaufs der A bhängigkeiten (1), (2) und  (4); Spektral- 
lin ie: P b  261,4. (1) Funktionsabhängigkeit (1); (2) Funktionsabhängigkeit (2); (3) F unk tions

abhängigkeit (4)

(F e  u n d  N i) w urde schon v o r  d em  M ax im um  d er F u n k tio n  (1), u . zw . 30 S ek u n 
d en  f rü h e r ,  die op tim ale  U n te rg ru n d in te n s itä t  e rre ich t. D ieses P h ä n o m e n  k a n n  
d e n  in  d iesem  W ellen längenbere ich  schon  b e m e rk b a ren  M o lek ü lb an d en  zuge
s c h r ie b e n  w erden.

N a c h trä g lic h  w u rd e  a u c h  d ie  P ro p o r t io n a li tä t  zw ischen d en  N e t to in te n 
s i tä te n  I x .  L der an a ly tisch en  E le m e n te  u n d  den  zugehörigen  U n te rg ru n d in te n 
s i tä te n  I x  и a u f  G rund  e in e r N o rm ie ru n g  g e p rü ft u n d  g rap h isch  d a rg e s te llt . 
D ie  g ra p h isc h e n  D ars te llu n g en  (A bb . 3 u n d  4) v e ran sch au lich en  die F u n k tio n s 
a b h ä n g ig k e it  (5) w iederum  fü r  die Al- u n d  P b -L in ien .

Г Q г Q -1
2  I x ,  L ,  i 
1 ■ 100 =  f

2  I x , U , i  
1 • 100

- Ix.L.Q L 1 X , U , Q J

D ie  E le m e n te  wie Al (A bb. 3 ), Cr, Mg u n d  te ilw eise  au ch  F e  u n d  N i w eisen  
n a c h  e in e r  120 S ekunden  la n g e n  E x p o s itio n sz e it gewisse S tö ru n g en  d e r E n t 
f a l tu n g  d e r  p ro p o rtio n a len  E rh ö h u n g  d er N e tto in te n s itä te n  u n d  d e ren  U n te r 
g ru n d in te n s itä te n  auf. D ag eg en  is t  be i a llen  w e ite ren  L in ien  v o n  Cu, P b  (A bb.
4) u n d  Z n  in  der G esam tex p o sitio n sze it b is zu  290 S ekunden  d er p ro p o rtio n a le  
V e r la u f  e rre ic h t. D ie d isk u tie r te n  A b h än g ig k e iten  h ab en  also die 120 S ek u n 
d en  la n g e  E xp o sitio n sze it (4 X 30 S ekunden) a ls die o p tim a le  E x p o s itio n s 
z e itsp a n n w e ite  fü r alle a n a ly tisc h e  E lem en te  b e s tä tig t .
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100

X,U,Q

Abb. 3. Graphische D arstellung des Verlaufs der Funktionsabhängigkeit (5); Linie: Al 257,5

Abb. 4. Graphische D arstellung des Verlaufs der Funktionsabhängigkeit (5); Linie: Pb  261,4

B ew ertung der analytischen  Eichgeraden

A n h an d  d e r V o rex p erim en te  u n d  d e r  d isk u tie r te n  T e ilo p tim ie ru n g en  
w u rd en  u n te r  den  en d g ü ltig en  ex p e rim e n te llen  B ed ingungen  (T ab . I) die 
a n a ly tisch en  E ic h g e ra d en  au fg este llt. A n  d ie  zuverlässigen  E ic h g e ra d en  w u r
d en  v o n  v o rn h ere in  fo lgende A n fo rd e ru n g en  g es te llt: die ex p e rim en te llen  
A Y j  y-W erte m üssen  m in d esten s fü r  1,5 O rd n u n g slän g en  d er K o n z e n tra tio n s 
w erte  e inen  s ig n if ik a n t lin ea ren  V e rla u f au fw eisen , u n d  zw ar m in d esten s  
m it 99%  iger s ta tis t is c h e r  S icherheit; be i e in e r  L in ienpaar-A usw ah lm ög lich -
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k e it  so lle n  d iese L in ien p aare  b e v o rz u g t w erd en , d ie m indestens 9 5% ige  B e 
s t im m th e is tm a ß e  erreichen ; sch ließ lich  soll m ö g lich st d er R ^ -P a ra m e te rw e r t,  
— d ie  R ic h tu n g s ta n g e n te  d e r E ich g e rad en  —, d ie  die re la tiv e  E m p fin d lic h 
k e it  d e r  M ethode d a rs te llt , f ü r  d ie  A to m lin ien  e n tw ed e r gleich o d er k le in e r  
a ls E in s  se in , und  zw ar w ied e ru m  m it 9 9 % ig er s ta tis t is c h e r  S icherhe it.

D ie  bei B each tung  d iese r R ich tlin ien  e rh a lte n e n  E rgebn isse  s in d  in 
T a b e lle  I I I  angegeben. H ier so ll e rw ä h n t w erd en , d a ß  n ic h t alle K o m b in a tio 
n e n  d e r  in  d er Tabelle I I  an g eg eb en en  a n a ly tisc h e n  L in ien  und  B ezu g slin ien

Abb. 5. A nalytische Eichgeraden: (1) Linienpaar Al 257,5/Pd 276,3; (2) L inienpaar A l 257,5
Pd 302,8

die  o b e n  festgeleg ten  A u sw a h lk rite r ie n  e rfü llen . D ie K o m b in a tio n e n  d er 
AI 2 5 6 ,8  u n d  Al 266,0 L in ien  m it den  P d -L in ien  h ab en  wegen der sch w ach en  
I n te n s i t ä t e n  der A l-L inien g an z  u n g ü n stig e  N achw eisgrenzen  ergeben . B e i der 
E n d b e w e r tu n g  w urde die K o m b in a tio n  Al 2 5 7 ,5 /P d  276,3 gew ählt (A b b . 5), 
d a  d ie se  L in ien k o m b in a tio n  die g ü n stig s te  N achw eisgrenze  aufw ies. A us ganz 
ä h n l ic h e n  G ründen  m u ß te  a u f  d ie  L in ien  Co 257,4 , Cr 283,6 u n d  Cu 261,8 v e rz ic h 
t e t  w e rd e n . D er U n te rg ru n d  d e r L in ien  Co 347,4 , Cr 298,7 (A bb. 6), N i 341,5 
u n d  P b  368,3 (Abb. 7) w ar d u rc h  die sy s te m a tisc h e  S tru k tu r  g ek en n ze ich n e t, 
w as n ic h t  n u r  die B estim m u n g  v o n  N achw eisgrenzen  in  F rag e  g es te llt, so n d e rn  
a u c h  d ie  L in e a r itä t der E ic h g e ra d en  du rch  S tö rp eg e l g estö rt h a t. D ag eg en  w ar 
d ie  N i 300 ,4  Linie frei von  S e lb stab so rp tio n se rsch e in u n g en  und  wies d a d u rc h  
e in e n  a n n e h m b a re n  re la tiv e n  G en au ig k e itsw ert d e r K o n z e n tra tio n sb e s tim m u n g  
a u f  (A b b . 8 ). Die L inien Co 252 ,1 , F e  248,8 u n d  P b  261,4 (A bb. 9) w iesen schon  
d e u t l ic h e  S e lb stab so rp tio n se rsch e in u n g en  ( B x  == 0,5 bis 0,8) a u f  u n d  d a d u rc h  
e ig n e n  sie sich w eniger zu r a n a ly tisc h e n  A n w en d u n g . F ü r  die P b -B e s tim m u n g
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Abb. 6. Analytische Eichgerade des L inienpaars Cr 298,5/Pd 257,5 nach der Begrenzung
des K onzentrationsintervalls

Abb. 7. Analytische E ichgerade des L inienpaars Pb 368,3/Pd 325,2; (1) berechneter L inear 
-Verlauf, falsche Eichgerade; (2) graphisch konstru ierte , nichtlineare Eichgerade

eignete  sich am  b e s te n  das L in ien p aa r P b  280 ,2 /P d  276,3 (A bb. 10). Schliesslich  
h ab e n  die a n a ly tisc h e  L inien  F e 244,1 und  Ni 301,2 u n g ü n stig e  re la tiv e  G e
nau ig k e itsw erte  d e r  K o n z en tra tio n sb es tim m u n g  (sCxf =  +  30% ) ergeben  u n d  
desw egen w u rd en  ih re  L in ien k o m b in a tio n en  au s d e r A usw ahl w eggelassen.

Alle en d g ü ltig  ausgew ählten  L in ien p aa re  (T ab . I I I )  weisen einen s ig n if i
k a n t  linearen  V e r la u f  au f, und zw ar m ind esten s m it e in er 99% igen  s ta tis t is c h e n  
S ich erh e it, sow ie ein  B es tim m th e itsm a ß , das m it A usnahm e der C u-L in ie  
im m er größer a ls 95 %  w ar. D ies g ilt im m er fü r  d en  K o n z e n tra tio n s in te rv a ll 
von  5 /tg • m L -1  b is 100 pg • m L -1 . D er P a ra m e te r  B x  e rre ich t n u r bei den  
L in ien p aaren  C o /P d , M g/Pd und P b /P d  den id ea len  W e rt (B x  =  1). D as b ed eu -
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Abb. 8. A nalytische E ichgeraden: (1) L in ienpaar N i 300,4/Pd 276,3; (2) L inienpaar
Ni 300,4/Pd 302,8

Cjt [ pg-m C1]

Abb. 9. Analytische Eichgeraden: (1) L in ienpaar P b  261,4/Pd 276,3; (2) L inienpaar
Pb  261,4/Pd 302,8

t e t  a b e r , d aß  bei a llen  a n d e re n  L in ie n p a a ren  th eo re tisch  die M ög lich k e iten  einer 
V e rb esse ru n g  d er L e is tu n g sp a ra m e te r  b e s te h t ,  ab er h ö ch stw ah sch e in lich  n u r  
a u f  K o s te n  der E in en g u n g  der a k tu e lle n  K o n z e n tra tio n ssp a n n w e ite  d e r E ic h 
g e ra d e n , h au p tsä c h lic h  d a n n , w enn  a u c h  gleichzeitig  am  “ B lin d w e r t”  oder 
“ S tö rp e g e l”  eine K o rre k tu r  v o rg en o m m en  w ird . B ei dem  L in ie n p a a r  C r/Pd
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Abb. 10. A nalytische Eichgerade des L inienpaars Pb  280,2/Pd276,3

ü b e rra sc h t d er e rre ic h te , den  Z ah lenw ert E in s  w esen tlich  ü b e rsch re iten d e  B x - 
-W ert n ich t, d a  die Cr I I  267,7 L in ie  eine Io n en lin ie  is t. D agegen  w erden  die 
u n g ü n stig en  B x -W erte  des C u /P d -L in ien p aars  w ah rsch e in lich  en tw ed e r du rch  
die u n te rsch ied lich en  sp ek tro ch em isch en  E ig en sch a ften  des sch w ärflü ch tig en  
P d  u n d  le ic h tf lü c h tig e n  Cu herv o rg eru fen  oder a b e r  es h a n d e lt  s ich  um  einen 
n ic h tid e n tif iz ie r ten  “ S tö rp eg e l”  be i d er C u-L inie.

D ie e rre ic h ten  re la tiv e n  G en au ig k e itsw erte  d e r K o n z e n tra tio n sb e s tim 
m ung  sch w an k en  im  D u rc h sc h n itt  um  den  W e rt + 1 5 % . D a d u rc h  liegen sie 
fü r  die L ö su n g sm eth o d en  [1 — 3] d e r E m issio n ssp ek tro ch em ie  gerade  am  R an d e  
d er a k z ep tab len  W e rte  [21]. D agegen liegen  die N achw eisg renzen , m it A u s
n ah m e von  Al u n d  P b , u n te r  4 (j,g • m L -1 . Ü b e rra sch en d  n ied rig  is t  der W ert 
von  0,9 /Ig • m L ' j  fü r  Z n , ab e r le id er w ird  diese g ü n stig e  N achw eisgrenze  von  
einem  keinesfalls a n n e h m b a re n  re la tiv e n  G en au ig k e itsw ert b e g le ite t. F ü r  die 
M g-L inien w u rd e  die N achw eisgrenze n ich t b e re c h n e t, da  Mg in  S ta u b p ro b e u  
en tw ed er ein N eb en e lem en t oder ab e r ein  H a u p te le m e n t d a rs te ll t . D ie E r m it t 
lu n g  d er N achw eisg renzen  fü r  die C u-L inien  w u rd e  d u rch  m eh rere  F a k to re n  
v e rh in d e rt; h a u p tsä c h lic h  h ab e n  die V e ru n re in ig u n g en  in  a n d e ren  fü r  die 
E ich u n g  b e n u tz te n  sog. sp e k tra lre in e n  C hem ikalien  u n g ü n stig e  B ed ingungen  
geschaffen.

Schlußfolgerungen

D ie U n te rsu c h u n g  d e r A nw endung  d er M itte lsp an n u n g sfu n k en an reg u n g  
fü r  die K a p illa re le k tro d e n  h a t  b e s tä tig t , d aß  d iese A n reg u n g sa rt zu r V er
besserung  des N achw eis Verm ögens b e itru g , A llerd ings g eh t d iese V erbesserung  
m it e iner A bnahm e d e r re la tiv e n  G en au igke it d e r K o n z e n tra tio n sb e s tim m u n g
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e in h e r . D ie  u n te tsu c h te  M e th o d e  e ignet sich fü r  die N eben- u n d  S p u ren e lem en t
b e s tim m u n g  bis ca 4 Цg • m L _1. D ie U n tersch ied e  in  den  Io n isa tio n sp o te n tia 
le n  u n d  A n reg u n g sp o ten tia len  d er an a ly tisch en  E lem en te  u n d  der B ezugsele
m e n te  b rin g en  bei M e h rk o m p o n en tan a ly sen  m it M itte lsp an n u n g sfu n k en an a - 
re g u n g  b e i w eitem  n ic h t so g ro ß e  S chw ierigkeiten  w ie bei d er B o g en an reg u n g  
v o n  e le k tr isc h  n ic h tle ite n d e n  P u lv e rp ro b e n  m it sich.
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The effect of thiourea and its derivatives on hydrogen overvoltage a t th e  dropping 
gallium electrode has been investigated in  perchloric acid solutions. I t  has been es
tablished th a t  th e  th iourea derivatives investiga ted  increase the rate  of th e  hydrogen 
evolution reaction , and  their catalytic action increases in the order SMTU <  TU  <  
<  DMTU <  D E T U  <  TMTU a t more negative poten tia l values (rj <  —0.7 V). I t  is 
assumed th a t  the ca ta ly tic  action of the add itives can be explained by th e ir adsorp tion  
a t  the electrode surface and by the form ation under the participation of H 30 + ion of 
a surface com plex, the discharge of which requ ires a lower activation energy, th a n  the 
discharge o f H 30 +.

T he effect o f u re a , th io u rea  a n d  se len o u rea  on hydrogen  o v e rv o ltag e  
m easu red  a t  th e  g a llium  electrode has b een  re p o rte d  in  our ea rlie r co m m u n i
ca tio n  [1]. T h e  c a ta ly t ic  effect of th e  said  co m p o u n d s on e lec tro ly tic  h y d ro g e n  
ev o lu tio n  increases in  th e  o rder u rea  <  th io u re a  <  selenourea. A n in v e s tig a 
tio n  o f  th e  e ffec t o f  th e  su b s ti tu te d  d e r iv a tiv e s  o f th e  above a d d itiv e s  on  th e  
ra te  o f  h y d ro g en  ev o lu tio n  a t  th e  liq u id  g a lliu m  electrode in  d ep en d en ce  on 
th e  n a tu re  an d  p o s itio n  o f th e  s u b s ti tu e n ts  seem ed  to  be of in te re s t . T h o u g h  
selenourea has th e  h ig h es t c a ta ly tic  effec t, ow ing  to  its  in s ta b ility , i t  seem ed  
m ore su ita b le  to  in v e s tig a te  th e  s tab le  th io u re a  derivatives, s im ila rly  o f  im 
p o r ta n t  c a ta ly tic  a c tio n , easy  to  h an d le  a n d  w ell know n from  e lec tro ch em ica l 
p o in t o f v iew . T h u s , e.g. in  co n ju n c tio n  w ith  th e  corrosion in h ib ito rs  o f  iro n  
severa l JV -sub stitu ted  d e riv a tiv es  h a v e  b een  in v e s tig a te d , an d  a re la tio n sh ip  
was fo u n d  b e tw een  th e  efficiency o f in h ib itio n  a n d  th e  size of th e  s u b s t i tu t in g  
g roups [2 ].

Experim ental

Investigations were carried out using the experim ental and evaluation  m ethods 
described in  [1] a t  th e  dropping electrode prepared from  gallium of 99.9999% p u rity , in  per
chloric acid solutions containing different th iourea derivatives. The perchloric acid  solution 
was prepared from  70%  perchloric acid of analy tical grade (Merck) w ith b id istilled  w ater, 
and the following additives were used: twice recrystallized thiourea (TU) m anufac tu red  by 
Reanal; twice recrystallized Ar,Ar'dim othyl thiourea (DMTU). JV,JV'-diethyl th iourea (D E TU ); 
Ar,Ar’-te tram ethy l th iou rea  (DMTU); S-m ethyl th iourea (SMTU) m anufactured by  Merck.

The r j  — lg j  curves p lo tted  from current density  ( j)  — overvoltage ( r j )  value-pairs, 
obtained from experim ental da ta  measured in  solutions containing 1 mol/dm3 HC104 +  X
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m ol/dm 3 add itive , are shown in Figs 1—4. As can be seen from  Fig. 1, in the solutions con ta in 
ing 1 m o l/dm 3 HC104 +  10-4 m ol/dm 3 additive, th e  ra te  of hydrogen evolution increases in 
the  p resence of the additives (a t rj =  const) in th e  order SMTU <  TU <  D ETU  <  TMTU, 
as com pared  to  the value m easured in  pure perchloric acid  solution. The slope of th e  stra ig h t 
sections o f th e  polarization curves (b) changes betw een 0.068 and 0.093 У. In  the m ore negative

p o ten tia l range the rj — lg j  curves deviate from the s tra ig h t line, the value of ^ ̂  increases,

w hich p resum ab ly  can be a ttr ib u ted  to  the desorption o f th e  additives. The po ten tia l va lue  a t 
w hich th e  curve deviates from the  s tra igh t line, falls in  th e  case of iV-substituted derivatives 
w ith in  th e  range from —0.65 У to  —0.75 V, while in  th e  cases of TU and SMTU th is value is 
close to  —0.8 V.

To elucidate the relationship betw een the concentration  of the additives and the  hy d ro 
gen ev o lu tion  reaction, the polarization curves have been recorded for the single add itives in 
1 m o l/dm 3 perchloric acid solutions of various additive concentrations (10 ~6 to  10“ 2 m ol/dm 3). 
This is illu s tra ted  in  Fig. 2, showing the rj — lg j  curves m easured in perchloric acid  for six

Fig. 1. rj — 1 g /  curves a t the dropping gallium electrode in 1 mol/dm3 HC104 +  10 4 m ol/dm 3 
ad d itiv e  solutions, ©  TMTU; ©  D E T U ; ©  DMTU; ©  T U ; in  ©  1 mol/dm3 HC104 +  5.7 • 10 “4 

mol/dm3 SMTU solution, in  ©  1 m ol/dm 3 HC104 solution

lg j  ( j=Acm"2)

Fig. 2. rj — lg j  curves a t the dropping gallium  electrode in  1 mol/dm 3 HC104 ■ DMTU solution 
of d iffe ren t concentrations, ©  3.6 • 10-2 ; ©  7.1 • 10~3; ©  1.1 • 10~4; @ 6.4 • 10-5 ; ©  1.1 ■ 

• 10“ 5; ©  1.0 • 10“ 6 m ol/dm 3 DMTU, ®  in  1 m ol/dm 3 HC104 solution
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different DMTU concentrations. I t  can be seen from  the figure th a t the rate  of hydrogen evolu
tion  increases w ith an  increase in additive concentration . In  the case of 10-e  to  10“ 2 m ol/dm 3 
additive, the slope of th e  polarization curve varies betw een 0.120 and 0.116 V a t  potential 
values of rj >  —0.75 Y, b u t a t Tj —0.75 V i t  d iverts from the stra igh t line, r] — lg j  curves 
of sim ilar course have been obtained in the presence of TU and DETU of various concentra
tions, A  lg j  increasing also in these la t te r  two cases w ith increasing additive concentration.

As can be seen from  Fig. 3, in  the presence of TMTU the p a tte rn  of the j? — lg j  curves 
is som ew hat different from  the aforem entioned. I t  can be noted from the figure th a t  in the 
additive concentration range from 1 0 to 10-2  m ol/dm 3 the catalytic action (already relatively 
strong a t  an additive concentration  of 10 ~b m ol/dm 3) slightly changes on a fu r th e r increase in 
concentration . Curves m easured in perchloric acid solutions containing 10“ 2 and  10 ~3 m ol/dm 3 
TMTU intersect. D epending on the concentration  of the additive, the deviation of the  polariza
tion  curves from the stra ig h t line falls into th e  po ten tia l interval t) =  —0.70 to  —0.75 V, and 
is sh ifted  w ith decreasing TMTU concentration  tow ards more negative po ten tia ls. The slope 
of th e  curves varies betw een 0.068 and 0.105 V. The anom aly observed in  th e  concentration

Fig. 3. rj — lg j  curves a t  the dropping gallium electrode in 1 mol/dm3 ШЛО, TM TU solution 
of different concentrations, (J) 1.0 • 10_1; (2) 1.0 • 10-2 ; ®  1.0 • 10-3 ; ©  4.3 • 10-4 ; ©  1.15 • 

• 10_s, ©  1.15 • 10-6 : ©  1.2 • 10_7 m ol/dm 3 TMTU, ©  in 1 mol/dm3 НСЮ4 solution

lg j ( j= A  cm"2)

Fig. 4. r\ — lg j  curves a t the dropping gallium electrode in 1 mol/dm3 HCIO, -f- SMTU solution 
of different concentrations, ®  2.2 • 10~2; ©  1.8 • 10-2 ; ®  1.35 • 10-3 ; @ 5.7 • 10~4 mol/dm 3 

SMTU; in ©  1 m ol/dm 3 HC104 solution
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dependence of the polarization  curves obtained in  the presence of TMTU additive can be 
p resum ably  explained b y  m ultilayer adsorption due to  th e  different molecular struc tu re  of 
th is add itive from th a t o f th e  o ther additives (DMTU, D ET U , TU). £

In  the presence of SMTU polarization curves of d ifferent course than  those m easured 
in  the presence of iV -substituted th iourea derivatives are ob tained . As can be seen from  Fig. 4, 
the effect of th is additive on the ra te  of hydrogen evolution differs m ost essentially in  so far 
from  th a t  of JV-substituted th iourea derivatives and of th iou rea  th a t  a t  low SMTU concentra
tions (1.25 ■ 10-3 to  5.7 • 10-4 m ol/dm 3) and a t po ten tia l values of r) >  —0.70 У the change 
of reaction  rate decreases w ith  a shift of the po ten tia l in  th e  positive direction, to  a tta in  a t 
ri =  —0.66 У the value m easured in  pure acid solution.

This different behaviour m ay  be due to the fac t th a t  o f all the  TU derivatives inves ti
ga ted  SM TU is the sole ionic com pound in  acid solution, and  the solution contains (SM TUH)+ 
ions fo rm ed  by protonation , the adsorption of w hich dim inishes a t the electrode surface w ith  
a sh ift o f th e  potential in  positive direction.

Interpretation of the Results

T h e  slope o f  th e  p o la riza tio n  curves m easu red  in  th e  presence o f  T U  
d e riv a tiv e s  is a t  p o te n tia ls  m ore p ositive  th a n  — 0.65 to  —0.75 V n e a r p a ra lle l 
to  th e  cu rves m easu red  in  p u re  perch loric  ac id  so lu tio n  a t  th e  liq u id  gallium  
e lec tro d e , w hich  in d ic a te s  th a t  th e  ra te  d e te rm in in g  s tep  of th e  h y d ro g en  
e v o lu tio n  reac tio n  is also in  th e  presence of th e  ad d itiv e s  in v e s tig a te d  th e  
c h a rg e  tra n sfe r .

A ccord ing  to  o u r a ssu m p tio n  th e  ad d itiv e s  in v e s tig a te d  (A) e x e rt th e ir  
c a ta ly t ic  ac tio n  b y  a d so rp tio n  a t  th e  e lec trode  su rfa c e  an d  b y  th e  fo rm a tio n

/M e
o f a  su rface  com plex  A ^ u n d e r p a r tic ip a tio n  o f  th e  H 30 + ions, th e  dis-

NH 3o +
ch a rg e  o f w hich re q u ire s  a low er a c tiv a tio n  en e rg y  th a n  th e  discharge o f H 30 + . 

T h e  f irs t  s tep  o f  th e  m echan ism  assu m ed  is th e  adso rp tio n

A  -f- n H 20  Me A . . Me -j- n H 20  (1)

w h ich  is  follow ed b y  th e  fo rm a tio n  of th e  su rface  com plex

/M e
A . . Me +  H 30 +  v=- A (  (2)

4 H 3o +

T h e  d ischarge o f  th e  surface com plex , th e  r a te  d e te rm in in g  step  o f th e  
c a ta ly t ic  process, m a y  be  th e  step

/M e
A (  +  e H .,0 +  H  . . Me +  A (3)

4 H 30  +

C u rren t d e n s ity  m easu red  (j) is th e  su m  o f  tw o  p ara lle l processes, th e  
c a ta ly t ic  step  acco rd in g  to  (3) and  th e  ra te  o f  th e  d ire c t process H 30 + +  e
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T h e su rface  coverage o f th e  e lec tro d e  w ith  respect to  th e  a ssu m e d  com plex 
[MeA H 30 + ] is 0 ,  w hile  th e  r a te  o f  p rocess (3) is j’K0  (w here is th e  ra te  of 
th e  c a ta ly tic  process i f  0  =  1), a t  th e  u n co v ered  surface th e  d ire c t  discharge 
o f H 30 + proceeds a t  a c u rre n t d e n s ity  o f  j n, th e  ra te  o f th is  s te p  is  j 0( 1 — 0 ) . 
T h e  c u rre n t d en sity  m easu red  can  be  described  w ith  th e  fo llow ing  eq u a tio n :

j  =  Jó i1 -  0 )  +  j Ke  (4)

F o r th e  e lu c id a tio n  o f th e  re la tio n sh ip  betw een th e  c o n c e n tra tio n  and 
th e  c a ta ly tic  ac tio n  o f th e  a d d itiv e  th e  fu n c tio n  0  =  f(c) o u g h t to  be known. 
T he co n cre te  fo rm  o f th e  fu n c tio n  is n o t know n , and  as f i r s t  s te p  i t  is assum ed 
th a t  th e  a d so rp tio n  o f c a ta ly s t  A can  be  described  w ith  L a n g m u ir  iso therm :

cA K  =
0

1 0
(5)

w here  cA is th e  c a ta ly s t  c o n c e n tra tio n  in  th e  hu lk  of th e  so lu tio n , an d  К  is 
th e  eq u ilib riu m  c o n s ta n t o f a d so rp tio n .

F ro m  eq u a tio n s  (4) an d  (5) w e h a v e :

1 К  1

U - j o )  caU k - j o )  Ük — jo)
( 6)

I f  th e  a d so rp tio n  o f th e  c a ta ly s ts  can  be described  b y  a L a n g m u ir  iso therm , 
th e n  th e  p lo ttin g  o f  th e  p a irs  o f  va lues j  cA belonging to g e th e r  in  th e  coordi
n a te  sy s tem  1 / ( j  — j 0) — l /c A m u st g ive a s tra ig h t line.

O n p lo ttin g  in  th e  above w ay  th e  va lu e  pairs b e long ing  to g e th e r  in  the 
case o f th e  ad d itiv e s  in v e s tig a te d , w ith  th e  excep tion  o f S M T U , a s tra ig h t 
line  is o b ta in ed  o n ly  in  th e  reg ion  o f  low  co n cen tra tio n s. A t h ig h e r  co n cen tra 
tio n s , th e  cu rves d e v ia te , d ep en d in g  on  th e  n a tu re  of th e  a d d i t iv e ,  ind ica ting  
th a t  th e  L an g m u ir iso th e rm  is n o t su ita b le  fo r th e  d escrip tion  o f  th e  com pounds 
in v e s tig a te d , p re su m ab ly  because i t  does n o t ta k e  in to  c o n s id e ra tio n  th e  in te r
ac tio n  o f  th e  p a rtic le s  ad so rb ed  a t  th e  e lec tro d e  surface.

M ore su itab le  fo r th e  d e sc rip tio n  o f  th e  re la tio n sh ip  b e tw e e n  th e  con
c e n tra tio n  and  th e  c a ta ly tic  ac tio n  o f  th e  ad d itiv es  are  iso th e rm s  ta k in g  in to  
acco u n t th e  in te ra c tio n  o f th e  p a rtic le s  o f  th e  ad so rb a te . A n  iso th e rm  of this 
k in d  is F ru m k in  iso th e rm  or o th e r  iso th e rm s tak in g  in to  c o n s id e ra tio n  the 
in te ra c tio n s  m en tio n ed  [3].

U sing  F ru m k in  iso th e rm

b c a  =  — “ 9 e x p [ " 2 a 0 ] (7 )

(w here В  tak es  in to  co n sid e ra tio n  th e  equ ilib rium  c o n s ta n t o f  ad so rp tio n , a 
th e  in te ra c tio n  b e tw een  th e  ad so rb ed  p artic les), s u b s ti tu t in g  E q . (7) into
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E q . (4 ), rea rran g in g  th e  e q u a t io n ,  an d  assum ing t h a t  j'K j 0, a f te r  lo g a rith m ic  
tr a n s fo rm a tio n  th e  e q u a tio n

!g U  -  J o )  =  lg /к  B  +  ca +  !g (! — ®) +  2 a0  (8)

is  o b ta in e d , w hich has a t  lo w  coverage , 0  ^  0 , th e  s im p lif ied  form

h  U  — jo) ~  IgJK  B  +  ca  (9)

A t  co n stan t p o te n tia l  v a lu e s  j‘K, j‘0 and  В  a re  c o n s ta n t , so th a t  a t  th e  
s im p lify in g  conditions u se d  in  (9) lg  (j — j 0) ch an g es  l in e a r ly  w ith  lg  cA. A t 
h ig h e r  co n cen tra tio n s, w h e n  0 = ^ 0  the  term s lg  (1 — 0 ) a n d  2 o0  can  n o t be 
a n y  m o re  neglected w ith  in c re a s in g  0 , and  th e  c u rv e  lg  ( j  — j '0) — lg cA d e v ia t
es f ro m  th e  s tra ig h t lin e , lg  (1 — 0 ) tak ing  in to  c o n s id e ra tio n  th e  decrease in  
n u m b e r  o f  th e  free s ites, a n d  2 a 0  th e  in te ra c tio n  b e tw e e n  th e  m olecules a t  
th e  e le c tro d e  surface.

T o  con tro l th e  c o rre c tn e s s  o f  the  assum ed  re la tio n sh ip s  betw een  th e  
c a ta ly t ic  ac tion  and  th e  a d s o rp t io n  of the  a d d itiv e s , th e  respective p a irs  o f 
v a lu e s  lg  ( j —Jo) and  lg cA h a v e  b e e n  p lo tted  a t  c o n s ta n t  p o te n tia l  rj =  — 0 .70  У 
fo r  t h e  single th iou rea  d e r iv a tiv e s . As shown b y  F ig . 5 , in  th e  case of T U  d e riv a 
t iv e s  p o in ts  de term ined  b y  t h e  p a irs  of values lg  (j  — j '0) — lg cA, ca lcu la ted  
f ro m  d a ta  m easured a t  low  co n cen tra tio n s  lie a lo n g  a  s tra ig h t  line, w hile a t  
h ig h e r  co n cen tra tio n s th e  p o in ts  do  n o t lie, w ith  th e  e x c e p tio n  of SM TU, a long  
a s t r a ig h t  line, th e  cu rve  a p p ro a c h e s  a sa tu ra tio n  v a lu e .

T h e  concen tra tion  v a lu e  (c*), a t w hich th e  c u rv e  dev ia tes from  th e  
s t r a ig h t  line o b ta ined  a t  lo w  concen tra tions, d e p e n d s  on  th e  ad so rp tiv e  
c a p a b i l i ty  of the  ad d itiv e . T h e  lo w er is the  c o n c e n tra tio n  a t  w hich th is  devia-

Fig. 5. lg j  — lg c curves of th io u rea  derivatives in 1 m ol/dm 3 perchloric acid solution a t 
rj =  —0.74 У overvoltage: ®  TM TU, ©  DETU, ©  DM TU, ®  TU  and ©  SMTU
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tio n  occurs, th e  h ig h e r is th e  a d so rp tiv e  c a p a b ility  o f th e  g iv en  a d d itiv e , the  
in te ra c tio n  b e tw een  th e  ad so rb ed  a d d itiv e  m olecules, lg  c* v a lu e s  charac
te r is tic  o f  a d so rp tiv e  c a p a b ili ty  are su m m arized  in  T ab le  I .

In  th e  case o f  SM TU , re la te d  lg  ( j  — j 0) — lg cA va lu es  c a lc u la ted  from  
d a ta  m easured  lie a lo n g  a s tra ig h t line, in  th e  co n c e n tra tio n  ra n g e  in v es tig a ted

Tabic I

(p =  —  0.74 V I 0.70 V

r — 1 cm* J
lg c* 1

• lg c*

SMTU 0.03 — 0.01 —

TU 0.09 -2 .7 9 0.07 -3 .1 1
DMTU 0.12 -3 .2 1 0.06 -3 .5 7
DETU 0.15 -4 .4 9 0.08 -4 .1 3
TMTU 0.52 -4 .8 2 0.16 - 4 .8 2

th e  cu rv e  does n o t  d e v ia te , in d ica tin g  th a t  in  th is  case th e  v a lu e  o f  0  is so 
sm all t h a t  e q u a tio n  (9) can  be app lied .

O n th e  lg ( j  — j 0) — lg cA curve  p lo tte d  on  th e  basis  o f  d a ta  m easured  
fo r T M TU , sm all local m ax im u m  ap p e a r in  th e  10 ~6 to  10 ~5 c o n cen tra tio n  
ra n g e  (F ig . 5), w h ich  p re su m a b ly  a re  due to  th e  m u ltila y e r a d so rp tio n  of th e  
g iven  com pound. T h e  m a g n itu d e  of th e  m ax im u m  decreases w ith  increasing  
p o te n tia l.

T he q u a n ti ty  jy, in  e q u a tio n  (4) is p ro p o rtio n a l to  th e  c a ta ly s is  c o n s tan t 
o f re a c tio n  (3), an d  is th u s  su itab le  for th e  com parison  o f th e  c a ta ly t ic  a c tiv ity  
o f th e  ad d itiv es  a t  c o n s ta n t p o te n tia l. j K va lu es  w ere c a lc u la ted  b y  p lo ttin g  
th e  values o b ta in ed  fro m  ex p e rim en ta l d a ta  acco rd ing  to  E q . (5) in  th e  coord i
n a te  system  1 f t j  — j 0) — l/c A, an d  b y  e x tra p o la tin g  to  l/c A —»- 0 v a lu e  th e  
s tra ig h t  section  o b ta in e d  a t  low  co n cen tra tio n s , co rresp o n d in g  to  th e  v a lid ity  
o f  L an g m u ir iso th e rm . j K v a lu es  ca lcu la ted  from  th e  ax ia l in te rs e c t  o b ta in ed  
a re  sum m arized  in  T ab le  I .  I t  w ill be n o ted  from  d a ta  in  th e  T a b le  t h a t  in  the  
p o te n tia l range i n v e s t i g a t e d ^  increases w ith  a sh if t o f th e  p o te n tia l  in  nega tive  
d irec tio n . T he o rd e r o f  th e  _/K values o f th e  ad d itiv e s  depends on  th e  p o te n tia l, 
be ing  in  th e  p o te n tia l ran g e  q> —0.70 V SM TU <  D M TU  <  T U  <  D E T U  <  
<- T M T U , while a t  p o te n tia l  values o f cp <  —0.70 Y in  th e  o rd e r SM TU <  
<  T U  <  DM TU <  TM TU  is o b ta in ed . T he change in  th e  o rd e r o f  th e  ca ta ly tic  
a c tio n  o f D M TU  a n d  T U  can  be exp la ined  b y  th e  d iffe ren t d ep en d en ce  of 
th e ir  values on th e  p o te n tia l .

T he o rder o f  th e  lg  c* v a lu es , c h a ra c te ris tic  of th e  a d so rp tio n  cap ab ility  
of th e  ad d itiv es , is a lso  d e p e n d e n t on th e  p o te n tia l, in  th e  in te rv a l (p <  —0.70Y  
th e y  decrease in  th e  o rd e r SM TU >  T U  >  D M T U  >  D E T U  ]> T M T U , while
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in  t h e  p o te n tia l  in te rv a l (p >■ — 0.70  Y, sim ilarly  as in  th e  case o f  j* ,  th e  v alue  
o f  lg  c* to o  changes in  th e  o rd e r  SM TU >  D M TU  >  T U  >  D E T U  >  TM TU .

I t  c a n  be seen from  th e  a fo resa id  th a t  th e  c a ta ly t ic  ac tio n  of ad d itiv e s  
c h a n g e s  p a ra lle l to  th e ir  a d s o rp tio n  capab ility . I n  th e  e v a lu a tio n  o f th e  re su lts  
i t  m u s t  b e  ta k e n  in to  c o n s id e ra tio n  th a t  th e  c* v a lu e s  h av e  been  o b ta in ed  
fro m  d a t a  o f k inetic  m e a su re m e n ts  too , so th a t  th e y  a re  c h a ra c te r is tic  r a th e r  
o f  t h e  a d so rp tio n  co n d itio n s o f  th e  tra n s ito ry  com plexes. F o r th e  com parison  
o f  a d s o rp tio n  cap ab ility  a n d  c a ta ly t ic  ac tion , d a ta  c h a ra c te r is tic  o f a d so rp tio n  
( 0 ,  B ,  a) w ould be n e e d e d , w h ic h  are  in d e p e n d e n t o f th e  d a ta  o f k in e tic  
m e a su re m e n ts .

T h e  e lucidation  o f  th e  re la tio n sh ip s  b e tw een  th e  ad so rp tio n  ca p a b ility , 
c a ta ly t ic  ac tio n  an d  m o le c u la r  s tru c tu re  of a d d itiv e s  req u ires  also fu r th e r  
in v e s t ig a tio n s .
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AZlDO-BARBITURATE, I
DARSTELLUN G  VON B A R B IT U R SÄ U R E D E R IV A T EN  MIT E IN E R  

A ZID O G R U PPE IN  STELLUN G  5

G y . T ó t h 1 und S. M a k l e i t *’2

(* Chemische Fabrik Alkaloida, Tiszavasväri und 
2 Organisch-chemisches Institut der Lajos-Kossulh-Universität, Debrecen)

Eingegangen am 9. Mai 1980

Zur Veröffentlichung angenom m en am 29. Ju li 1980

Die 5-A zidobarbiturate (5) w urden au f zwei Reaktionswegen dargestellt: 5- 
-B rom barbiturate  w urden einerseits m it N atrium azid  um gesetzt, andererseits w urde 
ein eine Azidogruppe enthaltendes M alonsäurederivat m it H arnstoff oder substituer- 
tem  H arnstoff in Anwesenheit von N atrium ätby la t um gesetzt. Nach vorläufigen p h a r
makologischen U ntersuchungen besitzen die A zidoverbindungen m it einer sekundären 
B utylgruppe eine bedeutende kram pfhem m ende W irkung.

D ie p h arm ak o lo g isch en  und  k lin ischen  U n te rsu ch u n g en  der von  M orph in  
u n d  se inen  D e riv a te n  h e rg este llten  A zid o v erb in d u n g en  [1, 2] ze ig ten , dass 
d e r E in fü h ru n g  d er A zidogruppe  in  das M olekül eine günstige  W irk u n g  zu 
k o m m t. D iese R e su lta te  v e ra n la ss te n  uns, B a rb itu rsä u re d e riv a te  h e rzu ste llen , 
die eine A zidogruppe e n th a lte n . In  der vo rlieg en d en  M itte ilu n g  w ird  ü b e r die 
H e rs te llu n g  von  A z id o b a rb itu ra te n  b e r ic h te t, w elche jew eils in  S te llu n g  5 eine 
A z id o g ru p p e  e n th a lte n . D as an d e re  W asse rs to ffa to m  in  S te llung  5 w urde  
m eisten s d u rch  eine apo la re  G ruppe  e rse tz t, die in  als w irksam  b e k a n n te n  
B a rb itu rsä u re d e riv a te n  v o rk o m m t. N ach  dem selben  P rin z ip  v e rfu h re n  w ir bei 
d er H e rs te llu n g  v o n  5 -A z id o b a rb itu ra ten  (5g-k) d ie  an  einem  der S tic k s to ff
a to m e  des B a rb itu ra tr in g e s  au ch  einen  S u b s titu e n te n  besassen . D ie S y n th ese  
v o n  5 -A z id o b a rb itu ra ten  w u rd e  a u f  zw eierlei R eak tio n sw eg en  v e rw irk lic h t: 

A u f  dem  k lassischen  R eak tionsw ege [3] w u rd en  aus m o n o su b s titu ie rte m  
M alo n sä u re d iä th y le s te r  (2) u n d  H a rn s to ff  (1, R X= H )  oder su b s ti tu ie r te m  
H a rn s to f f  (1, R 1= C H 3 oder C6H 5) in  A n w esen h e it von  N a tr iu m ä th y la t  in  
S te llu n g  5 m o n o su b s titu ie rte  B a rb itu rsä u re d e riv a te  (3) d a rg es te llt, d ie bei der 
E in w irk u n g  von  e lem en ta rem  B rom  die 5 -B rom , 5 -R , 1 -R 1-B a rb itu rsä u re n  (4) 
lie fe rten . D ie R e a k tio n  von  (4) m it N a tr iu m a z id  e rgab  die 5-A zido, 5 -R , 
1 -R 1-B a rb itu rsä u re n  (5). In  Ü b e re in s tim m u n g  m it L ite ra tu rd a te n  [4—7] w u rd e  
g efunden , dass die 5 -m o n o su b stitu ie rten  B a rb itu rsä u re d e riv a te  an  d er L u f t ,  
h a u p tsä c h lic h  in  A nw esen h e it von  W asser zu  ö -H y d ro x y , 5 -R , 1-R 1-B a rb itu r -  
sä u re n  o x y d ie rt w erden . D ie ziem lich  w e iten  G renzen  d er in  d er L i te ra tu r

* Korrespondenz b itte  an diesen Autor richten.
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C O O C 2H 5
I

R — C H

C O O C 2H 5

n h 2

со
N H - R 1

2 1

NaOC'jHs

С О -----N H
K I Iд: со
h ^ i 1

С О -— N — К 1

ВГ-2
СО—лтн к. I I

/ С  СО 
В г ^ | I

С О — N — К 1

ХаХ:,
С О ------M l

К . I I^0 со
т  I I

С О  N — К 1

3 , 4 , 5 R R 1

a C H 3 H

b C2H 0 H

C П-С4Н 9 H

d scJfc-C4H 9 H

3 ,4 ,5 R R 1

e WO-C4H 9 H

f C6H 5 H

g СНз СНз

3 ,4 ,5 R R 1

li И-С4Н 9 С Н з

i seÄ/’-CtHo С Н з

j C2H 5 C »H ,

k 6C/.-C4H3 C„H»

a n g e g e b e n en  S ch m elzpunk te  der e inzelnen  V erb in d u n g en  3 k ö n n en  d a m it im  
Z u sa m m e n h a n g  s teh en . B ei m eh re ren  V erb in d u n g en  w urde  w äh ren d  d er T ro c k 
n u n g  e in e  V erfärbung  b e o b a c h te t. D ie R o h p ro d u k te  v o n  3 w u rd en  deshalb  
b e i d e r  B ro m ie ru n g sreak tio n  o hne  v o ran g eg an g en e  R ein igung  e in g ese tz t. D ie 
5 -B ro m b a rb itu ra te  (4) w u rd e n  te ils  in  o rgan ischem  M edium , te ils  in  W asser 
d a rg e s te l l t .  Im  le tz te re n  F a lle  w u rd en  b essere  A u sb eu ten  e rh a lte n , w en n  v o r 
d e r  Z u g ab e  des B rom s dem  W asse r eine H B r-L ö su n g  zugefüg t w u rd e . W egen 
d e r  Z e rse tz lich k e it [8 , 9] d e r  5 -P h e n y l-5 -b ro m b a rb itu rsä u re  (4f) w u rd e  diese 
V e rb in d u n g  nach Iso lie ru n g  aus dem  R e a k tio n sa n sa tz  ohne R e in ig u n g  so fo rt 
d e r  A zido lyse  u n te rw o rfen , u m  5 -P h en y l-5 -az id o b a rb itu rsäu re  zu gew innen . 
D iese  M ethode w urde au ch  bei an d eren  V erb in d u n g en  von  5 ang ew en d e t.

D ie  A zidolyse w u rd e  in  einem  G em isch von  einem  m it W asser m isch 
b a re m  L ösu n g sm itte l u n d  W asse r d u rc h g e fü h rt. D ie R e a k tio n  v e r lie f  bei 
S ie d e te m p e ra tu r  im  a llgem einen  in  e in igen  S tu n d en . A m  E n d e  d er R e a k tio n  
w u rd e  d as  im  Ü berschuss e in g ese tz te  N a tr iu m a z id  d u rch  A n säu ern  in  A zoim id  
ü b e r f ü h r t ,  welches infolge seines n ied rig en  S ied ep u n k tes  le ich t zu  e n tfe rn e n  
is t .  D a s  A nsäuern  schien  a u c h  d a h e r  n ah e lieg en d , w eil am  E n d e  d er R e a k tio n  
te ilw e ise  die B ildung  des N a triu m sa lze s  v o n  5 -A z id o b a rb itu ra ten  (5) e in 
t r a t .  N a c h  dem  zw eiten  R eak tio n sw eg  w u rd e  n -B u ty lm a lo n sä u re ä th y le s te r
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(2, R  =  n — C.,H9) b ro m ie r t u n d  aus dem  so gew onnenen  B ro m -n -b u ty l- 
m a lo n este r (6) A z id o -n -b u ty lm a lo n este r (7) n a c h  d e r V o rsch rift v o n  F o r s t e r  
u n d  M ü l l e r  [10] d a rg e s te llt .

C'OOCj H j 
»HaCV I

H > i
с о о г о Н ,

('(>()( 2H-,
«-H9C4 \  i, NaN,

Нг"Ч
С'ООС2Нд

(JOO(’2H5
I

N > . :
COOC2H5

2 (K -- n -C*H9) 6 7

7 +  1 (R1 =  H oder CH3) NaOCjHa
5 c oder 5 h

D u rch  R e a k tio n  v o n  (7) m it H a rn s to ff  (1, R 1 =  H ) oder iV -M ethylharn- 
s to f f  (1, R 1 =  C H 3) e rh ä lt  m an  in  A nw esenheit v o n N a tr iu m ä th y la t  die 5-Azido- 
-5 -re -b u ty lb a rb itu rsäu re  (5c) bzw . die 5 -A z id o -5 -re -b u ty l-l-m e th y lb a rb itu r- 
säu re  (5h).

D ie T o x iz itä t d er in tra v e n ö s  v e ra b re ich te n  5 -A z id o b a rb itu ra te  (5) w ar 
im  M äuseversuch  im  a llg em ein en  w esen tlich  k le in e r a ls die d e r B a rb itu ra te  [11]. 
G ew isse V e rtre te r  d e r V erb indungsk lasse  b e s itzen  se d a tiv e , an d ere  ab er eine 
k ram p fh em m en d e  W irk u n g . W as die le tz te re  W irk u n g  b e tr if f t ,  so sind die 
s e k -B u ty l-su b s titu ie r te n  V erb in d u n g en  von  B e d e u tu n g  (5d, 5i, 5k) [11],

D ie k ram p fh em m en d e  W irk u n g  d er 5 -A zido -5 -sefc .bu ty lbarb itu rsäu re  
w a r n ah ezu  id en tisch  m it d e r der 5 -E th y l-5 -p h e n y lb a rb itu rsä u re  [12].

Experimenteller Teil

Schm elzpunkte w urden m it einem Büchi-G erät bestim m t, IR -Spektren  m it dem Gerät 
Perkin  — Elm er 177 aufgenom m en. Jedes 5-A zidobarbiturat (5) zeigte eine fü r die Azidogruppe 
charakteristische Bande um  2100 cm “ 1.

Elem entaranalysen w urden im  Organisch-chemischen In s titu t der Lajos-Kossuth-Uni- 
v ers itä t durchgeführt.

Allgemeines Verfahren zur H erstellung von 5-A zidobarbituraten (5) aus 5-Brombarbi-
turaten  (4)

0,1 Mol 4 wird in 50 oder 60%-igem warmen wässrigem Aceton aufgelöst und m it einer 
Lösung von 7,2 g (0,11 Mol) N aN 3 in 50 mL 50%-igem w arm em  Aceton versetzt. Das R eak
tionsgem isch wurde 0,5 bis 4 S tdn. am  Rückfluss erh itz t und  danach au f 30 — 35 °C abgekühlt. 
Der A nsatz wurde un ter dem  Abzüge m it 10%-iger Salzsäure au f einen pH -W ert von 2 bis 3 
angesäuert und anschliessend au f 1 —5 °C abgekühlt. Das ausgeschiedene P roduk t wurde fil
tr ie rt, getrocknet und um kristallisiert. Fiel beim A bkühlen kein N iederschlag aus, so wurde 
das A ceton abgedam pft. A zidobarbiturate konnten in einigen Fällen aus den M utterlaugen 
nach A bdestillieren des Acetons zusätzlich gewonnen werden.

5-Azido-5-m ethylbarbitursäure (5a)

3a  und 4a wurden nach dem  Verfahren von P e t e r s  [13] gewonnen.
Ausbeute an 3a: 40,8% , Schm p.: 201—202 °C. Lit. [13]: 200 — 202 °C.
R ohausbeute an 4a: 66,1% , Schmp.: 189 —191,5 °C. Lit. [13]: 186,5 —188 °C; Lit. 

[14]: 190 °C.
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4 a  w urde m it einem 50% -igen Ü berschuss an N aN 3 in  60 proz. wässrigem A ceton 2 h  am 
R ück flu ss  erhitzt. 66%  des zu e rw arten d en  5 a  fielen aus, weitere Mengen an 5 a  konn ten  nach 
V erd am p fen  des Acetons isoliert w erden . E s wurde aus 50%-igem Ä thanol, danach aus W asser 
u m k ris ta llis ie rt. Ausbeute 81,9% , Schm p.: 189 —190 °C.

C5H 5N50 3 (183,1). Вег.: C 32,8; H  2,75; N  38,2. Gef.: C 33,5; H  2,79; N 38,2% .

5-A zido-5-ethylbarbitursäure(5b)

3b w urde durch E rhitzen d e r äthanolischen Lösung von Ä thylm alonester, H arnstoff 
u n d  N a triu m ä th y la t im M olverhältnis von  1 : 1, 5 : 2 w ährend 6 h am  R ückfluss. N ach dem 
A b k ü h len  des K ondensationsansatzes w urde das Na-Salz von 3b ab filtrie rt, das nach A nsäuern 
3b e rg ab . Rohausbeute 54,6%, Schm p.: 188 —190,5 °C. In  der L ite ra tu r sind W erte zwischen 
185° u n d  197° angegeben [3, 15 — 17]. Sofort nach Bestim m ung des Feuchtigkeitsgehaltes 
w urde  3b bei 35—40 °C in der W eise brom iert, dass der wässrigen A ufschläm m ung von 3b 
vor d e r Zugabe des Broms eine 48% -ige HBr-Lösung zugefügt w urde, deren Volum en 10% 
des V olum ens des zugegebenen W assers ausm acht. 4b wurde aus E ssigsäureäthylester um krista l
lisie rt. A usbeute: 75,4%, Schmp.: 202 — 204 °C. In  der L itera tu r sind W erte zwischen 202 und 
208 °C angegeben [5, 13, 14, 16].

5b w urde nach der allgem einen V orschrift m it einer R eaktionsdauer von 4 h  dargestellt. 
U m k ris ta llisa tio n  aus Ä thanol, A ceton und  D ichloräthan, A usbeute 77,1% , Schmp.: 
167 — 169 °C.

C61L,N 0 3 (197,2). Вег.: C 36,6; H  3,58; N 35,5. Gef.: C 36,8; H  3,68; N  35,3% .

5 - Azido -5 -n  -butylbarbitursäure (5c)

D arstellung von 5c aus 4c

3c w urde aus n-B utylm alonester u n d  H arnstoff wie 3b dargestellt. 3c w urde ohne Reini
gung  im  Gemisch von W asser u n d  H B r-Lösung zu 4c brom iert. N utschfeuchtes, rohes 4c 
w urde  in  M ethanol in 24 h sowie im  A ceton-W asser-Gemisch in  4 h zu 5c um gesetzt. 5c k rista l
lis ie rt au s Ä thanol oder D ich loräthan . R ohausbeute an 3c 84,5% , Schmp.: 194 —198 °C. Die 
L ite ra tu rw e r te  liegen im Bereich von  192 — 215 °C [15,17 — 20]. R ohausbeute an  4c 91,6% , 
S chm p .: 9 0 —96 °C. Lit. [14]: 109 °C, L it. [19]: 114 °C.

A usbeute an 5c 43,2% , S chm p.: 150 —151 °C.
C8H u N50 3 (225,2). Вег.: C 42,7; H  4,92; N  31,1. Gef.: C 42,6; H  4,96; N  31,7% .

D arstellung von 5c aus ra-Butyl-azidomalonester (7)

n-B utyl-brom inalonester (6) w urde aus n-B utylm alonester nach  der V orschrift von D ox 
u n d  Y o d e r  [19] hergestellt. A usbeu te  an  6 81,5% , K p3: 115 —117 °C, nfj1 =  1,4528.

7 w urde analog der V orschrift von  F örster und Müller [10] fü r Ä thyl-azidom alon- 
este r hergestellt, ein kleiner Teil vo n  rohem  7 wurde fraktioniert. A usbeute: 70,6% , K p.3 5: 
101 —102 °C, d|° =  1,H4, JiQ =  1,4420. Im  IR -Spektrum  deutliche A bsorption bei 2100 cm -1. 
N ach  K ochen m it Lauge konnte k e in  B rom gehalt nachgewiesen werden.

A us 4,6 g (0,2 gAtom) N a  u n d  0,11 dm 3 wasserfreiem Ä thanol w urde eine N atrium - 
ä th y la t-L ö su n g  dargestellt. H ierzu  w urden  9 g (0,15 Mol) H arnsto ff (1) und  25,7 g (0,1 Mol) 
rohes 7 gegeben. Der Ansatz w urde 5 h  am  Rückfluss erhitzt, anschliessend au f R aum tem pera
tu r  abgeküh lt, auf Eiswasser gegossen u n d  der pH -W ert m it Salzsäure auf 3 eingestellt. Der 
ausgefallene Niederschlag w urde abgesaugt, getrocknet und  zweimal aus Ä thanol sowie ein
m al aus D ichloräthan um krista llisiert. A usbeute an 5c 19,5% , Schm p.: 150 —151 °C. Das 
P ro d u k t zeigte keine Schm p.-D epression m it aus 4c gewonnenem 5c.

5-Azido-5-seA>butylbarbitursäure (5d)

3d wurde aus sek-B u ty lm alonester und H arnstoff wie 3b dargestellt. Es wurde aus 
50% -igem  Äthanol um kristallisiert. Sowohl das gereinigte als auch das frisch hergestellte 
rohe, feuch te  3d wurden in w ässrigem  M edium zu 4d brom iert, welches aus wässrigem Ä thanol, 
E ssigsäureäthy lester und Ä thanol um krista llisiert wurde.
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Ausbeute an 3d 55,7% , Schmp.: 195 — 197 °C. Die L iteraturw erte  schw anken zwischen 
193 und  199 °C [18, 21, 22].

Ausbeute an  4d 74,1% , Schmp.: 174 — 176 °C.
C8H u BrN20 3 (263,1). Вег.: C 36,5; H 4,22; Br 30,4; N  10,7. Gef.: C 36,9; H 4,22; Br 29,6; 

N 10,9%. о
5d wurde nach dem  allgemeinen Verfahren m it einer R eaktionsdauer von 4 h dargestellt 

und  aus Ä thanol und  A ceton um kristallisiert. A usbeute: 60,7% , Schmp.: 131 —132 °C. 
C8H n N50 3 (225,2). Вег.: C 42,7; H 4,92; N 31,1. Gef.: C 41,9; H 5,08; N 32,0% .

5-A zido-5-isobutylbarbitursäure (5e)

3e wurde aus Isobutylm alonester und H arnsto ff wie 3b dargestellt. Das rohe, feuchte 
3e wurde in der üblichen W eise sofort zu 4e um gesetzt. Das feuchte R ohprodukt von  4e wurde 
m it einem 40%-igen Ü berschuss an N aN 3 sofort der Azidolyse in  50%-igem wässrigem Aceton 
unterworfen. R eaktionsdauer 4 h. Das rohe 5e wurde nach  Trocknung m it der zwanzigfachen 
Menge an CC14 ausgekocht. Das in  der Hitze ungelöste, abgenutschte 5e wurde aus 50%-igem 
Ä thanol um kristallisiert. R ohausbeute an 3e 85% , Schm p.: 239 — 242 °C. In  Lit. [23] sind 
235—236 °C angegeben.

Rohausbeute an 4e 73% , Schmp.: 162 —163 °C. A usbeute an 5e 65% , Schmp.: 
1 3 7 -1 3 8  °C.

C8H uN50 3 (225,2). Вег.: C 42,7; H 4,92; N 31,1. Gef.: C 42,3; H  5,05; N 30,5% .

5-Azido-5-phenylbarbitursäure (5f)

Es wurde versucht, 3f durch Hydrolyse der aus Phenylcyanessigsäure-äthylester und 
Guanidin darstellbaren 2,4-D iim ino-5-phenylbarbitursäure zu gewinnen, doch w ar die U m set
zung der 2-ständigen Im inogruppe zur Oxogruppe auch nach  längerer R eaktionsdauer nur un 
vollständig. Die K ondensation  des Phenylcyanessigsäure-äthylesters m it H arnsto ff und die 
anschliessende säure H ydrolyse der 4-Im ino-5-phenylbarbitursäure ergab wegen des schlech
ten  W irkungsgrades der K ondensation  nur 4,8%  an 3f. D as durch R eaktion von Phenylm alon- 
säure-diäthylester und  H arnsto ff gewonnene rohe 3f w urde nach Trocknung m it der 4-fachen 
Menge an Äthanol ausgekocht und der in  der Hitze unlösliche Teil abgenutscht und  aus W asser 
umkristallisiert.

Ausbeute an 3f 40 ,3% , Schmp.: 260 — 263 °C. In  der L itera tu r findet m an  W erte zwi
schen 250 und 263 °C [17, 24 — 27]. 3f wurde in wässrigem H B r 1 h bei 10 —12 °C brom iert. 
R ohausbeute an 4f 90,4% , Schm p.: 202 — 204 °C. Lit. [26, 28]: 204 — 206 °C.

Das feuchte R ohproduk t von 4f wurde sofort m it N aN 3 um gesetzt. In  die Lösung von 
13 g (0,2 Mol) N aN 3 in 37 m L W asser wurden in fün f Portionen insgesam t 11,3 g (0,04 Mol) 
auf Trockensubstanz bezogenes 4f eingetragen. N ach erfolgter Zugabe bei R aum tem peratu r 
wurde die Lösung m it 72 m L M ethanol versetzt und 4,5 h am Rückfluss erhitzt. Der au f R aum 
tem peratu r abgekühlte A nsatz wurde un ter dem Abzüge m it Salzsäure versetzt und  in  offe
nem Gefäss über N acht stehengelassen. Es wurde dann  au f 5 —10 °C abgekühlt, filtrie rt, m it 
W asser gewaschen und getrocknet. Das erhaltene 5f 8,8 g =  89,7%  wurde m it Ä ther ausge
kocht und  noch w arm  filtrie rt. Das nicht in Lösung gehende P roduk t wurde aus 50 proz. 
Ä thanol, danach aus A cetonitril um kristallisiert. Schm p.: 210 — 211 °C.

C10H 7N5O3 (245,2). Вег.: C 49,0; H 2,88; N 28,6. Gef.: C 49,1; H 3,07; N 28,8% .

5 -A zido-l,5-dim ethylbarbitursäure (5g)

Das Gemisch von M ethylm alonsäure-diäthylester, M ethylharnstoff und  N atrium m ethy- 
la t im Molverhältnis von 1 : 1,05 : 1,1 Ä thanol wird 12 h zum  Sieden erh itz t. 3g wurde wie 
3b isoliert und das feuchte P roduk t as 50%-igem Ä thanol um kristallisiert. A usbeute an  3g 
51,7% , Schmp.: 168 — 169 °C. Die L iteraturw erte liegen zwischen 169 und 173 °C [29 — 31].

3g wurde sowohl in W asser als auch in Chloroform zu 4g um gesetzt und  aus 50%-igem 
Ä thanol um kristallisiert. A usbeute an 4g 75,7% in  wässrigem Medium Schmp.: 94 — 95 °C.

C6H 7BrN20 3 (235,0). Ber.: Br 34,0. Gef.: Br 32,7% .
4g wurde in 60% -igem  wässrigem Aceton m it einem 100%-igen Überschuss an  N aN 3 3 h 

zum Sieden erhitzt. 5g wurde nach Verdampfen des Acetons isoliert und aus 50% -igem Ä tha
nol, danach aus W asser um kristallisiert. Ausbeute 59,3% , Schmp.: 109 —110 °C.

C6H7N50 3 (197,2). Ber.: C 36,6; H 3,58; N 35,5. Gef.: C 36,8; H  3,61; N 35,2% .
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5-A zido-5-n-butylbarbitursäure (5h)

3h w urde aus ra-Butylm alonester un d  IV-Methylharnstoff wie 3b dargestellt. D as nach 
üb licher A ufarbeitung des R eaktionsgem isches erhaltene Na-Salz wurde in W asser gelöst und 
angesäuert. Das anfangs ölige 3h w urde über N acht fest. Die M utterlauge w urde n ich t w eiter 
zwecks Gewinnung von zusätzlichen Mengen aufgearbeitet. R ohausbeute von 3h 45,4% , 
Schm p.: 55 — 56 °C. Lit. [32]: 6 0 —62 °C. N ach Isolierung w urde das noch feuchte 3h sofort 
in  w ässrigem  Medium zu 4h b rom iert. R ohausbeute an 4h 75,0% , Schmp.: 96 — 97 °C.

D as feuchte R ohprodukt v o n  4h w urde m it einem 100%-igen Überschuss an  N aN 3 in 
50% -igem  wässrigem Aceton in der H itze 4 h um gesetzt. Beim A nsäuern fällt 5h ölig an , das 
beim  S tehen  kristallin  wird. U m krista llisation  aus Ä ther un d  30%  Methanol. A usbeute 68,0% , 
Schm p.: 7 6 —77 °C.

C9H 13N50 3 (239,2). Ber.: G 45,2; H  5,48; N  29,3. Gef.: C 45,4; H  5,38; N  30,0% . 

D arstellung von 5h aus 7

D ie Kondensation von frak tion ie rtem  n-B utyl-azidom alonester 7 und JV-Methylharn- 
sto ff in  dem  bei der Darstellung von  5c angegebenen M olverhältnis ergab 5h in  einer A usbeute 
von 35,2% . Schmp.: 77 °C, keine Schm p.-Depr. m it aus 4h gewonnener Substanz.

5-Azido-5-seA>butyl-l-methylbarbitursäure (5i)

£3 i w urde aus sek-Butylm alonester und N -M ethylharnstoff wie 3b dargestellt. R ohaus
beu te  an  3i 68,4% , Schmp.: 80 — 83 °C. E in  kleiner Teil von 3i wurde aus W asser um krista lli
siert, S chm p.: 86—86,5 °C. Lit. [33]: 89 — 90 °C.

D as rohe 3i wurde sowohl in  W asser als auch in  CHC13 brom iert. 4i ste llt in  beiden 
Fällen  eine amorphe Masse dar, welche nach  dem allgemeinen Verfahren m it einem 100%-igen 
Ü berschuss an  NaN3 in  2 h  zu 5i um gesetzt wurde. N ach A nsäuern und A bdestillieren des 
A cetons blieb eine form bare Masse zurück, die beim stehen in  K ühlschrank dest wrurde. Das 
rohe 5i w urde aus Ä thanol, danach  aus W asser um kristallisiert. A usbeute von 5i benzogen auf 
3i: 37 ,1% . Schmp.: 132 ,5-134 ,5  °C.

C9H 13N50 3 (239,2). Ber.: C 45,2; H  5,48; N 29,3. Gef.: C 45,5; H  5,52; N  29,3% .

5-A zido-5-äthyl-l-phenylbarbitursäure (5j)

3j un d  4j wurden nach dem  V erfahren von A s p e l u n d  und L in d h  [34] dargestellt. 
A usbeute an 3j 62,3% , Schm p.: 1 8 5 -1 8 7  °G. Lit. [17, 34]: 185 —186,5 °C.
A usbeute an 4j 84,0% , Schm p.: 1 3 3 -1 3 4  °C, Lit. [34]: 137 —138 °C.
C12H n BrN20 3 (311,1). B er.: B r 25,7. Gef.: 26,0%.
E in  4j und  N aN 3 im  M olverhältnis 1 : 0,95 enthaltendes Gemisch wurde in  60% -igem 

A ceton 1 h  zum  Sieden erhitzt. D as rohe 5j wurde aus einem Ä thanol und Benzin im  V erhältnis 
1 : 2 en th a lten d en  Gemisch um krista llis iert: Ausbeute 77,9% , Schmp.: 160 —161 °C.

C12H u N50 3 (272,3). Ber.: C 52,8; H  4,06; N  25,6. Gef.: C 53,0; H  4,21; N 26,2% .

5-A zido-5-sefc-butyl-l-phenylbarbitursäure (5k)

3k wurde aus sefe-Butylm alonester und TV-Phenylharnstoff wie 3b hergestellt. Das 
Ä th an o l w urde aus dem R ekationsansatz  abdestilliert. D er D estillationsrückstand w urde bei 
10 °C in  W asser gelöst und  das rohe  3k m it Salzsäure ausgefällt. Das rohe 3k w urde bei Tem 
p e ra tu re n  u n te r 10 °C in ln  N aO H -L ösung aufgenom men und m it Ä ther ex trah ie rt. Die 
w ässrige Phase wurde abgetrenn t bei T em peraturen u n te r 10 °C m it Salzsäure angesäuert: 
A usbeute  an  3k 72,8%, Schmp.: 159 —160 °C.

Cl4H 16N20 3 (260,3). Ber.: C 64,6; H  6,20; N 10,8. Gef.: C 64,5; H  6,40; N  10,9% .
3k wurde sowohl in W asser als auch in CHC13 brom iert. 4k wurde in beiden Fällen als 

am orphe Masse erhalten, die m it einem  100%-igen Ü berschuss an N aN 3 in 60%  wässrigem 
A ceton 4 h  der Azidolyse unterw orfen  w urde. Nach A nsäuern und  Abkühlen des R eaktions
gem isches erhält m an eine S abstanz , die sich n icht als A zidoderivat erwies. Aus der M u tte r
lauge w urde das Aceton abgedam pft. N ach Abkühlen und  A bnutschen wurde die erhaltene 
S ubstanz  aus Benzol um kristallisiert: die hierbei ausgefallene Substanz w ar w iederum  kein
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A zidoderivat. 5k wurde nach E indam pfen der benzolischen M utterlauge erhalten. E s wurde 
zuerst aus 50%-igem Ä thanol, dann aus CC14 um kristallisiert. Die auf 3k bezogene A usbeute 
von 5k b e träg t 25,6% , Schmp.: 121 —122 °C.

C14H 16N60 3 (301,3). Вег.: C 55,8; H  5,02; N 23,2. Gef.: C 55,5; H  4,95; N  22,8% .
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AZIDO-BARBITURATE, II
H ER STELLU N G  VON B A R B ITU R SÄ U R ED ER IV A TEN  MIT E IN E R  

A ZID O G R U PPE AM SU BSTITU EN TEN

G y . T ó t h 1 und S. M a k l e i t 2*

(1 Chemische Fabrik Alkaloida, Tiszavasvári und 
2 Organisch-chemisches Institut der Lajos-Kossuth-Universitäl, Debrecen)

Eingegangen am  9. M ay 1980 

Zar Veröffentlichung angenom m en am  29. Ju li 1980

Die bei Siedetem peratur in w ässrig-organischem  Medium ausgeführte U m setzung 
von am Substituen ten  ein H alogenatom  en thaltenden  B arb itu rsäurederivaten  m it 
N atrium azid  ergibt A zidobarbiturate. N ach vorläufigen pharm akologischen Prüfungen 
h a t die 5-Phenyl-5-(2-hydroxy-3-azidopropyl) barbitursäure (10a) eine beträch tliche 
gefässerweiternde W irkung.

S m i s s m a n  u n d  W i r t h  besch re ib en  [1] B a rb itu rsä u re d e riv a te  d ie  am  
S u b s titu e n te n  eine A zidogruppe tra g e n . D ie  A u to ren  ste llten  5 -P h en y l-5 -(3 - 
-az id o p ro p y l) b a rb itu rsä u re  als Z w isch en p ro d u k t zu r H erste llu n g  v o n  5-P he- 
n y l-5 -(3 -am inopropy l) b a rb itu rsä u re  d a r. I n  d er vo rausgehenden  M itte ilu n g
[2] sy n th e tis ie r te n  w ir m it der g leichen Z ie lse tzu n g  B a rb itu ra te , d ie  am  S u b 
s t i tu e n te n  eine A zidogruppe trag en . D ie 5 -A lk y l-5 -(2 -h y d ro x y ä th y l) b a rb itu r -  
säu ren  (4a, R  =  C2H 5; 4b, R  =  n — C jH 9) w u rd e n  au f dem  in d e r L i te r a tu r  
angegebenen  W ege n ach  fo lgendem  S chem a d a rg es te llt [3, 4].

S k i n n e r  u n d  H e r d n e r  m ach ten  d a ra u f  au fm erksam  [5], d a ss  d e r A u s
ta u sc h  der O H -G ruppe  in  der 2 -H y d ro x y ä th y l-g ru p p ie ru n g  m it H B r  m it der 
S p a ltu n g  des B a rb itu ra tr in g e s  e inhergehen  k a n n . Im  Laufe der H e rs te llu n g  von
2 -B ro m ä th y lb a rb itu ra te n  (5) p ro b ie rte n  w ir  m ehrere  M ethoden au s , w obei 
die U m se tzu n g  m it H B r n iedrige A u sb e u te n  ergab ; dagegen e rz ie lte n  w ir 
zu fried en ste llen d e  E rgebn isse  bei d er A n w en d u n g  von  P B r3.

D ie 5 -P h en y l-5 -(2 -h y d ro x y -3 -b ro m p ro p y l) b a rb itu rsä u re  (8a) u n d  die 
5 -P heny l-5 -(2 -h y d ro x y -3 -io d p ro p y l) b a rb itu rs ä u re  (9) w urden  au s 5 -P h en y l- 
-5 -a lly lb a rb itu rsä u re  (7a) a u f den  g esch ild e rten , b ek an n ten  W egen h e rg e s te llt . 
9 w u rd e  au ch  m it e inem  G em isch von  K I 0 3 u n d  K I  sowie m it Iod  in  w ässrig em  
M ilieu aus 7a h erg este llt. Im  e rs te ren  F a lle  e rz ie lten  w ir bessere A u sb e u te n . 
9 w u rd e  au ch  aus 8a, u n d  zw ar d u rch  H a lo g e n a u s ta u sc h  h e rg es te llt.
D ie 5 -n -B u ty l-5 -(2 -h y d ro x y -3 -b ro m p ro p y l) b a rb itu rsä u re  (8b) w u rd e  n a c h  dem  
V erfah ren  von  W i r t h  [6 ] zu r H e rs te llu n g  v o n  8a aus 5 -n -B u ty l-5 -a lly lb a r-  
b itu rsä u re  (7b) h erg este llt.

* K orrespondenz b itte  an  diesen A utor richten .
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D ie 5 -P h en y l-5 -(2 -m e th o x y -3 -b ro m p ro p y l)b a rb itu rsäu re  (11) w u rd e  aus 
7 a  m it B rom  in  M eth an o l n ach  dem  V erfah ren  v o n  S m is s m a n n  u n d  M ita r
b e ite rn  [8 ] h e rg es te llt.

CO----- NH CO— -NH
C„H5. 1 

>
C H jC H C H r 1

1
CO
1

NaN3 C'bHsv. 1 1
CO
1CHsCHCHs^l

1 1 CO-— NH 1 1 CO— -NH
Br ОСНз Ns ОСНз

11 12

D ie 5 -P h en y l-5 -(2 -b ro m p ro p y l) b a rb itu rsä u re  (13) w u rd e  e inerse its d u rch  A n la 
gerung  von  H B r an  die D o p p e lb in d u n g  v o n  7 a , a n d e re rse its  d u rch  die K eak tio n  
v o n  5 -P h en y l-5 -(2 -h y d ro x y p ro p y l) b a rb itu rs ä u re  (14) m it P B r3 h e rg este llt.

7a I l l í r
C O -—NH C O -—NH

Cr,Н з. 1 1
CO
1

NnN, C rH ä^l 1
CO
1

J '
СШ СНСНГ 1

J
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1 c o -
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13

—NH 1 c o -
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14
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PBr,

CO
Coli-,. I

CHsCHCH

OH
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I

^C  CO 
1^1 I

CO---- NH

14

n 2so,
H20 7a

A us 5 -P h e n y l-5 -ä th y lb a rb itu rsäu re -N a  (16) s te ll te n  w ir n ach  d er P u b lik a tio n  
von  H e n z e  u n d  S p u r l o c k  [9] m it Ä th y le n c h lo rh y d rin  die l- (2 -H y d ro x y - 
ä th y l)-5 -p h e n y l-5 -ä th y lb a rb itu rsä u re  dar.
D ie R e a k tio n  v o n  P h e n y l-ä th y lm a lo n sä u re -d iä th y le s te r  (17) m it iV-(2-Hy- 
d ro x y ä th y l)  h a rn s to f f  lie fe rte  in  A nw esenheit v o n  N a tr iu m ä th y la t  ebenfalls 18, 
aus dem  w ir d u rc h  E in w irk u n g  von  P B r3 d ie l- (2 -B ro m ä th y l)  5 -phenyl-5- 
-ä th y lb a rb itu rsä u re  (19) gew annen . D ie U m se tzu n g  d er H alo g en v erb in d u n g en  
(5 a , 5 b , 8 a , 8b , 9 , 1 1 , 1 3 , 19) m it einem  Ü b ersch u ss  an  N aN 3 ergab  die e n tsp re 
ch en d en  A z id o b a rb itu ra te  (6 a , 6b , 1 0 a , 1 0 b , 1 2 , 1 5 , 20 ). Als L ö su n g sm itte l 
w u rd en  G em ische v o n  A c e to n itr il u n d  W asser sow ie A ceton -A ceto n itril-W asser 
v e rw en d e t. So lange sich  1 0 a  u n d  10b le ich t g e b ild e t h a t te n , t r a t  die U m setzung  
bei 12 u n d  15 e rs t n a c h  lan g e r R eak tio n sd a u e r  u n d  m it grossem  Ü berschuss 
an  N a N 3 ein. D ie n a c h  dem  V erfah ren  v o n  S k i n n e r  u n d  L y m a n  [10] herge-
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s te ll te  5 -(C h lo rm e th y l)-5 -ä th y lb a rb itu rsä u re  lie fe rte  m it einem  grossen  Ü b e r
schuss a n  n ach  N e l l e s  [11] a k tiv ie r te m  N aN 3 in  einem  C ellosolv-W asser-G e- 
m isch  b e i S ied em tem p era tu r e rs t n ach  20 h  ein IR -sp ek tro sk o p isch  nachw eis- 
b a re s  A z id o d eriv a t. D ie Iso lie ru n g  d e r re inen  5 -(A z id o m e th y l-5 -ä th y lb a rb itu r-  
sä u re  is t  uns b isher n ic h t g e lungen . H ier sei v e rm e rk t, dass n a c h  u n se ren  
E rfa h ru n g e n  die S ch m elzp u n k te  v o n  10a u n d  10b schw anken . E s w a r  b eso n 
ders b e i 10a augenfällig , dass be i d e r D u rch fü h ru n g  der S ch m e lz p u n k tb e s tim 
m u n g e n  u n te r  völlig id e n tisc h e n  B ed ingungen  die Ä n d eru n g  no rm alerw eise  bei 
e in e r ab w eichenden  T e m p e ra tu r  e in tra t ,  w as sich  m eistens in n e rh a lb  v o n  2 °C 
a b sp ie lte .

N a c h  den b isher zu r V e rfü g u n g  s teh en d en  D a te n  d er p h arm ak o lo g isch en  
T e s tv e rfa h re n  [12] b e s itz t die 5 -P h en y l-5 -(2 -h y d ro x y -3 -az id o p ro p y l) b a rb itu r -  
säu re  10a eine bem erk en sw erte  gefässerw eiternde  W irkung .

Experim enteller Teil

Schm elzpunkte unkorrigiert: Büchi; IR : Perkin — Elm er 177: Jedes A zidobarb itu rat 
zeigte eine Bande bei 2100 cm -1.

5 -Ä th y l-5 -(2 -h y d ro x y ä th y l)b a rb itu rsä u re  (4 a )

D er (2-H ydroxyäthyl)äthylm alonsäure-diäthylester (1) und die daraus erhaltene 5- 
-Ä thyl-5-(2-bydroxyäthyl) barb itu rsäu re  (4 a ) wurden nach dem Verfahren von S h o n l e  und 
M itarbeitern  [3] dargestellt. 4a  w urde aus 50%-igem Ä thanol um kristallisiert. A usbeute an 
1 28,3% , K p.6: 12 8 -1 3 0  °. Lit. [3]: K p.6: 12 8 -1 3 1  °C. A usbeute an 4a 62,9% , Schmp.: 
1 7 8 -1 8 0 ° . Lit. [4]: 176 °C, Lit. [3]: 178 °C.
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5-Ä thyl-5-(2-b i4> m äthyl)barb itu rsäure  (5 a )

Beim E rhitzen von 4a in 48% -igem H B r tr a t  eine Zersetzung auf. Eine anfangs bei 
0 °C, anschliessend bei R aum tem peratu r durchgeführte R eaktion ergab nur eine Ausbeute 
von 38% . — Das Gemisch von 10 g (0,05 Mol) 4a und 40,6 g (0,15 Mol) P B r3 w urde 1,5 h bei 
einer B adtem peratur von 110 °C gehalten. Die auf 70 °C abgekühlte R eaktionslösung wurde 
m it 85 m L Ä thanol versetzt und über N acht im K ühlschrank stehengelassen. E s wurde abge
nu tsch t und aus 50%-igem wässrigem Ä thanol um kristallisiert. A usbeute 6,8 g; 52% , Schmp.: 
1 6 1 -1 6 2  °C. Lit. [13]: 1 6 4 -1 6 5  °C.

5-Ä thy l-5 -(2 -az id o ü th y l) b a rb itu rsäu re  (6 a )

Der Lösung von 1,3 g (0,02 Mol) N aN 3 in 25 m L 60% -iger w ässriger A cetonlösung wer
den 2,6 g (0,01 Mol) 5a zugefügt. N ach 2-stündigem E rhitzen am Rückfluss w ird der Änsatz 
au f etw a 35 °C abgekühlt, der pH -W ert au f 3 eingestellt und  das Aceton abdestilliert. Nach 
A bkühlen auf 1° — 5 °C wurde die ausgefallene Substanz abfiltriert und  getrocknet. Es wurde 
zuerst aus einem Ä thanol und  Benzin im  V erhältnis 1 : 9 en thaltendes, anschliessend aus 
30% -igem wässrigem M ethanol um kristallisiert. A usbeute 0,8 g; 35%, Schm p.: 151 —152,5°.

CgH n N „03 (225,2). Вег.: C 42,7; H  4,92; N 31,1. Gef.: C 42,5; H  4,74; N  30,9% .

5 -n -B u ty l-5 -(2 -az id o ä th y l)b a rb itu rsäu re  (6 b )

2 und das daraus erhaltene 3 und 4b wurden nach dem Verfahren von Cr e t c h e r  und 
M itarb. [4] hergestellt. N ach der Isolierung wurde 3 durch Kochen m it Säure sofort in 4b 
überführt, woraus m it P B r3 5b gewonnen wurde, das wir aus 50%-igem wässrigem Äthanol 
um kristallisierten. 5b wurde m it einem 100%-igem Überschuss an  N aN 3in 60% -igem  wässrigem 
A ceton 6 h zum Sieden erhitzt. Es wurde aus einem Ä thanol und Benzin im V erhältnis 1 : 2 
en thaltenden  Gemisch und danach aus 30%-igem wässrigem M ethanol um kristallisiert. Aus
beute an 2 54,5%, K p.4: 124 — 127 °C; Lit. [4]: K p .17: 165°. A usbeute an 4b bezogen auf 2: 32%, 
Schm p.: 1 4 6 -1 4 7  °C, Lit. [4, 14, 15]: 1 4 7 -1 4 9  °C.

Ausbeute an 5b 40,5% . Schmp.: 151 152 °C, Lit. [16]: 153,5 °C. A usbeute an 6b 32,7%,
Schm p.: 1 1 3 -1 1 4  °C.

C10H I5N5O3 (253,3). Вег.: C 47,4; H 5,97; N 27,7. Gef.: C 48,0; H 6,21; N 26,9% .

5-Phenyl-5-allylbarbitursäure (7a)

Durch R eaktion von Phenyl-allyl-cyanessigsäure-äthylester (K p.5: 132 —134 °C, «d =  
=  1,5058, d j“ =  1,0545) m it Guanidin wurde 5-Phenyl-5-allyl-2,4-diim ino-barbitursäure her
gestellt, die bei der sauren H ydrolyse 7a lieferte. U m kristallisiert wurde aus W asser. Ausbeute: 
70,7% , Schmp.: 154 -1 5 5 ,5  °C. L it. [17]: 1 5 4 -1 5 5  °C.

5-Phenyl-5-(2-hydroxy-3-brom propyl)barbitursäurc (8a)

Die V erbindung wurde durch R eaktion von 7a m it JV-Broinsuccinimid und  Schwefel
säure in  D ioxan nach WlRTH [6] gewonnen. Das trockene R ohprodukt von 7a wurde in drei
facher Menge Aceton ausgekocht und der R ückstand getrocknet. A usbeute 82,6% , Schmp.: 
139 — 140 °C. Lit. [6]: 2 4 0 -2 4 1  °C.

5-Pheiiyl-5-(2-hydroxy-3-iodpropyl)barbitursäure (9)

9 wurde aus 7a, K I 0 3 und K I in m it Schwefelsäure angesäuertem  W asser nach dem Ver
fah ren  von B o b r a n sk i und M itarb. [7] hergestellt. Ausbeute 75,6% , Schm p.: 230 — 231 °C 
Zersetzung. Lit. [7]: 223 — 225 °C.

C13H 13IN 20 4 (388,2). Вег.: C 40,2; H 3,37; I 32,7; N 7,22. Gef.: C 40,6; H  3,30; I 33,0; 
N 7.24% .

Die R eaktion von 7a m it elem entarem  Iod in W asser nach der Vorschrift von B o bran ski 
und M itarb. [18] lieferte 9 m it einer A usbeute von 32,7% . Das Gemisch von 8a und N al wurde 
24 h zum Sieden erh itz t, wobei 9 m it einer A usbeute von 56,8%  erhalten  wurde. Die auf drei 
verschriedenen Wegen dargestellten Substanzen führten  gegenseitig zu keiner Schmp-Depres
sion.
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5 -P h e n y I -5 - (2 -h y d ro x y -3 -a z id o p ro p y l)b a rb i tu r s ä u re  (1 0 a )

1 0 »  wurde sowohl aus 9  als auch aus 8a  m it nahezu gleicher Ausbeute erhalten. Das 
G em isch von 8a  und N aN 3 im  M olverhältnis 1 : 4 wurde in  60% -igem  Aceton 6 h  zum Sieden 
e rh itz t ,  das Gemisch von 9  un d  N aN 3 im  Molverhältnis 1 : 4 dagegen 1 h  in  60%-igem A ceto
n itril. A usbeute 30%. F ü r 1 0 a  w urde kein bestim m ter Z ersetzungspunkt gefunden: im  Bereich 
von  190 und  225 °C findet m an  auch  u n te r gleichen B edingungen im m er bei anderen Tem
p e ra tu re n  ein 2°-Intervall, in  dem  eine schnelle Änderung e in tritt.

Ci 3H 13N ,04 (303,3). Вег.: C 51,5; H  4,32; N 23,1. Gef.: C 52,4; H  4,54; N  23,0% .

•5-fi- B u ty l -5 -a lly lb a rb itu rs ä u re  (7 b )

D as Gemisch von re-Butyl-allylm alonsäure-diäthylester [3], H arnstoff und  N atrium - 
ä th y la t  im  Molverhältnis von  1 : 1,5 : 2 wurde 3 h  in  Ä thanol zum  Sieden erh itz t. N ach Ab
dam p fen  des Äthanols wurde der R ückstand  in Eiswasser gelöst u n d  das P roduk t m it Salz
säu re  ausgefällt. U m kristallisation aus W asser, A usbeute 65,5% , Schmp.: 126,5 — 127,5 °C. 
L it. [3]: 125-125 ,5  °C. L ú. [19]: 128 °C.

- t i-B u ty l-5 - (2 -h y d ro x y -3 -b ro m p ro p y l)b a rb i tu rs ä u re  (8 b )

8b  wurde aus 7b, wie fü r 8a  beschrieben, hergestellt. D as R ohproduk t wurde aus Essig- 
säu re-ä thy lester und Ä thanol um krista llis iert, ausbeute 68,7% , Schm p.: 222,5 — 223 °C.

Сп Н 17В г ^ 0 4 (321,2). Вег.: C 41,1; H  5,34; Br 24,9; N  8,72. Geef.: C 41,6; H  5,22; B r 24,9; 
N 8 ,70% .

5 -n -B u ty l-5 - (2 -h y d ro x y -3 -a z id o p ro p y l)b a rb i tu rs ä u re  (1 0 b )

8 g (0,025 Mol) 8b und  3,25 g (0,05 Mol) N aN 3 w urden in 50 m L 60%-igem wässrigem 
A ceton  u n d  30 mL A cetonitril 6 h  zum  Sieden erhitzt. Der au f 40 °C abgekühlte A nsatz wurde 
m it 10%  Salzsäure auf pH  3 eingestellt. Nach dem A bdam pfen der Lösungsm ittel wurde das 
R o h p ro d u k t abgenutscht und  aus W asser um kristallisiert. A usbeute 61% . Die bei der Schmelz
punk tsbestim m ung von 1 0 a  beobach te ten  Erscheinungen tra te n  auch  bei 1 0 b  auf: meistens 
w urde e in  Schmp. von 211—212 °C gefunden.

Cu h i?N50i (283,3). Вег.: C 46,6; H  6,05; N  24,7. Gef.: C 46,4; H  5,78; N  23,8% .

5 -P h e n y l-5 - (2 -m e th o x y -3 -b ro m p ro p y l)b a rb itu r s ä u re  (1 1 )

Die Verbindung wurde aus 7 a  m it m ethanolischer B rom lösung nach der M ethode von 
Sm is s m a n n  und Mitarb. [8] dargeste llt. 1 1  wurde aus Ä thy lace ta t um kristallisiert. Ausbeute 
71,8% , Schmp.: 20 9 -2 1 0  °C. Lit. [8 ]: 209—209,5 °C.

5 - P h e n y l-5 - (2 -m e th o x y -3 -a z id o p ro p y l)b a rb i tu r s ä u re (1 2 )

1 1  und  NaN3 wurden im  M olverhältnis von 1 : 5 w ird in  60% -igem  wässrigem A ceto
n itr il 24 h  zum  Sieden erh itz t. D as P roduk t wurde durch Lösen in  Lauge und  Fällen m it 
Säure u n d  anschliessende K ris ta llisa tion  aus W asser gereinigt. A usbeute 51,2% . Schmp.: 
170 — 171 °C.

C14H 15N50 4 (317,3). Вег.: C 53,0; H  4,77; N 22,1. Gef.: C 52,2; H  4,67; N 21,6% .

5 - P h e n y l-5 - (2 -b ro m p ro p y l)b a rb i tu r s ä u re  (1 3 )

1 3  wurde aus 7a m it H B r in  Eisessig nach dem von  K o n ie c z n y  [21] fü r die D arstellung 
der 5,5-B is-(2-brom propyl)barbitursäure angegebenen V erfahren gewonnen und  aus Ä thanol 
um krista llis iert. Ausbeute 58,7% , Schm p.: 221 — 222 °C, Lit. [20]: 221 — 222 °C. Aus 14  wurde 
m it P B r3 ebenfalls 13 auf die fü r 5 a  beschrieben Weise hergestellt. A usbeute 61,1% , Schmp.: 
221 — 222 °C, keine Schmp.-Depr. m it aus 7 a  hergestelltem 13.

5 -P h e n y l-5 - (2 -h y d ro x y p ro p y l)b a rb itu r s ä u re  (1 4 )

1 4  wurde aus 7 a  m it konz. Schwefelsäure nach der V orschrift von S m issm an n  und M it
arb . [22] dargestellt und aus W asser um kristallisiert. A usbeute 59,8% , Schmp.: 228 — 230 °C, 
L it. [22]: 2 2 9 -2 3 1  °C.
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5-Phcnyl-5-(2-azidopropyl)barbitursaurc (15)

Das Gemisch von 13 un d  N aN 3 im  M olverhältnis von 1 : 5 wurde in  70% -igem  wässri
gem A cetonitril 20 h zum  Sieden erh itz t. Das R ohprodukt wurde aus W asser um kristallisiert. 
A usbeute 21,9%, Schmp.: 180—180,5 °C.

C13H 13N ,0 3 (287,3). Вег.: C 54,4; H  4,56; N  24,4. Gef.: C 54,7; H  4,57; N  24,2% .

l-(2-H ydroxyäthyl)-5-phenyl-5-äthylbarbitursäure (18)

Die Verbindung w urde aus 16 und  Ä thylenchlorhydrin nach der V orschrift von H en ze  
und  S pu r l o c k  [9] hergestellt. A usbeute 21,4% , Schmp.: 145 — 146 °C, L it. [9, 23]: 145 — 
-145,5 °C. 18 wurde ebenfalls aus Phenyl-äthylm alonester (17), JV -(2-Hydroxyäthyl) harnstoff 
(Schm p.: 95 °C, D arstellung nach Ch a rlto n  und  D a y  [24]) und N a triu m äth y la t (M olverhält
nis 1 : 1,1 : 1,5) in  Ä thanol durch  11 ständiges K ochen dargestellt. A usbeute 10% , Schmp.: 
145 — 146 °C; keine Schmp.-Depression m it der aus 16 dargestellten Substanz.

l-(2-B rom äthyl)-5-phenyl-5-äthylbarbitursäure (19)

Die Verbindung w urde nach dem  V erfahren von H e n z e  und Sp u r l o c k  [9] aus 18 durch 
E inw irkung von P B r3 gewonnen. A usbeute 79,1% , Schm p.: 126 —128,5 °C, L it. [9]: 127,5 — 
-128,5  °C.

’ I -(2- \z id o ä th y l)-5 -phenyl-5-äthylbarbitursäure (20)

19 und NaN3 w urden im  M olverhältnis von 1 : 2 in  60%-igem w ässrigem  A ceton zum 
Sieden erh itz t, der pH -W ert au f 3 eingestellt und  das Aceton abgedam pft. Die abgeschiedene 
Masse wurde in Ä ther aufgenom m en und  in  P etro lä ther eingetropft. Das P ro d u k t wurde aus 
70% -igem  wässrigem M ethanol um kristallisiert. A usbeute 76,6%, Schm p.: 91 —92 °C. 

C14H 15N50 3 (301,3). Вег.: C 55,8; H  5,02; N  23,2. Gef.: C 56,5; H  5,12; N  23,3% .
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A new class of mixed ligand complexes of m etal thiocyanates w ith  2,2’-d ipyridyl 
and 1,10-phenanthroline were synthesized and  subjected to chemical analysis, IR  studies 
and magnetic m easurem ents. The investigations provide evidence for the fo rm ation  of 
high spin 1 : 1 : 4  (M : L : SCN) in  case of Co(II), N i(II) and M n(II) an d  1 : 1 : 2  
(M : L : SCN) mixed complexes in case of C u(II), C d(II) and Z n(II), respectively.

Introduction

S chilt  [1] has p re p a re d  a large n u m b e r o f  m ixed cyan ide  com plexes of 
F e ( I I )  an d  F e ( I I I )  in  w hich  one ligand  is 1 ,1 0 -p h en an th ro lin e  or 2 ,2 ’-d ip y rid y l 
e.g. [Fe(C N )2(phen)2] an d  [Fe(C N )2(d ipy)2],

S im ilar ty p e  of m ixed  th io c y a n a te  com plexes of F e (II)  h av e  b een  re p o rte d  
b y  D r iv e r  and  W a l k e r  [2] e.g. [F e(S C N ),(phen)2]H 20  and  [Fe(SC N )2(d ip y )2].

T he p resen t in v e s tig a tio n  w as p lan n ed  to  e x ten d  our know ledge on  m ixed  
m e ta l th io c y a n a te  com plexes using  1,10-p h e n a n th ro lin e  and  2 ,2 ’-d ip y rid y l as 
th e  o th e r  ligands. W ith  th is  a im  in view  som e new m ixed ligand  th io c y a n a te  
com plexes o f 1 ,1 0 -p h en an th ro lin e  an d  2 ,2 ’-d ip y rid y l w ith  C d (II ) , C o(II), 
M n (II) , N i(II) , C u(II) an d  Z n (II)  w ere p re p a re d , sub jec ted  to  ch em ica l a n a l
y s is , IR  stud ies and  m ag n e tic  m easu rem en ts .

Experim ental

Solutions

Cobalt, nickel, manganese, copper, cadm ium  and zinc sulphates of A nalaR  (grade 
B .D .H ) were used to prepare aqueous alcoholic solutions in 25% ethanol of these m eta l salts.

2,2’-dipyridyl (B .D .H ), 1,10-phenanthroline m onohydrate (Merck) and am m onium  th io
cyanate  of A.R. grade were used to prepare aqueous alcoholic (4 : 1) solutions in  25%  ethanol. 

All solutions were 0.05 M.

* To whom correspondence should be addressed.
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Table I

Chemical analysis and magnetic measurement

Name of the com pound, 
and formula Colour

M etal % C %

Calc. Found Calc. Found

1 2 3 4 5 6

1. [Cu(C10H 8N,)(SCN)2] D ithio- 
cyanato  mono-(2,2’-dipyridyl) 
copper(II) Green 18.94 19.11 42.91 42.72

2. [Cu(C12H 8N 2)(SCN)2] D ithio- 
cyanato  m ono-(l,10-phenanthro- 
line) copper(II) Green 17.67 17.48 46.72 46.51

3. (N H 4)2[Mn(C10H 8N 2)(SCN)4]
D iam m onium  tetrath iocyanato  
m ono-(2,2’-dipyridyl)manganese
(H ) Light yellow 11.47 11.51 35.08 35.21

4. (N H 4)2[Mn(C12H 8N 2)(SCN)4] 
Diamm onium tetrath iocyanato  
m ono-(l,10-phenanthroline) 
manganese(II) Light yellow 10.92 11.02 38.17 38.22

5. [Cd(C10H 8N,)(SCN)2] D ithio- 
cyanato  mono-(2,2’-dipyridyl) 
cadm ium (II) White 29.24 29.36 37.46 37.44

6. [Cd(C[2H 8N 2)(SCN)2] D ithio- 
cyanato  m ono-(l,10-phenanth- 
roline) cadmium(II) White 27.52 27.61 41.14 41.21

7. (N H 4)2[Co(C10H 8N 2)(SCN)4] 
D iam m onium  te tra th iocyanato  
mono-(2,2’-dipyridyl) cobalt(II) Brown 12.20 12.31 34.79 34.82

8. (N H 4)2[Co(C12H 8N 2)(SCN)4] 
D iamm onium te trath iocyanato  
m ono-(l,10-phenanthroline) 
cobalt(II) Brown 11.62 11.84 37.87 38.11

9. [Zn(C10H 8N 2)(SCN)2] D ithio- 
cyanato  mono-(2,2’-dipyridyl) 
z inc(II) White 19.38 19.18 42.68 43.01

10. [Zn(C12H 8N,)(SCN)2 D ithio- 
cyanato  m ono-(l,10-phenanthro- 
line) zinc(II) White 18.09 18.13 46.49 45.99

11. (N H 4)2[Ni(C10H 8N 2)(SCN)4] 
Diamm onium tetrath iocyanato  
mono-(2,2’-dipyridyl) nickel(II) Grey 12.16 12.11 34.80 34.62

12. (N H 4)2[Ni(C12H 8N„)(SCN)4] 
D iamm onium tetrath iocyanato  
m ono-(l,10-phenanthroline) 
nickel(II) Grey 11.59 11.62 37.90 38.11

Preparation of the complexes

T he metal-2,2-dipyridyl o r -1,10-phenanthroline com plex was obtained by  m ixing m etal 
and  2,2’-dipyridyl or 1,10-phenanthroline in the ratio  1 : 3 or 1 : 2, depending upon th e  na tu re  
o f th e  m etal. A freshly p repared  solution of am m onium  th iocyanate  was added slowly to  the

A cta Chim. Acad. Sei. Hung. 107, 1981



MALIK et al.: MIXED LIGAND COMPLEXES 157

data o f the mixed ligand complexes

H % N % s % f j^f t  in  Bohr 
m agnetonsCalc. Found Calc. Found Calc. Found

7 8 9 10 11 12 13

2.38 2.43 16.69 16.69 19.07 19.13 2.09

2.22 2.08 15.57 15.71 17.80 17.91 2.05

3.34 3.44 23.38 23.19 26.72 26.84 5.88

3.18 3.16 22.27 22.19 25.45 25.55 5.89

2.08 2.10 14.57 14.69 16.65 16.68 diamagnetic

1.95 2.02 13.71 13.92 15.67 15.49 diamagnetic

3.31 3.32 23.19 23.05 26.50 26.42 5.22

3.16 3.27 22.09 21.98 25.25 25.27 5.19

2.37 2.33 16.60 17.16 18.97 19.24 diamagnetic

2.21 2.24 15.50 15.62 17.71 17.65 diamagnetic

3.31 3.17 23.20 23.08 26.52 26.81 3.46

3.16 3.21 22.10 22.31 25.26 25.12 3.46

hot solution of the m eta l-2,2’-dipyridyl or m e ta l- l,10-phenanthroline complex, till com plete 
precipitation occurred. The solution was left to cool a t  room  tem perature for 2 — 3 hours. The 
precip itate was filtered, washed first w ith distilled alcohol for the removal of 2,2’-d ipyridy l or 
1, 10-phenanthroline, then  w ith  distilled w ater to  rem ove th iocyanate ion.

F inally  the p recip itate was dried a t 50 — 60 °C.
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158 MALIK et al.: MIXED LIGAND COMPLEXES

Chemical analysis

E lem en ta l analysis for С, H  and N was perform ed in Microanalytical L aboratories, 
I .I .P . D ehra  Dun, w ater of crystallization was determ ined  by heating the sam ple a t  105 °C. 
Su lphur w as estim ated by Carius’ m ethod [3].

In  o rder to determ ine m etal contents a know n am oun t of isolated complex was decom 
posed w ith  cone, nitric acid. The acid was neutralized w ith  sodium carbonate and th e  neu tral 
so lu tion  w as subjected to gravim etric analysis [3].

C obalt was m easured as cobalt an th ran ila te , m anganese, zinc and cadm ium  as am m o
nium  phosphates, nickel as nickel dim ethyl glyoxime an d  copper as cuprous th iocyanate .

T he results of chemical analysis are sum m arized in  Table I.
T he m agnetic susceptibility was m easured a t  room  tem perature on a G ouy balance 

consisting  of semi-micro M ettler balance for suspending and  weighing the sample in  a m agnetic 
field o f 8.5 X 103 Gauss generated by  an electrom agnet (4 am p, 100 volts, UNISCO , India) 
fed from  A.C. mains.

O n th e  basis of magnetic m om ent the following inform ation regarding th e  s truc tu re  
of these  complexes is obtained.

T he m agnetic mom ent values of the complexes under investigation fall u nder two 
categories: th e  octahedral complexes of Co, Mn and  Ni, w ith  /Liê  values between 3.46 and  5.89 
B.M., an d  th e  square p lanar complexes of Cu w ith [ieff values of 2.05 and 2.09 B.M. The Zn 
and Cd complexes were diam agnetic.

In  th e  case of high spin octahedral complexes under study magnetic m om ents are of 
the sam e order as reported by o ther workers, for exam ple, D river and Walker (loc. cit.) 
found  th e  m agnetic mom ent value of the complex [Fe(SCN)2(dipy)2] to be 5.22 B.M. and 
Moore [4] got the spin only value of 5.9 B.M. for th e  high spin Mn(II) complexes. The existence 
of h igh spin octahedral mixed complexes synthesized by us is, therefore, indicated in  the light 
of th e  above observations.

T he results are sum marized in  Table I.

IR  Studies

L a ttic e  w ater is known to give absorption bands in  the region of 3550 — 3200 (asym 
m etric  an d  sym m etric О — H stretching modes) and in  th e  region of 1630 —1600 cm -1 (H  — О — H 
bending  m ode) [5].

The complexes isolated do no t show any peak in  th is region.
Inorgan ic  thiocyanates have been found to  absorb in  the range of 2130 — 2020 c m -1 [6]. 

The C — N stretching frequency is shifted tow ards higher value on coordination. The complexes 
u nder investiga tion  show stretching bands in the region of 2040 — 2080 cm -1 confirm ing the 
presence of th iocyanate  in these complexes.

T he infrared  spectra of a large num ber of 1,10-phenanthroline and 2,2’-d ipyridy l [7] 
com plexes have been reported. I t  has been found th a t  th e  spectra of the free ligands undergo 
slight m odification  on coordination. In  p articu la r th e  ring frequencies (1600 —1000 cm -1) 
tend  to  undergo small bu t observable shifts to higher w ave numbers. The bands corresponding 
to these ligands shift towards higher wave num bers in  the spectra of the investigated complexes.

In  the  spectra of 2,2'-dipyridyl two bands of the free ligand a t 995 cm -1 and  759 cm-1 
have been  suggested. The former peak shifts to 1010 c m -1 and the la tter 10 — 20 c m -1 higher 
in  the  com plexes [8]. All the complexes of 2 ,2 '-d ipyridyl under discussion show these bands 
shift to  above 1000 and 760 cm -1 thereby confirm ing th e  presence of 2,2 '-dipyridyl in  them .

I t  has been established by X -ray analysis [9] th a t  m etals of the first tran sitio n  series 
form  M — N bonds in thiocyanate complexes. A ccordinly in  our complexes M — N peaks are 
found  in  every  complex. Two types of m etal-nitrogen peaks are observed i.e., due to  nitrogen 
of d ip y rid y l or phenanthroline or due to thiocyanate.
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The complexes of ru then ium (III), rh o d ium (III) , palladium (II), osmium(IV), 
osm ium (III), ir id ium (III) and p latinum (II) w ith sodium  salts of cyclopentyl (NaCPD) 
and  cycloheptyl (N aCH D ) dithiocarbam ic acids have been synthesized and  charac
terized on the basis of elem ental analyses, conductance m easurem ents, spectral (electron
ic and vibrational) and  m agnetic m om ent d a ta . Various ligand field (10 Dq), nephel- 
auxetic (В, C and ft) and single electron repulsion param eters (zl,, zl2 and zl3) have also 
been calculated. The nephelauxetic param eters are indicative of strong covalency in 
the metal ligand bond.

Introduction

T h ere  is a grow ing  in te re s t  in  th e  ch e m is try  o f  tra n s itio n  m eta l com plexes 
o f su lp h u r donor lig an d s on acco u n t of th e ir  en co u rag in g  a n tic a n c e r, a n tiv ira l 
an d  an tifu n g a l a c tiv itie s  [1 — 3]. D ith io c a rb a m a te s  to o  belong to  such  class of 
lig ands. A large n u m b e r o f  d ith io ca rb am a to  com plexes are  k n o w n  [4, 5], y e t 
no re p o r t  is av a ilab le  o n  tra n s it io n  m eta l com plexes o f  cy c lo p en ty l a n d  cyclo
h e p ty l d ith io c a rb a m a tes . S ince, an y  change in  th e  group  a tta c h e d  to  n itrogen  
m ay  a ffec t th e  sp e c tra l p ro p e rtie s  of com plexes, i t  is considered  w orthw hile  
to  in v es tig a te  th e  m ag n e tic  an d  sp ec tra l p ro p e rtie s  o f p la tin u m  m e ta l com 
plexes w ith  these  lig an d s. I t  has also been  o b se rv ed  th a t  th e  ca rc in o sta tic , 
a n tiv ira l  an d  a n tifu n g a l a c tiv itie s  o f m eta l ch e la te s  can  be m a rk e d ly  affected  
b y  m inor changes in  th e  lig an d  [1, 2]. T h erefo re , such  a s tu d y  a p p e a rs  to  be 
essen tia l before an y  v iab le  re la tio n  betw een  th e  s tru c tu re  an d  ca rc in o sta tic , 
a n tiv ira l  an d  a n tifu n g a l a c tiv itie s  o f m e ta l ch e la te s  can  be la id  o u t. T h is p ap er 
re p o rts  th e  syn th esis  an d  c h a ra c te riz a tio n  o f  ru th e n iu m (I I I ) ,  rh o d iu m (II I ) , 
p a lla d iu m (II) , o sm ium (IV ), o sm iu m (III) , i r id iu m (I I I )  and  p la n tin u m (II )  com 
plexes o f cyc lopen ty l a n d  cyclo h ep ty l d ith io c a rb a m a te s .

* To whom correspondence should be addressed.
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E xperim en ta l

The ligands have been syn thesized by the general m ethod suggested by G ilm a n  and 
B l a t t  [6 ]. The platinum  m etal sa lts used were procured from  Johnson M atthey Chemicals, 
L ondon. *

T he complexes have been p rep ared  as follows:

R u th e n iu m (I I I ) ,  rh o d iu m (III) and ir id iu m (I I I )  complexes

A ll these complexes have been  obtained by adding an aqueous solution of appropriate 
m e ta l chloride to the sodium sa lt of d ithiocarbam ate dissolved in  w ater in  1 : 3 m olar ratio 
a t  room  tem perature. The p rec ip ita te  was filtered, washed w ith distilled w ater and  dried 
over P 4Oi„.

Osm iurn ( I V )  complexes

T he te trakis(dithiocarbam ato)-com plex of osmium(IV) can be prepared by  th e  reaction  
of (N H 4)20 sC16 w ith sodium sa lt o f th e  respective dithiocarbam ic acid in  a 1 : 5 m olar ratio  
in  aqueous m ethanol and was o b ta ined  as a dark green crystalline precip itate a fter a reaction 
tim e  o f  ab o u t four hours. The p rec ip ita te  was filtered and washed w ith aqueous m ethanol 
and  d ried  over P4O10 in  vacuum .

O s m iu m ( I I I )  complexes

T risd ith io ca rb am a to  co m p lex es o f  these  ligands are  p re p a re d  b y  re flu x in g  re sp ec tiv e  
te t r a k i s  com plex  in  te tra h y d ro fu ra n  fo r a b o u t te n  hours.

P a lla d iu m fI  I )  and p la tin u m (II )  complexes

T he aqueous solution of pallad ium  chloride or potassium  tetrach lo rop la tina te  was 
added  to  an aqueous solution of sodium  salt of appropriate dith iocarbam ate in  1 : 2  molar 
ra tio . T he orange/yellow p recip ita te  obtained was washed w ith  distilled w ater and  dried 
over P 4O 10.

Analytical procedures and physical measurements

T he m etal content of the com plexes was determ ined by  standard  gravim etric m ethod. 
N itrogen  was estim ated by  K je ldah l m ethod  and sulphur as barium  sulphate. The carbon and 
h y d rogen  analyses were carried o u t a t C. D. R. I., Lucknow.

In fra red  spectra were recorded in  solid state (K B r-Pellets) in  the region 4000 — 200 cm -1 
on a  P e rk in —Elmer-621 grating  spectrophotom eter. The electronic spectra of these complexes 
in  acetone  were run on a Perkin  — E lm er 4000 A° and visible range Russian C 0  10 spectro
p h o to m ete r. Magnetic m easurem ents were carried ou t b y  Gouy’s m ethod using m ercury 
te tra th io cy an a to co b a lta te (II) as a calib ran t. Conductance m easurem ents were m ade in  n itro 
benzene a t  30.00 ±  0.05 °C on a  B eckm ann Conductivity Bridge Model No. RC-18A. Molecular 
m ass determ inations were carried o u t ebullioscopically in  benzene using a G allenkam p (U .K .) 
ebullio m eter.

R esu lts  and  D iscussion

Som e physical p ro p e r tie s  o f th e  com plexes are lis ted  in  T ab le  I .  E le
m e n ta l  analyses of th ese  co m p lex es  in d ica te  1 : 4 fo r O s(IV ), 1 : 3 fo r R u ( I I I ) ,  
R h ( I I I ) ,  I r ( I I I )  and  O s ( I I I )  a n d  1 : 2 for P d ( I I )  and  P t( I I )  m e ta l to  ligand  
s to ic h io m e try . All th ese  co m p lex es are  soluble in  benzene, ace tone , ch lo ro fo rm , 
N ,N '-d im e th y l form am ide a n d  n itro b en zen e . M olar co n d u c tan ce  o f  1 0 -3  M  
so lu tio n  o f all these com plexes in d ica te  th e  n o n e lec tro ly tic  n a tu re  o f  th e  com 
p le x e s . F ro m  m olecular m ass  m easu rem en ts , i t  is concluded  th a t  th e se  com 
p lex es  a re  m onom eric.
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M agnetic moments and electronic spectra 

R u th e n iu m fI I I )  complexes

T he m agnetic  m o m en t of ( tr is )d ith io c a rb a m a to  d e riv a tiv e s  o f ru th e - 
n iu m (I I I )  lies in  th e  ran g e  1.80 —1.85 В. M. a t  room  te m p e ra tu re , w hich  are 
a p p rec iab ly  low er th a n  th e  sp in -v a lu e , (2.10 В . M.) o f th e  free ion . T h is value

Table I

Analytical data o f platinum  metal complexes*

Complex Colour
De

comp. Found (ealed) % Mol,
w t.

tem p.
°C c II N s M

Found
(ealed)

Ru(CPD)3 D ark
brown

200 36.8
(37.1)

4.8
(5.1)

7.1
(7.2)

32.8
(33.0)

16.9
(17.3)

560
(581.1)

Ru(CHD)3 D ark
brown

180 43.1
(43.3)

6.1
(6.3)

6.1
(6.3)

28.5
(28.8)

15.0
(15.2)

650
(665.1)

Rh(CPD)3 Orange 155 36.7
(37.0)

4.6
(5.1)

7.1
(7.2)

32.3
(32.5)

17.4
(17.6)

570
(582.9)

Rh(CHD)3 Orange 150 42.9
(43.1)

6.1
(6.3)

6.0
(6.3)

28.6
(28.8)

15.2
(15.4)

652
(666.9)

Pd(CPD )3 Orange 155 33.2
(33.8)

4.1
(4.7)

6.5
(6.6)

30.0
(30.0)

24.6
(24.9)

420
(626.4)

Pd(CH D), Yellow 155 39.5
(39.8)

5.4
(5.8)

5.6
(5.8)

26.3
(26.5)

21.6
(22.0)

476
(482.4)

Os(CPD)4 Green 220 34.2
(34.6)

4.5
(4.8)

6.2
(6.7)

30.6
(30.8)

22.6
(22.9)

815
(830.2)

Os(CHD)4 Green 175 40.5
(40.7)

5.2
(5.9)

5.7
(5.9)

27.0
(27.1)

19.7
(20.2)

932
(942.2)

Os(CPD)3 Red 180 32.1
(32.2)

4.1
(4.5)

6.2
(6.3)

28.4
(28.6)

28.0
(28.4)

667
(670.2)

Os(CHD)3 Red 175 38.0
(38.2)

5.4
(5.6)

5.2
(5.6)

25.1
(25.4)

25.2
(25.2)

742
(754.2)

Ir(CPD )3 Orange
yellow

220 31.8
(32.1)

4.2
(4.5)

6.1
(6.2)

28.4
(28.6)

28.6
(28.6)

659
(672.2)

Ir(CHD)3 Orange
yellow

165 37.6
(38.1)

5.1
(5.5)

5.4
(5.5)

25.2
(25.4)

25.0
(25.4)

747
(756.2)

P t(C PD ), Yellow 205 27.5
(28.0)

3.6
(3.9)

5.2
(5.4)

24.5
(24.8)

37.7
(37.9)

508
(515)

Pt(C H D ), Yellow 160 33.1
(33.6)

4.5
(4.9)

4.8
(4.9)

22.4
(22.4)

34.0
(34.1)

568
(571)

* where, NaCPD = and NaCHD =

Н„С :6 .S I

X N  o f N a °

H13C7 ,S I  
\ _  /

N  0

и 7  N [ i 0
У

H 7  S I 0
,
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c a lc u la te d  by  em ploying th e  sp in -o rb it coupling  c o n s ta n t o f th e  free ion  has 
b e e n  log ica lly  found h ig h e r t h a n  th e  spin-only  v a lu e  1.73 [7a]. T h is low ering 
m a y  b e  due to  th e  p re sen ce  o f  low  sy m m etry  lig a n d  fie ld s. H ow ever, th e  
p o s s ib il i ty  of these co m p lex es  b e ing  polym eric is  ru le d  ou t because  in  such  
cases  th e  electron in te ra c tio n  o f  th e  m eta l a to m s th ro u g h  d irec t exchange or 
su p e re x c h a n g e  p h enom enon  is  q u ite  severe an d  re su lts  in  a v e ry  low  m agnetic  
m o m e n ts  [7]. The e le c tro n ic  sp ec tra  of th e  com plexes show  b a n d s  a t  ca. 
13 000 — 14 000, 17 000 — 18 000 a n d  21 000 — 21 500 c m -1 . T he positions of 
th e s e  b an d s  (Fig. 1) a re  co m p arab le  to  o th e r  ru th e n iu m (I I I )  com plexes 
p o sse ss in g  octahedra l s te re o c h e m is try  [8 10]. T h e  g ro u n d  s ta te  o f ru th e n iu m -
( I I I )  in  o c tahed ra l fie ld  is 2T 2g a n d  accord ingly  th e  b a n d s  m ay  be assigned  [8a] 
to  4T lg -I— 2T2g, i T2g ■*— 2T 2g a n d  2T lg, 2A 2g *- 2T 2g tra n s it io n s  in  an  increasing  
o rd e r  o f  energy. The v a lu e s  o f  d iffe ren t ligand  f ie ld  a n d  n ep h e lau x e tic  pa ram -

Wave l eng t h X (nm)

F ig. 1. Absorption spectra o f (a) Ru(CHD):1, (b) R h(C H D )3, (c) P t(C H D )2 in acetone

e te r s  (T able  I I )  also s u p p o r t  th e  pseudo o c ta h e d ra l s te reo ch em is try  [8 ] for 
th e s e  com plexes. The ra t io  v2/v1 a re  in th e  range 1.25 1.28 in  v e ry  good agree
m e n t  w ith  th e  li te ra tu re  d a ta  [11, 12]. The co n sid e rab le  decrease in  th e  value 
o f  R a c a h  in te re lec tron ic  p a ra m e te r  В  from  th a t  o f  th e  free ion  v a lu e  suggests 
s t ro n g  covalen t bon d in g  b e tw e e n  the  ligand an d  th e  c e n tra l a to m  [8 ]. T he 
o v e ra ll  effect of som e c o v a le n t bond ing  will be an  in crease  in  th e  observed  
v a lu e  o f  10 D q. or A, h ig h  v a lu e  o f A being u su a lly  a sso c ia ted  w ith  con sid er
a b le  e lec tro n  d e lo ca liza tio n , t h a t  m eans co v a len t b o n d in g  [8 ].
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Table II

Magnetic moments and electronic spectral data o f platinum metal complexes

10 Dq В ß
А  еН.

Complex observed Assignments С ВМ
(300 К)

(i) (2) (3) (4) (5) (6) (7) (8) т

Ru(CPD)3 13 200 47* 27"
1  lg 1  2f>

17 000 2T1  2g  * 2 g 1.28 23 075 475 2125 0.76 1.80
21 000 27’ 2 A JL 2T1  lg, /I ,g J 2g

Ru(CHD)3 14 000 
17 500 
21 500

-do- 1.25 24 499 437 2125 0.70 1.85

Rh(CPD)3 23 000 JT 1 Aj ip ip 1.21 24 248 312 1248 0.43 Diamag
28 000 i T  4- M1  2g —

Rh(CHD)3 23 800 
29 000

-do- 1.21 24 300 325 1300 0.45 Diamag

Ir(CPD )3 27 200 1 A1 ig ^  ip 1.06 27 648 112 448 0.17 Diamag
29 000 a- M

1 2g  A ' g
32 500 C.T

Ir(CHD)3 27 500 
29 400 
31 500

-do- 1.06 27 972 118 472 0.18 Diamag

Os(CPD)j 25 300 
33 000

C.T. — — — — — Diamag

Os(CHD), 25 800 
34 500

C.T. — — — — — Diamag

Os(CPD)3 32 000 — C.T. — — — — — 1.63

Os(CHD)3 32 500 —  C.T. — — — — — 1.67
А г Л

Pd(CPD).. 19 000 ]A.,g 21 100 5900 3675 Diamag
22 800 1R 8 1 d
27 000 1 IT K Id k A \g

Pd(CHD), 19 500  ̂A  opr  ̂A  jp 21 600 5600 3975 Diam ag
23 000 1 R 1 A

27 500 1 TP ” 1 j
E e A , g

Pt(CPD ), 16 000 
19 000 ' А ч - ' л ч  

' в , ;  -  ' л

18 100 5100 4475 D iam ag

24 000 IF V  1 A  k b g  -  A 4

Pt(CHD).. 17 000 
20 500 
25 000

-do- 19 100 5600 3975 Diamag

R hodium ( I I I )  and ir id iu m ( 111) complexes

T he tr is (d ith io c a rb a m a to )-d e r iv a tiv e s  o f  rh o d iu m (III)  an d  i r id iu m (I I I )  
are o f low  sp in  ty p e  (i*) and  are fo u n d  to  be  d iam ag n etic .

T he e lec tro n ic  sp e c tra  of th e se  com plexes show  b ands a t  ca. 23 000 — 
24 000 an d  28 0 0 0 - 2 9  000 c m " 1 R h ( I I I )  an d  a t  ca. 27 0 0 0 - 2 7  500 , 29 000
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a n d  3 1 0 0 0  — 32 500 c m -1  I r ( I I I ) .  The b a n d s  p o sitio n s  (F ig. 1) a re  s im ila r  to  
th o s e  re p o r te d  w ith  su lp h u r d o n o r ligands possessin g  pseudo  o c tah ed ra l s te re o 
c h e m is try  [8 , 13, 14] an d  acco rd in g ly , th e  f i r s t  tw o  b an d s  in  b o th  cases m a y  
be  a ss ig n e d  to  1T lg xA lg a n d  1T2g •*— L 4lg tr a n s i t io n s  in  an  in c reas in g  o rd e r 
o f e n e rg y . T he b an d s  a t  so m ew h at h igher e n e rg y  in  irid ium  d e riv a tiv e s  ca. 
31 000  — 32 500 c m -1 can  be  a t t r ib u te d  to  a c h a rg e  tra n s fe r  tra n s itio n  [15, 16]. 
T h e  e le c tro n ic  sp ec tra  o f th e s e  com plexes a re  f u r th e r  ra tio n a lized  in  te rm s  o f  
l ig a n d  f ie ld  (10 D q) a n d  in te re le c tro n ic  re p u ls io n  p a ra m e te rs  ( В  an d  C) .  T h e  
v a lu e s  o f  th e se  p a ra m e te rs  (T able  I I )  a re  c o n s is te n t w ith  th o se  n o rm a lly  
o b se rv e d  fo r p seu d o o c ta h e d ra l com plexes o f  t r iv a le n t  rhod ium  an d  irid iu m  
p o sse ss in g  su lp h u r d onor a to m s  [13]. T he r a t io  v2lv1, is 1.21 for th e  rh o d iu m  
c o m p le x e s  an d  1.06 fo r th e  ir id iu m  com plexes in  v e ry  good ag reem en t w ith  
th e  l i t e r a tu r e  d a ta  [8 a]. T h e  В  v a lue  is 4 5 —4 3 %  o f th e  free ion v a lu e  in  rh o 
d iu m  co m p lex es an d  18— 17%  of th e  free  io n  v a lu e  in  irid iu m  com plexes. T h is 
f a c t  su g g ests  th a t  i t  is a co n sid erab le  o rb ita l  o v e rlap  w ith  s tro n g  co v a len cy  
in  t h e  m e ta l ligand  <r-bond.

O s m iu m ( I I I )  and o sm iu m (IV )  complexes

T h e  m ag n etic  m o m en t o f  tr is (d ith io c a rb a m a to )-d e r iv a tiv e  o f O s ( I I I )  lies 
a t  ca. 1 .6 — 1.7 В. M. a t  ro o m  te m p e ra tu re , w h e re a s  th e  Os(IV) com plexes a re  
d ia m a g n e tic . T he e lec tro n ic  sp ec tra  of o sm iu m (IY ) com plexes show  in te n se  
a b s o rp t io n  a t  ca. 25 000 — 26 000 an d  35 000 c m -1  w hile  o sm iu m (III)  co m p lex es 
sho w  in te n s e  b a n d  a t  ca. 32 000 c m -1 . A ll th e s e  b a n d s  are  u n d o u b te d ly  ch arg e  
t r a n s f e r  in  origin. Low  e n e rg y  sp in  fo rb id d e n  tra n s it io n s  m ay be o b se rv ed  [8 ] 
in  t h e  osm ium  com plexes. T h ese  all are d o m in a te d  b y  charge tra n s fe r  b a n d s .

P a lla d iu m ( I I )  and p la t in u m ( I I )  complexes

T h e  p a lla d iu m (II)  a n d  p la tin u m (II )  co m p lex es a re  d iam ag n e tic . T h e  
e le c tro n ic  sp ec tra  o f th e se  com plexes show  b a n d  in  th e  regions 16 0 0 0 — 17 000, 
19 000  — 20 500 an d  24 0 0 0 - 2 5  000 c m - 1 fo r  P t ( I I ) ,  an d  19 000 — 19 500, 
22 500  — 23 000 an d  27 000 — 27 500 c m -1  fo r  P d ( I I ) .  The position  o f  th e se  
b a n d s  (F ig . 1) are  co m p arab le  w itli th e  sq u a re  p la n a r  p a llad iu m (II)  a n d  p la t-  
in u m ( I I )  com plexes [8 , 13, 14, 17]. The g ro u n d  s ta te  o f square  p la n a r  co m p lex  
is L 4 lg a n d  acco rd ing ly , th e  b an d s  o b se rv ed  fo r  th ese  com plexes m a y  be 
a ss ig n e d  to  L42g *— L4lg, an d  tra n s itio n s  in  in c re a s 
in g  o rd e r  o f energy . B y  a ssu m in g  a v a lu e  o f  F 2 =  10, Ft =  600 c m -1  fo r  th e  
S la te r  C ondon  in te re le c tro n ic  repu lsion  p a ra m e te rs , i t  is possible to  c a lc u la te  
[8 , 18] A v  A2 an d  A3 th e  sin g le  e lec tron  p a ra m e te rs . T hese values also s u p p o r t 
th e  p ro p o se d  s te reo ch em is try  fo r p a lla d iu m (II)  a n d  p la tin u m (II)  com plexes.
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Vibrational spectral studies

In fra re d  sp e c tra l s tu d ie s  h av e  n o t b een  c a rrie d  o u t in  d e ta il, since i t  is 
q u ite  d ifficu lt to  assign  th e  b an d s  being  m o s t o f th e m  highly  co up led . T h e  
s tru c tu re  o f d ith io co m p lex es can  be re p re se n te d  b y  th e  follow ing fo rm alism :

R , N - < _
^ S l °

-  /§ 1  
R iN '-C r ' 

^ S l

e
R 2N = c C -

Slc

b c

T he e x te n t to  w h ich  resonance  fo rm  (c) c o n tr ib u te s  to  th e  s tru c tu re  an d  
its  effects on th e  p h y sica l chem ical p ro p e rtie s  o f th e  com plexes h a s  been  
ex ten siv e ly  s tu d ie d  [19]. Nakamoto co n c lu d ed  [20] th a t  resonance  fo rm  (c) 
does indeed  c o n tr ib u te  to  th e  s tru c tu re  to  a  co n sid erab le  e x te n t. T h e  m ono- 
d e n ta te  a n d /o r b id e n ta te  n a tu re  of th e  d i th io c a rb a m a te  ligand  is decided  b y  
th e  (C — S) s tre tc h in g  freq u en cy . In  case o f b id e n ta te  b eh av io u r a single s tro n g  
b a n d  ap p ears  in  th e  reg io n  965 —1000 c m -1 , w h ile  a  dou b le t is e x p e c te d  in  
th e  reg ion  1000 +  70 c m -1  in  th e  m o n o d e n ta te  b eh av io u r [21 — 24]. E x c e p t 
Os(IY ) ap p ea ran ce  o f on ly  one s tro n g  b a n d  in  th e  reg ion  980 —1005 c m -1

Table III

Characteristic I R  bands for platinum  metal complexes (cm l)

Compounds v(C— N) v(C— S) v(M—S)

NaCPD 1490s 990s, 1000s —

NaCHD 1980s 990s, 1005s -
Ru(C PD )3 1505s 1005s 345w

R u(CHD )3 1505s 1000s 350w

Rh(C PD )3 1500s 995s 335w

Rh(CH D )3 1495s 1005s 325w

Pd(C PD ). 1505s 985s 330«

Pd(C H D )2 1510s 990s 345w

Os(CPD )4 1495s 995s 345w

Os(CHD ) 4 1490s 1000s 340w

Os(CPD)3 1500s 980s 380w

Os(CHD)3 1495s 990s 375w

Ir(C PD )3 1495s 1005s 320w

Ir(C H D )3 1500s 990s 325w

Pt(C PD )2 1505s 975s 300«

Pt(C H I))2 1500s 985s 315w
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s tro n g ly  su p p o rts  th e  b id e n ta te  n a tu re  o f  th e  ligands in  th e se  com plexes, 
w h ile  in  case of Os(IV ) co m p lex  som e a d d itio n a l bands are  o b se rv ed  a t  ca. 
1420, 1265 and 995 c m -1  su g g estin g  m o n o d e n ta te  b eh av io u r o f th e  lig an d s
[25]. T h is  ind ica tes t h a t  te tra k is -d e r iv a tiv e s  o f Os(IY) co n ta in  b o th  m ono- 
d e n ta te  a n d  b id en ta te  d ith io c a rb a m a to  lig an d s . T he ure id  b a n d  (C — N ) n ea r 
1490 c m “ 1 is very  c h a ra c te r is tic  fo r th e  d ith io c a rb a m a tes . T h e  f re q u e n c y  of 
th is  b a n d  lies betw een  th a t  fo r  C N (1250— 1350 c m -1 ) and  C = N  (1640 — 1690 
c m - 1 ) w h ich  suggests t h a t  th is  b a n d  possesses som e double  b o n d  c h a ra c te r  
[19, 2 6 ]. In  all these  com plexes th is  b a n d s  sh ifts  to  h igher f re q u e n c y  ( ~  20 
c m - 1 ) also ind ica tin g  th e  b id e n ta te  b e h a v io u r  of th e  d ith io c a rb a m a te s  [27]. 
C o o rd in a tio n  th ro u g h  s u lp h u r  h as  been  co n firm ed  b y  th e  a p p e a ra n ce  o f  new 
b a n d s  in  th e  far in fra red  in  th e  ru th e n iu m (I I I ) ,  rh o d iu m (III) , p a lla d iu m (II ) , 
o sm iu m (IY ), o sm iu m (III) , i r id iu m (I I I )  an d  p la tin u m (II )  com plexes a t  ca. 350, 
330 , 340, 350, 370, 320 an d  320 c m -1 reg ions w hich  m ay be assigned  to  v (M —S) 
v ib ra tio n s ,re sp e c tiv e ly . C h a ra c te ris tic  I .R . b a n d s  have been lis te d  in T a b le  I I I .

*

One of the authors (S. K .) thanks the Council of Scientific and Industria l R esearch, New 
D elhi, for providing financial support.

R E F E R E N C E S

[1] T h o r n , G. D., L u d w ig , R. A .: “ The D ithiocarbam ates and R elated Com pounds” , Else
v ier, New York, 1962

[2] A l i , M. A., L iv in g s t o n e , S. E .: Coord. Chem. R ev., 13, 101 (1974); L iv in g s t o n e , S. E.:
Coord. Chem. Rev., 7, 29 (1971); D a s , M., L iv in g s t o n e , S. E .: Inorg. Chim. A cta, 19, 
5 (1976)

[3] Ca m p b e l l , M. J. M.: Coord. Chem. R ev., 15, 279 (1975)
[4] Co u c o u v a n is , D.: “ Progress in  Inorganic C hem istry” , Yol. X I, edited by S. J . L ip p a r d ,

Interscience publishers, 1970, p.p. 233
[5] W il l e m s e , J ., Cras, J .  A ., S t e g g e r d a , J . J .,  K ie j e r s , C. P .: “ S tructure  and  Bonding” ,

Vol. X X V III, edited by J . D. D u n it z , Springer Verlag, Berlin, 1976, pp. 83
[6] G il m a n , H., B latt , A. H .: “ Organic Synthesis” Collective Vol. I ,  John  W iley, New York,

448 (1958)
[7] M a t t s o n , B. M., H e im a n , J .  R ., P ig n o l e t , L. H .: Inorg. Chem., 15, 564 (1976)
[7a] F ig g is , B. N.: “ In troduction  to Ligand Fields” W iley E astern Lim ited, Ind ian  R eprints, 

New Delhi, 287 (1976)
[8] L e v e r , А. В. P .: “ Inorganic E lectronic Spectroscopy” , Elsevier, A m sterdam , 249 (1968) 
[8a] F u n g , K. W., J o h n s e n , К . E .: Inorg. Chem., 1Ó, 1347 (1971); P r e t i , C., T o s i, G.:

T ransition Met. Chem., 3, 17 (1978)
[9] Ca m b i, L., Ma la testa , L.: Rend. In  L om bardo Sei. Lettre, A181, d l  (1938); Chem.

Abs., 34, 3201 (1940)
[10] M a la t e st a , L.: Gazz. chim. Ita l. 68, 195 (1938)
[11] N a t a r a ja n , K., P o d d a r , R. K ., A g a rw a la , TL: J . Inorg. Nucl. Chem., 39, 431 (1977)
[12] S c h im d t k e , H. H., Ga r t h o f f , D .: Helv. chim. A cta, 49, 2039 (1966)
[13] J o r g e n s e n , C. K .: J . Inorg. Nucl. Chem., 24, 1571 (1962)
[14] F u r l a n i, C., L u c ia n i, M. L .: Inorg. Chem., 8, 1586 (1968)
[15] J o r g e n s e n , C. K .: “A bsorption Spectra and Chemical Bonding in Complexes” , Perga

m on Press, Oxford, 148 (1962)
[16] B ro o m h ea d , J. A., Gr u m l e y , W .: Inorg. Chem., 10, 2002 (1971)

A cta  Chim. Acad. Sei. Hung. 107, 1981



KUMAB, KAUSHIK: PLATINUM METAL COMPLEXES 169

[17] S h u p a c k ,  S .  I., B i l l i g ,  E., C l a r k ,  R .  J . I I . ,  W i l l i a m s ,  R . ,  G r a y ,  H. B . :  J .  A m er. Chem.
Soc., 86, 4594 (1964)

[18] L a t h a m ,  A. R ., H a s c a l l ,  V., G r a y ,  H . B . :  Inorg. Chem., 4, 788 (1965)
[19] C h a t t ,  J ., D u n c a n s o n ,  L. A., V e n a n z i , L. M.: Soumen Kemi.. B29, 75 (1956).
[20] N akam oto , K ., F u jit a , J . ,  Co n d r a t e , R . A., M orim oto , Y.: J .  C hem ., P h y s ., 39,

423 (1963)
[21] B o n a t i ,  F., U g o , R.: J . O rganom et. Chem., 10, 257 (1967)
[22] M a n o u ssa k is , G. E ., T s ipiz , C. A., H a d jik o s t a s , C. C.: Can. J .  C hem ., 53 , 1530 (1975)
[23] S r i v a s t a v a ,  T. N., K u m a r , V.: J .  O rganom et, Chem., 107, 55 (1976)
[24] N i k o l o v ,  G. St., J o r d a n o v ,  N .. D a s k a l o v a ,  K .: Inorg. Nucl. Chem. L e tt., 33, 1059

(1971)
[25] D ix , A. H ., D i e s v e l d ,  J . W., Y a n d e r  L i n d e n ,  J . G. M.: Inorg. Chim. A cta , 24, L51 (1977)
[26] C h a t t ,  J .,  D u n c a n s o n ,  L. A., V e n a n z i ,  L. M.: N ature , 177, 1042 (1956)
[27] O ' C o n n o r , D. C., G il b e r t , J . D ., W il k in s o n , G .: J . Chem. Soc. (A), 1969, 84

S. K u m a r  D e p a rtm e n t o f C h em is try , U n iversity  o f D e lh i,
N . K . K a u s h ik  D elhi-110007, In d ia

Acta Chim. Acad. Sei. Hung. 107, 1981





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 107 (2), pp. 171 179 (1981)

HETEROCYCLIZATION WITH IMINIUM 
CHLORIDES, III

SY NTHESIS O F 3,4-D IH Y D R O -(lH )-l,3 ,4-H E N ZO T R IA Z E PIN E-2,5-D IO N E S

I. B it t e r , L . S z ő c s  and  L. T ő k e

(Department o f  Organic Chemical Technology, Technical University, Budapest)

Received F eb ruary  7,'1980 
Accepted for publication  A ugust 21, 1980

A new rou te  to the title  com pounds has been developed. 3,4-D ihydro-3-m ethyl- 
-(lH )-l,3,4-benzotriazepine-2,5-dione was prepared by  treating  2-dim ethylam m onio- 
-(4Jf)-3,l-benzoxazine-4-one chloride w ith  m ethylhydrazine and cyclizing th e  2-di- 
m ethylcarbam oylanthraniloylhydrazide w ith  heating . Two reports on th e  synthesis of 
a num ber of 3 ,4-dihydro-(lff)-l,3,4-benzotriazepine-2,5-diones are show n to  be in 
error. These rou tes give actually 3-am ino-2,4-(lH ,3H )-quinazolinediones.

I n  recen t y ea rs  m uch resea rch  w o rk  h as  been devo ted  to  th e  p re p a ra tio n  
o f b en zod iazep ines. O f the  six c lasses k n o w n , th e  m ost im p o r ta n t co m pounds 
a re  1 ,4 -benzod iazep ines, som e o f w h ich  a re  in  c u rre n t use as p sy c h o te ra p e u tic  
ag en ts . Ow ing to  th is  fac t, in c rea s in g  sy n th e tic  effo rt has been  m a d e  la te ly  
to  p re p a re  th e  benzo triazep in e  r in g  sy s te m , to o . O f th e  six possib le  c lasses of 
b en zo triazep in es  o n ly  th ree  ones, benzo -1 ,3 ,4 -, 1,2,5- an d  1 ,3 ,5 -triazep in es  have  
been  s tu d ied  to  d a te . W hile th e  tw o  fo rm e r classes are  well k n o w n  in  th e  
l i te ra tu re  [1, 2 ], b e n zo -l,3 ,5 -tr ia zep in es  a re  d o cu m en ted  in  few  in s ta n c e s  [3]. 
I n  th is  p a p e r w e re p o r t  specifica lly  on  th e  p re p a ra tio n  o f 3 ,4 -d ih y d ro -( lR )-  
-l,3 ,4 -b en zo triazep in e-2 ,5 -d io n es.

T h e  new  ro u te  developed in  th is  re sea rch  seem s to  be, b esides P e e t ’s 
w ork  [4], th e  o n ly  unequivocal w ay  o f sy n th es iz in g  th is  class o f co m p o u n d s. 
O ur sy n th es is  — in  accordance w ith  P e e t ’s re su lts  — has allow ed u s  to  e x am 
ine c ritic a lly  tw o  re p o rte d  ro u tes  a n d  also  th e  p ro d u c ts  o b ta in a b le  b y  th e se  
re a c tio n s  and  d esc rib ed  as th e  t i t le  co m p o u n d s.

T re a tm e n t o f  2 -d im e th y lam m o n io -(4 f/)-3 ,l-b en zo x az in e -4 -o n e  ch lo ride
(1) w ith  h y d raz in es  (2) gave 2 -d im e th y lc a rb am o y lan th ra n ilo y lh y d ra z id e s
(3a, b).

a: R =  H a: R = H

b: R  =  CeH5 b: R = C eHs
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C o m pound  1 is re a d ily  a v a ilab le  from  th e  re a c tio n  o f m ethy l a n th ra n ila te  
a n d  p h o sg en e  im m onium  ch lo rid e  [(d ich lo ro m eth y len e)-d im eth y lam m o n iu m  
ch lo rid e ]:*

ChC =  N (СНз)гС1в 1 +  CH3C1 +  HC1

C om pound  1 is v e ry  re a c tiv e  even u n d e r  m ild  conditions. In  a lcoho l, 
w ith  tw o  eq u iv a len ts  o f  th e  h y d ra z in e  or in  th e  p re sen ce  o f a base  — for in s ta n c e  
so d iu m  a c e ta te  — 3 a , b are  fo rm ed  in  good y ie ld s  (80 — 90% ) a t  room  te m p e ra 
tu re .  C y c liza tion  o f 3 w as accom plished  b y  s h o r t  bo iling  in  Ac20  or D M F. 
C o m p o u n d s 4a  an d  4b, p re p a re d  in  Ac20 ,  w ere  a c e ty la te d  in  th e  3 -p o sition  
a n d  wrere  fo u n d  to  possess six -m em bered  r in g s  in  b o th  cases.

3

Ac: COCH3
a: R  =  H

b: R  =  C(,Hü

I n  D M F  th e re  w as a s lig h t hope of th e  fo rm a tio n  o f  b e n zo -l,3 ,4 -tr ia zep in e  
— a t  le a s t  in  th e  case o f 3a — b u t  com pounds 5, s im ila rly  to  4, w ere 3-am ino- 
-2 ,4 -( li i ,3 H )-q u in a z o lin e d io n e s  [6 ]:

d m  к
beat

5

a: R II

b: R -  CiiH-,

Ref.
* F or a survey of the prepara tion  and reactions of phosgene immonium chloride, see

[5].
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L a n g is  a n d  Ch a r e s t  [7] re p o rte d  tw o  m e th o d s  for th e  p re p a ra tio n  of 
3 ,4 -d ih y d ro -( lii) - l ,3 ,4 -b e n z o tr ia z e p in e -2 ,5 -d io n e s  (6). T h ey  s ta te d  t h a t  cycliza- 
t io n  o f  2 -am in o b en zo y l sem ica rb azid e  (7) a t  re f lu x  te m p e ra tu re , or th e  re f lu x 
in g  o f  2 -am in o b en zo y lh y d raz in e  (8) w ith  u re a , in  deca lin  gave 6. Р е е т  et al. [4] 
re c e n tly  e x a m in e d  th is  claim  a n d  es tab lish ed  t h a t  n e ith e r  o f these  re a c tio n s  
p ro d u c e d  a  seven-m em bered  rin g , b u t  th e  p ro d u c ts  w ere qu inazo line-2 ,4 - 
-d io n es  (5 ) .
O u r w o rk  does su p p o rt P e e t ’s s ta te m e n t;  w e h a v e  also p rep ared  th e  p ro d u c t 
f ro m  7  a n d  8 accord ing  to  L a n g is  an d  Ch a r e s t ’s m eth o d , and  fo u n d  i t  to  be 
id e n t ic a l  in  a ll re sp ec ts  w ith  o u r com pound  5 a . W e also found , in  acco rd an ce  
w ith  Р е е т , t h a t  a re c e n t U .S . p a te n t  b y  B a l e y  [8 ] re fe rrin g  to  th e  p re p a ra 
t io n  o f  t h e  t i t le  com pounds m u s t also be fa u lty . T h is  general m e th o d  in v o lv es  
th e  c o n d e n sa tio n  of a lk y l iV -ca rb o x y a n th ran ila te s  w ith  h y d ra z ire s :

T h e  in te rm e d ia te  of th is  re a c tio n  is p ro b a b ly  th e  correspond ing  h y d ra z id e  
— s im ila r  to  3a  — w hich  can  cyclize on ly  to  th e  th e rm o d y n am ica lly  fa v o u re d , 
m o re  s ta b le  six -m em bered  r in g ; th e re fo re  th is  k in d  o f ring  closure is n o t  s u it
a b le  fo r  th e  p re p a ra tio n  o f b e n z o -l,3 ,4 - tr ia ze p in e s . I t  m eans th a t  th e  s tru c tu re s  
o f  t h e  co m p o u n d s described  as  b e n z o -l,3 ,4 -tr ia ze p in e s  in  th e  l i te ra tu re ,  p re 
p a re d  b y  th e  th re e  m e th o d s  m en tio n ed  ab o v e , a re  la rge ly  do u b tfu l.

W h e n  th e  N -l a to m  in  th e  h y d ra z id e  is p ro te c te d  by  a lk y la tio n , th e  
u n w a n te d  r in g  closure can  b e  av o ided , an d  th e  fo rm a tio n  o f th e  sev en -m em 
b e re d  r in g  can  be ach ieved .

Р е е т  a n d  S u n d e r  [4, 9 ] h a v e  d e v e lo p e d  so m e  n ew  ro u te s ,  b u t  t h e  y ie ld s  
a r e  g e n e r a l ly  low .
W h e n  m e th y lh y d ra z in e  is u sed , acy la tio n  ta k e s  p lace  m ostly  on th e  n itro g e n  
a to m  a t ta c h e d  to  th e  m e th y l g roup , re su ltin g  in  th e  requ ired  s tru c tu re , 1 0 .

O u r m e th o d  is ana lo g o u s, b u t  i t  seem s to  be  m ore co n v en ien t th a n  th e  
fo rm e r ones (sim ple re a g e n ts , sh o rt re a c tio n  tim e s , good yields):
C o m p o u n d  10 can be se lec tiv e ly  m e th y la te d  a t  th e  3 -position  w ith  N a H  an d  
M e l in  D M F to  give 16, w h ich  p ro v ed  to  b e  id en tica l w ith  th e  co m p o u n d  
d e sc r ib e d  in  th e  l i te ra tu re  [4, 10].
P re p a ra t io n  o f th e  isom eric 1 ,4 -d im eth y l d e r iv a tiv e s  was a tte m p te d  b y  a  r e a c 
tio n  ro u te  sim ilar to  1 —► 3 —► 4, s ta r tin g  fro m  m e th y l iV -m e th y lan th ran ila te , 
th ro u g h  l-m e th y l-2 -d im e th y lam m o n io -(4 J i)-3 ,l-b en zo x az in e -4 -o n e  ch lo ride
(17), a cco rd in g  to  th e  e q u a tio n  below .
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T h is  a t te m p t  failed, since in s te a d  o f 17, the  p ro d u c t w as 18. C om pound 17 
p ro b a b ly  rearran g ed  w ith  r in g  open ing , followed b y  c y c liza tio n  w ith  iV-acyla- 
t io n  a n d  elim ination  of m e th y l ch lo ride .

I t  is in te restin g  to  r e m a rk  th a t  iV -m eth y lan th ran ilic  ac id  b eh av ed  in  
q u ite  a  d iffe ren t m anner, b e c a u se  self-condensation  to o k  p lace  re su ltin g  in  a 
d ib en zo d iazo c in e  d e riv a tiv e  (1 9 ):
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Experimental

2-D im ethylam m onio-(4H )-3,l-benzoxazine-4-one chloride (1)

(D ichlorom ethylene)-dim ethylam m onium  chloride (phosgene im m onium  chloride)* 
(16.25 g; 0.1 mole) and  15.1 g (0.1 mole) of m ethyl an thran ila te  were boiled in  methylene 
chloride until gas evolution ceased. The white solid product was filtered off, w ashed w ith  ether 
and dried in a desiccator to  ob tain  18.4 g (81% ) of 1, m.p. 211 — 213 °C (d.).

Ci0H u N A C l (226.47). Calcd. C 52.90; H 4.86; N 12.36; C l- 15.68. Found C 53.12; 
H  4.87; N 12.38; Cl~ 15.75%. +

IR  (KBr): rCO 1815 c m - 1; C =  N 1680 c m - 1.
NMR (TFA): <$NMe., 3.39s (3H), 4.35s (3H); A ril 7 .5 -7 .7 5 m  (2H), 7.98t (1H), 8.22d 

(1H), J 0 =  8 Hz.

2-Dim ethylcarbam oylanthraniloylhidrazides (3a, b)

Compound 1 (2.26; 0.01 mole) and the hydrazine (0.02 mole) in  10 m L of ethanol were 
allowed to  stand a t room  tem perature  for 3 h. The solution was th en  d ilu ted  w ith  water, 
whereupon a white solid precip itated , which was filtered off and recrystallized from E tO H .

3a: 1.63 g (73% ), 2-IV,]V-dimethylureidobenzhydrazide, m.p. 158 —160 °C (d.), then 
282_283 °C

C10H 14N4O, (222). Calcd. C 54.05; H 6.31; N 25.21. Found C 53.83; H  6.59; N 24.92%.
IR  (KBr):\>CO 1665, 1645 cm “ 1; vNH 3 4 0 0 -3200  cm “ 1.
NMR (CDC1.,): ŐNMe. 3.10s (6H); ArH 6.86t  (1H), 7 .2- 7 .4 m  (2H), 8.24d (1H), J 0 =  

=  8 Hz; N H  4.10 bs (2H ), 10.16 bs (1H).
3b: 2.55 g (86% ), 2-(N,]V-dimethylureido)-benzoylphenylhydrazine, m .p. 153 —155 °C 

(d.), then  2 3 0 -2 3 1  °C.
CleH 18N40.. (298). Calcd. C 64.40; H 6.04; N 18.77. Found C 64.18; H  5.97; N 18.34%.
IR  (K B r)frC O  1665, 1640 c m " 1; vNH 3360, 3300 -3250  c m - 1.
NMR (CDC13): ŐNMe.. 2.98s (6H); ArH 6.75-6 .9 5 m  (4H), 7 .1 -7 .3 m  (3H ), 7.52d (1H), 

8.19d (1H), J 0 8 Hz; N H '6 .25d (1H), 9.10d (1H), J NHnh =  4 Hz, 10.05s (1H).

3 -A iuino-(Iff,3H )-quin  azoline-2,4-diones

3a, b (0.005 mole) was boiled in 10 mL of DMF for 1 h. The solution was poured into 
w ater, the resulting solid was filtered off, washed w ith ethanol, and recrystallized from  DMF.

5a: 0.81 g (94% ), 3-am ino-(lH ,3H)-quinazoline-2,4-dione, m .p. 289 — 291 °C (lit. [13] 
m.p. 2 9 1 -2 9 3  °C.

C8H ,N 30.. (177.15). Calcd. C 54.20; H 3.95; N  23.75. Found C 54.38; H  3.49; N 24.19%. 
IR  (K Br): iCO 1730, 1650 cm “ 1; NH 3320, 3250 — 2700 cm “ 1.
MS (m/e): M+ 177 (63.6% ), 146 (100%), 92 (11.6% ), 90 (13.6%).

Preparation of 5a according to L a ngis and Ch a r e st  [7]

(A )  2-Aminobenzoylhydrazine (1.5 g; 0.01 mole), urea (0.6 g; 0.01 mole) and decalin 
(15 mL) were refluxed for 5h. On cooling a solid precipitated, which was collected, washed 
w ith ethanol and recrystallized from DMF to afford 1.45 g (86% ) of 5a, m .p. 288 — 290 °C.

(B )  2-Aminobenzoyl semicarbazide (2.0 g; 0.01 mole) was refluxed in  decalin (15 mL) 
for 4 h, to  yield 0.89 g (50% ) of 5a, m.p. 2 8 7 -2 8 9  °C (DMF).

5b: 1.06 g (85% ), 3-anilino(lH ,3H)-quinazoline-2,4-dione, m.p. 230 — 231 °C.
С14Н п ^ О ., (253.26). Calcd. C 66.30; H 4.35; N 16.60. Found C 66.55; H 4.54; N 16.25%. 
IR  (K B r)frC O  1740, 1670 c m "1; vNH 3260, 3200 -2800  c m - 1.
MS (m/e): M+ 253 (100% ), 146 (79.6% ), 120 (11.7% ), 92 (19.2% ), 91 (27.7% ).

* Phosgene im m onium  chloride was prepared by V i e h e ’s  m ethod, 
of te tram ethylth iuram  disulfide in m ethylene chloride a t 40 °C.

by th e  chlorination
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3-A cetam ino-(lH ,3íí)-quinazoline-2 ,4-diones

Compound За, Ь (0.005 m ole) was boiled in acetic anhydride (10 mL) for 10 min. On 
cooling crystals precipitated, w hich were collected, washed w ith  e ther and dried.

4a: 0.96 g (87%), 3-acetam ino-(lH ,3H )-quinazoline-2,4-dione, m .p. 278 — 280 °C. 
C10H 9N 3O3 (219). Calcd. C 54.85; H 4.11; N 19.18. Found  C 54.68; H  4.21; N 19.35%. 
IR  (KBr): i>CO 1745, 1700, 1680 cm 4 ; t>NH 3500, 3280 cm 4 .
MS (m/e): M+ 219 (11% ), 177 (97% ), 146 (100%), 92 (9.5% ), 90 (8.3%).
4b: 1.22 g (84%), 3-acetanilido-(lH ,3ii)-quinazoline-2,4-dione, m .p. 236 — 239 °C. 
C16H 13N30 3 (295.10). Calcd. C 65.05; H  4.41; N  14.25. Found  C 64.03; H  4.68; N  14.98%. 
IR  (KBr): vCO 1745, 1700, 1675 cm 4 ; rN H  3290 c m - 1.
NM R (CDC13 +  CD3OD 1 : 1): CH3CO 2.18s (3H); A rH  6.95- 7 .6 m  (6H), 7.7m (2H), 

7 .95dd (1H), J„  =  8 Hz, J m =  2 Hz.
MS (m/e): M+ 295 (6.6% ), 253 (100% ), 146 (61.2% ), 119 (17.4% ), 92 (15.6% ), 91 (20.9%).

3,4-D ihydro-4-m ethyl-(lH )-l,3 ,4-benzotriazepiiie-2,5-dione (10)

Compound 1 (3.25 g; 0.02 mole) and m ethylhydrazine (1.85 g; 0.06 mole) were stirred 
in  20 m L  ethanol for 3 h. A fter evapora tion  of the solvent the residue was tr itu ra ted  w ith ethyl 
ace ta te  to  remove the hydrochloride salt of m ethylhydrazine. The filtra te  was evaporated to 
d ryness. An oily substance rem ained  which was taken  up in  10 m L of DMF, boiled for 1 h  
an d  poured  into water. The w hite solid which precip itated  was filtered off and dried in  air to 
o b ta in  3.05 g (79%) of 10, m .p. 2 6 2 -2 6 4  °C. (lit. [4] m.p. 2 6 6 -2 6 7  °C).

C9H 9N30 2 (191.12). Calcd. C 56.50; H 4.71; N 22.05. Found  C.56.03; H  4.82; N  22.83%.
IR  (KBr) rCO 1730, 1680 cm V N H  3250, 3180 cm *.
NM R (TFA): <5NCH3 3.67s (3H ); ArH H -l 7.15d ( J  =  8 Hz), H-2 7.64t (J  =  8 Hz), H-3 

7 .39t ( J  =  8 Hz), H-4 7.94d ( J  =  8 Hz); NH 8.00 wide (1H), 8.57s (1H).
MS (m/e): M + 191 (38.8% ), 162 (15.5%), 146 (100% ), 92 (9.1% ), 90 (14.1%).

3,4-D ihydro-3,4-diniethyl-(lH )-l,3 ,4-benzotriazepine-2,5-dione (16)

To a stirred m ixture of 0.33 g (0.011 mole) of N aH  (80% ) in 10 m L of DMF there was 
added  1.9 g (0.01 mole) of 10. A fter dissolution, 1 m L of m ethyl iodide was slowly added, w ith 
ice cooling. The reaction m ix tu re  w as stirred for 3 h  a t room  tem perature, then  poured into 
w ate r and  extracted w ith CH2C12. The organic layer was dried (M gS04) and concentrated to 
give an  oil which solidified on ru b b in g  w ith ether: 1.2 g (58% ), m .p. 185 —186 °C (lit. [10] m.p. 
189 — 190 °C).

IR  (KBr): rCO 1710, 1650 c m - 1; rN H  3250 c m " 1.
NM R (DMS0-d6): <5CH3 2.90s (3H), 3.20s (3H); A rH  8.01- 7 .0 m  (4H); N H  9.71s (1H).

l,3 -D in ie thy l-(lfí,3 íí)-qu inazo liiie -2 ,4 -d ione  (18)

(D ichlorom ethylene)-dim ethylam m onium  chloride (1.63 g; 0.01 mole) and 1.65 g (0.01 
m ole) of m ethyl JV -m ethylanthranilate were refluxed in dichloroethane (10 mL) for 2 h. On cool
ing a w hite solid precipitated, w hich was collected, washed w ith ether and dried to obtain 
1.45 g (76% ) of 18. m.p. 1 6 2 -1 6 4  °C (lit. [10] m.p. 1 6 5 -1 6 6  °C).

C10H 10N,O, (190.20). Calcd. C 63.12; H 5.27; N 14.75. Found  C 63.00; H. 5.35; N 14.98%. 
IR  (KBr): rCO 1715, 1665 c m - 1.
NMR (CDC13): <5NMe 3.45s (3H), 3.58s (3H); ArH 7.15t (2H), 7.55d (1H), 8.1d (1H).

5 ,ll-D im ethyldibenzo[6 . /]l,5-diazocine-6 ,12-dione (19)

(Dichlorom ethylene)-dim ethylam m onium  chloride (1.63 g; 0.01 mole) and 1.52 g (0.01 
m ole) of iV-methylanthranilic acid  were stirred in 10 m L dichloroethane a t 40 °C for 2 h. The 
so lven t was evaporated in vacuum  and the oily residue was tr itu ra ted  w ith w ater to yield 
0.6 g (23% ) of 19, m.p. 2 0 3 -2 0 5  °C (EtOAc) (lit. [12] m .p. 2 0 6 -2 0 7  °C).

C16H 14N20 2 (266.30). Calcd. C 72.16; H 5.29; N 10.52. Found  C 71.95; H 5.29; N 10.07%. 
IR  (KBr): rCO 1665, 1655 c m -1 .
NMR (CDC13): <5NMe 3.44s (6 H); ArH 7.23dt (8H).
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M ethods are surveyed by means of w hich i t  can he decided w hether th e  dissolu
tion of a m etal via several charge transfer steps in  series is a two- or a th ree-step  
m echanism . The inform ation relevant to  th e  decision of this question is fu rn ished  by 
the ra te  constant of the second reaction step . These ra te  constants can be calculated  
from polarization curves, or from da ta  gathered  using a rotating ring disc e lectrode in 
the experim ents.

T he io n iza tio n  of m eta ls , an d  th e  re d u c tio n  o f m etal ions c a n  p ro ceed  
via (a series of) charge tra n sfe r  s te p s , one fo llow ing  th e  o ther [1, 2 ] . I n  th e  
l i te ra tu re  w e f in d  several m ethods d esc rib ed  [2, 3, 6] by  m eans o f  w h ic h  it  
can be d ecided  w h e th e r or n o t a g iven  e le c tro d e  process is a series o f  ch a rg e  
tra n s fe r  reac tio n s . M ost o ften  th e  m e th o d s  d esc rib ed  consist o f  th e  an a ly s is  
o f p o la r iz a tio n  curves [2, 3] or o f  th e  in te rp re ta t io n  of e x p e rim e n ta l d a ta  
g a th e red  b y  m eans o f ro ta tin g  rin g  disc e le c tro d e s  [4, 5, 6]. W ith  th e  h e lp  of 
th ese  an  u n eq u iv o ca l s ta te m e n t a b o u t th e  o ccu rren ce  o f serial ch a rg e  tr a n s fe r  
can  be m ad e  in  m ost of th e  cases. I f  th e  m e ta l io n  s tab le  in  the  so lu tio n  ca rrie s  
th ree  p o s itiv e  charges it  is som etim es im p o ssib le  unequ ivocally  to  sa y  w h e th e r  
th e  o v era ll p rocess consists o f tw o  o r o f  th r e e  charge  tran sfe r r e a c tio n s  in  
series. In  th e  case o f  ind ium , fo r in s ta n c e , i t  is p roven  [7] th a t  i ts  an o d ic  
d isso lu tion  is a series o f charge tra n s fe rs : th e  in te rm e d ia ry  In + ions a re  d e te c t 
ab le . H o w ev er, no d e fin ite  conclusion  c o n ce rn in g  th e  fu rth e r o x id a tio n  o f  th e  
I n + ions, viz.  w h e th e r one or tw o  ch arg e  tr a n s f e r  steps will occur, co u ld  be 
d raw n [7].

T h ere fo re , in  th is  p ap e r, we in te n d  to  su m m arize  the  e lec tro ch em ica l 
m ethods b y  m ean s o f w hich i t  is possib le  to  d ec id e  w h e th e r e lectrode p ro cesses  
analogous to  th e  one m entioned  p roceed  o v er tw o , or over th ree  c h a rg e  t r a n s 
fer s tep s  in  series. In  w h a t follow s we re s t r ic t  o u r discussions to  th e  an o d ic  
processes w h ich  ta k e  place on th e  m e ta l e lec tro d e , i.e. to  th e  a n o d ic  d is 
so lu tion  o f m e ta ls .
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182 KISS, FARKAS: ANODIC DISSOLUTION

W h a t we shall s tu d y  a re  th e  e lec trode  p rocesses

M
Л-’ai

MZl+ +  * ie 2i =  ni (1)

MZl+ Mz»+ -f- n 2e (2)

Mz’+ Mz«+ +  n 3 e . (3)
^ 7

I n  E q s (1), (2), a n d  (3) we refer to  th e  k a. anodic  and  th e  fck( c a th o d ic  
r a te  c o n s ta n ts  (i =  1, 2 , 3) w hich are fu n c tio n s  [2] o f electrode p o te n tia l  e, viz.

k di =  k'd( exp

K ,  =  k ki <“x p

Xj n i F e

R T

(1 Xj )  Tlj F E

R T ~

(4)

(5)

w h ere  k di an d  k'k( s ta n d  fo r  th e  ra te  c o n s ta n ts  w h e n  e =  0 (the ir v a lu e  d ep en d s  
on  th e  reference  e lec tro d e  used); a i s  th e  t r a n s f e r  fac to r of th e  i th s te p ;  is 
th e  n u m b e r  o f charges tra n s fe rre d  w ith  th e  i th s te p ;  zt is the  n u m b er o f  ch a rg es  
on  th e  ions, F  is th e  F a ra d a y  co n stan t, R  is th e  m o lar gas c o n s ta n t; a n d  T  is 
th e  th e rm o d y n a m ic  te m p e ra tu re .

N e x t, w e f in d  th e  eq u a tio n  of th e  p o la r iz a tio n  curve (th e  c o rre la tio n  
b e tw e e n  c u rre n t d e n s ity  j  an d  p o ten tia l e o f  th e  electrode) for th e  p rocesses
(1), (2), a n d  (3) w h ich  ta k e  p lace a t th e  e le c tro d e . I n  th e  calcu lations w e supp o se  
t h a t  th e  k in e tic s  o f  th e se  processes are  a ffec ted  b y  charge tran sfe r a n d  d iffu sion  
o n ly . I n  an  earlie r p a p e r  [6] we have a lre a d y  m en tio n ed  th a t ,  in  g e n e ra l, th e  
e q u a tio n  th a t  shou ld  d escribe  th e  p o la riz a tio n  c u rv e  of a process t h a t  co n sis ts  
o f  m ore  th a n  tw o  ch a rg e  tran sfe rs  c a n n o t b e  w r it te n  in  a c lea r-cu t, e x p lic it 
fo rm  because  th e  cu rv e  is too  co m p lica ted . T herefo re  in  w h a t fo llow s we 
p ro p o se  to  deal w ith  th e  anod ic  d isso lu tion  o n ly  o f  th e  m etal and  su p p o se  th a t  
th e  e le c tro ly te  so lu tio n  does n o t co n ta in  io n s  o f  th e  m etal b e ing  d isso lv ed . 
T h is  la t te r  su p p o sitio n  is an  im p o rta n t s im p lif ic a tio n  of the  e q u a tio n s  th a t  
d e sc rib e  th e  p o la riz a tio n  curves.

I n  th e  co n d itio n s  as here described , th e  anod ic  cu rren t d e n s ity  j  t h a t  
p asses  th e  e lec trode  m ad e  of m eta l M can  be  g iv en  as the f lu x  of th e  e lec tric  
ch a rg es  co n d u c ted  o ff th e  surface, in  o th e r  w o rd s , as the  ra te  of d iffu s io n  [2] 
o f  ion s MZl+, MZi+, an d  Mz,+,

j  =  z i X \ C \ , o  +  Z2 X 2 C2.0 +  Z3 * 3 C3,0 (6)

w h ere  c3 0, c2 0, an d  c3 0 sym bolize th e  c o n c e n tra tio n s  a t th e  su rface  o f  th e
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elec trode  m eta l M, re spec tive ly , o f  th e  ions Мг‘+ , ]VFS+, and  Мг,+, a n d  X /  
s ta n d s  fo r th e  r a te  c o n s ta n t o f th e  d iffusion

X,. = F D ,

<5,
( ? )

w here  and  ő;- a re , re spec tive ly , th e  d iffu sion  coeffic ien t and  th e  th ick n ess  
o f th e  d iffusional lay e r. I f  w ork w ith  th e  ro ta t in g  disc e lectrode is done

X,. =  0.62 F D f  v e (2 я / ) 2 =  X ; / 2 ( 8)

w here v is th e  k in e m a tic  v iscosity , a n d  / i s  th e  r .p .m . o f th e  ro ta tin g  e lec tro d e .
T he u n k n o w n  c o n cen tra tio n  fig u res  c10, c2 0 an d  c3 0 in  E q . (6) can  be 

ca lcu la ted  on th e  basis  o f th e  m a te r ia l b a la n c e  in v o lv in g  th e  ions Мг,+, 
an d  Мг,+ . F o r th e  s ta tio n a ry  s ta te  w e can  w rite  [2] th e  th ree  e q u a tio n s  w hich  
follow.

К К Cl,0 +
^k, _ X i c10 (9)n 2 _ c2,0 — n2

Z Cl,0
К ,  .

C2,0 “I-
*k, _
„ C3,0 — X 2C20 (10)

n2 n 2 n 3 n 3

k Aa» r „  c2,0
n3

кьK3 r „ c3,0 Tl =  X 3 C3,0 (П )

T he co rre la tio n  b e tw een  ra te  c o n s ta n ts , w h ich  d ep en d  on e lec trode  p o te n tia ls  
acco rd in g  to  E q s  (4) an d  (5) and  on c u rre n t d e n s ity  j ,  and  X (. can  be c o n s tru c te d  
on th e  basis o f E q s  (6), (9), (10), an d  (11), viz.

w here

zi X 3 -j- A 2 k  +  11
X 2 +  A 3 I

ziX j  -(- k ki z1A 2

A 2
к a ,

П2 + K , ____

X 2 +  A 3

A  3 —

( 12)

(13)

(14)
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T h e  m ag n itu d e  m u tu a lly  re la te d  to  th e  r a te  co n stan ts  in  E q . (12) can  
be  w id e ly  d iffe ren t; in  su ch  in s tan ces  th is  exp ression  becom e m u c h  m ore  
s im p le . T h e  ra te  c o n s ta n ts , in  re la tio n  to  each  o th e r , can  be re g u la te d  since 
k a. a n d  k ki depend , acco rd in g  to  E q s (4) an d  (5) on th e  e lec trode  p o te n tia l  e; 
X j  is u n a ffe c te d  b y  th e  e lec tro d e  p o te n tia l  a n d  is sen sitive  on ly  to  th e  h y d ro - 
d y n a m ic  cond itions o f th e  so lu tio n  an d  is p ro p o rtio n a l to  th e  sq u a re  ro o t of 
th e  r .p .m . in  th e  case of a ro ta t in g  disc e lec tro d e  [с /. E q .(8 )]. B y  m ean s of 
E q . (12) w e can  f in d  th o se  p ro p o rtio n s  o f th e  r a te  c o n s ta n ts  a t  w h ich  p ro p o r
tio n s  a  s tra ig h t  line is p lo tte d  fo r th e  p o la r iz a tio n  curves in  an  e vs lg  j  co o rd i
n a te  sy s te m . T he b co e ffic ien ts  o f th e  T a fe l-lines th u s  o b ta in ed  allow  to  d raw  
c o n c lu s io n s  concern ing  th e  m ech an ism  o f th e  process in  m an y  cases.

A  sc ru tin y  of E q . (12) w ill rev ea l th a t ,  u n d e r  th e  cond itions h ere  d e fin ed , 
th e  e vs  lg  j  co rre la tion  w ill be  lin ea r  i f  th e  k in e tic s  o f th e  anod ic  d isso lu tio n  
is g o v e rn e d  b y  th e  d iffu sion  o f  th e  ions Mz,+, M2,+, an d  Mz>+.

1) I f  th e  diffusion o f  io n  Мг' + off th e  m e ta l surface in to  th e  so lu tio n  
p ro c e e d s  m uch  m ore ra p id ly  th a n  its  fu r th e r  o x id a tio n , i.e. w hen

X x >  A* (15)

a n d  w h e n

A 2 <  fck, >  X 1 ( 1 6 )

a n d  th u s  p rac tica lly  a n  e q u ilib riu m  in  re sp ec t o f  reac tio n  s tep  (1) is a t ta in e d , 
th e n  th e  k in e tics  o f th e  an o d ic  d isso lu tio n  o f  th e  m e ta l is d e te rm in ed  b y  th e  
d iffu s io n  o f  ions Мг,+ in to  th e  so lu tio n , a n d , acco rd in g  to  E q . (12)

(17)

E q s  (4) and  (5) b e in g  ta k e n  in to  c o n s id e ra tio n , th e  co rre la tio n  b e tw een  
e le c tro d e  p o te n tia l an d  th e  lo g a rith m  o f c u r re n t d en sity  j  can  be fo rm u la te d  
as fo llo w s.

£ 3 L  In- ^ R T

F
In z1X 1 -f-

R T

~*iF
w (18)

T h e n , acco rd in g  to  E q . (18), i f  zx =  1 th e n  th e  b coeffic ien t o f th e  T afe l-line  
h a s  th e  v a lu e  of 59.2 mV, a t  25 °C. W hen  a ro ta t in g  disc e lec trode  is u sed , th e  
a l te r a t io n  o f its  r .p .m . a lte rs  th e  va lu e  o f j  a t  c o n s ta n t p o te n tia l, a n d  a lte rs  
th e  v a lu e  o f  e a t  c o n s ta n t c u r re n t d en sity . A cco rd ing  to  E q s (17) a n d  (8), a t 
c o n s ta n t  e lectrode p o te n tia l  c u rre n t d e n s ity  i f  p ro p o rtio n a l t o /%  E q s  (18) an d
(8) sh o w  th a t  e changes lin e a r ly  w ith  l g /w h e n  j  is c o n s ta n t, a n d  i f  zx =  1 th e  
c o e ff ic ie n t o f l g /  is —29.6  m V  a t  25 °C.
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2) I f  th e  co n d itio n  c o n tra ry  to  c r ite r io n  (15) is rea lized , i.e. i f

an d  if, a long  w ith  th e  v a lid ity  o f E q . (16) i t  is t ru e  th a t

(19)

and

X 2 >  A 2 ( 2 0 )

fcki >  x 2 ( 2 1 )

th e n  th e  k in e tic s  o f  th e  anod ic  d isso lu tion  of m e ta l M is de te rm in ed  b y  th e  
d iffusion  o f  ions M2i+ in to  th e  so lu tion , a n d  acco rd in g  to  E q . (12)

j
к a ! ^a,

ĉki ^k ,
( 22)

In  view  o f E q s  (4) an d  (5), for th e  e vs In  j  co rre la tio n  we have

e
R T
z2F

In К Л .

К Л ,

R T
z 2 F

In  z2 X 2 +
R T
z2 F

In j (23)

T h en , i f  z2 =  (aq -(- n2) =  2, th e  co e ffic ien t b o f  th e  T afel-line is 29.6 mV, 
a t  25 °C.

3) I f  co n d itio n s accord ing  to  E qs (16), (19) a n d  (21) are  fu lfilled , fu r th e r  if

and

th e n , acco rd ing  to  E q . (12)

X 2 ^  A 3 (24)

^k, ^  * 3 (25)

^a2 ^a, xr A  q (26)
* k A A .

In  view  o f E q s (4) an d  (5), for th e  e vs In  j  co rre la tio n  we h av e

£ = R T  In K , K , K .
H F К Л Л .

R T  , y  . R T  . .
In z3 X 3 H------ “  Íny

F F
(27)

H erefrom , w hen  z3 =  3, th e  coeffic ien t b o f  th e  T afe l-line  is 19.7 mV, a t  25 PC.
L ike  a t  1) also  in  cases 2) an d  3) j  is p ro p o rtio n a l to  f*  w hen e lec tro d e  

p o te n tia l is c o n s ta n t, an d  th e re  is a s im ila r c o rre la tio n  betw een  e an d  lg  f .
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I n  th e  foregoing p a r ts  we co n sid ered  th o se  cases in  w hich  th e  k in e tic s  
o f  th e  an o d ic  process of th re e  co n secu tiv e  charge  tran sfe rs  is g o v ern ed  solely  
b y  th e  d iffusion  of ion MZt+, Mz*+ , a n d  MZa+. T h en  th e re  is a lin e a r  c o rre la tio n  
b e tw e e n  e an d  lgj". B ased  u p o n  th e  co effic ien t b o f th is  lin e a r  co rre la tio n , 
f u r th e r ,  b ased  u p o n  th e  consequences o f  th e  v a ria tio n  of r .p .m , in  th e  case 
o f  a r o ta t in g  e lectrode, conclusions in  re sp ec t to  th e  ra te -d e te rm in in g  step  
can  b e  deduced , or in  re sp ec t o f th e  q u e s tio n  w h e th e r th e  o x id a tio n  o f  th e  
m e ta l  M a t  th e  surface of th e  e lec tro d e  gives th e  ion  M2l+, MZa + or M2s+. H o w ev 
er, o n ly  one section  of th e  p o la r iz a tio n  cu rv e  rep resen ts  pure  d iffusion  p o la r iz a 
tio n , a t  low  anodic  p o la riza tio n , as a ru le . T he c rite ria  d iscussed  re n d e r  it  
o b v io u s  t h a t  w hen  anodic  p o la r iz a tio n  is en h an ced  th e  occurrence  o f pu re  
d iffu s io n  p o la riza tio n  can n o t b e  ex p ec ted . T herefo re  in  th is  case e x p e rim e n ta l 
d a ta  a llow  to  conclude w hich  o f  th e  possib le  in te rm ed ia te s  is p ro d u c e d  b u t  
n o t  to  conclude  w h e th e r th e  process co n sis ts  o f tw o or m ore s tep s . T h u s , for 
in s ta n c e , a t  th e  anodic  d isso lu tio n  o f  in d iu m  in  perchloric acid  th e re  is , s u i t 
ab le  c o n d itio n s  p reva iling , in  th e  p o la r iz a tio n  curve  a sec tion  th a t  rev ea ls  
p u re  d iffu sio n  po la riza tio n , w ith  a b co effic ien t o f  60 mV [8]. C o n seq u en tly  we 
f in d , acco rd in g  to  E q . (18) t h a t  th e  o x id a tio n  o f ind ium  a t  th e  e lec tro d e  gives 
o n ly  I n + ions.

W e w ish  to  n o te , how ever, th a t  T afel-lines alone, w hich  re fe r to  p u re  
d iffu s io n  po la riza tio n , do n o t u n m is ta k a b ly  reveal w h e th e r or n o t anod ic  
d is so lu tio n  proceeds via stepw ise m ech an ism , since such s tra ig h t lines can 
em erg e  also  w hen  p ara lle l, n o t s tepw ise , p rocesses occur.

U n d e r  su itab le  co n d itions a lin e a r  c o rre la tio n  is possible also w h en  p u re  
t r a n s f e r  p o la riza tio n  occurs. In  th e  course o f e lectrode reac tio n s (1), (2), and
(3) n o  e ffec t b y  diffusion is e x e r te d  w hen

W h e n  th is  cond ition  is fu lfilled  we h av e  fo r j  th e  expression , d ed u ced  from

4) A ccord ing  to  E q . (29), a t  s lig h tly  po sitiv e  p o ten tia ls , w here  fcki an d  
ккг p re d o m in a te  over and  fe3a, th e  te rm s  w h ich  co n ta in  kih in  th e  d e n o m in a to r  
c a n  b e  neg lec ted  an d  we m ay  w rite

a. X  ̂ A 2

b. X 2 <  A 3

c. X 3 >  ккз

(28)

E q . (12)

__________ z 3 K , h , K ,___________

zl ^ a 2fca3 +  re2 ^ k t ^ a 3 +  и з ^k ;
(29)

(30)
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W ith  E q s (4) an d  (5) in  m ind  we d ed u ce  fro m  E q . (30) th a t

R T  , n 3 k'k k'k , R Te = --------------------- In — 3 kl ------1-----------------------
0*2 +  * з  пз) F K,  (*2  +  * з  ns) F

In j (31)

[n th is  case th e  coeffic ien t b o f th e  T afe l-lin e , w ith  a 3 =  0.5, a n d  z L =  n2 =  
— n 3 =  1 (z2 =  2), is 23.6 mV, a t  25 °C.

5) In  consequence o f a sh ift to w a rd s  po sitiv e  voltages o f  th e  e lec tro d e  
p o te n tia l, o n ly  kki w ill becom e m uch  g re a te r  th a n  ka% and  fea>; kki a n d  k kt w ill 
becom e m uch  sm aller th a n  th ese . T h u s  all th e  te rm s except th a t  w h ich  co n 
ta in s  kki can  be neg lected  in  th e  d e n o m in a to r  o f E q . (29) and

J =
2Л Л ,

n , k kl
(32)

W ith  E qs (4) and  (5), we h av e

R T  , n2k kle -
(zt +  <x2 n2) F

ln -
k ' k ’Kax Ka%

R T

(ZI +  «2 п з) F
In j (33)

T hus in  such  a case th e  coeffic ien t b o f  th e  T afel-line, w hen  a 2 =  0.5 an d  
zx =: n2 =  1, is 39.4 mV, a t  25 °C. In  th e  case w hen  z3 =  1 an d  n2 =  2, 6 =  
=  29.6 mV. A ccord ingly , in  th e  course  o f  th e  anodic  d isso lu tion  o f  a m e ta l 
fo r w hich  z3 =  3, th is  is a th re e -s te p  p rocess w hen  th e  T afel co e ffic ien t b is 
a b o u t 40 mV, an d  is a tw o-step  process w hen  b is ab o u t 30 mV. T h u s  th e re  
we h av e  a c rite r io n  b y  w hich it  can  be  in  p rin c ip le  decided w h e th e r th e  anod ic  
d isso lu tio n  o f  in d iu m  proceeds v ia  tw o , o r th re e , charge tra n s fe rs  in  series. 
U n c e rta in tie s  are  en co u n te red  w ith  th is  m e th o d  w hen figures b e tw e e n  30 an d  
40 mV are fo u n d  fo r coeffic ien t b.

6) W h en  anod ic  p o la riza tio n  is g re a t, th e  te rm s w hich c o n ta in  c a th o d ic  
r a te  c o n s ta n ts  can  be neglected  a n d  th u s

j  =  — K  (34)
z i

A ccord ing  to  E q . (4) we have

£ =  R 1 —  In — +  - - -  In j  (35)
z ^ F  z3k'ai

T afel-coeffic ien t in  th is  case is 118.3 mV a t  25 °C an d  w ith  z =  1 a n d  =  0.5.
A ccord ing ly , w hen  p u re  ch arg e  tra n s fe r  p o la riza tio n  occurs as th e  T afel- 

-lines are  p lo tte d , th e n  coeffic ien t b a llow s, in  princ ip le , d ed u c tio n -co n cern in g
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s tep w ise  m echan ism s, re sp ec tiv e ly , concern ing  th e  q u es tio n  w hether th e  p rocess 
co n sis ts  o f tw o or o f  th r e e  consecutive ch a rg e  tra n s fe r  steps. H ow ever, th e  
in a c c u ra cy  o f  th e  d e te rm in a tio n  of coeffic ien t b, re sp ec tiv e ly , th e  fa c t t h a t  a.1 
m ig h t d ev ia te  fro m  th e  fig u re  0.5, cause t h a t  o f te n  no defin ite  conclusion  in  
re sp e c t to  th e  m e c h a n ism  o f  th e  process c a n  b e  d raw n .

A ll th is  te n d s  to  sho w  th a t  th e  second s te p  in  th e  reac tio n  fo rm ula  (1) — (3) 
ca rrie s  t h a t  in fo rm a tio n  w hich  enables us to  d ec id e  w h e th e r th e  p rocess is one 
o f  tw o  charge  tra n s fe rs  o r one of th ree . T h e re fo re  ev e ry  k inetic  in fo rm a tio n  
w h ich  is (d iscern ib ly ) a ffec ted  by  or b y  к аг is , in  p rinc ip le , su itab le  to  help  
us to  so lve th is  p ro b le m . W ith  th is  in  m in d , w h e n  even  diffusion a n d  tra n s fe r  
p o la riza tio n s  a re  in  ev id en ce  to g e th er, th e  ta s k  w e se t ourselves can  be  acco m 
p lish ed . T hus, i f  p h a se  (2) is th e  im peded  s te p  w ith in  th e  (1) —(3) process a n d  
i f  th e  cond itions w h ic h  a re  o b ta ined  are

A 2 5 A 3 k k  ̂ (36)

th e n  from  E q . (12) w e deduce

• K .  T Г 2o -я
J — —---  *1-^1 H-------

«к, «2
(37)

j  =  23 ka’ -j- zx ka> X ' P  
nz kkl k kl

(38)

In  o th e r w o rd s, p o la riza tio n  curves c a n  b e  p lo tte d  for a ro ta t in g  disc 
e lec tro d e  of th e  m e ta l  M a t  various r .p .m . a n d  c o n s ta n t p o ten tia ls , a n d  a 
d iag ram  j  vs p  su b se q u e n tly  co n stru c ted  on  th e  b as is  o f these d a ta  w ill give 
a s tra ig h t  line, th e  in te rse c tio n  of th is  w ith  th e  ax is  w ill rep resen t c o rre la tio n  
(32). T h e  q u o tie n t o f  in te rse c tio n  an d  slope o f  th e  s tra ig h t  line will be

С =  - Ь - X ' k Br =  - Ь - X 'К г ex p  **n*Fe  (39)
1̂ 2 z \  7l2 H T

lg  C -figures p lo tte d  in  fu n c tio n  o f e w ill g ive  a s tra ig h t line, an d  its  slope 
in fo rm s a b o u t th e  v a lu e  o f  a 2n2- F o r in s ta n c e , a t  25 °C, if  z3 =  3, a 2 =  0.5, 
an d  7 i 2 = l  (th re e -s te p  m echan ism ), th e n  th e  slope  is 118.3 mV; if, w ith  th e se  
co n d itio n s b u t  w ith  n 2 =  2 (tw o-step  m ech an ism ) th e  slope is 59.2 mV. T h u s  
a w ell in te rp re ta b le  c r ite r io n  is availab le  fo r  to  s e t t le  our question , p ro v id ed  
th a t  th e  cond itions acc o rd in g  to  E q . (36) a re  fu lf illed .

I t  follows th a t  fo r  a  decision to  be re a c h a b le  in  th e  question  of th e  n u m b e r 
o f s tep s  invo lved  in  th is  m echanism  p ra c tic a lly  o n ly  th o se  ex p erim en ta l d a ta  
can  be  u tilized  w h ich  h a v e  been found w h en  th e  im p ed ed  step  of th e  p rocess 
w as th e  fu r th e r  o x id a tio n  o f  th e  MZl+ ions (cf. th e  case  discussed a t  5). W ith
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th is  in sig h t here  gain ed  w e now  consider how  th e  use o f  a ro ta t in g  r in g  disc 
e lec trode  (R R D E ) [6] c o n tr ib u te s  to  th e  e lu c id a tio n  o f  th e  m ech an ism .

As k now n , th e  p ro d u c ts  fo rm ed  on  th e  disc o f  th e  e le c tro d e  can  be 
d e te rm in ed  b y  v o lta m e try  on  th e  rin g  e lec tro d e . I f  th e  disc o f  th e  R R D E  is 
th e  m e ta l M an d  s tep  (2) in  th e  sequence (1) — (3) is im p ed ed , th e n  th e  con
c e n tra tio n  o f th e  M2,+ io n  w ill increase  on th e  su rface  o f th e  d isc. T h e  I R 
lim itin g  d iffusion  c u r re n t o f th e  o x id a tio n  o f  MZl+ to  M2,+ can  be  m easu red  
on th e  ring  e lec tro d e  a n d  w e m ay  ex p ec t t h a t  th e  in te n s ity  o f  th is  c u rren t 
xvill be  affec ted  b y  th e  r a te  c o n s ta n t o f re a c tio n  s tep  (2).

T herefo re, in  w h a t follow s, we propose to  s tu d y  how  JTR d ep en d s on  th e  
k in e tica l p a ra m e te rs  o f  th e  process (1) — (3). I f , as a co n d itio n  m en tio n ed  
befo re , th e  so lu tio n  does n o t  co n ta in  ions o f  m e ta l M [6],

Tr  =  r i M n 2 +  n a )X i N c io (40)

w here  гг is th e  rad iu s  o f  th e  disc e lec trode , N  is th e  g eom etrica l fa c to r  o f  th e  
R R D E , an d  c10 is th e  c o n c e n tra tio n  o f th e  M2l+ ion  a t  th e  su rface  o f  th e  disc 
e lec trode . O n th e  basis  o f  E q s  (6), (9), (10), an d  (40), th e  fo llow ing expression  
o f I R is possible

—
(*з — zi) X i  N 1

z \ x \  +
re

2 * 2 к
3 * 3

к.

(41)

n2X2+ ^ é - K , + ^ h
re..

&к2 +
f e k A ,

пз X 3

w here I  =  г \л  j ,  th e  c u r re n t passing  th ro u g h  th e  disc. If , in  acco rd  w ith  th e  
c r ite r ia  m en tio n ed  befo re , th e  reac tio n  s tep  (2) (charge tra n sfe r)  is im p ed ed ,
i.e. th e  ra te  c o n s ta n t k a> o f  th e  s tep  (3) is g re a t in  re la tio n  to  k k , X 2, a n d  k k , 
an d  th e  rem oval o f th e  M2s+ ions o ff th e  m e ta l surface is n o t h in d e re d , th e n  
E q . (41) can  be re w ritte n  as

I R =  ( * 3 - * i ) * t  N 1  (42)

Z lX 1 +
re..

In  th e  c o m p a ra tiv e ly  sim ple co rre la tio n  (42) we h av e  k &, a n d  th is  
m ag n itu d e  can  be u tiliz ed  in  answ ering  o f th e  q u estio n  ra ised  befo re .*  I f  we

* Eq. (42) is considerably simplified also when reaction step (3) is the m ost im peded 
one. Then also a simple correlation emerges by means of which it can be decided, in  principle, 
from  data  for / R and I  w hether two or three charge transfer steps constitu te  th e  overall 
process. In  this instance, however, / R is unm easurably small. U nder these conditions M2,+ 
ions will accum ulate a t the surface of the disc electrode, and the oxidation of these m ay generate 
a well recordable lim iting current. The m agnitude of this current does not depend on th e  ra te  
constants of step (2).
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su p p o se  t h a t  th e  o x id a tio n  o f  M2l+ to  M2s+ occurs in  one s tep , i.e. t h a t  n'2 =  
=  n 2 -f- n 3 an d  th a t  in  E q . (41) /ca> =  =  0, (z3 =  z2), th e n  from  E q . (41)
we d ed u ce

n ^ N I

Z iX i
z2 X 2k *д

n 2 A 2 +  к * г

(43)

w h e re  an d  a re  r a te  c o n s ta n ts , resp ec tiv e ly , o f  th e  o x id a tio n  o f  M2l+ to  
M2s+, a n d  of its  opposite  p ro cess . In  th e  f irs t  th e  a p p a re n t  tra n s fe r  coeffic ien t 
is n 2 a 2, in  th e  second th is  is (1 — a 2)ro2. S tu d ies  o f  th e  anod ic  d isso lu tio n  of 
in d iu m  show  th a t  z3 =  3, n 2 =  1, an d  n2 =  2.

W ith  F igure  1 we i l lu s tr a te ,  b y  m eans o f  E q s  (12) an d  (41), cu rves for 
E  vs lg  I , an d  lg I R vs lg  I  c o rre la tio n s  ca lcu la ted  w ith  p a ra m e te rs  a rb itra r ily  
se le c te d , an d  w hich sa tis fy  th e  conditions p re sc rib ed  for E q s (42) a n d  (43). 
A s ex p re ssed  b y  th e  d a ta ,  c u rv e s  1 an d  3 p e r ta in  to  th e  th re e  o n e-e lec tron  step s  
in  se ries , curves 2 a n d  4 re fe r  to  th e  o n e-e lec tron  a n d  th e  su b seq u en t tw o- 
-e le c tro n  process. T he sh ap es  o f  th e  p o la riza tio n  cu rv es  do n o t show  essen tia l 
d e v ia tio n s , b u t  th e  lg  I  vs lg  f R curves con sp icu o u sly  d iffer from  each  o th e r. 
I n  th e  case o f th e  th re e -s te p  m echan ism , w h en  th e re  is a h ig h  c u rre n t d e n s ity  
o n  th e  d isc e lectrode, th e  c u rv e  ru n s  p ara lle l to  th e  abscissa ; in  th e  case o f  a 
tw o -s te p  m echanism  th e  c u rv e  tu rn s  back  to w a rd s  th e  abscissa. I t  can  be 
sh o w n  th a t ,  u n d er th e  c ircu m stan ces  here  o b ta in e d , th e  cu rve  lg  f R vs lg  I  
c a n n o t ru n  para lle l to  th e  ab sc issa  unless a  th re e -s te p  process occurs. T hus 
w e h a v e  a p roo f for a th re e -s te p  process. T h e  rev e rse , u n fo r tu n a te ly  does n o t

Fig. 1. Polarization curves calcu lated  (Curves 1 and 2); correlation lg f R vs lg I  (Curves 3 and

4). fca, — 10 dm 2
- 1-*' — ааг 103 A dm mole-1 , к'Яз =• 109 A dm m ole-1, fckl =  104 A dm

m o le-1 , k&2 =  0, fek, =  0, f  =  100 r.p .m ., a , =  a., =  a 3 =  0.5, D =  10-7 dm 2 s -1, v =  10 4 
dm 2 s - 1 , t = 25 °C, N  = 0.1, Zj =  1, n ,  =  n 3 =  Í (for Curves 1, and 3), n'2 =  2 (for Curves

2 and 4)
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hold  tru e : a tu rn  of th e  cu rv e  to w ard s  the  abscissa does n o t p ro v e  th e  occurrence 
o f a tw o-step  m echan ism  b ecau se  th is  phenom enon  m ay  be  p ro v o k ed  b y  th e  
p ass iv a tio n  o f th e  disc e lec tro d e , or in  th e  case o f  lim it c u rre n t, b y  com plex 
fo rm a tio n  [9] if  th is  occurs d u rin g  anodic d isso lu tion .

In  fac t, a t  h igh  anod ic  p o la riza tio n  E q . (34) describes th e  po la riza tio n  
cu rv e  fo r b o th  cases, i.e.

I  =  r \ n ^ k&i 
Z1

H erefro m , an d  from  E q . (42), an d  ta k in g  in to  acco u n t o f E q s  (4) an d  (5), we 
h av e  fo r th e  case ju s t  d iscussed

J R =  2 r f n X 1 N
h 'KaI

K .
exp

(scx — « ,) Fe  
R T

(44)

T hus if  a x =  a , th e n  J R does no t change w ith  e n o r w ith  th e  cu rren t 
in te n s ity  on th e  disc e lec tro d e .

U n d er s im ila r co n d itio n s i t  follow s from  E q . (43) th a t

,  ,  k'a, (a, — 2a,) Fe
J R =  r l n X i N —^-exp — --------^-----

K ,  R T
(45)

T h erefo re , since a x <  2a2, J R m u s t d im in ish  w ith  e, i.e. w ith  th e  increase of 
ano d ic  c u rre n t in te n s ity  on th e  disc electrode.

O n th e  p o la riza tio n  cu rv es here  ca lcu la ted  th re e  lin e a r  sec tio n s em erge. 
I n  th e  b — 59 mV sec tio n  fo r low  c u rre n t d en sity  th e  k in e tic s  o f  th e  (1) —(3) 
o v era ll process is d e te rm in ed  b y  th e  d iffusion o f ions M + ; in  th e  sec tion  for 
h ig h er cu rren t densities s tep  (2), a t  s till h igher ones s tep  (1) g overns (cf. th e  
cases discussed in  p a ra g ra p h s  1), 5), an d  6)).

T h e  d a ta  o b ta in a b le  b y  R R D E -tech n iq u e  can  be in te rp re te d  also in  
a n o th e r  w ay  [4, 6]. T h en  th e  c o rre la tio n  (42) allow s us to  w rite

I  _  Z1 I z3^a , s -ь
I H n'< N  ' n3n ^ iv x ;  J

A ccord ing ly , w h e n ----is p lo tte d  as a fu n c tio n  o f f ~ i a t  c o n s ta n t p o te n tia l

on th e  d isc, for a th re e -s te p  m echan ism  alw ays a s tra ig h t  lin e  em erges [cf. 
E q . (8)]. The slope o f  th is  s tra ig h t  line allow s th e  a p p a re n t  tra n s fe r  fac to r 
a 2n 2 o f th e  second s tep  in  th e  process (1) — (3) to  be d e te rm in e d . W h en  a tw o- 
-s tep  process occurs, we d ed u ce  from  co rre la tion  (43) th a t

J- __ Z1 I__________Z1 -^ 2 ^*1_____

J R n-2. i \  (n't A , -)- k*t) n ^ N X \
(4 7 )
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I t  c a n  be seen th a t  no  s t r a ig h t  line resu lts  in  t h e ----vs f * d iag ram , a t  a
J r

c o n s ta n t  p o ten tia l [6]. E x p e r im e n ta l  po in ts ap p ro ach  th e  ab sc issa . As s tra ig h t 
lin e  r e s u l ts  only if  X 2 Ŝ> kki i.e. a t  h ig h  r.p .m . o f th e  e lec tro d e  or i f  su ffic ien tly

h ig h  p o s itiv e  po ten tia ls  a re  a p p lie d . A ccordingly, w h en  -—  vs f~*  cu rves tu rn
J r

to w a rd s  th e  abscissa th is  su g g e s ts  t h a t  a tw o-step  m ech an ism  is a t  w ork . I f  the  
c o n d itio n  p rev iously  m e n tio n e d  is fu lfilled , E q . (47) a ssum es a fo rm  sim ilar 
to  E q .  (46), viz.

I  =  * i _  z2k*. t

I R n ^ N  "  n p N X 'x
(48)

O th e rw ise  s ta te d : w h en -—  f ig u re s  a t  co n stan t p o te n tia l  a re  p lo tte d  in  fu n c tio n

o f  f ~* a  s tra ig h t line re s u lts ,  th e  slope o f w hich d en o te s  th e  a p p a re n t  tra n sfe r  
f a c to r  n'2x 2 o f th e  o x id a tio n  o f  MZl+ ion to  th e  f in a l p ro d u c t. S ince a 2n2 <  x2n2, 
i t  c a n  b e  deduced on th e  b a s is  o f  th ese  a p p a re n t tra n s fe r  fa c to rs  w h e th e r a 
th re e - s te p  or a tw o-step  m e c h a n ism  occurs.

C orre la tions (46) a n d  (48) can  be w ritte n  also  in  th e  fo llow ing form :

- L  =  A  +  B f - i
I n

(49)

T h e  s tra ig h t lines ----  vs f  * severally  p e r t in e n t  to  v a rio u s  electrode
J r

p o te n t ia ls  give th e  n u m e ra l v a lu e s  o f В  a t  v a r io u s  p o te n tia ls . B ,  since in  it  
fc , re sp ec tiv e ly , к*г a re  in c lu d e d , is an  ex p o n e n tia l fu n c tio n  o f e lectrode 
p o te n t ia ls :

В  = В ’ exp
n2x 2Fe

R T
(50)

w h e re , fo r a th ree -s tep  p ro c e ss

B '  = z 3 ^ a ,

n 2 n2N  X [

a n d  fo r  a tw o-step  p rocess

F ro m  (50) we get

z2k t i

n2N X [

e
R T

n 2 x 2 F
in b ' -(•

R T
n2 x 2F

In В (51)
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A ccord ing ly , i f  z3 =  3, a 2 =  0.5 an d  e is p lo t te d  as a fu n c tio n  o f  In В , th e n  
in  th e  case o f a th re e -s te p  m echanism  (n2 =  1) th e  coeffic ien t o f ln  B,  a t  room  
te m p e ra tu re , is 118 m V, in  th e  case o f  a tw o -s te p  m echan ism  (ra2 =  2) th is  
is 59 mV.

T h e  m eth o d  h ere  suggested  was u tiliz ed  in  a n  a t te m p t to  f in d  o u t w h e th e r 
th e  anod ic  d isso lu tio n  o f in d iu m  in  p e rc h lo ra te  m ed ium  is a tw o- or a th ree - 
-s tep  process. T he re su lt  o f  th is  a tte m p t w ill be describ ed  in  a su b seq u en t p ap er.
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0,0-D im ethyl-2,2-dichlorovinyl phosphate (D DV P) is a m oderately volatile 
liquid of pow erful insecticidal effect. Its  inclusion complex w ith /9-cyclodextrin is a 
stable crystalline substance, which has p ractically  no gas effect, b u t a m uch more 
persistent con tac t effect th an  free DDVP.

Introduction

In  an  earlie r p a p e r  S z e j t l i  an d  B á n k y  [1 ]  re p o rte d  th e  c a ta ly tic  decom r 
positio n  o f T rich lo rfo n  (0 ,0 -d im e th y l- l-h y d ro x y -2 ,2 ,2 - tric h lo ro e th y lp h o sp h o -  
n a te ) , w ith  th e  e lim in a tio n  of hydroch lo ric  ac id , in  aq u eo u s so lu tion  in  th e  p re s 
ence o f /З-cy c lo d ex trin . T h e  p ro d u c t of th is  d eco m p o sitio n  w as a c ry s ta llin e  
inc lusion  com plex  co n sis tin g  of 0 ,0 -d im e th y l-2 ,2 -d ich Io ro v in y l p h o sp h a te  
(D D V P) and  /5 -cyclodextrin . D D V P is a m o d e ra te ly  vo la tile  an d  re la tiv e ly  
ra p id ly  decom posing  liq u id  an d  a pow erful in sec tic id e . U nder th e  ac tio n  of 
w a te r, b u t  especia lly  o f a lk a li, i t  decom poses to  g lycolic  ac id , d ich lo roacetalde- 
h y d e  an d  ino rgan ic  p h o sp h a te .

T h e  p re p a ra tio n  o f  a  c ry s ta llin e  /3 -cyclodextrin  com plex  of D D V P m ay  be 
of in te re s t for tw o  reaso n s: b y  com plexa tion  a n o n  v o la tile , s tab le  p re p a ra tio n  
can  be  o b ta in ed  w h ich  p reserves its  a c tiv ity  fo r a  lo n g  period  [2], an d  th e  com - 
p lex ing  reac tio n  can  also  be  u tilized  to  rem ove D D V P , a su b stan ce  w ith  h igh  
en v iro n m en ta l h a z a rd s  [3] from  th e  m o th er liq u o rs  o f  T rich lo rfon  p ro d u c tio n .

Since th e  p ro f ita b le  in d u s tr ia l p ro d u c tio n  o f  /З-cyclo d ex trin  has becom e 
a re a lity  sim ila ry  to  D D V P  m any  o th e r ac tiv e  p rin c ip le s  (pesticides) can  be 
p o te n tia lly  s tab ilized  a n d  fo rm u la ted  b y  inc lu sio n  com plex  fo rm atio n . In  th is  
p ap er w e describe som e chem ical and  biological c h a ra c te ris tic s  of th e  /3-cyclo
d e x tr in  com plex o f  D D V P .

Materials and Methods

DDVP: purity  over 99%  (Chinoin).
/9-cyclodextrin: m oisture content 13.3% (Chinoin).
The DDVP content o f the complex was determ ined b y  elem entary  analysis, colorim etry

* To whom correspondence should be addressed.
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[4] an d  gas chrom atography. The param eters of gas chrom atography were as follows: colum n 
10%  U CW  982; injector tem peratu re  200 °C; tem pera tu re  of F ID  detector 250 °C; tem p era
tu re  p rog ram  5 °C/min; carrier gas N2; flow ra te  20 m L/m in. R etention tim e of D D V P was 
3.10 m in. The crystalline inclusion com plex w as subjected to  X -ray powder d iffractom etry  
on a  P h ilip s PW  1060 instrum ent. T herm oanalytical studies were carried ou t w ith  a D u P on t 
990 ty p e  analyser.

P reparation  of the complex

To a  solution of /З-cyclodextrin (10.0 g) in  distilled w ater, m aintained a t 65 °C, a solu
tion  of D D V P (1.95 g) in  96%  ethanol (10 m L) was added dropwise, w ith  in tensive stirring. 
A fter th e  com pletion of addition, th e  m ixture was gradually  cooled during a period  of 5 h, 
w ith  co n stan t stirring, to  room  tem perature . C rystallization of the complex set in a t  45 d; 2 °C. 
The m ix tu re  was then  allowed to  s tan d  in a refrigerator for 12 h, filtered, and th e  p roduct 
d ried  a t  room  tem perature. The crystalline D DVP—/З-cyclodextrin complex (10.8 g) contained 
16.3%  D D V P, equivalent to  1 : 1 DDVP//?-cyclodextrin m olar ratio. The yield w as 90.7%  
calcu la ted  for /З-cyclodextrin and 88.7%  for DDVP.

C h arac te riza tio n  o f  th e  inc lusion  com plex

T h e  D D V P -/3 -cyclodex trin  com plex  is a w h ite  c ry sta llin e  p o w d er w ith o u t 
a  c h a ra c te r is tic  m e ltin g  p o in t. C om plex fo rm a tio n  w as su p p o rted  b y  th e  X -ra y  
p o w d e r  d iffrac to g ram  (F ig . 1) w h ich  w as s ig n ifican tly  d iffe ren t fro m  t h a t  of ß -  
-c y c lo d e x tr in  c ry sta llized  u n d e r  id e n tic a l cond itions. Since th e  g u est m olecule 
is  a  l iq u id , th e  fo rm a tio n  o f a  new  c ry s ta l  p h ase  is a n  in d irec t p ro o f o f  com plex  
fo rm a tio n  [5].

T u rb id ity  m easu rem en ts  also s u b s ta n tia te  inclusion com plex  fo rm a tio n  
[6 ]. T h is  m eth o d  is based  on  th e  d iffe ren t c ry s ta lliz a tio n  b eh av io u r o f  th e  com 
p le x  a n d  o f /З-cyclo d ex trin  u n d e r  id e n tic a l con d itio n s (Fig. 2).

T h e  h igh  s ta b ili ty  o f th e  D D V P —/З-cy c lo d ex trin  com plex is in d ic a te d  by  
th e  f a c t  th a t  in  a s tre a m  o f h u m id  a ir  o n ly  2 — 3%  of th e  in itia l D D V P  co n ten t 
is lo s t  a f te r  6 days a t  25 °C. A t th e  sam e  tim e  n e a t D D V P e v a p o ra te d  u p  to  96%  
a f te r  th re e  days. (D e te rm in a tio n  o f th e  l ib e ra te d  D D V P w as c a rr ie d  o u t by  
c o lo r im e try  [4], F ig . 3).

Fig. 1. X -R ay powder diffractogram s of /З-cyclodextrin and of its  com plex w ith  DDVP
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Fig. 2. T u rb id ity  curves of /?-cyclodextrin and  of its  complex w ith DDVP

Fig. 3. Release of D DVP in a stream  of humid air from  complexed and uncom plexed DDVP

T h erm al s ta b il i ty  o f th e  com plex w as te s te d  b y  th e  m eth o d  o f th e rm o - 
frac tio n a tio n  (TAS m e th o d  [5, 7, 8]). T he sam p le  to  be  exam ined  (20 m g o f th e  
com plex  an d  a  m ech an ica l m ix tu re  of /1 -cyclodextrin  an d  D D V P e q u iv a len t to  
th e  D D V P c o n te n t o f th e  com plex) w as h e a te d  from  60 °C to  300 °C in  a glass 
vial w ith  a cap illa ry  end . T h e  end o f th e  c a p illa ry  w as p laced  in  f ro n t o f a TLC 
p la te  an d  th u s  th e  e v a p o ra te  em erging from  th e  c a p illa ry  a t  a g iven te m p e ra tu re  
w as adso rbed  g iv ing  in d iv id u a l spots on th e  a d so rb e n t lay e r (S ilicagel G, 
Sil-G-UV254, M N-Co, 0.25 m m  th ickness). A fte r  d ev e lo p m en t of th e  c h ro m a to 
g ram  in  a 1 : 1 m ix tu re  o f  p e tro leum  e th e r  (b .p . 40 — 60 °C) an d  e th y l a c e ta te , 
th e  sp o ts  w ere d e te c te d  in  U V  lig h t o f 254 fan.  T h e  m echan ical m ix tu re  re leased  
d e te c ta b le  am o u n ts  o f  D D V P  a t  as low as 60 — 80 °C ; from  100 °C on  decom po
sition  p ro d u c ts  a p p e a re d  a n d  th e re  was a c o n tin u o u s  release of D D V P  u p  to  
220 °C.

In  c o n tra s t, th e  inc lusion  com plex s ta r te d  to  lib e ra te  D D V P o n ly  a t  10 0 - 
-1 2 0  °C and  p ro d u c ts  o f  th e rm a l decom position  (th ree  com ponen ts) ap p eared  
a t 160 °C only. F ro m  th is  te m p e ra tu re  on th e  re lease  of D D V P becam e fa s te r  
and  w as co n tin u o u s up  to  200 °C (F igs 4a a n d  4b).
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F ig. 4a. TAS chrom atogram  w ith a m echanical m ixture of DDVP and /З-cyclodextrin (the  black
spot is DDVP)

Fig. 4b. TAS chrom atogram  w ith DDVP /З-cyclodextrin complex

A ccording to  th e rm o a n a ly tic a l s tu d ies, th e  decom position  o f free  D D \  P 
s e ts  in  a t  re la tive ly  low  te m p e ra tu re s , an d  up  to  250 °C th e re  is a c o n tin u o u s  loss 
o f  m a te r ia l  to ta llin g  to  a b o u t 90%  w eigh t loss. T h e  rem ain ing  10%  decom poses 
a t  a  m u c h  lower ra te . I t  is in te re s tin g  to  n o te  th a t  w hen  com plexed w ith  D D V P . 
/З-cy c lo d ex trin  itse lf  s ta r ts  to  decom pose a t  a te m p e ra tu re  a b o u t 100 °C low er 
t h a n  in  th e  piire s ta te . P ro b a b ly  th e  ac id  d e g rad a tio n  p ro d u c t o fD D V P  ca ta ly ze
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DDVP

Fig. 5a. Therinoanalytical curves of 
DDVP

DDVP-PCD

Fig. 5b. T herm oanalytical curves of 
DDV P-/?-cyclodextrin complex

th e  d eg rad a tio n  of /З-cy c lo d ex trin . O n th e  o th e r  h a n d , as show n b y  th e  TG 
cu rv e , th e  release o f com plexed  D D V P  is m u ch  slow er (F igs 5a a n d  5b). These 
fa c ts  p ro v id e  sa tis fa c to ry  evidence fo r  th e  fo rm a tio n  o f a tru e  com plex .

Comparative acute toxicity studies

T h e acu te  to x ic i ty  values o f free  D D V P  a n d  its  com plex  w ith  /3-cyclo
d e x tr in  w ere d e te rm in ed  in  mice, u sin g  in tra v e n o u s  a d m in is tra tio n .

D D V P :
F o r males LD S0 (24 —168 h) 84.14 m g /kg  (d ev ia tio n  71.29 — 99.29 m g/kg).
F o r fem ales L D S0 (2 4 —168 h) 80.52 m g /kg  (d ev ia tio n  65.92— 95.35 m g/kg).
D D V P —/З-c y c lo d e x trin  com plex:
F o r m ales L D 50 (24 —168 h) 138.63 m g /kg  (d ev ia tio n  120.99 —158.85 

m g/kg).
F o r  fem ales L D S0 (24 —168 h) 123.31 m g /k g  (d e v ia tio n  109.12 — 139.34 

m g/kg)-
T he d a ta  refe r to  th e  D D V P c o n te n t o f  th e  com plex.
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In  vivo re so rp tio n  studies w ith  labelled  DDVP

I n  vivo reso rp tion  o f  D D V P  labelled  w ith  32P  (A m ersham ) a n d  o f i ts  in 
c lu s io n  com plex w as s tu d ie d  on  fem ale CFY  ra ts . T h e  su b stan ces w ere  g iven 
o ra l ly  a s  a  hom ogenizate in  a q u e o u s  so lu tion  c o n ta in in g  20%  o f d e x tra n e . A fte r

Fig. 6. R esorption  of labelled DDVP and its  complex in ra ts

a d m in is tra t io n , a t  in te rv a ls  sam p le s  of blood w ere w ith d ra w n ; th e  b lo o d  ra d io 
a c t iv i t y  levels were d e te rm in e d  a n d  expressed as p ro m ille  va lues [9]. C om plex  
f o rm a tio n  som ew hat r e ta rd s  re so rp tio n  an d  th is  m a y  ex p la in  th e  in c rea se  in  
th e  L D 50 values (Fig. 6).

C om parative  stud ies of in sectic idal ac tiv ity

T e s t insects: d ried  b e a n  b e e tle  (Acanthoscelides obtectus)
A m erican  co ck ro ach  (  Blabera fasca gigantea) 
fo rest m a y b e e tle  ( Melolontha melolontha)  
la rv ae  o f  th e  I  a n d  I I  stage 
la rv ae  o f  w ire  w orm  species (Agriotes sp.) 
la rv ae  o f h o u se  f ly  (Musca domestica)

D o se  ranges for th e  in c lu s io n  com plex an d  fo r co n tro l D D V P  w ere 1— 
-0 .0 1 5 6 %  an d  0.025 — 0 .0 0 1 5 6 % , respective ly , w ith  5 doses for each. T h e  usual 
P e tr i -d is h  m ethod  w as a p p lie d ; doses of th e  te s t  su b stan ces  w ere p laced  in to  
e tc h e d  g lass dishes. T hree p a ra lle ls  w ere m ade w ith  each  series, 20 an im als  w ere

A cta  Chim. Acad. Sei. Hung. 107, 1981



SZ E N T E , SZEJTLI: СУ C LO D EX TRIN  COM PLEX OF DDVP 201

p laced  in to  each d ish . D e te rio ra tio n  stages o f th e  e x p e rim e n ta l an im als  were 
reco rd ed .

As i t  is a p p a re n t  from  T ab le  I ,  th e  gas effect o f th e  com plex  is m uch  lower 
th a n  th a t  of free D D Y P ; 0.1%  o f th e  la t te r  k illed  80%  o f d ried  b e a n  beetles 
w ith in  20 m in, w hile  th e  com plex k illed  on ly  38% . A fte r tw o  d ay s , how ever,

Table I

Comparison o f the effect o f D D V P  and o f  its complex with ß-cyclodextrin on dried bean beetles 
Concentration (based on DDVP): 0.1%

Contact time 
in min

DDVP

D eterioration, %

DDVP ß-C D

aft er after

1 2 3 4 days 1 2 3 4 days

20 80 — — — 38 12 — —

60 90 — — — 75 15 15 12

300 92 — — — 90 70 55 35

1440 99 30 28 20 95 93 91 84

Concentration (based on DDVP): 0.01%

D eterioration, %

Contact time DDVP DDVP ß-C D

in min
after after

1 2 3 4 days 1 2 3 4 days

20 12 _ _ — 6 — — —

60 35 — — — 25 — — 4

300 55 — — — 45 65 23 30

1440 70 — — 94 90 87 82

D D V P  did  no t k ill a sing le  beetle  ev en  a f te r  300 m in  c o n ta c t tim e , w hereas th e  
com plex  even th e n  k illed  70%  of th e  beetles. O th e r d a ta  o f T ab le  I  also  dem on
s tra te  th a t  concern ing  i ts  in s ta n ta n e o u s  effect th e  com plex  is m u ch  less effective 
th a n  free  D D V P, b u t  th e  form er is m u ch  b e tte r  w hen  th e  d u ra tio n  o f  th e  effect 
is  considered. A t 0 .0 1 %  D D V P c o n c e n tra tio n  th e  d ifferences in  d u ra tio n  are 
even  m ore conspicuous.

T able I I  d e m o n s tra te s  th a t  w ith  free D D V P a f te r  12 d ay s  th e  50%  killing 
effect canno t be a t ta in e d  anym ore in  th e  soil, w hile w ith  th e  com plex , app ly ing  
48 h  co n tac t tim e , th is  can  be ach ieved  even a fte r  48 d ay s. A n o th e r o b se rv a tio n  
w as th a t  in  d ry  soils th e  com plex w as ra th e r  ineffec tive, b u t  a n  increase  of the  
m o istu re  co n ten t o f  th e  soil, for in s ta n c e  b y  irr ig a tio n , re su lted  in  h ig h er effec-
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Table II

Comparison o f the effect o f D D V P  and o f its ß-cyclodextrin complex in  the soil on the larvae type 
I/j and L , o f forest maybeetle and on the larvae o f wire worm and housefly

Period after 
application

Time required to  achieve ED 50

Complex DDVP

1 day 43 min 31 min
12 days 59 min less th an  50%
20 days 14 h less than  50%
25 days 38 h no effect
48 days 47 h no effect

117 days less than  50% no effect

t iv i ty .  T h e  p robable  e x p la n a tio n  is th a t  u n d er th e  e ffec t o f w a te r  th e  D D V P - 
—c y c lo d e x tr in  com plex d isso c ia te s , b u t  no D D V P is re leased  from  th e  d ry  com 
p lex .

*
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Ion-exchange equilibria o f the oxalic, maleic and fum aric acid anions were 
studied on chloride form strongly basic anion exchange resin. E quilibrium  and  calori
m etric m easurem ents were made in  aqueous solution, a t 25 °C to ob ta in  th e  therm o
chemical param eters of the exchange reaction. The chloride form  resin shows a pro
nounced selectivity only for the m onovalent maleic acid anion, w hereas th e  rest of 
the studied species are not adsorbed preferentially  by the resin. The selectiv ity  for the 
m onovalent m aleinate anion can be explained if we realize the ability  o f th a t  ion to 
form a strong intram olecular hydrogen bond. Due to this bond form ation th e  hydration  
ability  of the ion is dram atically  decreased which, in  tu rn , m arkedly influences the 
d istribution of the ion between the tw o phases. The free energy of the system  is lowered 
considerably when th is poorly hyd ra ted  species is transferred in to  the resin phase where 
the relative perm ittiv ity  is much lower th an  th a t of the aqueous solution phase. This 
case is an example of the system s where the selectivity is not governed b y  th e  in ter
actions in the resin phase. The re latively  small enthalpy and entropy changes of the 
exchange reactions indicate also th e  lack of a strong resin phase in teraction .

In troduction

In our previous articles thermochemical data have been reported for the 
heat of exchange of the hydroxide and orthophosphate anions on chloride form 
strongly basic anion exchange resin [la  and b]. The present article is concerned 
with the exchange reaction of the mono- and bivalent anions of the oxalic, 
maleic and fumaric acids on the same type and form of the resin that was used 
previously.

The above systems are interesting for several reasons. For the separation 
of the organic acids anion-exchange chromatography has been used widely [2]. 
There is, no general rule, however, for prediction of the selectivity ( i . e .  elution) 
order for the organic ions. The selectivity is a result of a number of interactions 
and an adequate judgement of the governing interaction is not always obvious. 
Thermochemical parameters of the exchange reaction or structural data for the 
distributing species may be useful in the prediction or interpretation of the 
selectivity.

* To whom correspondence should be addressed.
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Experimental

1. Selection o f the useful pH -range

The domain of pH  w here th e  distribution of th e  acid  anions can be studied has been 
ju d g e d  from  the mole frac tion  d is tribu tion  diagram of th e  oxalic (H2Ox), maleic (H2M), and 
fu m aric  (H2F) acids. From  F ig . 1 appears th a t if pH  >  8 th e n  all the studied acids are present 
in  a fully  ionised form in th e  so lu tion . The ion-exchange d is tribu tion  of the b ivalent acid anions

pH

F ig . 1. The mole fraction d is tr ib u tio n  diagrams of th e  investiga ted  acids. The К  p ro tonation
constan ts are taken from  R ef. [3]

can  therefore be studied i f  care is taken to m aintain  th e  pH  above eight in  the equilibrium  
solution .

From  the curves in  F ig . X appears too th a t the mole fraction  of the m onovalent oxalic 
an d  maleic acid anions approaches almost 1 a t  pH  =  2.6 and 3.8, respectively. F or the 
fum aric  acid, however, i t  reaches only about 0.7 a t  its  m axim um ; the rest being none and 
fu lly  dissociated acid. The H F ~/C 1_ exchange reaction therefore can no t be studied w ithout 
serious interference.

2. Ion-exchange resin and chemicals

Dowex 1 x 8  has been  prepared and its capacity  has been determ ined as described 
before [la]. The maleic (S ch u ch ard t München), fum aric- and  oxalic acids (R eanal, B udapest) 
w ere reagent grade chemicals.

3. Solutions

For the m onovalent acid  anions (Y~) the Y _/C1~ exchange reaction was studied as a 
function  of the resin com position  a t  to ta l norm ality 0.1 (TN  =  cYzy +  cClzCl)- From  0.1 m ol/dm 3 
m aleic acid and sodium chloride stock solutions m ixed solutions (500 cm3) were prepared by 
m ixing the appropriate vo lum es of the stock solutions. In  th e  m ixed solutions the equivalent 
frac tion  of the acids (xY =  Cyzy/TiN) were set to  0.1, 0.2, 0.3, 0,5, 0.7, 0.8 and 0.9 (in th e  case 
o f mono/monovalent exchange equivalent and mole frac tions are, of course, equal). The pH  
o f th e  500 cm3 mixed solutions were set to the appropriate  value (in the H2O x—NaCl m ixtures 
to  2.6 in the H2M—NaCl m ix tu res  to 3.8) by addition  of solid potassium  hydroxide.

The exchange reac tio n , Y 2“ /C1~ was studied a t  0.1 and  a t 0.01 to ta l norm alities. For 
these investigations 0.05 m ol/dm 3 acid and 0.1 m ol/dm 3 sodium  chloride stock solutions were 
p repared  and mixed to  o b ta in  th e  same equivalent frac tions as in  the case of the mono/mono-
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valen t exchange. The pH  of these solutions were set between 8 and 10. For the m easurem ents 
a t  to ta l norm ality  0.01 the above solutions were diluted w ith w ater and the ir pH  was adjusted 
w hen it  was necessary.

4. Equilibrium  measurements

Known quantities of the resin (~ 0 .5  g) were weighed into 100 cm 3 glass stoppered 
flasks and to them  was added exactly  100 cm 3 of the stock or mixed solutions using a pipette. 
The flasks were left overnight for equilibration  a t 25 ±  0.1 °C in a therm osta tic  b a th . Before 
separation  and analysis of the equilibrium  phases the pH  of the solution phase has been mea
sured by a calibrated  glass electrode. F or the calculation of the com position of the phases in 
equilibrium  aliquot samples were taken  b o th  from  the  original and from th e  equilibrium  solu
tions (ea0, t)ae). The chloride content of th e  sam ples were titra ted  w ith 0.05 m ol/dm 3 H g(N 03)2 
[4]. F rom  the bure tte  readings (v0, we) the  equivalen t fractions in the solution (x) and  in the 

resin phases (x ) have been calculated by  the following equations:

*CI

X y

fN _
TN vie ’ 

f N V  ( t>e
Cw t r ae

*Y =  1 — *CI

*CI =  1 — *Y •

Here /  • N  is the exact norm ality  o f the titra n t, TN and V  are the to ta l norm ality  and 
the volum e of the solution phase (100 cm3), C and u> are the capacity (3.161 m equiv/g) and the 
w eight of th e  resin (~ 0 .5  g).

The calcu lated  equivalent fractions were used to construct the ion-exchange isotherm s 
as well as for the calculation of the therm odynam ic equilibrium  constants.

5. The calorimeter and the calorimetric measurements

The reaction vessel of the calorim eter was an original LKB (Sweden) p roduc t while 
the th erm o sta t and  the associated electronics were bu ilt by  us. The detailed descrip tion  of the 
in s trum en t will be given elsewhere [5]. The overall perform ance of the calorim eter was checked 
by  the  m ethod of I r v i n g  and W a d s ö  [ 6 ]  and the hea t of the THAM-HC1 reaction  ( — 29.723 
k J  m o l-1) was reproducible w ithin 0.2 per cent.

The technique used for the determ ination  of the enthalpy of the exchange reaction  was 
th e  same as described before [ la ] .

R esu lts  an d  D iscussion

T he re su lts  o f th e  eq u ilib riu m  m easu rem en ts  can  be re p re se n te d  in  te rm s 
o f  io n -ex ch an g e  iso therm s. F o r th e  s tu d ie d  reac tio n s these a re  show n  in  F ig . 2.

In  F ig . 2a th e  iso th e rm  show s th a t  th e  ad so rp tio n  of th e  m o n o v a len t 
o x a la te  an io n  is no t p re fe rred  b y  th e  ch lo ride  fo rm  resin. In  th e  case o f th e  het- 
e ro v a le n t exchange th e  d is tr ib u tio n  o f  th e  ions is s trong ly  in flu e n c e d  b y  the  
p h en o m en o n  o f th e  e lec tro se lec tiv ity  an d  th a t  m akes th e  b o n d in g  o f  th e  b iv a 
le n t o x a la te  an io n  p re fe rred  as th e  to ta l  n o rm a lity  of the  so lu tio n  increases 
F ig . 2b .

O n th e  c o n tra ry  to  th e  case o f  th e  m o n o v a len t oxala te  an io n  th e  ch lo ride  
fo rm  resin  show s a high a ff in ity  for th e  in a lea te  an ion  (H M ~) as i t  is d e m o n s tra t
ed  b y  Fig. 2c. Iso th e rm s for th e  b iv a le n t m a lea te  and  fu m a ra te  an io n s , Figs 
2d a n d  e d e m o n s tra te  again  th e  above  m en tio n ed  effect o f th e  e le c tro se lec tiv ity .
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F o r  an  a d e q u a te  a sse ssm e n t and  com parison  o f  th e  se lec tiv ity  o f th e  re a c 
tio n s  th e  th e rm o d y n am ic  e q u ilib riu m  c o n s ta n ts  sh o u ld  be ca lcu la ted  an d  used .

F o r  th e  io n -ex ch an g e  re a c tio n  (1)

n R mX m +  m Y n ^  m R nY n +  n X m (1)

th e  th e rm o d y n am ic  e q u ilib r iu m  co n stan t is d e fin e d  as

k t  RY)]mN X )r
[a(X)r\a(Y)r '

I n  th e  tw o  phases th e  a c t iv it ie s  are defined in  tw o  d iffe ren t m anner in  eqn . (2). 
I n  th e  resin  phase a =  f x  in  th e  so lu tion  p h ase , h o w ev er, a =  ym. As can  be 
seen  tw o  d ifferen t s ta n d a rd  s ta te s  are a d o p te d  in  th e  tw o  phases. T he solid  
p h a se  w ill be considered  as a m ix tu re  of tw o h y d ra te d  sa lts  R mX m an d  R „ Y " as 
co m p o n en ts . W hen  th e  re s in  is  en tire ly  in  X m-fo rm , л;(Х) =  1, th e n  th e  a c t iv i ty  
co e ffic ien t defined in  m o le  fra c tio n  base eq u a l to  1, w h en  i t  is en tire ly  in  th e  
Y n—-fo rm , *(Y) =  1, t h e n / ( Y )  =  1. In  c o n tra ry  to  th is  co n ven tion  in  th e  so lu 
t io n  p h ase  we re ta in e d  th e  s ta n d a rd  s ta te  n o rm a lly  u sed  in  th e  e lec tro ch em istry  
o f  so lu tio n s i.e. th e  a c t iv i ty  coefficient, у  is  d efin ed  on m ola lity  base a n d  is

Fig. 2. Ion-exchange iso therm s a t  25 °C for the studied equilibria; a, H O x“/Cl_ ; b, O x2- /C l- ;
с, H M -/C 1-; d , M2-/C 1-; e, F 2-/C 1-
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e q u a l to  1 iu  a 1 m olal so lu tio n  w hich  is, o f  course, no t a rea l b u t  a h y p o th e tic a l 
s ta n d a rd  s ta te .

I f  th e  e q u iv a len t frac tio n  in  th e  so lu tio n  phase is d e fin ed  a s r  =  zcjTN  
an d  th is  is p u t in  th e  a c tiv ity  exp ression  th e n  a fte r su b s titu tio n  th e  ac tiv ities 
in to  eqn . (2) we o b ta in :

w here

K T K ' [/(Y)]m
[ / (X ) ]"  ’

(3)

[ « ( Y ) n « ( X ) ] "  [y (X )]"

[ * ( X ) ] " [ * ( Y ) r  [y (Y )]m
• T N n_m . (4)

E q n . (4) c o n ta in s  o n ly  e x p e r im e n ta l ly  accessib le  q u a n t i t ie s  a l th o u g h  th e  
r a t i o  o f  th e  s o lu t io n  p h a s e  a c t iv i ty  c o e ff ic ie n ts  c a n  o n ly  b e  e s t im a te d  fo r  th e  
s tu d ie d  sy s te m s . In  la c k  o f  a  b e t te r  a p p r o x im a t io n  th e  Ü A V lE S -eq u a tio n  [7] has 
b e e n  u se d  to  e s t im a te  th e  a b o v e  a c t iv i ty  r a t io .

W hen K ' is c a lcu la ted  from  th e  eq u ilib riu m  m easu rem en ts  th e n , as it  is 
u su a lly  observed, i t  dep en d s on  th e  degree o f  conversion o f th e  re s in , i.e. on the  
e q u iv a le n t frac tio n  o f th e  c o u n te r  ion s ( 5 ( 0 )  or 5c(Y)). T hese  fu n c tio n s  are 
show n  on lg  K ' vs. жС1 d iag ram s in  F ig . 3.

о 0 4
\
'z

x: 0.3
Ol

Q2

-1.2

\

-1.4

- 1.6

0.5 1.0

Fig. 3. Dependence of the selectivity coefficient, K ’ on the composition of the resin phase for 
the HOX-/C1-, O x2- /C l- ,  H M -/C1-, M 2-/C 1-, and for the F 2-/C 1- system s
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I f  fo r  th e  choice o f  th e  com ponen ts an d  s ta n d a rd  s ta te s  th e  above co n 
v e n tio n  is accep ted  th e n  th e  ev a lu a tio n  o f K T is  possib le  b y  th e  m eth o d  of 
F r e e m a n  [ 8 ] .  This m e th o d  u se s  th e  concept o f excess free  energies to  e q u a te  
th e  d e v ia tio n s  from  id e a lity  w h e re b y  a s im u ltan eo u s  ca lcu la tio n  of th e  e q u ilib 
r iu m  c o n s ta n t an d  th e  a c t iv i ty  coefficients a re  m ad e  possib le. F o r th e  ca lcu 
la t io n  o f  th e  th e rm o d y n a m ic  equ ilib riu m  c o n s ta n t th e  follow ing e q u a tio n  w as 
d e r iv e d  b y  F r e e m a n :

N  ■

R T \ n K '  =  R T  In K T -  ^ G , , [ - ( 2 * C1 -  1 ) '+1 +
*’= 0

+  2 v x ci( l  дсС|)(2я;С| 1) *. (5)

T h e  exp erim en ta l v a lu e s  o f ln K ’ a re  to  be  f i t t e d  p a ra m e trica lly  to  th e  
e q u a tio n  ab o v e  using  as m a n y  te rm s  in  th e  su m m a tio n  as th e  precision  req u ire s  
(y =  O . . .N ) .  The a p p lic a tio n  o f  a least sq u are  p ro c e d u re  y ields th e  values of 
K T a n d  th e  Gr f i t t in g  p a ra m e te r . F r e e m a n  p ro v e d  to o  th a t  th e  G„ p a ra m e te r  
d e sc rib es  th e  course o f ln /(C l)  a n d  ln /(Y ) as a fu n c tio n  o f  x(Cl) an d  th ese  fu n c 
tio n s  a re  g iven b y  th e  fo llo w in g  equations:

Я Г 1п/(С 1) =  * c ( l  -  Fa ) 2 2  а д * с >  -  1)” +  2 v x a (2 xcl -  l ) ”-1 ] (6)
v = 0

Ä T ln /(Y )  =  *YFC1 J g ,[ (2 * c1 -  1)' — 2 r ( l  — FC1) (2 xa  -  l ) ' -1 ] . (7)
> '= 0

T h e  ca lcu la ted  th e rm o d y n a m ic  equ ilib rium  c o n s ta n ts  are  given in  T ab le  I  
a n d  a s  a n  ap p lica tio n  o f  eq n s  (6 an d  7) th e  c a lc u la te d  a c tiv i ty  coeffic ien t fu n c 
tio n s  a re  show n for th e  H O x ~ / Cl an d  O x2-/С1 sy s te m s  in  Fig. 4.

F ro m  th e  ca lcu la ted  eq u ilib riu m  c o n s ta n ts  th e  free  en erg y  o f th e  ex 
ch an g e , AG° w as o b ta in e d  b y  u sin g  th e

zlG° =  — —  i ? T l n K T
Z q \ Z y

re la tio n sh ip . These d a ta  a re  a lso  given in  T ab le  I .

Table I
Thermochemical data for the studied exchange reactions

у n —
AG°

k ' T
A H A S

JK-1 equiv-1KJ equiv-1

H O x- 0.753 +0.70 +  3.58 +  1
Ox2- 0.107 ; 2.77 +  6.35 +  13
н м - 2.150 -1 .8 5 — 5.51 -1 2
M2- 0.045 : +3.84 +  7.80 +  13
F 2- 0.119 +2.64 +  8.11 +  18
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Fig. 4. The calculated activ ity  and activ ity  coefficient functions for the H O x- /Cl~ and  O x2 - /C1 ~
s y s te m s

F ro m  th e  ca lo rim etric  m easu rem en ts  th e  en th a lp y  change co rre sp o n d in g  
to  a  g iven  degree o f  th e  resin  conversion  w as e v a lu a te d  in  th e  sam e w a y  a s  w as 
described  in  th e  f irs t  p a r t  o f th is  series, see eq n . (7) in  Ref. [ la ] .  T h e  e n th a lp y  
ch an g e  of th e  reac tio n s w ere m easured  a t  d iffe re n t values of th e  re s in  co n v ersio n  
a n d  th e se  re su lts  a re  show n in  F ig . 5.

In  o rd e r to  get p ro p er s ta n d a rd  e n th a lp y  values th e  e x p e r im e n ta l d a ta  
sh o u ld  be co rrec ted  w ith  th e  d ifference in  th e  re la tiv e  a p p a re n t m o la l h ea t 
c o n te n ts  (A<p) of th e  ac id  an d  sodium  c h lo rid e  solu tions. The cp v a lu e s  a re  ob
ta in e d  from  th e  m easu rem en t of th e  h e a t o f  d ilu tio n . In  our cases, h ow ever, 
th e  process o f  d ilu tio n  is in ev itab ly  a c co m p an ied  b y  a change in  th e  p H  o f  th e  
so lu tio n  th ere fo re  th e  re su lt w ould be a su m  o f th e  h ea t of d ilu tio n  a n d  t h a t  of 
th e  p ro to n a tio n  or d e p ro to n a tio n  of s tu d ie d  an io n . No correction  h a s  th e re fo re  
b een  app lied  fo r th e  o b ta in ed  A H  f ig u res . T hese  corrections, how ever, a m o u n ts  
to  o n ly  a few  te n th s  in  te rm s of k j /e q u iv  th e re fo re  n e ither th e  A H  n o r  th e  
(A H  — AG)/T  =  A S  values w ould be s ig n if ic a n tly  influenced b y  th e s e  co rrec 
tio n s .
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Fig. 5. V ariation of the h ea t o f exchange as a function of th e  resin  composition for the stud ied
systems

F ro m  a co m p ariso n  o f  th e  th e rm o d y n am ic  d a ta  in  Table I  a p p e a rs  t h a t  
w ith  th e  excep tion  o f  th e  M H - /C1-  system  th e  fre e  en erg y  changes a re  p o s itiv e  
fo r th e  re s t of th e  s tu d ie d  reac tio n s. These p o s itiv e  free  energy values o r ig in a te  
so le ly  from  th e  u n fa v o u ra b le  (positive) e n th a lp y  ch an g e  because th e  e n tro p y  
v a lu es  a re  o therw ise fa v o u ra b le  (positive) in  sign .

F ro m  th e  th e rm o c h e m ic a l p a ram ete rs  one w o u ld  like to  conclude fo r  th e  
ty p e  o f  th e  in te ra c tio n  t h a t  is responsible fo r th e  o b se rv ed  (high or low ) se lec
t iv i ty .  As a f irs t a p p ro a c h  to  th is  end one m a y  u ses  th e  principles a p p lie d  fo r 
th e  in te rp re ta t io n  o f  th e  s ta b il i ty  co n stan ts  o f th e  com plex  fo rm ation  re a c tio n s .

W h en  com plexes fo rm e d  in  aqueous so lu tio n  a re  s tu d ied  th en  th e  d iffe re n t 
ty p e s  o f  bond ing  a re  re f le c te d  in  th e  values o f  th e  A H °  an d  AS° of th e  co m p lex a- 
t io n  reac tio n . F ro m  a la rg e  bo d y  of d a ta  i t  b e c a m e  possib le to  m ake th e  fo llow 
in g  genera liza tio n s [9].

In  th e  case o f e sse n tia lly  e lec tro sta tic  b o n d in g , m ostly  realized  b e tw een  
h a rd  accep to r an d  d o n o r, th e  com plex fo rm a tio n  is d u e  to  a large gain  o f e n tro p y
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w hile th e  e n th a lp y  change generally  c o u n te ra c ts  th e  reaction . T h e  o rd e red  
w a te r s tru c tu re  a ro u n d  th e  donor a n d  a c c e p to r  m olecules w ill serve as a sou rce  
o f  en tro p y . W h en  com plexes are  fo rm ed  th is  s tru c tu re  w ill be m ore  o r  le^s 
b ro k en  dow n a n d  th is  process is fo llow ed b y  a n  increase  in  en tro p y .

I n  th e  case o f  essen tia lly  co v a len t b o n d in g , realized  betw een  v e ry  soft 
accep to r an d  d o nor, th e  com plex fo rm a tio n  is due  to  a large decrease  o f  e n 
th a lp y  acco m p an y in g  th e  fo rm atio n  o f  th e  c o v a le n t bond .

T h e  va lu e  o f A H °  th u s  seems to  p ro v id e  a  good m easure of c o v a le n c y  of 
th e  bo n d  b e tw een  th e  donor and  th e  a c c e p to r . T h e  m ore n eg a tiv e  A H °  th e  
s tro n g er is g en era lly  th e  covalen t b o n d .

In  th e  f ie ld  o f th e  ion  exchange th e se  p rin c ip le s  m ay  w ork e.g. in  th e  case 
o f  a w eak  ac id  c a tio n  exchange b u t th e  a p p lic a t io n  o f these  guide lin es  to  th e  
an io n  exchange w o u ld  be e ith e r  v e ry  fo rm a l o r m ay  lead  to  v e ry  fa r-fe tc h e d  
com parisons.

F o r th e  s tu d ie d  reac tio n s th e  th e rm o c h e m ic a l p a ram ete rs  do n o t sh o w  to  
a n y  specific m ode o f  th e  above m en tioned  in te ra c tio n s . T he source of in te ra c tio n  
th a t  governs se le c tiv ity  shou ld  th ere fo re  b e  f in d  n o t w ith in  th e  resin  p h a se  b u t  
ra th e r  in  th e  so lu tio n  phase .

O u t o f th e  in v e s tig a te d  anions th e  ch lo rid e-fo rm  exchanger show s o n ly  
preference fo r th e  m o n o v a len t m ale in a te  a n io n  M H - . T he in te rac tio n  t h a t  m a y  
lead  to  th is  ex cep tio n a l se lec tiv ity  is th e  a b i l i ty  o f  th is  ion to  form  in tra m o le c 
u la r  h y d ro g en  bond .

О
II

H N ae

Hv c >

II
О

T his in te ra c tio n  d ram a tica lly  decreases th e  po larising  ab ility  o f th e  sing le  
n eg a tiv e  charge  b e in g  sm eared  over a  v e ry  la rg e  species. A well kn o w n  co n se 
quence o f th is  in te ra c tio n  is th e  low so lu b ility  o f  th e  N aH M  in  w ater. T h e  p o o rly  
h y d ra te d  H M -  ion  is th e re fo re  tra n sfe rre d  in to  th e  resin  phase. T he free  e n e rg y  
o f  th e  sy stem s is th e re b y  considerab ly  low ered  b ecau se  th e  re la tive  p e rm it t iv i ty  
o f th e  solid phase  is low er th e n  th a t  o f  th e  a q u e o u s  phase.

W hen  th e  ac id  is fu lly  ionised th e n  th e  io n ic  repulsion  betw een  th e  car- 
b o x y la te  g roups cause  a  la rg e  ro ta tio n  a ro u n d  th e  С C single bond (sh o w n  b y  
arrow s in  fo rm u la  I) w h ich  p rev en ts  th e  fo rm a tio n  of a s trong  in tra m o le c u la r  
hyd rogen  b o n d  [10]. T h is  d is to rtio n  lead s  to  a h ig h er degree of h y d ra tio n  o f
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the M2- ion which is manifested in the lower value of the selectivity coefficient. 
The latter structural information became evident from the single crystal diffrac
tion studies of the Na2M. These studies also revealed that there are no similar 
distortions in the case of H2M and KHM which makes the О. . .  H . . .  О bond 
fairly stable.

Similar explanations, of course, do not apply either to the fumaric acid 
where the C=C double bond fixes the carboxylate groups in a trans position 
or to the oxalic acid where the C — C single bonds allows free rotation of the 
groups.

The presented examples show again that the anion exchange is a fairly 
complex phenomenon and selectivity is unlikely to be explained by a simple 
resin-phase dominated electrostatic interaction.
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Prepara tion  m ethods of 2-, 3- and 4-m ono-O-methyl-, as well as 2,3-, 2,4- and
3,4-di-O-methyl-L-arabinose are described s ta rtin g  from exo and endo benzyl 3,4-0- 
-benzylidene-/?-L-arabinopyranoside, respectively. 1H-NM R and GLC data  are presented.

Introduction

D- and L-Arabinose are sugars frequently occuring in nature as the com
ponents of plant polysaccharides [1] and plant glycosides; first of all as the 
carbohydrate component of saponines [2]. The methyl ethers of D- and L-arabi- 
nose are essential standard compounds in the structural examination of poly
saccharides, saponine glycosides and oligosaccharides containing arabinose. 
Various methods are known for the syntheses of arabinose methyl ethers start
ing from different compounds [3]. In the present paper a facile route is described 
for the synthesis of all the mono- and di-O-methyl ethers of L-arabinose using 
the exo- and endo-isomers of benzyl 3,4-0-benzylidene-/?-L-arabinopyranoside 
as starting material.

Results and D iscussion

The benzylidene acetals of glycopyranosides, involving cis axial-equatorial 
hydroxyl groups, may form two stereoisomers. The absolute configuration of 
the isomers (called exo or endo, according to the steric position of the phenyl 
group) can be determined by JH-NMR [4 — 6] and 13C-NMR spectroscopic 
[7 — 8] methods.

On hydrogenolysis of the елго-isomers of dioxolane-type benzylidene ace
tals with LiAlHj-AlClg, the reagent attacks the axial oxygen atom of the 
dioxolane skeleton and the product contains equatorial 0-benzyl and axial free 
hydroxyl groups. In the case of the endo-isomers, the point of attack by the 
reagent is on the equatorial oxygen atom and products with axial 0-benzyl and 
equatorial free hydroxyl group are formed [9 —16].

* For P a rt IX , see Ref. [11].
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214 SZURMAI et a t :  CARBOHYDRATE METHYL ETHERS, X

M e th y la tio n  of ben zy l e# o -3 ,4 -0 -b en zy lid en e-(l)  an d  benzy l endo-3 ,4-0- 
b enzy lidene-/3 -L -arab inopyranoside  (2 ) [16], u sin g  K u h n ’s p ro ced u re  [17], re 
s u lte d  in  c rysta lline  3 a n d  s y ru p y  4, re sp ec tiv e ly . T h e  s tru c tu re s  o f  b o th  co m 
p o u n d s  w ere  su b s ta n tia te d  b y  1H -N M R  in v e s tig a tio n  an d  i t  w as e s ta b lish e d  
t h a t  t h e  m e th y la tio n  re a c tio n  w as n o t acco m p an ied  b y  iso m eriza tio n  o f  th e  
d io x o la n e  skeleton . T he b e n zy lid en e  p ro to n  o f  3 a n d  4 ap p ea red  a t  d =  6.20 
a n d  d —  5 .90 ppm , re sp ec tiv e ly .

H y d ro g en o ly sis  o f  3 w ith  L iA lH 4-AlCl3 gave a 74 : 26 m ix tu re  (G LC) o f 
th e  3 -O -benzy l- (5) an d  4 -O -benzy l isom ers (6). T h e  sep a ra tio n  o f  5 a n d  6, or 
th e i r  a c e ta te s , b y  c h ro m a to g ra p h y  rem ain ed  unsuccesfu l.

O n  hydrogenolysis c o m p o u n d  4  gave a  7 : 93 m ix tu re  o f  5 a n d  6, from  
w h ic h  co m p o u n d  6 w as iso la te d  in  th e  c ry s ta llin e  s ta te .

W e h av e  show n th a t  th e  h y d ro g en o ly sis  o f  d io x o lane-type  b en zy lid en e  
a c e ta ls  is  a  com pletely  s te reo sp ec ific  reac tio n . T h e  presence of th e  b y -p ro d u c t 
m a y  b e  exp la ined  b y  iso m eriza tio n  caused  b y  ch lo ro a lan e  [16]. T h e  r a te  o f  iso 
m e r iz a tio n  depends on th e  c o n fig u ra tio n  o f  th e  d ioxolane ring , hen ce  th e se  
re s u lts  s u p p o r t our ea rlie r o b se rv a tio n , n am ely  th e  endo-isom ers o f th e  b e n z y li
d en e  a c e ta ls  of a rab in o p y ran o sid es  a lw ays re a c t  w ith  h igher s te re o se le c tiv ity  
th a n  th e  co rresponding  e#o-isom ers. I t  is also w o r th y  o f no te  th a t  th e  2 ,4 -d isub - 
s t i tu te d  analogues are  b e t te r  c ry s ta llizab le  th a n  th e  2 ,3 -d isu b s titu te d  co m 
p o u n d s .

A c id  hydrolysis o f 4 re su lte d  in  benzy l 2 -0 -m ethy l-/5 -L -arab inopyranoside  
(7). M e th y la tio n  of 8, 10, 6, 13 a n d  15 [16], u sin g  Kuhn’s p rocedure , gave  th e  
tw o  d ib e n z y l m onom ethy l an a lo g u es (9 a n d  11) an d  th e  th re e  m o n o b en zy l 
d im e th y l  derivatives (12, 14 a n d  16).

T h e  ca ta ly tic  h y d ro g e n a tio n  o f 7, 9, 1 1 ,1 2 ,1 4  an d  16 gave th e  c o rre sp o n d 
in g  th r e e  m ono- (1 7 ,18  an d  19) a n d  th re e  d im e th y l L-arabinoses (20, 21 a n d  22), 
re s p e c tiv e ly , w hich w ere p u r if ie d  b y  co lum n c h ro m a to g rap h y .

T h e  p u rity  of th e  b lo ck ed  analogues 3, 4 , 6, 7, 9, 11, 12, 14 a n d  16 w as 
c h e c k e d  b y  GLC ex a m in a tio n s , a n d  th e  re te n tio n  in d ex  7^cw [18] o f th e se  
c o m p o u n d s  was de te rm in ed .

T L C  exam ina tion  o f th e  free  m e th y l e th e rs  has show n th a t  o f th e  m o n o 
m e th y l  e th e rs  the  2 -0 -m e th y l d e riv a tiv e  e x h ib its  th e  h ighest m o b ility , w h ereas  
4 -O -m ethy l-L -arab inose  h as  th e  low est v a lu e . A  sim ilar ru le  h as  b een  o b 
se rv e d  fo r  th e  d im eth y l e th e rs , th e  2 ,3 -d i-O -m ethy l e th e r ex h ib itin g  th e  h ig h es t 
R j  a n d  th e  3 ,4-d i-O -m ethyl-L -arab inose th e  low est R^ value.

E xperim en ta l

M .p .’s were determ ined on a K otier hot-stage appara tu s and are uncorrected. O ptical 
ro ta t-o n s  were measured w ith a P erk in  — Elm er 241 au tom atic  polarim éter; equilibrium  values 
are g iven  17—22. All published [ot]D values given in  th e  experim ental p a rt are tak en  from 
Ref. [3]. 1H-NMR spectra were ob tained  on a JE O L  MH-100 (100 MHz) in s tru m en t using
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216 SZURMAI et al.: CARBOHYDRATE METHYL ETHERS, X

TMS as in te rn a l standard . GLC was performed w ith a H ew le tt — Packard 5840 A in strum en t. 
Colum ns: (a )  2%  OV-101 100 — 200 mesh, w ith 20 m L /m in He gas; (b) 10% UCW 982 on 
Gas C hrom  Q 80 —100 mesh, 120 cm X 2.16 mm ID  stainless steel, 4 ft, 225° isotherm al, w ith  
20 m L /m in N 2 gas: (c) 10% UCW 982 on Gas Chrom Q 80 —100 mesh, 120 cm X 2.16 m m  ID  
stainless steel, 4 ft, 250° iso therm al, w ith 20 mL/min N2 gas. TLC examination was carried 
ou t on DC-Alurolle Kieselgel 60F 254 (Merck), detection w ith  50%  sulfuric acid. For colum n 
chrom atographic  separation Kieselgel G (Merck) was used w ith  solvent systems (A )  petroleum  
ether-e thy l acetate  (7 : 3); (B )  dichlorom ethane-m ethanol (8 : 2).

B enzyl e# o -3 ,4 -0 -b en zy lid ene-2 -0 -m ethy l-ß -L -arab inopyranoside  (3)

To a solution of benzyl exo-3,4-0-benzylidene-/?-L-arabinopyranoside (1, 2.00 g) in  d ry  
DMF (30 m L ) m ethyl iodide (1.90 m L) and silver oxide (1.90 g) were added in two portions 
and th e  solu tion  was stirred a t room  tem perature for 10 h. I t  w as then diluted w ith dichloro- 
inethane (150 mL), filtered, the filtra te  was washed w ith 5%  sodium  cyanide solution (2 X 30 m L) 
and w a te r (3 x 3 0  mL), dried over N a2S 04 and concentrated . Traces of DMF were rem oved 
by vacuum  distillation. The syrupy residue was dissolved in  dichlorom ethane (100 mL), w ashed 
w ith w ate r, dried and concentrated to  give 2.02 g (96.8% ) o f a p roduct. Recrystallization from  
hexane (50 m L) gave pure 3 (1.13 g; 54.2%), m.p. 58 — 60 °C, [a ]D +160° (c =  0.99, chloro
form), R f (A )  0.62, R T(c) 3.71 min, JUCW 2551.

N M R  (in CDC13) : 6 =  7 .5 5 -7 .2 0  ppm (m, 10H, 2 P h ), 6.20 (s, 1H, PhCH), 5.06 (d. 
1H, H -l) , 4 .8 3 -4 .4 8  (m, 3H. PhC H , and H-3), 4 .2 2 -4 .1 0  (m , 1H, H-4), 3.96 (d, 2H. H-Se, 5e). 
3 .6 0 -3 .4 0  (m  1H H-2). 3.54 (s, 3H , OCH3).

B enzyl endo-3 ,4-0-benzylidene-2-0-ine thy l-/3 -L -arab inopyranoside  (4 )

M e th y la t io n  of ben zy l e/ido-3 ,4-0-benzylidene-/?-L -arabinopyranoside (2, 2.0 g) as  
d esc rib ed  a b o v e  for th e  p re p a ra tio n  of 3 gave sy ru p y  4 (1 .96  g; 93.9% ), [a] D ~  171° (c — 
=  1.85, ch lo ro fo rm ). R f(A ) 0.62, R f ( c) 3.47 m in, /UCW 2521.

N M R  (in CDCI3): ó =  7 .6 0 -7 .2 0  ppm (т Г ’ЮН, 2 P h ), 5.90 (s, 1H. PhCH). 4.97 (d. 
1H. H -l) , 4.66 (q, 2H. PhCH.,), 4 .4 0 -4 .1 6  (m. 2H, H-3 and  H-4), 4.04 (d, 2H. H-5a, 5e). 
3 .5 0 -3 .3 2  (m , 1H. H-2). 3.42 (s, 3H , OCH3).

R in g  c leavage of benzyl e#o-3 ,4-0-benzylidene-2-0-m ethy l-/> -L -arab inopyranoside

To a solution of 3 (1.70 g) in  1 : 1 dichlorom ethane-ethei (40 mL) LiAlH4 (380 mg) was 
added. A fter heating to 45 °C a solution of A1C13 (1.33 g) in  e th e r (10 mL) was added, and th e  
m ixture w as stirred  a t 45 °C for 5 min. After cooling, the excess of LiAlH4 was decomposed 
by th e  ad d itio n  of ethyl acetate (5 m L) and Al(OH)3 was p rec ip ita ted  by the addition of w ater 
(10 m L). T he organic layer was decanted  and the residue ex trac ted  with ether (2 x 3 0  m L ). 
The com bined organic layers were washed w ith w ater (2 X 20 m L), dried over Na2S 0 4 and 
concen tra ted  to give a 74 : 26 m ix ture  (1.60 g; 94.1%) of benzyl 3-0-benzyl-2-0-m ethyl- (5) 
and benzyl 4-0-benzyl-2-0-methyl-/?-L-arabinopyranoside (6); j^pfa) 4.35 and 5.03 min.

R ing cleavage of benzyl em/o-3,4-0-benzylidene-2-0-methyl-/LL-arabinopyranoside

H ydrogenolysis of 4 (1.70 g) was carried out as described above for 3 to give a 7 : 93 
m ixture (1.58 g: 92.9% ) of 5 and 6. Recrystallization from  cyclohexane gave pure 6 (980 mg: 
57.6% ), m .p. 7 3 - 7 4  °C, [a]D + 184° (c 1.97, chloroform), R T(b) 10.84 min, JUCW 2583.

N M R  (in CDC13): Ó =  7.60 — 7.15 ppm (m, 10H, 2 P h), 5.04 (d . 1H. H -l), 4.64 and 4.63 
(2q, 4H . 2 PhC H 2), 4.02 (m, 1H, H-3), 3 .82 -3 .68  (m, 3H, H-4. H-5fl, 5,). 3.54 (dd. 1H. H-2). 
3.37 (s, 1H , OCH3), 2.61 (d. 1H, HO-3), after the addition of D20  4.02 (dd, 1H, H-3), the doublet 
a t 2.61 p pm  disappeared. J 12 =  3.5 Hz, J 2 3 =  9.4 Hz, J 3 4 =  2.8 Hz.

Benzyl 2 -0 -m ethy l-/? -L -arab inopyranoside  (7 )

A solution of 4 (2.08 g) in e thanol (40 mL) and 0.1 N  sulfuric acid (40 mL) was boiled 
for 4 h. The h o t solution was neutralized  with B aC 03, filtered  and  concentrated to obtain  1.49 g 
(96.5% ) o f 7, which was purified by column chrom atography (C) to give pure 7 (980 mg:

Acta Chim. Acad. Sei. Hung. 107, 1981
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63.4%). Recrystallization from cyclohexane gave 540 mg (35% ), m.p. 74 — 76 °C, [oc]D + 2 4 1 °  
(c =  0.92, chloroform), R A B )  0.77 R T(b) 1.66 min, 1957.

NM R (in CDC13): <5 =  7 .5 0 -7 .2 0  ppm  (m, 5H, Ph), 5.05 (d, 1H, H -l) , 4.63 (q, 2H. 
PhCH ,), 4 .0 9 -3 .8 7  (m, 2H, H-3 and H-4), 3.75 (d, 2H , H-5a, 5e), 3 .6 3 -3 .4 3  (m , 1H, H-2), 
3.33 (s, 3H , OCH3), 3.21 (s, 2H, HO-3 and HO-4).

Benzyl 2 ,4 -d i-0-benzyl-3 -0 -m ethy l-/3 -L -arab inopyranoside  (9 )

To a solution of benzyl 2,4-di-0-benzyl-/?-L-arabinopyranoside (8) in d ry  D M F (15 mL) 
silver oxide (0.78 g) and m ethyl iodide (0.78 m L) were added in two portions and  the  m ix ture  
was stirred  a t room tem perature  for 96 h. A t th e  48th  hour further am ounts of silver oxide 
(0.39 g) and m ethyl iodide (0.39 mL) were added. The m ixture was diluted w ith  dichloro- 
m ethane, filtered, washed w ith  5%  sodium cyanide solution (2 X 20 mL) and w ater ( 3 x 2 0  mL), 
dried over N a2S04 and concentrated. The traces of DMF were removed by vacuum  distilla tion  
to ob ta in  1.03 g (94.8%) of th e  product. I ts  purification was carried out by colum n chrom atog
raphy  (A ) to give syrupy 9 (670 mg; 61.7% ), [oc]D + 1 3 2 °  (c =  1.67, chloroform), R A A )  0.56, 
R T 15.70 m in (с), Ж ™  3087.

NM R (in CDC13): Ő =  7 .6 0 -7 .2 0  ppm  (m , 15H, 3 Ph), 4.90 (d, 1H, H -l) , 4 .8 0 -4 .4 2  
(3q, 6H , 3 PhCH,), 4.04 — 3.60 (m, 5H, skeleton protons), 3.43 (s, 3H, OCH3).

Benzyl 2 ,3 -d i-0 -benzy l-4 -0 -ine thy l-/? -L -arab inopyranoside  (11)

Benzyl 2.3-di-O-henzyl-p’-I.-arabinopyranoside (10, 1.05 g) was m ethylated  as described 
above for the preparation of 9 to give 900 mg (82.8% ) of a crude product. Its  pu rifica tion  byr 
colum n chrom atography (A ) gave syrupy 11 (540 mg; 49.7% ), [а]р + 110° (c =  1.40, chloro
form), R /(A ) 0.47, R T(c) 13.05 min, Ж ™  3022.

NM R (in CDC13): <5 7 .5 0 -7 .2 0  ppm  (m, 15H, 3 Ph), 4.88 (d, 1H, H -l) , 4 .8 0 -4 .4 6
(3q, 6H , 3 PhCH 2), 3 .9 8 -3 .9 0  (m, 2H, H-3 and H-4), 3.71 (d, 2H, H-5a, 5e), 3.56 — 3.48 (m, 
1H, H-2), 3.43 (s, 3H, OCH3).

Benzyl 4 -0 -benzy l-2 ,3 -d i-0 -m ethy l-/J-L -arab inopyranoside  (1 2 )

To a solution of 6 (860 mg) in dry  DMF (15 m L) silver oxide (0.78 g) and, in  tw o portions, 
m ethy l iodide (0.78 mL) were added. A fter stirring  a t  room  tem perature for 24 h, 0.39 g of 
silver oxide and 0.39 mL of m ethyl iodide Were added, and the m ixture was stirred  for addi
tional 24 h. W ork-up in  the usual m anner gave 890 mg (99.4% ) of crude 12, w hich w as recry sta l
lized from  cyclohexane (9 m L) to  obtain  540 mg (60.3% ), m .p. 69 — 71 °C, [a]o + 1 6 9 °  (c =  3.14, 
chloroform, R A A ) 0.39, Rj-(6) 9.14 min, Í ^CW 2515.

NM R (in CDC13): <5 =  7 .5 0 -7 .2 0  ppm  (m , 10H, 2 Ph), 5.02 (d, 1H, H -l) , 4.69 and  4.65 
(2q, 4H , 2 PhCH2), 3.84 — 3.52 (m, 5H, skeleton protons), 3.41 (s, 6H, 2-OCH3 and  3-OCH3).

Benzyl 3 -0 -b en zy l-2 ,4 -d i-0 -m e th y l-ß -i,-a rab in o p y ran o sid e  (1 4 )

To a solution of benzyl 3-0-benzyl-/S-L-arabinopyranoside (13, 825 mg) in  d ry  DMF 
(15 m L) silver oxide (1.56 g) and, in  two portions, m ethy l iodide (1.56 mL) were added , and 
the m ix ture  was stirred  a t  room  tem perature  for 96 h. In  the 48th hour m ore silver oxide 
(0.78 g) and m ethyl iodide (0.78 mL) were added. W ork-up in  the usual m anner gave 890 mg 
(99.4% ) of 14, which was purified hy column chrom atography (A ) to ob tain  600 m g (67% ) 
syrupy product, [a][) + 1 3 6 ° (c =  0.42, chloroform ), R A A )  0.37, R-p(b) 7.92 m in, l^CW 2475.

NMR (in CDC13): ő =  7 .5 0 -7 .2 0  ppm  (m, 10H, 2 Ph), 5.00 (d, 1H, H -l) , 4T90-4.50 
(2q, 4H , 2 PhCH2), 3.96 — 3.62 (m, 5H, skeleton protons), 3.46 and 3.42 (2s, 6H , 2-OCH3 
and 4-OCH3).

Benzyl 2 -0 -b ruz.v l-3 .4 -(li-0 -m ethy l-,7 -l -arabiiiopyranosi<lo (1 6 )

M eth y la tio n  of ben zy l 2-0-benzyl-/?-I,-a rab i пору ratio  side (15, 825 m g) w as c a rr ied  ou t 
as d escribed  above for th e  p re p a ra tio n  of 14. P u rif ic a tio n  of the crude p ro d u c t  b y  colum n 
ch ro m a to g ra p h y  (A ) re su lted  in  p u re  sy ru p y  16 (610 m g; 68 .2% ), [oc]d -(-137° (c = 1.60, ch loro
fo rm ), R j(A ) 0.24, R T 7.64 m in  (6), JUCW 2459.
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NM R (in CDC13): ő =  7 .5 0 -7 .2 0  ppm  (m, 10H, 2 P h), 4.83 (d, 1H, H -l) , 4.65 and 4.63 
(2q, 4H , 2 PhCH2), 3.96 — 3.68 (m, 5H, skeleton p ro tons), 3.51 and 3.42 (2s, 6H , 3-OCH, 
and  4-OCH3).

2-O -M ethyl-L -arabinose (1 7 )

A suspension of 10%  PdC catalyst (150 mg) in  e thano l (20 mL) was sa tu ra te d  w ith  
hydrogen  gas for 15 m in. A fter the  addition of a so lu tion  o f 7 (720 mg) in e thanol (20 m L) 
th e  m ix ture  was hydrogenated  a t  room tem perature for 5 h. The catalyst was filtered  off and 
th e  f iltra te  concentrated to  give 500 mg of crude 17, w hich was purified by column chrom atog
ra p h y  (B ) to obtain p u re  17  (310 mg; 66.7%), sy rup , [a ]D + 8 5 °  (c =  0.98, w ater), lit. [a]D 
+  100° (water), R{(B) 0.42.

3-O -M ethyl-L -arabinose (1 8 )

H ydrogenation of 9 (880 mg) as described above for th e  preparation of 17 (150 mg, 
10%  PdC, 40 mL of e thano l, 10 h) gave 18 (390 mg) w hich was purified by column chrom atog
rap h y  (В ) to give pure sy ru p y  18 (210 mg; 63.2%), + 86° (e =  1.95, water), lit. [a][> + 9 6 ° ,
+  110° (water), B /(B ) 0.42 and  0.38.

4-0-M ethy l-L -arab inose  (1 9 )

Compound 11 (510 m g) was hydrogenated in  e thano l (40 mL) in the presence of 10% 
PdC (100 mg) for 5 h  to  give 220 mg of 19 which was purified  by  column chrom atography (В ) 
to  ob ta in  pure syrupy 19 (130 m g; 67.5%), [a]o + 1 0 1 °  (c =  1.97, water), lit. [a]D + 1 3 2  +  2° 
(w ater), Rf (B ) 0.37.

2,3-Di-O-m ethyl-L-arabinose (20)

Compound 12 (450 m g) was hydrogenated in  e thano l (35 mL) in the presence of 10% 
PdC  for 6 h  to give 210 m g of 20. Purification of th e  p ro d u c t by  column chrom atography ( В ) 
gave syrupy  20 (110 m g; 49.2% ), [a]D + 22° (c =  1.09, chloroform ), + 86° (c =  0.66, w ater), 
lit. [a]p  + 101°, + 107° (w ater), R f(B )  0.66.

2 ,4-D i-O -m ethy l-L -arah inose  (2 1 )

A m ixture of 14 (410 mg), 10% PdC (100 m g) in  e thano l (35 mL) was hydrogenated  
for 6 h  to  give crude 21 (220 mg) which was purified by  colum n chrom atography (B ) to  yield 
110 m g (54.0%) of syrupy  21, [a ]D + 36° (c =  0.94, chloroform ), + 99° (c =  0.76, w ater), 
lit. [a ]D +118°, + 129° (w ater), R f(B )  0.65.

3 ,4-D i-O -m ethy l-L -arab inose  (2 2 )

To a solution of 16 (300 mg) in  ethanol (35 m L) 10%  PdC  (100 mg) was added and the 
m ix tu re  was hydrogenated for 10 h to give 150 mg of 22 , w hich was purified by colum n chro
m atog raphy  (B) to  ob ta in  pu re  syrupy 22 (80 mg; 53.6% ), [ccJq  + 115° (c =  1.24, chloroform ), 
+  135° (c =  0.40, w ater), lit. [a ]D +104°, +116°, + 1 2 5 °  (w ater), Rf (B) 0.62.
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Using the azide m ethod of fragm ent condensation, the acetates of the tripeptides 
glycylalanyl-4,6-0-benzylideneglucosam inic amide, glycyl-4,6-0-benzylideneglucos- 
am inylalanine amide, 4,6-O-benzylideneglucosaminylglycylalanine amide and  th a t of 
th e  hexapeptide 4,6-0-benzylideneglucosam inylglycylalanyl-4,6-0-benzylideneglucos- 
am inylglycylalanyl am ide have been synthesized.

In  th e  prev ious p a p e r  it  w as rep o rted  th a t ,  acco rd in g  to  our in v e s tig a 
tio n s , in  th e  syn thesis  o f  p ep tid e s  co n ta in in g  D -glucosam inic acid (H -G A -O H ), 
w hich  c a n  be regarded  as a n  analogoue of serine, i t  is ad v isab le  to  use th e  4 ,6 -0 - 
-b enzy lidene  d e riv a tiv e  (H -B E G A -O H ) to  p re v e n t la c to n iza tio n .

W h en  in  th e  p e p tid e  to  be p rep ared  th e  H -B E G A -O H  is in  C -term inal 
p o s itio n , th e  azide m e th o d  w as found  to  be th e  m o s t fav o u rab le  fo r th e  con
s tru c tio n  o f th e  p e p tid e  bo n d s. In  th e  p resen t p a p e r  sy n th ese s  o f tr i-  an d  hexa- 
p e p tid e s  co n ta in in g  H -B E G A -O H  are  described . T h e  pu rpose  o f th e  w o rk  w as 
p r im a r ily  th e  p re p a ra tio n  o f such  tr ip e p tid e s , a n d  th e  ex a m in a tio n  o f th e ir  
p h y sica l an d  chem ical p ro p e rtie s , w hich co n ta in ed  th e  H -B E G A -O H  a t  d iffer
e n t  (C -term inal, iV -term inal an d  in te rm ed ia te )  p o s itio n s . T he o th e r tw o  am ino  
ac ids w ere  glycine an d  a lan in e . T h e  syn th eses  of th e  th re e  tr ip e p tid e s  an d  th e ir  
am ides w ere accom plished  as o u tlin ed  in  F igs 1 —3.

T h e  coupling in to  tr ip e p tid e s  of th e  in te rm e d ia te s  p rep a red  an d  described  
e a rlie r  [1] , was effec ted  b y  th e  azide m eth o d  in  D M F  in  a ll th re e  cases. O cca
sio n a lly  som e d ifficu lties w ere en co u n te red  d u rin g  th e  u su a l p rocessing  of th e  
re a c tio n  m ix tu re  ow ing to  th e  poor so lu b ility  of th e  B E G A -co n ta in in g  tr ip e p 
tid e  e s te rs . For exam ple , th e  so lu b ility  of Z -B E G A -G ly-A la-O M e w as fo u n d  to  
be  p a r tic u la r ly  low in  e th y l a c e ta te , th u s  a suspension  h ad  to  be processed.

I n  th e  n ex t s tep , th e  p e p tid e  este rs  w ere to  be  co n v e rted  in to  th e  am ides 
to  m ake th em  su itab le  fo r th e  p ro sp ec tiv e  b io logical ex am in a tio n s . T h e  am m o- 
no lysis  could  be effected  sm o o th ly  an d  in  s a tis fa c to ry  y ie ld s (73 — 65% ) in  th e

* P a rt I: A cta Chim. Acad. Sei. Hung., 104, 375 (1980). 
** To whom correspondence should be addressed.
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c a se  o f  Z-G ly-B EG A -A la-O M e a n d  Z -G ly-A Ia-B E G A -O E t; th e  p ro d u c ts  read ily  
c ry s ta lliz e d  from  50%  aq u e o u s  alcohol. T he p re p a ra tio n  o f  Z -B E G A -G ly-A la- 
-N H 2, how ever, could  n o t  b e  ach ieved  in  th is  w ay , since tr e a tm e n t  o f th e  cor
re sp o n d in g  ester w ith  a m m o n ia  gave a su b stan ce  c o n ta m in a te d  w ith  an  u n 
k n o w n  by -p ro d u c t (o r b y -p ro d u c ts )  defy ing  p u rific a tio n . T h erefo re , th is  t r i 
p e p tid e  am ide w as sy n th e s iz e d  b y  th e  reac tio n s  o u tlin ed  in  F ig . 4.
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B E G A (»ly Ala

Since th e  t r ip e p tid e  was o b ta in e d  in  th is  m anner in  a s a tis fa c to ry  y ie ld  
(7 1 % ), th e  m e th o d  w as ad ap ted  to  th e  sy n th es is  o f H -G ly -B E G A -A la-N H 2, to o .

R em oval o f  th e  carbobenzoxy  p ro te c tiv e  group  from  th e  tr ip e p tid e  a m id es  
w as ach ieved  by  c a ta ly tic  h y d ro geno lysis , since p re lim in a ry  te s ts  in d ic a te d  n o n 
d esirab le  d ecom position  processes o n  th e  effect o f H B r in  g lacial ace tic  a c id . 
I n  th e  hyd rogeno lysis  acetic  acid w a s  u sed  as th e  acid , since h y d ro ch lo ric  a c id  
m ig h t cause p a r t ia l  cleavage o f th e  b en zy lid en e  group . T he tr ip e p tid e  a m id e s  
a re  v e ry  scarcely  so lub le  in  cold m e th a n o l or aqueous m eth an o l hence th e  h y d ro 
genolysis w as e ffec ted  f irs t in  D M F so lu tio n s . L a te r  i t  w as recogn ized  t h a t  th e  
re a c tio n  can  also  b e  accom plished in  a lcoholic  suspensions to  give th e  a c e ta te s  
o f th e  free  tr ip e p tid e s . T heir re c ry s ta lliz a tio n  b y  m eans of cold so lv en ts  re s u lte d  
in  ch ro m a to g ra p h ica lly  hom ogeneous p ro d u c ts .

A fte r th e  successfu l sy n th eses  o f  tr ip e p tid e s , th e  p re p a ra tio n  o f  a h e x a - 
p e p tid e  c o n ta in in g  4 ,6-O -benzy lideneg lucosam in ic  acid w as tr ie d  a n d  re a lized  
b y  th e  azide m e th o d . The h e x a p e p tid e  to  be syn thesized  w as Z -B E G A -G ly - 
-A la-B E G A -G ly-A la-N H 2, o b ta in a b le  b y  coup ling  o f th e  frag m en ts  Z -B E G A - 
-G ly-A la-N 3 an d  H -B E G A -G ly -A la -N H 2. T h e  Z -B E G A -G Iy-A Ia-N H N H , w as 
p re p a re d  from  th e  correspond ing  e s te r  in  a sa tis fac to ry  y ie ld  (8 3 % ). T h e  
coup ling  was e ffec ted  in  DM F so lu tio n . In  th e  n e x t step  th e  so lv e n t w as 
rem o v ed  in  v a c u u m  (27 Pa) a n d  th e  re s id u a l je lly  p ro d u c t w as iso la te d  b y  
cen trifu g in g . T h e  p u re , am orphous h e x a p e p tid e  w as o b ta in ed  in  n e a r ly  50%  
y ie ld .

T h e  sy n th es is  o f th e  h e x a p e p tid e  w as a tte m p te d  also b y  th e  a c t iv a te d  
e s te r  m ethod , u s in g  p e n tach lo ro p h en y l es te r. I t  h ad  been  fo u n d  e a r lie r  t h a t  
Z -B E G A -O H  c o n ta in in g  a free c a rb o x y l group  could  n o t be co n v e rted  in to  th e  
a c tiv a te d  PC P  e s te r , since co n sid erab le  la c to n iz a tio n  took  place on  th e  e ffec t o f 
DCC. T herefo re  Z -B E G A -G ly-A la-O H  w as chosen as th e  m odel c o m p o u n d . 
F ir s t ,  p en tach lo ro p h en o l was a llo w ed  to  re a c t w ith  DCC in  D M F, th e n  th e  
so lu tio n  was m ix ed  w ith  a so lu tio n  o f  th e  p ro te c te d  tr ip e p tid e  in  D M F  a t  0 °C. 
T h e  w eig h t o f th e  DCU w hich p re c ip ita te d  d u rin g  th e  reac tio n  w as n e a r ly  
id en tica l w ith  th e  ca lcu la ted  a m o u n t. H ow ever, on rep ea ted  p u rif ic a tio n  o f  th e  
p ro d u c t th e  p u re  su b stan ce  could  b e  iso la ted  on ly  in  28%  y ie ld , w h ich  in d ic a te s  
th e  occurrence o f  considerable s id e  reac tio n s .
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In  th e  n e x t  s te p  th e  active ester w as a llow ed  to  re a c t w ith  H -B E G A -G ly- 
-A la-N H 2 in D M F , in  th e  usual m anner. A f te r  p rocessing , th e  h ex ap ep tid e  am ide  
w as ob tained  in  4 5 %  y ie ld ; th e  m .p ., IR  sp e c tru m  an d  R ev a lu es  w ere id e n tic a l 
w ith  those  of th e  p ro d u c t  p repared  b y  th e  az id e  coup ling  m ethod . T he o p tica l 
ro ta tio n s  of th e  a m o rp h o u s  products (fro m  az id e  m eth o d  [oc] q =  —32°, from  
a c tiv e  ester m e th o d  [<x] q =  26.5°, in  D M F , c =  2% ) in d ica ted  th a t  th e
coup ling  w ith  th e  a c t iv e  ester was acc o m p a n ied  b y  racem izatio n .

The m ain  r e s u lts  o f  the  p resen t in v e s tig a tio n  can  be sum m arized  as 
follow s:

(a )  G ly -A la -B E G A -O E t, B E G A -G ly-A la-O M e an d  G ly-B EG A -A la-O M e 
tr ip e p tid e  esters a n d  th e i r  am ide d e riv a tiv e s  w ere  p rep a red  b y  th e  azide m e th o d  
o f  fragm en t c o n d e n sa tio n  and  th e  a c e ta te  o f  B E G A -G ly-A la-B E G A -G ly-A la- 
-N H 2 hex ap ep tid e  a m id e  w as also o b ta in e d  in  th is  w ay.

(b) In  a d d itio n  to  th e  ac id -sen sitiv ity  o f p ep tid e s  con ta in in g  4,6-O -ben- 
zy lideneg lucosam in ic  a c id  side reaction(s) m a y  a p p e a r  d u ring  th e  a lkaline (N H 3) 
t r e a tm e n t of th e  t r ip e p t id e  carry ing  H -B E G A -O H  in  iV -term inal position .

(c) The p e p tid e s  co n ta in in g  II-B E G A -O H  are  poorly  soluble in  th e  n o n 
p o la r  so lvents co m m o n ly  used  in p ep tid e  c h e m is try ; th is  can  p ro b ab ly  be a t t r i 
b u te d  to  th e  p resen ce  o f  h y d roxy l groups.

(d )  In  th e  sy n th e s is  of the  h e x a p e p tid e  am ide  b y  th e  a c tiv a te d  este r 
m e th o d , a s ig n ifican t racem ization  w as o b se rv e d  as com pared  w ith  th e  h e x a 
p e p tid e  syn th esized  b y  th e  azide fra g m e n t co n d en sa tio n  tech n iq u e . T h is is 
p ro b a b ly  due n o t to  th e  m eth o d  b u t to  th e  sp ec ia l b eh av io u r of th e  tr ip e p tid e s  
p a r tic ip a tin g  in  th e  re a c tio n .

Experim ental

M.p.’s were d eterm ined  on a Büchi—T otto li ap p ara tu s  and are uncorrected. IR  spectra 
were recorded in K B r pelle ts (Perkin—Elm er M odel 457). The R j values were determ ined 
using the ascending techn ique  of thin-layer ch rom atography  in  the following solvent system s: 
(1) E tO A c : AcOH : M eO H  : H „0 =  3 : 0.7 : 0.7 : 0.5. (2) г-BuO H  : AcOH : H20  =  2 : 2 : 1; 
(3) EtO Ac : HCOOH : H 20  =  3 : 1 : 1 ;  (4) E tO A c : i-P rO H  : P y  : H 20  =  3.5 : 1 : 0.7 : 0.7; 
(5) MeOH : CHC13 : (Me)2CO : N H ? =  2.5 : 1 : 1.5 : 1; (6) BuO H  : AcOH : (Me2)CO =  4 : 1 : 1 .  
F o r the detection of th e  spo ts ninhydrin or chlorotolidine were used. All compounds were 
analyzed for C, H, N, w ith  resu lts of at least 0.4%  accuracy.

I. Preparation of tripeplide esters 

Z-Glycyl-4,6-0-beiizylideneglucosaminic acid hydrazide

Z-Glycyl-4,6-0-benzylideneglucosaminic acid e th y l ester [1] (12.55 g; 25 mmoles) was 
dissolved in anhydrous e th an o l (175 mL) w ith gentle heating , and 98%  hydrazine hydrate  
(4.5 m L) was added to  th e  solu tion  which was then  refluxed  for 1 h. A fter cooling, the m ixture 
was allowed to stand a t  room  tem perature for 12 h, w hereupon the product partly  separated 
from  the solution. I t  was th e n  k ep t in a refrigerator for a few hours, the solid was filtered off, 
w ashed w ith a m ixture o f anhydrous alcohol and anhydrous ether, and dried in  a vacuum  
desiccator over P20 5 and  p a ra ffin  chips; a white crystalline substance (12 g; 98%) w ith m.p. 
192 —193 °C was ob tained. The product was suitable for use in  coupling reactions w ithout 
fu r th e r purification. A fter recrystallization from a m ix tu re  of DMF and acetonitrile (1 : 5), 
th e  m .p. of the substance of analytical grade pu rity  w as 196 —197 °C (d).
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Z-Glycyl-4,6-0-benzylideneglucosaniinylalanine m ethyl ester

A solution of Z-glycyl-4,6-0-benzylideneglucosaminic acid hydrazide (10 g; 20 mm oles) 
in DMF (80 m b ) was cooled to  —10 °C; 6JV hydrochloric acid (65 mmoles), then  a solution of 
N aN 0 2 (1.75 g; 25 mmoles) in w ater (5 m L) were added, w ith  stirring, a t —15— —20 °C. The 
solution of —10 °C tem peratu re  was stirred for 10 min, th en  cooled again to —20 °C and  it  
was added in small portions to a m ixture of alanine m ethyl ester hydrochloride (8.5 g; 61 m- 
moles), DMF (100 m L) and  triethylam ine (34.5 m L; 250 mmoles) cooled to  —20 °C. The addition  
was com pleted in  20 min, th en  the solution was stirred  a t  0 °C and a t room tem p era tu re  for 
1 h  each, and refrigerated for 16 h. In  the nex t step  the solvent was evaporated in  vacuum  on 
a b a th  of 30 °C, the last traces were rem oved by d istillation  w ith benzene. The pale yellow  oily 
crystalline mass was dissolved in a m ixture of 20%  NaCl solution (400 mL) and e th y l ace tate  
(375 m L) cooled to 0 °C. A fter separation, the aqueous phase washed twice w ith e th y l ace ta te , 
the com bined ethyl ace tate  solution was washed w ith  20%  NaCl solution, dried over N a2S 0 4, 
filtered, the solvent was evaporeted in  vacuum  and the residue crystallized from 50%  alcohol 
to ob tain  a pure substance (7.0 g, 61%) m.p. 107 —108 °C.

IR : CO(OR): 1740 cm -1, Amide I 1650 cm -1, Amide I I  1535 cm -1.
TLC: R}: 0.88.

Z-4,6-0-Benzylideneglucosaminylglycylalaniiie m ethyl ester

A solution of Z-4,6-0-benzylideneglucosam inyl hydrazide (7.6 g; 17.5 mm oles) [2] in 
DMF (50 m L) was allowed to react in the presence of 6 N  hydrochloric acid (9.5 m L; 48 mmoles) 
first w ith a solution o f N aNO , (1.5 g, 21 mmoles) in w ater (5 mL), then w ith a so lu tion  of 
glycylalanine m ethyl ester H B r [3] (12.5 g, 52 mmoles) and  triethylam ine (14.8 m L ) in DMF 
(100 mL), under the conditions given above. A fter the accom plishm ent of coupling, th e  solvent 
was rem oved in vacuum , the residue dissolved in  a m ixture of 25%  NaCl (3100 m L) and  ethy l 
acetate (3250 mL) and the insoluble p a rt was filtered off. (On the basis of the m .p. and  the 
TLC te s t, i t  is also a tripep tide.) The ethyl acetate  fraction  was processed as usual. The evapora
tion residue and the substance filtered off were combined and crystallized from 50%  alcohol 
to ob tain  a pure substance (5.0 g, 50% ) m.p. 187 °C.

IR : CO(OR) 1720, Amide I 1660 cm-1, Amide II  1535 c m '1.
TLC: R'f. 0.74.

Z-Glycylalanyl-4,6-0-benzylideneglucosaminic acid ethyl ester

A solution of Z-glycylalanine hydrazide [4] (7.5 g; 25.6 mmoles) in DMF (75 m L ) was 
allowed to  react first w ith  a solution of N aN 0 2 (2.05 g; 30 mmoles) in w ater (5 m L ) in the 
presence of 6TV hydrochloric acid (80 mmoles), then  w ith  a solution of 4,6-O-benzylidene- 
glucosaminic acid e thy l ester hydrochloride (7.3 g; 21 mmoles) in  DMF (40 mL) in  th e  presence 
of trie thy lam ine (11.5 m L; 80 mmoles), under th e  conditions given above. A fter com pleting 
the coupling reaction, th e  solution was evaporated  to dryness to obtain a pale yellow crystal
line syrup. This was dissolved in a m ixture of 20%  NaCl (200 mL) and ethyl ace ta te  (200 mL); 
after the separation of the two phases, the aqueous fraction  was washed w ith e th y l acetate 
three tim es, the com bined organic phase was washed w ith  20% NaCl solution and  dried over 
N a2S 0 4. The solution was evaporated to  dryness in  vacuum  and the residue crystallized from 
a m ixture of ethyl ace tate  and petroleum  ether to ob tain  the pure product (9.3 g; 77% ) m.p. 
150 — 151 °C.

IR : CO (OR) 1730 cm "1, Amide I 1650 cm -1 , Amide II 1535 cm -1.
TLC: R'f : 0.77.

II. Preparation of the protected peptide amides 

Z-Glycyl-4,6-0-l>enzylideneglucosaminic amide

Z-Glycyl-4,6-0-benzylideneglucosaminic acid e thy l ester [1] (1.1 g; 2.2 mm oles) was 
dissolved, w ith cooling, in  cold, sa turated  m ethanolic amm onia (25 mL). The m ix tu re  was 
allowed to react in a bom b tube a t room tem perature  for 48 h, then  it  was evaporated  to  dryness 
in vacuum  on a b a th  of m aximum 30 °C tem perature . The slightly sticky foam y residue was 
thoroughly rubbed  w ith petroleum  ether, filtered, washed w ith petroleum  ether and  dried in

Acta Chim. Acad. Sei. Hung. 107, 1981



226 GÁLL-ISTÓK et al.: TRI- AND HEXAPEPTIDES

a vacuum  desiccator over P 20 5 and paraffin  chips. R ecrystallization from 50%  alcohol gave 
th e  pu re  amide (0.8 g; 80% ), m .p . 197 °C.

IR : Amide I  1695 (Z) cm -1 , 1655 cm-1 , 1610 cm -1 , Amide I I  1540 and 1500 cm -1.

Z-G lycylalanyl-4-6-0-benzylideneglucosam inyl amide

Z-G lycylalanyl-4,6-0-benzylideneglucosam inic acid  ethyl ester (1.15 g; 2 mmoles) was 
allowed to  react w ith  m ethanolic amm onia as described above and the m ixture processed to 
o b ta in  th e  product (0.71 g; 65% ), m .p. 166 °C.

IR : Amide I  1710 cm -1 , 1685 cm-1 , 1670 cm -1 , Amide I I  1540 cm -1.

Z-Glycyl-4,6-N-benzylideneglucosaminylalanine am ide

(a) Ammonolysis method. Z-Glycyl-4,6-0-benzylideneglucosam inylalanine m ethy l ester 
(1.0 g; 1.75 mmole) w as allowed to react w ith m ethanolic  amm onia as described above. The 
reac tion  m ixture was w orked up  and  the product crystallized  from  anhydrous alcohol to ob tain  
the  am ide (0.65 g; 63% ), m .p. 218 °C (d.).

IR : Amide I 1670 cm -1 , 1645 cm-1 , Amide I I  1535 cm -1.
(b) Coupling method. A solution of Z-glycyl-4,6-0-benzylideneglucosaminic acidhydrazide 

(10.0 g; 20.5 mmoles) in DM F (80 mL) was allowed to  reac t, in the presence of 6 N  HC1 (65 
m m oles), first w ith a solution of NaNO, (1.7 g; 24.7 m m oles) in  w ater (3 mL), th en  w ith  a 
so lu tion  of alanine aceta te  (3.3 g; 22.5 mmoles) in  D M F (100 mL) and w ith trie thy lam ine 
(12.2 m L ; 87.5 mmoles) u nder th e  conditions described above. A fter the accom plishm ent of 
coupling, the solvent was rem oved in vacuum  on a b a th  of 35 — 40 °C tem perature , the sem i
crystalline residue was rubbed  w ith  a m ixture of 20%  NaCl solution (80 mL) and e thy l acetate  
(100 m L ) in  a m ortar, th e  jelly  m aterial was isolated b y  centrifuging and the purification p ro 
cedure was then  repeated . The crystalline substance ob ta ined  in this w ay was filtered  off, 
w ashed w ith  ethyl ace tate  (2 X 25 mL), 20% NaCl (2 X  25 m L) solution then  w ith w ater (4 X 25 
m L ), and  after drying i t  was recrystallized from 50%  alcohol to obtain 8.0 g (73% ) of the 
am ide, m .p. 218 °C (d.).

TLC: R f: 0.88; R j : 0.88; R f  : 0.86.

Z-4,6-0-Benzylideneglucosam inylglycylalanine amide

A solution of Z-4,6-0-benzylideneglucosam inic acid  hydrazide [2] (8.5 g; 20 mmoles) 
in D M F (50 ml) was allowed to  reac t in the presence of 6 N  HC1 (12 m L; 64.5 mmoles) firs t 
w ith  a solution of N aN 0 2 (1.68 g; 24.25 mmoles) in  w ate r (3 mL), then  in  the presence of t r i 
e thy lam ine  (12.2 m L; 87 mm oles) w ith a solution of glyeylalanine amide-HCl [3] (4.1 g; 
22.5 m m oles) in  DMF (75 m L), under the conditions described above. W hen the coupling was 
com plete, the solution was evaporated  to dryness. The rem aining white crystalline m aterial 
was ru b b ed  w ith a m ixture of e thy l acetate (50 m L) and  20%  NaCl solution (30 mL) in  a m ortar, 
filte red  and  the purification procedure was repeated. The solid product was washed on th e  filte r 
w ith  e thy l acetate ( 2 x 2 5  m L), 20%  NaCl solution ( 2 x 2 0  m L) and w ith w ater ( 4 x 2 5  m L). 
A w hite  substance difficult to  filte r was obtained; after d rying i t  was crystallized from  90 parts  
of 70%  alcohol to ob tain  th e  pure product (7.7 g; 71% ) m .p. 246 — 247 °C (d.).

TLC: R f: 0.95; R f : 0.85: R f:  0.95.

III . P reparation of the free peptide amides

1,6-O-Benzylideneglucosaminylglycylalanine amide acetate

Z-4,6-0-Benzylideneglucosam inylglycylalanine am ide (1 g; 1.83 mmole) was suspended 
in anhydrous m ethanol (150 mL), anhydrous acetic acid (0.11 mL; 1.83 mmole) was added, 
and th e  m ixture was hydrogenated  in the presence of 10%  Pd/C catalyst (0.1 g) u n til the 
evolution  of C02 ceased (abou t 6 h). The cata lyst w as filte red  off, washed w ith anhydrous 
N eO H  (2 X  10 mL), the com bined filtra te  was evaporated  to  dryness in vacuum , the crystalline 
residue w ashed w ith ether (8 X 10 m L) and d ried in  vacuum  to  ob ta in  0.8 g (93%) of the product.

TLC: R f: 0.42; R f: 0.47.
The substance, found to  be pure by elem ental analysis, was used in the fu rther coupling 

processes.
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GlycylalanyI-4,6-0-benzylideneglucosaminic amide, acetic acid salt

Z-Glycylalanyl-4,6-0-benzylideneglucosaminic am ide (2.0 g; 2.67 mmoles) in  anhydrous 
m ethanol (150 m L) and in anhydrous acetic acid (0.21 m L; 3.67 mmoles) in  th e  presence of 
10% Pd/C (0.1 g) was subjected to hydrogenolysis in the above-described m anner. T he evapora
tion  residue was tr itu ra ted  w ith  anhydrous ether (3 X 10 mL), the crystalline p ro d u c t filtered  
off, washed w ith anhydrous e ther (3 X 10 m L) and dried in  vacuum  to give 1.7 g (99% ) of the 
product. The m elting point was no t characteristic, i t  varied  according to  the mode of drying.

TLC: R f:  0.27; R f: 0.57; R f : 0.44; Rf-. 0.25.

G lycyl-4 ,6 -0 -benzy lideneg lucosam iny la lan ine  am ide, acetic  acid salt

Z-Glycyl-4,6-0-benzylideneglucosam inylalanine amide (lg ; 1.83 mmole) was subjected  
to  hydrogenolysis in anhydrous m ethanol (150 m L) in  th e  presence of anhydrous acetic acid 
(0.21 m L) and Pd/C (0.2 g), as above. The evaporation  residue was washed w ith  d ry  ether 
(8 X 10 mL), filtered off and dried in  vacuum  to obtain  0.85 g (99.0%) of the p ro d u c t, m .p. 
1 3 8 -1 4 0  °C.

TLC: R f: 0.42; R f: 0.31.

4,6-O -B enzyiideneglucosain in ic acid  am ide hydrochloride

4,6-O-Benzylideneglucosaminic acid ethyl ester hydrochloride (3.46 g; 10 m m oles) was 
dissolved in sa tu ra ted  am m oniacal m ethanol (60 m L) and  the m ixture was allowed to  react 
in a bom b tube for 48 h. The solvent was then  rem oved in vacuum  w ithout heating , th e  residue 
was dissolved in  anhydrous m ethanol (100 mL) and the solvent rem oved again u n d er mild 
conditions. This procedure was repeated  three tim es. The residue was dissolved in w arm  m etha
nol (30 mL), clarified w ith carbon and m ixed w ith anhydrous ether (50 m L) adding th e  solu
tion  in  portions, under vigorous stirring and scratching of the flask. The substance which 
separated  on cooling was filtered off w ith suction, washed w ith a solvent m ix ture  (1 p a rt of 
m ethanol +  9 parts  of d ry  ether) (2 X 10 mL) and dried; the purification procedure was then 
repeated. The product was 2.4 g (74.0% ), m .p. 180 — 181 °C (d.).

TLC: R f:  0.72; R f : 0.67; R f:  0.89.

IV. Preparation of the hexapeptide

Z-4,6-0-BenzylideiieglucosamiiiylglycylalanyI-4,6-0-benzylideneglucosam inylglycylalanine
amide

Azide method

Z-4,6-0-Benzylideneglueosaminylglycylalanine hydrazide

Z-4,6-0-benzylideneglucosam inylglycylalanine m ethyl ester (3.9 g; 7 m m oles) was 
dissolved in anhydrous ethanol (46 mL), hydrazine hydrate  (1.26 mL) was added , and the 
colourless, w ater-clear solution was refluxed for 1 h. A white product sta rted  to separate 
slowly after about 45 m inutes. The m ixture was allowed to stand a t room tem p era tu re  for 
24 h, then  i t  was refrigerated for 1 h. The product was then  filtered off, thoroughly  washed 
w ith small portions of a m ixture of alcohol and ether (2 : 3), and dried in a vacuum  desiccator. 
A white crystalline substance was obtained (3.25 g; 83% ), m .p. 200 — 205° (d.).

IR : the ester band a t 1770 cm -1 disappeared.

Coupling

A solution of Z-4,6-0-benzylideneglucosam inylglycylalanine hydrazide (1.68 g; 3 m- 
moles) in DMF (15 mL) was allowed to react in  the presence of 1.61 m L (9.66 m m oles) 6 iV HC1 
first w ith a solution of N aN 0 2 (0.234 g; 3.4 mmoles) in  a minim um am ount o f w ater, then, 
in the presence of triethylam ine (1.8 m L; 13.1 mmoles), w ith a solution of 4,6-O-benzylidene- 
glucosaminylglycylalanine amide acetic acid salt (1.58 g; 3.37 mmoles) in  D M F (15 mL), 
under the conditions described above. A fter the accom plishm ent of coupling, th e  solution
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w as evaporated to dryness in  vacuum  on a b a th  of m axim um  30 °C tem perature. The last 
traces of the solvent w ere carefully removed by d is tilla tion  w ith benzene, then the som ewhat 
yellowish, sticky residue was suspended in a m ix ture  of e thy l acetate (50 mL) and 20%  NaCl 
solution (20 piL) and i t  w as thoroughly rubbed. The p ro d u c t was isolated by centrifuging and 
th e  purification procedure was repeated. Finally, th e  solid was washed on the filter w ith  w ater 
(30 mL), ethyl acetate  (30 m L ) and petroleum ether (30 mL). A fter drying in vacuum , the 
resulting  pure product (1.3 g; 46% ) had m.p. 204 — 206 °C (with decomposition).

TLC: Rj: 0.845; R f : 0.82; R f: 0.87; Rj: 0.86.

Activated ester method

Z-4,6-0-Benzylideneglucosam inylglycylalaninepentachlorophenyl ester

D icydohexylcarbodiim ide (0.412 g; 2 mmoles) and  pentachlorophenol (0.798 g; 3 mmoles) 
w ere dissolved in DM F (20 m L ) a t  0 °C. The solution w as stirred  for 20 min, then  Z-BEGA- 
-Gly-AlaOH (1.1 g; 2 m m oles) dissolved in DMF (10 m L) was added to the slightly opaque 
solution, in one portion , a t  0 °C. The mixture was then  stirred  a t 0 °C for 3 h and allowed to 
s tan d  a t room tem pera tu re  for 17 — 18 h. By the n ex t day  the DCU separated and the colour 
o f th e  solution became pale  yellow. DCU was filtered off, washed w ith some dioxane and the  
fi ltra te  was evaporated to  d ryness in vacuum (27 P a) on a b a th  of 30—32 °C tem perature; 
th e  last traces of the so lven t w ere removed w ith benzene.

The somewhat sticky  solid was tritu ra ted  w ith  petroleum  ether (2 X 20 m L) a t  50 °C 
th en  filtered off. The yellowish w hite product was crystallized  first from 35 parts of m ethanol, 
th e n  from 40 parts of e thano l to  yield the pure com pound (0.45 g: 28.5%), m.p. 182 —184 °C. 

TLC: Rj: 0.89.

Coupling

The acetic acid sa lt of 4,6-O-benzylideneglucosaminylglycylalanine amide (0.28 g; 
0.63 mmole) dissolved in  D M F (5 mL) was mixed firs t w ith  triethylam ine (0.1 m L; 0.65 mmole) 
th e n  w ith Z-BEGA-Gly-Ala-OPCP (0.5 g; 0.63 m m ole, in  2 m L of DMF) under stirring. After 
stand ing  for 24 h, the solvent w as evaporated in  vacuum ; its  last traces were rem oved w ith 
benzene. The white sticky  crystalline residue was rubbed  w ith  ethyl acetate ( 2 x 8  mL), filtered 
off, suspended in w ater (5 m L ), m ixed with a fu rther am oun t of w ater (10 mL) and the crude 
p ro d u c t was isolated by  centrifuging. This was dried and  crystallized from 20 parts  of butanol 
sa tu ra te d  with w ater to  o b ta in  the pure product (0.15 g; 45% ), m.p. 204 — 206 °C (with 
decomposition). The ch rom atogram  of the substance was identical w ith th a t of the com pound 
prepared  by the azide m ethod .

Acetic acid salt of 4,6-0-benzylideneglucosam inylglycyl-alanyl-4,6-0-benzylideneglueosam inyI-
glycylalanyl am ide

Z-BEGA-Gly-Ala-BEGA-Gly-Ala-NH2 (0.25 g; 0.267 mmole) was dissolved in anhydrous 
dim ethylform am ide (1 m L ) and  th e  solution was d ilu ted  w ith  anhydrous m ethanol (40 mL). 
F irs t, anhydrous acetic acid (0.018 mL; 0.29 mm ole, m ethanolic  stock solution) was added 
to  th e  solution, then i t  w as hydrogenated  in the presence of 10% Pd/C (0.1 g) a t 25 °C until 
th e  evolution of C02 ceased. The solution was filtered and  the  solvent evaporated in vacuum  
on a b a th  of maximum 25 °C tem perature; traces of D M F were rem oved by trea tm en t w ith 
benzene as usual. The w hite p ro d u c t was tritu ra ted  w ith  anhydrous ether ( 3 x 3  mL) and dried 
in  vacuum  to obtain a m icrocrystalline powder (0.21 g: 91% ), m.p. 126 —150 °C (d.).

TLC: Rj: 0.42.
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Crystalline complexes of 2-chloroethyl phosphonic acid with a-, ß- an d  y-cyclo- 
dex trins have been prepared in  80,. 60—70 and  65%  yield, calculated for cyclodextrins, 
respectively; the content of 2-chloroethyl phosphonic acid was 20 — 25%, 12%  and  15%, 
respectively, corresponding to  a molar ra tio  o f ~ 2  moles, ~ 1 .2  mole an d  ~ 1 .5  mole 
per 1 mole of the cyclodextrin, respectively.

The crystalline struc tu re  of the p roducts was proved by X -ray pow der diffrac
tion  diagram s, the fact of complex form ation b y  DSC, TEA and TG or DTG.

D ecom position  o f 2 -ch lo roe thy l p h o sp h o n ic  acid (E th e p h o n , E th re l, 
M a tu rit, R o l-fru c t, etc.) g ives rise  to  e th y le n e , w h ich  ex erts  a h o rm o n -lik e  effect 
on p la n ts . A t a  co n cen tra tio n  of a few p p m  e th y le n e  enhances th e  in te n s i ty  of 
re sp ira tio n  in  p la n ts , increases th e  level o f  A T P , an d  accelerates th e re b y  r ip e n 
ing. I t  also  red u ces  th e  s ta rc h  co n ten t o f th e  leav es an d  increases th e  a c t iv i ty  
of ch lo ro p h y llase , and  has th u s  a d efo lia tin g  effec t. E th y len e  is th e re fo re  used 
in creasin g ly  in  ag ricu ltu re  fo r  acce le ra tin g  r ip e n in g  and  for d e fo lia tio n  [1, 2].

2 -C h lo roethy l phosphon ic  acid [Cl — C H 2— C H 2 P = 0 ( 0 H ) 2] is a h y g ro 
scopic c ry s ta llin e  su b stan ce  o f  m .p . 72 — 76 °C . I t  is m arketed  as a  3 0 —50%  
aqueous so lu tio n  a d ju s ted  to  p H  2, since deco m p o sitio n  sets in  b e y o n d  p H  3. 
These com m erc ia l so lu tions also  co n ta in  v a r io u s  b y -p ro d u c ts  fo rm e d  d u rin g  
m a n u fa c tu rin g  (phosphoric  ac id , ph o sp h o ric  a c id  esters etc.).

E a rlie r  we had  recognized  [3] th a t  u n d e r  th e  effect of c y c lo d e x tr in  T ri- 
chlorfon (0 ,0 -d im e th y l- l-h y d ro x y -2 ,2 ,2 - tr ic h lo ro -e th y l p h o sp h o n a te ) w a s  con
v erted  to  D D Y P  (0 ,0 -d im e th y l-2 ,2 -d ic h lo ro v in y l phosphate). In  th e  p re se n t 
w ork  we in v e s tig a te d  w h e th e r th e  deco m p o sitio n  o f  2 -ch loroethyl p h o sp h o n ic  
acid w ould  also  be ca ta ly zed  b y  cy c lo d ex trin .

M easu ring  th e  e th y len e  evolved d u r in g  th e  decom position o f  2-ch loro- 
e th y l p h o sp h o n ic  acid in a W a rb u rg  a p p a ra tu s , w e observed th a t  a f te r  an  in itia l 
s ligh t decom p o sitio n  th e  acce lera tio n  o f  th e  re a c tio n  stopped (a t p H  values 
beyond  4) a n d  in  th e  p resence  o f c y c lo d e x tr in  th e  decom position o f  2 -ch lo ro 
e th y l p h o sp h o n ic  acid w as incom plete  in  aq u e o u s  solu tion . This f in d in g  sug
gested th a t  cy c lo d ex trin  m a y  form  a s tab le  co m p lex  w ith  th is  co m p o u n d . I n te r 
ac tio n  b e tw een  /З-cyc lodex trin  an d  2 -ch lo ro e th y l phosphonic  acid is su p p o r te d  
by  F ig . 1. D u rin g  th e  cooling o f a 5%  so lu tio n  o f  /З-cyclodex trin , th e  p re c ip ita -
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Fig. 1. T u rb id ity  curves recorded during the cooling o f solutions of /З-cyclodextrin, 2-chloro- 
e thy lphosphonic  acid and the com plex of the two. Cooling tim e 3 h (СЕРА =  2-chloroethyl

phosphonic acid)

t io n  o f  c ry s ta ls  beg an  a t  34 °C ; in  th e  p resence o f  3 .2%  of 2 -ch lo roethy l p h o s 
p h o n ic  a c id  c ry s ta lliz a tio n  s ta r te d  only a t  10.5 °C . S uch  a sign ifican t d iffe rence  
in  th e  te m p e ra tu re  of c ry s ta lliz a tio n  is d ia g n o s tic  fo r com plex fo rm a tio n  [4]. 
U n d e r  su ita b le  co n d itio n s also  th e  c ry sta llin e  co m p lex es of 2 -ch lo roethy l p h o s 
p h o n ic  a c id  w ith  ß- an d  y -cyclodex trin  co u ld  b e  p repared .

T h e  cy c lo d ex trin  com plexes of 2 -ch lo ro e th y l phosphonic  acid a re  c ry s ta l
lin e  m a te r ia ls  co n ta in in g  10 — 30%  of th e  a c tiv e  p rincip le . T heir co m p o sitio n , 
as i t  is  gen era l w ith  inc lu sio n  com plex, is n o t s to ich io m etric . Such com plexes 
a re  re a d ily  soluble in  w a te r  a n d  th e ir  so lu tion  is  o n ly  sligh tly  acid ic a n d  th e r e 
fo re  le ss  co rrosive  th a n  2 -ch lo roethy l p h o sp h o n ic  ac id  solu tions m a rk e te d  a t  
p re s e n t. T h e  bio logical e ffec ts  o f  com plexed 2 -ch lo ro e th y l phosphonic  a c id  a re  
th e  sa m e  as those o f  th e  uncom plexed  co m p o u n d , b u t com plexation  m o d ifie s  
b o th  th e  re so rp tio n  in  p la n ts  an d  th e  ra te  o f decom position . In  th is  w a y  a  re 
ta r d e d  e th y le n e  effect c an  b e  achieved. D e ta ile d  s tu d ies  in  th is  re sp ec t w ill be 
p u b lish e d  elsew here [5].

O w ing  to  th e  re la tiv e ly  low  price o f  /З-cy c lo d ex trin , com plexes fo rm ed  
w ith  th is  h o s t are o f  p r im a ry  im p o rtan ce  fo r p ra c tic a l  app lica tions. I n  re sp e c t 
o f m o le c u la r  d im ensions, how ever, th e  ideal co m p lex in g  agent for 2 -c h lo ro e th y l 
p h o sp h o n ic  acid  is a -c y c lo d e x trin ; a h igher g u e s t m olecule co n ten t can  b e  a t 
ta in e d  w ith  th is  com plex ing  a g en t, th a n  w ith  /З-cy c lo d ex trin . This s tu d y  m a in ly  
co n ce rn s  th e  p re p a ra tio n  a n d  in v es tig a tio n  o f  t h e  a -cyclodex trin  co m p lex  of 
2 -c h lo ro e th y l p h o sphon ic  ac id ; a f te r  a re a liz a tio n  o f th e  in d u stria l p ro d u c tio n  
o f  a -c y c lo d e x trin  th is  co m p lex  is expected  to  f in d  ap p lica tio n  in  th e  a g r ic u ltu re .

E xperim ental

All m aterials used, i.e. a-, ß- and y-cyclodextrin, an d  Rol-fruct (a solution contain ing 
40%  o f 2-chloroethyl phosphonic acid) were the p roduc ts  o f Chinoin (Hungary).
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Preparation of the a-cyclodextrin—2-chloroethyl phosphonic acid complex

To a 50%  aqueous solution of a-cyclodextrin an  equal volume of R ol-fruct solution 
containing 40%  of 2-chloroethyl phosphonic acid was added  w ith intensive stirring a t 80 °C. 
S tirring was continued while cooling the solution w ith ice-w ater; then  the solution was allowed 
to stand  in a refrigerator overnight. The small crystals w hich precipitated were filtered off 
and dried over solid potassium  hydroxide. The p roduc t was a non-hygroscopic pale green 
m aterial which could be readily pulverized. The yield based on the weight of a-cyclodextrin 
was 104%. As shown by determ ination  according to  V o l h a r d  [6], the complex contained no 
chloride ion; after hydrolysis w ith  I N  KOH for 1 h the bound  chlorine content was found, by 
V o l h a r d ’s m ethod to be 7.03% ; th is corresponds to 5.55%  ethylene and 28.6% 2-chloroethyl 
phosphonic acid content in the complex. In  m olarity th is is equivalent to 2.7 mole of 2-chloro
ethyl phosphonic acid per mole of a-cyclodextrin. In  a W arburg apparatus in an alkaline 
medium 745 /̂1 ethylene was released by 20 mg of the com plex, which corresponded to 4.6%  
ethylene and 23%  2-chloroethyl phosphonic acid, i.e. 2 mole of 2-chloroethyl phosphonic acid 
per mole of a-cyclodextrin. Since ethylene is somewhat soluble in aqueous alkali, its qu an tity  
cannot be exactly  determ ined; the determ ination based on the chlorine content seems to  be 
more reliable.

One g of a complex p repared  as described above releases under suitable conditions 
37.25 ml of ethylene gas.

Figures 2 and 3 dem onstrate the therm oanalytical behaviour of the 2-chloroethyl phos
phonic acid—a-cyclodextrin complex. In  Fig. 2 the DSC (differential scanning calorim etry), 
DTG (differential therm ogravim etry) and TG (therm ogravim etry) curves are shown; Fig. 3, 
in tu rn , presents the TEA (therm al evolution analyzer) curves. The DSC curves represen t 
enthalpy  changes, DTG curves w eight changes and the T E A  curves show the organic m aterial 
carried away by a stream  of nitrogen and detected by flam e ionization. Thus when during 
decomposition an organic m aterial is transferred to the gas phase, th is becomes apparen t from 
the TEA  curve. Loss of inorganic m aterial is not detec ted  by the TEA  curves, bu t is shown

Fig. 2. Therm oanalytical curves of the a-cyclodextrin com plex of 2-chloroethyl phosphonic 
acid DSC (differential scanning calorim etry), (7.44 mg, in an  a ir stream  of 10 liter/h .; 5 °C/min): 
TG (therm ograviinetry) and DTG (differential therm ograv im etry) curves were recorded on a 

Du P on t 990 Thermo Analyzer (6.68 mg)
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F ig. 3. T E A  (Thermal evolution analyzer) curves of the a-cyclodextrin complex o f 2-chloro- 
e th y l phosphonic acid, recorded on  a Du P on t 916 Therm al Evolution A nalyzer (8 °C/min;

N2 stream  1.8 )iter/h; 1.3 mg)

b y  th e  D TG curve. If  there is no loss of m aterial, only melting or other phase tran sitio n , then 
th is  is ind ica ted  by the DSC curve.

According to  the therm oanaly tica l curves, the processes caused by  heating  of the 
com plex  occur in three phases. I n  the first phase, (“ A” ) i.e. up to 140 °C, the sam ple loses 
10%  o f w ater. Loss of absorbed w ater is characterized by a peak a t 47 °C, w hereas loss of

Table I

Characteristic X-ray reflections (2 @° values, cursive figures represent the m ost in tense peaks) 
o f the cyclodextrins and their 2-chloroethyl phosphonic acid complexes

a-CD
a-CD

com plex /5-CD
ß-C D

complex y-CD
y-CD

complex

5.2 — 4.6 4.6 5.1 —

9.7 — 6.3 — 6.2 —

11.8 — 9.0 — — 7.3

12.0 12.0 9.8 9.8 11.2 11.6

13.5 13.3 10.7 10.7 12.5 12.2

14.3 — 11.7 — 14.0 14.3

15.2 — 12.5 12.5 — 14.8

15.8 — — 13.7 15.5 15.7
— 17.6 14.8 14.7 16.5 16.4

20.1 20.1 15.5 15.5 17.0 17.0

— 20.9 16.2 16.2 18.0 17.7

21.7 — 17.2 17.3 18.9 18.6

17.8 17.8 — 19.3

18.8 18.5 — 20.3
— 19.0

19.8 19.6
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w ater of crystallization indicated by a peak  a t  100 °C. E ndotherm ic peaks on the  DSC curve 
a t  157 and 173 °C (“ B” ) correspond to  th e  melting of the sample and  to  its  decomposition, 
respectively. The m elt is dark, indicating th a t  decomposition already sets in  during melting, 
b u t as shown by the T E A  curve, the release of volatile organic m aterial, p robably  of ethvlene, 
only s ta rts  a t about 170 °C. Intensive loss o f organic m aterial can be identified  by a peak at 
260 — 265 °C, this probably corresponds to  the release of the to tal am oun t o f ethylene. Total 
caram elization and charring  of cyclodextrin  and finally its burning s ta rts  a t about 350 °C 
and is completed a t abou t 600 °C (“ C” ).

Decomposition of a-cyclodextrin p roper takes place in the range of 300 — 350 °C. In  this 
tem perature  range hard ly  any loss of w eight was observed w ith the complex.

The preparation of the /1-cyclodextrin complex of 2-chloroethyl phosphonic acid is 
sim ilar to the process described above. The yield based on /9-су clo dextrin  is 60 — 70% , the 
con ten t of bound chlorine (according to  V o l h a r d ) is 3% , which corresponds to  2.4%  ethvlene 
and 12% 2-chloroethyl phosphonic acid, th a t  is to 1.15 mole of 2-chloroethyl phosphonic acid 
per mole of /9-cyclodextrin. Based on the volum e of ethylene released in  a W arburg  apparatus, 
the m olar ratio  was found 1.2 mole per mole /9-cyclodextrin.

The y-cyclodextrin complex of 2-chloroethyl phosphonic acid can be prepared in a 
sim ilar way giving a yield of 65% calculated  for y-cyclodextrin. The bound  chlorine content 
of the complex was found to  be 5.3%, corresponding to  4.3%  ethylene and  21.2%  chloroethyl 
phosphonic acid, and to  a composition of 2.4 mole per mole y-cyclodextrin.

Complex form ation was further supported  by the non-identity  of th e  X -ray  powder 
diffraction patterns w ith those of the p a ren t cyclodextrins crystallized under th e  same condi
tions. In  Table I the 2©° values of the significant peaks in  the X -ray  pow der diagram s of 
cyclodextrins, as well as of their complexes w ith  2-chloroethyl phosphonic acid, are compiled. 
The form ation of a new crystal lattice is apparen t in  both  cases, in o ther w ords, significant 
differences indicating com plex form ation can be observed.

K inetics of decomposition

20 mg of an a-cyclodcxtrin com plex prepared as described above, containing 23% 
2-chloroethyl phosphonic acid was placed in  the hulbs of a W arburg appara tu s. In to  the side 
arm  of each hulb buffer solution (2 mL) was p ipetted . A fter having reached therm al equi
librium  the gauge tubes were closed, and th e  buffer solutions poured into th e  bulbs. The com
plex dissolved im m ediately. M easurements were carried out a t three d ifferen t pH  values 
(6.64, 8.04 and 11.0) and a t  three d ifferent tem peratures (27, 37, and 47 °C). A t suitable 
in tervals the am ount of ethylene evolved was recorded and corrected for a tm ospheric pressure. 
The theoretical volume of ethylene expected from 20 mg substance was 745 /Л, w hich guaranteed 
satisfactory accuracy of the m easurem ents.

Relating the actual volum e of evolved gas to the theoretical lim it, the degree of decompo
sition of 2-chloroethyl phosphonic acid w as calculated. First-order ra te  constan ts calculated 
graphically from the logarithm ic plots.

The decomposition of uncomplexed 2-chloroethyl phosphonic acid was stud ied  similarly. 
For th is purpose 10 mg of a Rol-fruct solution containing 40%  2-chloroethyl phosphonic acid 
was weighed into the bulb of the W arburg app ara tu s  and decomposed a t the pH  and tem pera
tu re  values described above.

Logarithmic first-order ra te  constan ts p lo tted  against the reciprocal values of the 
absolute tem peratures gave straight lines for the different pH  values in the case of the uncom
plexed acid, hu t not for its  cyclodextrin com plex. A t 27 °C cyclodextrin som ew hat accelerates, 
b u t a t  higher tem peratures it  retards the decom position. The difference, how ever, is insignifi
can t and therefore it  can be expected th a t  in  solution the biological effect o f complexed 2- 
-chloroethyl phosphonic acid will be the sam e as th a t  of the uncomplexed m aterial.

*

Therm oanalytical m easurem ents are acknowledged to Dr. Sándor Gál. X -ray  studies 
to Dr. K álm án  S imon  and technical assistance to Mrs. Csaba P a p .
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As a developm ent of c a ta ly s t  th e o ry  we in tro d u ced  a few years  ago th e  
p rin c ip le  o f c a ta ly tic  system  [1]. T h is  w as based upon  such  e x p e rim e n ta l fa c ts  
th a t  co n firm ed : th e  ca ta ly tic  su rface  fo r a given reac tio n  is fo rm ed  by  a c a ta ly s t  
to g e th e r  w ith  th e  re a c ta n t m olecules. In  th is  respect th e  role of h y d ro g en  b ea rs  
a special im p o rtan ce  by  fo rm in g  th e  c a ta ly tic  effect o f m eta ls , i.e. th e  e x te n t  
an d  ro u te  o f th e  ca ta ly tic  re a c tio n  is s tro n g ly  in fluenced  b y  th e  presence  an d  
q u a n t i ty  o f hydrogen , th e re b y  th e  a c t iv i ty  and  se lec tiv ity  o f a c a ta ly tic  re a c tio n  
is c o n tro lled  b y  hydrogen.

1. The Effect of Hydrogen

As a re su lt of the w ork  c a rr ie d  o u t in th e  la s t few years th e  p re d o m in a n t 
ro le o f h y d ro g en  in th e  d ev e lo p m en t o f ca ta ly tic  effect has been co n firm ed , 
b y  m a n y  new  p articu la rs  o n ly  som e o f these w ill be m en tio n ed  in  th e  n e x t 
sec tion .

Irre v e rs ib ly  adsorbed h y d ro c a rb o n s , m e th an e , e th a n e  can  he c o m p a ra tiv e 
ly  easily  rem oved  from  th e  su rface  o f  n ickel and  o th e r m e ta l c a ta ly s ts  w ith  
h y d ro g en  a t  an  elevated  te m p e ra tu re .

H ow ever, on ly  a p a r t  o f i t  d eso rb es from  th e  m e ta l su rface  on th e  effect 
o f h e a t  t r e a tm e n t  in  vacuum . C om ple te  deso rp tio n  can  n ev er be ach iev ed  b y  
su b se q u e n t h e a tin g  in hydrogen  a tm o sp h e re . I t  is because irrev e rs ib ly  ad so rb ed  
h y d ro c a rb o n s  und erw en t such  e x te n s iv e  d estru c tio n  u p o n  h e a t t r e a tm e n t  in  
v a cu u m  th a t  th e  carbon d ep o sited  can  be rem oved o n ly  b y  o x id a tio n . T h e  
p resence  o f  hydrogen  p re v e n ts  th e  “ d eep ” decom position  o f ch em iso rb ed  
h y d ro c a rb o n s .

T h e  e ffec t o f hydrogen  — in h ib itin g  th e  decom position  an d  co n se rv in g  
th e  su rface  — can  be revealed  if  h y d ro c a rb o n  ad so rp tio n  on n ickel is in v e s ti-

* The au th o r’s inaugural lecture on becoming full member of the H ungarian A cadem y 
of Sciences presented on the 23rd N ovem ber, 1979.
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°C
F ig. 1. T reatm ent of chem isorbed ethane: A, heating  in  vacuo, A , cooling in vacuo, A3 tre a t
m en t in H2, A4 heating in  hydrogen, A5 cooling in  hydrogen , B x heating in  hydrogen, B2 cooling

in hydrogen

g a te d  [2]. In  p resen ce  o f  hyd rogen  th e  ch em iso rp tio n  o f b u ta n e  is s tro n g ly  su p 
p ressed : a t  1 : 4 h y d ro g en -h y d ro ca rb o n  m ix tu re  th e  q u a n ti ty  o f chem isorbed 
h y d ro ca rb o n  a m o u n ts  to  a s  less as 10%  o f  t h a t  chem isorbed  in  absence of h y 
d rogen . U nder su c h  c ircu m stan ces only  a  few  p e rcen ts  o f th e  surface are oc
cu p ied  by  ch em iso rb ed  b u ta n e  a t th e  te m p e ra tu re  of hydrogeno lysis . The che
m iso rb ed  b u ta n e  is  re la tiv e ly  easily rem o v ed  w ith  h y d ro g en  [2] (ac tiv a tio n  
en e rg y  is 50 k J  m o l“ 1). I t  should  he m e n tio n e d  th a t  th e  a m o u n t o f chem isorbed 
m olecules can n o t b e  d im in ish ed  by  in c reas in g  th e  p a r tia l  p ressu re  of hydrogen  
a b o u t te n  tim es w h ic h  show s th a t  a p a r t  — a b o u t 10 p e rcen t — of th e  sites 
responsib le  for h y d ro c a rb o n  chem iso rp tion  c a n n o t be  b locked  b y  hydrogen .

The effect o f  m e ta l,  hyd ro carb o n  a n d  h y d ro g en  being  responsib le  to g e th e r 
fo r  th e  fo rm atio n  o f  a c tiv e  ca ta ly tic  su rface  is  fu r th e r  d e m o n s tra te d  b y  th e  
se le c tiv ity  v a lu es  o b ta in e d  in th e  h y d ro g en o ly sis  o f n -p e n ta n e  on su p p o rted  
m e ta l ca ta ly sts . O n su p p o rte d  nickel a n d  p la tin u m  c a ta ly s ts  th e  se lec tiv ity  can 
be  v a ried  in a w ide  ra n g e  w ith  th e  ch an g e  o f  d ispersion  an d  hydro g en  pressure
[3 ]. A t sm all (40 m b a r)  hyd rogen  p ressu re  th e  m e th an e  an d  b u ta n e  ra tio  fo rm ed  
in  n -p en tan e  h y d ro g e n o ly s is  can be in flu e n c e d  to  a s ig n ifican t e x te n t b y  d isper
sion . On a h ig h ly  d isp e rse d  system  th e  m e th a n e  to  b u ta n e  ra tio  am o u n ts  to  
a b o u t 30% of th e  v a lu e  o b ta in ed  on m e ta llic  pow der. A t h igh  hydro g en  p ressu re  
(300 m bar) th e  m e th a n e  to  b u tan e  ra tio  is p ra c tic a lly  th e  sam e m easured  on 
sam ples of d iffe ren t d ispersions.

The isomerization to hydrogenolysis ratio on P t/S i02 samples increases 
with hydrogen pressure but decreases with increasing dispersion.

The s ig n if ican t ro le  of hydrogen c a n  b e  considered  as general c h a rac te ris 
tic s  of h y d ro ca rb o n  re a c tio n s  ca ta ly zed  b y  m eta ls . T h is is obv iously  in d ica ted  
b y  th e  d a ta  show n in  F ig . 2 [1]. I t  is c le a rly  seen th a t  conversion  depends on
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Fig. 2. Dependence of the form ation of different products vs. hydrogen content of th e  carrier 
gas on p latinum , a) reactan t: n-hexane; b) reac tan t; 3-m ethyl-pentane, p roduct: olefin w ith

the same carbon num ber

h y d ro g en  p ressu re  b y  a m ax im u m  cu rve  ev en  in  reac tio n s in  w h ich  h y d ro g e n  is 
a p ro d u c t or it  is no t a re a c tio n  p a r tn e r .

T h e  effect o f h y d ro g en  on th e  c a ta ly tic  reac tio n s is caused  b y  severa l 
reaso n s. In  p a rtic u la r , a t te n tio n  m u s t be ca lled  to  th e  in fluence  o f  h y d ro g en  
tr e a tm e n t  on  th e  te x tu re  o f  a c a ta ly s t .  I t  is o bv iously  seen on p la t in u m  c a ta 
ly s ts  [5]. T h e  fresh ly  p rep a red  p la tin u m  b lack  possesses a fin e  g ra in  size s tru c 
tu re  w ith  an  average  10 n m  d iam e te r  as show n b y  elec tron  m ic ro g rap h  (F ig . 3a). 
T h ere  is p ra c tic a lly  no change a f te r  3 h ou rs t re a tm e n t in  helium  a t  573 — 673 K . 
T h e  av erag e  p a rtic le  size is 11 nm  a n d  reg u la r  c ry s ta l shape can  h a rd ly  b e  seen
(F ig . 3b).

In  presence of hyd ro g en  a t  473 K , a s ig n ifican t increase in  c ry s ta l l i te  size 
s ta r te d . C ry sta llite  size becom es v e ry  h igh  (33 nm ) in  th e  case o f h e a t  t r e a tm e n t  
a t  573 К  an d  th e  ap p earan ce  o f  th e  c a ta ly s t  is com plete ly  d iffe ren t. T h e  m o st o f 
th e  c ry s ta llite s  are  confined  by  reg u la r c ry s ta l faces. The te x tu re  o f  h y d ro g en  
t r e a te d  sam ples does n o t change a fte rw ard s .

B eside th is  te x tu re  effect, h y d ro g en  also in fluences th e  a d so rp tio n -d e so rp 
tio n  eq u ilib riu m , th e  m e ta l-su b s tra te  in te ra c tio n  th e re b y  th e  c a ta ly tic  reac tio n s 
are  sh ifted  in to  d iffe ren t d irec tio n s. In c rease  of reac tio n  ra te s  b y  h y d ro g e n  is 
rev ea led  n o rm ally  a t  low  h y d ro g en  p ressu res . In  th is  range  m e ta llic  surface
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F ig . 3
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Fig. 3. E lectron m icrograph of platinum  black sam ples of different trea tm en ts , a) Fresh 
sample prepared from H 2PtC le reduced by form aldehyde; b) A fter 3 hours tre a tm e n t in  He a t 

573 — 673 K; c) A fter 3 hours tre a tm en t in  H. at 573 К

is p ro te c te d  b y  h y d ro g en  from  irrev e rs ib ly  b o n d ed  deposites, i.e. h y d ro g en  
occupies th e  m ost ac tiv e  s ites th u s  ch em iso rp tio n  w ith  C — H  bo n d  d issoc ia tion  
does n o t ta k e  p lace  to  a la rge  e x te n t. P ro d u c t  desorp tion  is a lso  in c rea sed  in  
th e  presence o f hyd rogen . All these  effects a re  due  to  fa s t hyd rogen  a d so rp tio n  
in  com p ariso n  to  th e  h y d ro ca rb o n  ch em iso rp tio n  w ith  C — H bond  d isso c ia tio n . 
T h is is con firm ed  b y  th e  large ex o th e rm ic  h e a t  o f adsorp tion  as o p posed  to  
th e  en d o th e rm ic  h e a t of h y d ro ca rb o n  ch em iso rp tio n , as well as th e  h ig h e r ra te  
a n d  sm alle r a c tiv a tio n  energy  of th e  H 2 — D 2 exchange com pared  to  th o se  in 
h y d ro c a rb o n  an d  d eu te riu m  exchange on m e ta ls  [4].

T h e  fo llow ing ex p lan a tio n s  can  be su g g ested  for the  re ta rd in g  a n d  course 
sh ap in g  effect o f hyd ro g en  [1].

F irs t , th e  ad so rp tio n  o f a su b s tra te  is genera lly  d im in ished , in  p a r tic u la r  
th e  a d so rp tio n  b y  w hich  th e  surface p re c u rso r  o f a given re a c tio n  is fo rm ed . 
O n th e  6 th  Congress on C atalysis [6] we h a v e  re p o rte d  th a t  in  th e  case  o f  Co, Ni 
an d  P t  — d ep en d in g  on th e  te m p e ra tu re  a n d  som e o th e r co n d itio n s — 3 —4 d if
fe re n t ty p e s  of ad so rb ed  species of m e th a n e  a n d  e th an e  can be d is tin g u ish e d  on 
th e  sam e c a ta ly s t. T h e  ra tio  o f th e  d iffe ren t species is in fluenced  a lso  b y  h y d ro 
gen, as i t  w as p roved  in  connection  w ith  th e  ad so rp tio n  of n -b u ta n e  on nickel 
c a ta ly s ts  [2]. T he fo rm a tio n  of o th e r  ad so rb e d  species has been  in d ic a te d  by
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L E E D  an d  A uger sp ec tro sco p y  an d  along w ith  th e se  stud ies now it  is c lea r th a t  
th e  e x te n t an d  d ire c tio n  o f a ca ta ly tic  re a c tio n  is  p red o m in an tly  in flu en ced  
b y  th e  a c tu a l s tru c tu re  o f a  surface com plex.

T h e  second rea so n  fo r th e  hyd rogen  re ta rd in g , an d  m odifying e ffec t is th e  
h in d e ra n c e  o f th e  sy s te m  co n ta in in g  jr-bonds. H o w ev er, th is  leads to  a  fu r th e r  
p ro b le m : w h a t is th e  ro le  o f  th e  s tru c tu re  o f  a r e a c ta n t  m olecule in  th e  c a ta ly t ic  
e ffec t ?

2. The Role of M olecular Structure

I t  is genera lly  ac c e p ted  th a t  th e  p a th w a y  o f a heterogeneous c a ta ly tic  
re a c tio n  is b asica lly  co n tro lled  b y  an  in te ra c tio n  be tw een  th e  c a ta ly tic  su rface  
a n d  a  p a r t  o f  th e  r e a c ta n t  m olecule (one o r  tw o  a tom s, fu n c tio n a l g roup). 
T h e  re m a in in g  p a r t  o f  th e  m olecule only  s lig h tly  in fluences th e  re a c tio n  or its  
e ffec t is  o f seco n d ary  im p o rtan ce . T he energy  b a r r ie r  o f a reaction  is d e te rm in e d  
b y  th e  energy  re q u ire m e n ts  o f th e  fo rm a tio n  a n d  decom position  o f a  su rface  
co m p lex  [4].

S ch em atica lly  th e  energy  b a rrie r  o f a  c a ta ly t ic  reaction

.M.
c ' ' A '' '" 'C \ л — - c '

+  2M ---- +  2 M

< B_ J ) >

\ /

can  b e  rep re sen ted  b y  e q u a tio n  (1)

Q B M  Qc M  —  C^DM

+  (? B M  +  (?C M  +  Q d M

A U  1 —  (?A B  J ~ (?CD Q  A M

or

dU 2 =  Qac (? b d  QAM

( 1 )

d e p e n d in g  on w h e th e r th e  fo rm a tio n  or th e  d eco m p o sitio n  of th e  su rface  co m 
p lex  is th e  ra te  d e te rm in in g  step .

C o nsequen tly , th e  en e rg y  b a rrie r  of a p a r t ic u la r  reac tio n  is d e te rm in e d  b y  
th e  d ifference  am o n g  th e  energies o f fo rm ing  a n d  sp li t t in g  bonds as w ell as t h a t  
o f c a ta ly s t- s u b s tra te  b o n d s. T h is ap p ro ach  is t r u e  o n ly  if  th e  p a r t  o f  th e  m o le 
cule n o t  p a r tic ip a tin g  in  th e  reac tin g  group  h a s  a  negligible in fluence  o n  th e  
b o n d  energ ies, o r i f  th is  in flu en ce  is tra n s fe rre d  to  th e  sam e ex ten t to  th e  b o n d s  
b e tw e e n  c a ta ly s t a n d  s u b s tra te  a to m . I f  th is  is th e  case, th e  values o f  A U 1 a n d  
A U 2 do n o t change reg a rd less  of th e  w hole m olecu les effect on th e  re a c tin g  
bo n d s.

M an y  ev idences a re  av a ilab le  th a t  th e  e x te n t  o f  reac tion , e.g. th e  d eco m 
p o s itio n  o f alcohols, is m a rg in a lly  in fluenced  b y  th e  a to m  groups w hich  a re  n o t
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d ire c tly  invo lved  in  th e  reac tio n . H ow ever, th is  s im plified  ap p ro ach  ap p e a rs  
to  be in a d e q u a te  in  th e  lig h t o f  re c e n t ex p erim en ts .

L e t us m en tio n  here  som e ea rlie r resu lts  [2, 4, 6] in  w hich  i t  has been  e s ta b 
lished  th a t  th e  e x te n t of ch em iso rp tio n  of e th a n e  (and  b u tan e ) w as co n sid e r
a b ly  h ig h er th a n  th a t  of m e th an e . T h e  re a c tiv ity  o f  th e  fo rm er is a lso  h ig h e r: 
th e  energy  of a c tiv a tio n  o f d e u te r iu m  exchange in  e th a n e  is 15—50%  sm alle r, 
th a n  th a t  in  m e th an e , th e  r a te  o f  exch an g e  in  e th a n e  exceeds t h a t  o f  m e th a n e  
b y  one or tw o  o rders o f m a g n itu d e  d epend ing  on th e  m e ta l c a ta ly s ts  u sed .

N ow , th e  questio n  a rises: to  w h a t e x te n t m ay  th e  su rfa c e -su b s tra te  in te r 
a c tio n  be confined  to  th e  in te ra c tio n  be tw een  a few  reac tin g  a to m s o f th e  m o le
cu le a n d  th e  su rface?  B ased o n  th e  d a ta  concern ing  th e  h y d rogeno lysis  th is  
a p p ro a c h  seem s to  be s tro n g ly  opposed . T his is cau sed  p a r tly  b y  d iffe ren t re a c 
tio n  m echan ism  d ev o ted  to  th e  d iffe ren t m olecule s tru c tu re ; th is  w ill be  d is 
cussed  la te r . Before th a t  i t  is w o rth w h ile  to  consider som e e x p e rim e n ta l fa c ts  
in  w hich  th e  ca ta ly tic  effect is s tro n g ly  in flu en ced  b y  th e  m olecule as a w hole 
even  a t  th e  sam e reac tio n  m ech an ism .

F irs t ,  le t  us consider th e  a d so rp tio n  of h y d ro ca rb o n s . A ccord ing  to  th e  
d ependence  of th e  hyd rogeno lysis  r a te  on h y d ro g en  p a r tia l p ressu re  i t  is easy  
to  deduce  th e  follow ing e q u a tio n :

__ ^CH Р ен  +  1
P  IVmax .

0 H

w here  p w i th e  hyd rogen  p a r t ia l  p ressu re  a t  m ax im u m  ra te  
Pch : h y d ro ca rb o n  p ressu re  
bH an d  bCH: ad so rp tio n  coeffic ien t of h y d ro g en  an d  h y d ro c a rb o n , resp .

T h e  re su lts  ca lcu la ted  b y  e q u a tio n  (2) from  ea rlie r k ine tic  d a ta  [7] a re  p re 
se n te d  in  T ab le  I.

Table I

Adsorption coefficient fo r  some hydrocarbons 
C atalyst: Pd, T  (K): 558

Cli bca

C2H 6 2.5 6H—0.1
n-C4H 10 19.6 6H—0.1
Í-C4H 10 15.8 6H —0.1
r?eo-C5H 12 7.2 6H —0.1

A lth o u g h  th is  m ethod  is in a c c u ra te , i t  is obv ious from  th e  d a ta , th a t  th e  
v a lu e  o f  a d so rp tio n  coefficien t i.e. th e  a d so rb a b ility  of h y d ro ca rb o n  increases  
w ith  increasin g  chain  len g th . I t  is a lso  seen th a t  th e  ad so rp tio n  coeffic ien t of 
b ra n c h e d  chain  isom ers is sm alle r th a n  th a t  o f s tra ig h t chain  ones.
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F u rth e r  ev id en ce  ca n  be o b ta in ed  fo r th e  increasin g  re a c tiv ity  of h y d ro 
c a rb o n s  of h igher m o lecu la r  w eight from  d e u te r iu m  exchange m easu red  on d if
fe re n t m eta ls  [4]. T h e  en e rg y  of a c tiv a tio n  fro m  m e th an e  to  e th a n e  sh a rp ly  
d ecreases  and  from  e th a n e  i t  decreases m o n o to n o u sly .

T he best in d ic a tio n  fo r th e  in fluence  o f  th e  n o t d irec tly  in v o lv ed  p a r t  o f 
th e  m olecule on th e  e x te n t  a n d  d irec tion  o f  th e  c a ta ly tic  effect is th e  acce le ra t
in g  effect o f th e  a p p e a ra n c e  of jr-bond.

I t  is well kn o w n  t h a t  th e  ra te  o f d eh y d ro g e n a tio n  o f cyclohexene is gener
a lly  5 —10 tim es h ig h e r  th a n  th a t  o f cyc lo h ex an e, w hile cyclohexad iene  reac ts  
ev e n  fa s te r  u n d e r th e  sam e  cond ition  (T ab le  I I )  [8 —10].

In  order to  e x p la in  th e  accelera ting  e ffec t o f  я -bond  i t  is s tra ig h tfo rw a rd  
to  assum e th e  easie r a d so rp tio n  o f olefin ic com pouds. H ow ever, i t  h as  been 
e s ta b lish e d  from  th e  k in e tic  d a ta  th a t  th e  a d so rp tio n  of h y d ro ca rb o n  m olecules 
in  th e  d eh y d ro g en a tio n  o f  cyclohexane r in g  is n o t  r a te  d e te rm in in g  s tep  [10],

Table II
Rate o f dehydrogenation o f cyclohexane, cyclohexene, cyclohexadiene on different metals

T: 5 7 5 -6 2 5  К
JF/molecule m -2 s -1

Catalysts 0 0 0
Ni 3 . 2 x 1 0 " 4.1 X  1 0 " 8.5 x 1 0 "

Cu 1 . 1 x 1 0 " 1 . 8 x 1 0 " —
Rh 5 .8 x 1 0 " 4.1 X 1 0 " 5.9X  1 0 "

Pd 8 .1 x  1 0 " 5 .4 X  1 0 " 2.0 x 1 0 "

A g 5 .4 x 1 0 " 1 .3 X  1 0 " 2 .6 x  1 0 "

Ir 4 . 5 x 1 0 " 3 . 0 x 1 0 " 3 .4 x  1 0 "

Pt 8 .1 x 1 0 " 3 . 0 x 1 0 " 5 .2 x  1 0 "

Au 7 .2 x  1015 7 .6 x  1 0 " —
Fe 1 .3 x 1 0 " 5 .4 x  1 0 " 7 .2 x  1 0 "

Mo 1.8X  1015 2 .4 x  1 0 "

V 2.7 X 1 0 "

W 3 .2X  1 0 "

Be 2 .9 X 1 0 13 1.6 X 1 0 "

Ti 3 .4X  1 0 " 1 . 0 x 1 0 "

Co l . l X  1 0 " 6 .3 x  1 0 " 1 .3 x  1 0 "

Zn 6 .7 x 1 0 "

Zr 6 .7 X 1 0 "

Ru 2 . 5 x 1 0 " 3 .3 x  1 0 "

Re 1.6Х  1 0 "
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th e  h ig h er ra te  o f th e  d eh y d rogena tion  o f  th e  u n sa tu ra te d  ring  c a n n o t, th e re 
fo re , be ex p la in ed  in  th is  w ay. T he h ig h er r e a c t iv i ty  of я -bonded r e a c ta n t  can 
also  be d e m o n s tra te d  b y  th e  ra te  o f  cy c liza tio n  w hich  is considerab ly  h ig h e r  for 
o lefins th a n  fo r p a ra ff in s  [11]. T his effect c a n  be in te rp re ted  by  th e  fo rm a tio n  
o f  л -o  co n ju n c tio n  th a t  resu lts  in  th e  w e a k e n in g  th e  C — H  bonds b e in g  in  a- 
-po sitio n  to  th e  я -b o n d , th u s  its  bond  en erg y  is 85 k J  m ol-1 low er th a n  th a t  of 
th e  av erag e  C — H  b o n d  [12]. T he a c c e le ra tin g  effect of л -о  c o n ju n c tio n  is also 
in d ic a te d  b y  th e  fa s te r  hydrogen  tr i t iu m  ex ch an g e  in propylene th a n  t h a t  in  
e th y le n e  on n ickel an d  p la tin u m  c a ta ly s ts  [13].

T he in c reased  re a c tiv ity  o f m olecules c o n ta in in g  я -bond is a lso  sh o w n  b y  
th e  conversion  o f  cyclohexano l, m easured  in  o u r  lab o ra to ry , on Co, N i, R u , R h , 
P d , Os, I r  and  P t  c a ta ly s ts  [14 —19]. T h e  m a in  p ro d u c ts  are  su m m a riz e d  in  
T ab le  I I I .

Table III

M ain products o f cyclohexanol conversion 
(pulse system, hydrogen atm osphere)

C atalysts I°c C,H n OH C .H ..O
C ,H 5OH +

C.H . < C ,

Co 240 23 14.2 10.2 43
360 l 10.4 9.7 68.2

M 270 66.1 29.3 4.6 2.4
360 33.2 22.4 24.2 17.6

Cu 250 23.1 74.7 0.98 —

300 6.2 80.0 5.97

Ru 240 71.5 21.1 2.3 4.4
360 12.9 24.4 16.9 39.9

Rh 240 91.6 3.5 1.7 2.4
360 34.5 1.3 5.5 58.3

Pd 240 62.4 2.0 35.4 0.3
360 14.6 2.8 81.5 0.9

Os 300 54.4 19.0 — 26.6
360 48.7 21.3 1.5 28.5

Ir 240 67.7 15.7 7.0 7.5
360 18.9 15.2 8.5 57.1

P t 240 11.9 8.4 79 —

330 6.8 3.3 87.5 —
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T ra c e r  s tu d y  on th e  m echan ism  rev ea led  t h a t  th e  m ain p a th w a y  o f  cyclo- 
h ex an o l-b en zen e  conversion  is th e  reac tio n  seq u en ce

CeH u O H  -  C0H 10O -  C6H 5O H  -  C6H c (3)

w h ich  occu rs m uch  fa s te r  th a n  th e  cyc lo h ex an e-b en zen e  conversion . T h is  is 
in d ic a te d  b o th  b y  th e  d ire c t com parison  o f  r e a c tio n  ra te s , and  b y  th e  e x p e r i
m e n ts  c a rr ie d  o u t in  p resence  of a m ix tu re  o f l4C -labelled  cyclohexanol a n d  u n 
la b e lle d  cyc lohexane. B y  th is  exp erim en t d ire c t in fo rm atio n  can  be  o b ta in e d  
on th e  ra d io a c tiv i ty  o f  benzene, i.e., to  w h a t p ro p o r tio n  was benzene p ro d u c e d  
fro m  cy c lo h ex an o l a n d  fro m  cyclohexane. F ro m  th e  ra d io a c tiv ity  r a t io  th e  
fo llo w in g  conclusion  can  be  d raw n:

i) benzene is fo rm ed  exclusively  from  cy c lo h ex an o l on P t  an d  Co;
ii)  th e  ra te  o f benzene fo rm atio n  from  c y c lo h ex an o l is b y  100% , 5 0 %  a n d  

20 %  o n  N i, R u  a n d  R h , resp ec tiv e ly , h ig h er t h a n  th e  corresponding r a te  fro m  
cy c lo h ex an e .

A ccord ing  to  th e  d a ta  p resen ted  in  T ab le  I I I  th e  six-m em bered r in g  u n d e r 
w en t s ig n if ic a n t hyd ro g en o ly sis  on m ost o f th e  c a ta ly s ts  (except P t ,  P d  a n d  Cu). 
U n d e r  s im ila r co n d itio n s th e  cyclohexane r in g  is hydrogenolysed  a t  m o s t b y  
1 - 2  p e rc e n t [20]. W h ils t in  cyclohexanol, th e  e x te n t  of hydrogenolysis a m o u n ts  
to  a b o u t  15 — 30%  a t  573 K .

T h e  increased  r e a c tiv i ty  o f th e  s ix -m e m b e re d  ring  can  be ea s ily  in te r 
p re te d  b y  th e  effect o f c a rb o n y l group fo rm e d  via  th e  d eh y d ro g e n a tio n  of 
a lco h o l. In fra re d  sp ec tro sco p y  [21] w as a p p lie d  to  s tu d y  th e  ch em iso rp tio n  o f 
c y c lo h ex an o l on p la tin u m  a n d  rh o d iu m  c a ta ly s t .  Indeed , a t  c h e m iso rp tio n  a 
fa s t  О —H  d issoc ia tion  ta k e s  p lace follow ed b y  th e  sp littin g  off o f a h y d ro g e n  
a to m  fro m  th e  v ic in a l c a rb o n  a to m  an d  w ith  th e  s im ultaneous fo rm a tio n  o f 
c a rb o n y l b o n d  to  th e  su rface . T h e re b y ,.th e  m o b il i ty  of hydrogen  a to m s  in  th e  
n e ig h b o u r in g  m e th y len e  g roup  is enhanced . T h u s , o n  p la tin u m  fu r th e r  d e h y d ro 
g e n a tio n  o f th e  rin g  leads to  th e  follow ing su rfa c e  species:

(4 )

T h is  c a n  be considered  to  a p recu rso r of ph en o l a n d  benzene. On rh o d iu m  a  d if
f e r e n t  m ech an ism  is o p e ra tiv e . O n th e  c o n tra ry  t o  p la tin u m , th is  c a ta ly s t  p o s
sesses a  h ig h  a c tiv i ty  fo r hydrogeno lysis (see la te r ) .  H ere  th e  effect o f  c a rb o n y l 
b o n d s  is tw ofo ld : h y d ro g en  a tom s in  а -p o s itio n  a re  w eakened, on th e  o th e r  
h a n d , th e  v ic ina l C — C bon d s are also a c t iv a te d . (С —C bond energy  in  c o n ju n c 
t io n  w ith  double  b o n d  is b y  90 k J  m o l-1  lo w er th a n  th e  average v a lu e  [12].)
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All th e se  d a ta  illu s tra te d  well n o t on ly  th e  acce lera tin g  effect o f th e  p re s 
ence o f an  u n s a tu ra te d  sy stem , b u t th e  lo c a tio n  o f  th e  effect, to o , i.e. i t  is 
obv ious th a t  th e  effect is n o t d irec tly  d ev o ted  to  th e  position  o f doub le  b o n d , 
b u t  as a consequence , th e  reac tio n  cen tre  in  th e  m olecule is “ tra n s fe rre d ”  to  an  
o th e r  p a r t  o f th e  m olecule.

F ro m  th is  p o in t o f v iew  i t  is in te re s tin g  to  co m p are  th e  beh av io u r o f  cyclo- 
h ex an o l a n d  p h eno l. Pheno l-benzene con v ersio n  is s ig n ifican tly  h igh  a s  show n 
b y  th e  analysis  a n d  th e  ex perim en ts ca rried  o u t  in  presence of lab e lled  cyclo- 
h ex an o l. In  th is  case th e  a ro m atic  s tru c tu re  is a cco m p an ied  w ith  h ig h er ad so rb - 
a b ili ty  an d  co n seq u en tly  h ig h er re a c tiv ity . H e re  tw o  p a th w ay s are  co m p e tin g : 
th e  a d so rp tio n  o f  cyc lohexano l ta k e s  p lace m o s tly  v ia  0  — H  bond d isso c ia tio n , 
w hile  jr-com plex fo rm a tio n  is th e  m ain  ro u te  fo r  pheno l.

I t  can  be conc luded  th a t  enhanced  r e a c t iv i ty  in  ca ta ly tic  processes is 
e x h ib ite d  b y  u n s a tu ra te d  m olecules. I t  is p a r t ly  d u e  to  th e  increased  ad so rb - 
a b ility  b u t  — w h en  th e  u n sa tu ra te d  c h a ra c te r  o f  th e  m olecule is p re se rv ed  b y  
th e  fo rm a tio n  o f  a su rface  тг-com plex its  r e a c t iv i ty  is s till h igher th a n  t h a t  o f 
th e  co rrespond ing  p a ra ff in ic  system s.

H ere  we m u s t em phasize  th a t  th e  s u b s tra te -c a ta ly s t  in te ra c tio n  c a n n o t 
be con fined  to  th e  lin k  b e tw een  th e  re a c tin g  a to m s  an d  th e  ca ta ly tic  su rface , 
b u t  th e  w hole m olecule  shou ld  be considered  in  th e  e lucidation  o f th e  m ech a 
n ism . In  th is  sense th e  d ifference betw een  re a c tio n s  ca ta ly zed  by  h e te rogeneous, 
hom ogeneous c a ta ly s ts  or b y  enzym es can  be  la rg e ly  dim inished.

In  th e  n e x t p a r t  th e  effect o f c a ta ly s t  s tru c tu re  on th e  m echan ism  o f 
he te rogeneous c a ta ly tic  reac tio n s will be d iscussed .

3. The Role o f the Structure of Catalyst Surface in  the M echanism o f
catalitic R eactions

T he c o n cep tu a liza tio n  of su b s tra te -c a ta ly s ts  in te rac tio n  m odelling  i t  b y  
th e  s tru c tu re  o f  th e  su rface  and  th e  r e a c ta n t m olecu le  is devoted  to  B a l a n d i n  

w ho d iscovered  [22] a n d  developed i t  fo r m a n y  decades [23, 24]. T h e  th e o ry  
could  w ell ex p la in  th e  m echan ism  of d iffe ren t c a ta ly tic  reactions b ased  on  th e  
s tru c tu ra l  co rresp o n d en ce  betw een  th e  c a ta ly s t  su rface  an d  th e  r e a c ta n t  m ole
cule. L a te r , as th e  e x p e rim e n ta l tech n iq u e  w as d ev e lo p ed , an  increasing  a m o u n t 
o f ex p e rim en ta l d a ta  w as found  w hich so m ew h at c o n trad ic ted  th e  p ic tu re  de
scribed  b y  th e  ab o v e  th e o ry . In  p a r tic u la r , i t  is  re fe rred  to  th e  m echan ism  of 
cyc lohexane  d eh y d ro g en a tio n  [11]. T he c o n c e p t could  no t acco u n t fo r th e  
a to m ic  h e te ro g e n e ity  o f  th e  c a ta ly s t su rface , i.e. fo r th e  d ifferen t o ccu p an cy  
an d  o rie n ta tio n  o f  th e  o rb ita ls  o f th e  d iffe ren t c ry s ta l  faces [25].

T he p rin c ip le  o f  th e  s tru c tu ra l acco rd an ce  is em phasized b y  th e  
recen t L E E D  m easu rem en ts : depending  on th e  exp erim en ta l co n d itio n  th e

A d a  Chim. Acad• Sei. Hung. 107, 1981



248 TÉTÉNYI: CATALYST SURFACE AND STRUCTURE

s u b s t r a te  m olecules fo rm  a n  o rd e red , e p ita x ia l s tru c tu re , or d iso rd ered  d ep o sits  
on  s te p p e d  surface w h ich  m a y  serve as a good m odel for th e  p o ly c ry s ta llin e  
c a ta ly s ts  [26, 27]. T h e  po ly  c ry s ta llin e  te x tu re  o f  m eta llic  pow der p ro d u c e d  in  
h y d ro g e n  a t  h igh te m p e ra tu re  h as  b een  p ro v e d  in  p a r t  1. T he fo rm a tio n  o f 
“ so lid  so lu tio n ”  on th e  su b s tra te -su rfa c e  in te rfa c e  can  be in d irec tly  co n firm ed  
b y  th e  f a c t  th a t  m e ta ls  w ith  th e  b es t c a ta ly tic  a c t iv i ty  (atom ic d ia m e te r  0.22 —
0.3 n m ) fo rm  solid so lu tio n  w ith  iro n  m e ta l [28].

T h ese  led us to  reco n sid e r th e  ro le o f geo m etrica l fac to rs in  som e c a ta ly t ic  
r e a c tio n s  a n d  to  a t te m p t  to  give an  in te rp re ta t io n  for i t  in  th e  l ig h t o f  new  
in fo rm a tio n s  abo u t th e  .^ -s tru c tu re  a n d  th e  a to m ic  h e te ro g en e ity  o f th e  c a ta ly s t  
su rface .

3.1. Dehydrogenation

H y d ro g en -d eu te riu m  exchange in  s a tu ra te d  hydrocarbons ta k e s  place 
w ith  co m p a ra tiv e ly  h igh  ra te  a t  low te m p e ra tu re  [4]. The th re sh o ld  te m p e ra 
tu r e  fo r  e th a n e  is below  373 K . T h is show s t h a t  C — H  bond ru p tu re  is  a  r e la 
t iv e ly  e a sy  process co n firm ed  b y  bo n d  en erg y  ca lcu la tion .

D e h y d ro g en a tio n  o f s tra ig h t  ch a in  h y d ro c a rb o n  is s tro n g ly  h in d e re d  
th e rm o d y n a m ic a lly  [29]. T h e  re a c tio n  th e re fo re , ta k e s  place a t  h igh  te m p e ra 
tu r e  (9 7 3 —1023 K ) w ith  s ig n if ican t y ie ld . A t such  a high te m p e ra tu re  th e  
h y d ro g en o ly s is  becom es v e ry  rem ark ab le .

D e sp ite  these  fac ts , som e olefin  fo rm a tio n  can  be observed  d u r in g  th e  
c o n v e rs io n  of Ce h y d ro ca rb o n s  ca rried  o u t in  p u lse  regim e using h y d ro g e n  flow
[4]. M e ta ls  w ith  h igh  a c tiv i ty  fo r h y d ro g en o ly sis  (Co, N i, R u , R h) a re  ex cep 
tio n s . O lefin  fo rm atio n  increases in  c e r ta in  c o n c e n tra tio n  range  o f h y d ro g e n  as 
sh o w n  in  F ig . 2b.

D eh y d ro g en a tio n  o f  cy c lo p araffin es  ta k e s  p lace to  a m uch  la rg e r  e x te n t 
a t  lo w er tem p era tu res .

Im p o r ta n t  role can  be d u e  to  th e  c ry s ta l  s tru c tu re  in  th is  re a c tio n . T h is  is 
p r im a r i ly  show n b y  th e  dependence  o f  th e  r a te  of d eh y d ro g en a tio n  on  th e  
c ry s ta l  la t t ic e  an d  on th e  a to m ic  d iam e te r  o f  m e ta l c a ta ly s ts  [10] (F ig . 4).

I t  is clear from  th e  f ig u re  th a t  th e  b e s t c a ta ly s ts  for d e h y d ro g e n a tio n  
b e lo n g  to  fee s tru c tu re .

T h e  excep tionally  g rea t im p o rta n c e  o f  c ry s ta l  s tru c tu re  o f th e  c a ta ly s t  is 
f u r th e r  confirm ed  b y  co b a lt sam ple  co n ta in in g  fee an d  hep s tru c tu re  in  d iffe ren t 
r a t io , d ep en d in g  on th e  p re p a ra tio n . T h e  d eh y d ro g en a tio n  a c tiv i ty  v a r ie s  in 
th e  ra n g e  o f 4 — 5 o rders o f m ag n itu d e  [30] a n d  th is  difference is m u c h  la rg e r 
th a n  t h a t  for o th er, d iffe re n tly  p rep a red  sam p les  [31].

I t  is seen in  Fig. 4 t h a t  P t ,  P d , I r ,  R h  a n d  R e m etals have  th e  m a x im u m  
a c t iv i ty .  T hese m etals a re  im p o r ta n t  from  a n  o th e r  po in t of view  [32]. In  th e  
p ro d u c t  o f  th e  d eh y d ro g en a tio n  o f 14C -labelled  cyclohexane an d  n o n ra d io a c tiv e
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Fig. 5. Ratio of the radioactiv ity  o f benzene to  cyclohexane vs. m etal atom  d iam eter

cyclohexene m ix tu re  th e  specific  ra d io a c tiv ity  o f  benzene (y) co n sid e rab ly  
exceeds th a t  o f  cyclohexene (/3) especially  in  th e  case of P d  an d  P t

r l ß >  1

w hereas on o th e r c a ta ly s ts  (N i, Co) th is  ra t io  is

ylß  ~  1.

T h e  ylß ra tio  s tro n g ly  depends on th e  a to m ic  d iam e te r as show n in  F ig . 5.
T he above ra tio  gives in fo rm a tio n  a b o u t th e  re la tiv e  p ro p o rtio n  o f  th e  

tw o  processes, i.e. th e  stepw ise a n d  d irec t d eh y d ro g en a tio n  o f th e  cyclohexane 
rin g :

A d a  Chim. Acad. Sei. Hung. 107, 1981
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A s show n in F igu re  5 o n  P t  an d  P d  th e  d irec t d eh y d ro g en a tio n  is th e  on ly  
ro u te ,  o n  R e, R h  and  I r  i t  is th e  p re d o m in a n t re a c tio n  p a th w a y , w hereas o n  Ni 
a n d  Co th e  specific ra d io a c tiv i ty  o f  benzene a n d  cyclohexene are  eq u a l show ing  
th e  p r im a ry  im p o rtan ce  o f  th e  stepw ise  process.

W h a t  is th e  c o rre la tio n  b e tw een  th e  o ccu rren ce  o f th e se  re a c tio n s  an d  
th e  s t r u c tu r e  of th e  c a ta ly s t?

T h e  stepw ise d e h y d ro g e n a tio n  m ay  ta k e  p lace  on th e  a to m  d o u b le ts  on 
w h ic h  th e  valence angles in  th e  su rface  in te rm e d ia te  fo rm ed  do n o t co n sid e rab ly  
d e v ia te  from  th e  ideal 109°.

M

/

Ove M

F o r  b e ry lliu m  0  is 100.4°, fo r z irco n iu m  it  is 112°, fo r m e ta ls  w ith  h igh  d e h y d ro 
g e n a tio n  a c tiv ity  i t  is b e tw een  103 an d  106°. T h e  s tra in  here  is n o t to o  large , 
th e  s te r ic  energy  for b e ry lliu m  w h ich  is an  in a c tiv e  c a ta ly s t am o u n ts  to  a v a lue  
o f  a b o u t  100 k J  m o l-1 . I t  c a n  b e , th e re fo re , u n d e rs to o d  th a t  th e  d e h y d ro g en a 
t io n  o f  cyclohexane occurs on  a  la rg e  v a r ie ty  o f  m e ta ls  as show n in  T ab le  I I  an d  
F ig . 4 . I n  stepw ise d e h y d ro g e n a tio n  th e  p resence  o f  (100) an d  (110) c ry s ta l 
faces is a  p re requ isite  fo r th e  fo rm a tio n  o f an  a d so rp tio n  d o ub le t. T his is because  
th e  eg o rb ita ls  w hich p o in t „ o u tw a rd ”  from  th e  p lan e  o f  th e  c ry s ta l face, a re  r a th e r
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unfilled  for group V I I I  t r a n s it io n  m e ta ls  a n d  th u s  cr-bond can  be  easily  form ed. 
T h is is th e  sam e for t.lg o rb ita ls  w h ich  a re  responsib le  fo r th e  b a c k d o n a tio n  of 
e lec trons being  o p e ra tiv e  in  th e  fo rm a tio n  o f  jr-com plexes, e sp ec ia lly , in  th e  case 
o f  p la tin u m  [25].

O n th e  c o n tra ry , th e  d ire c t d eh y d ro g en a tio n  req u ires  d iffe ren t sites. 
W ith  th e  progress o f d e h y d ro g en a tio n  th e  six -m em bered  r in g  is lin k e d  to  the  
su rface  b y  m ore an d  m ore m e ta l a to m s. F ro m  th e  sy m m etrica l p o in t o f view
(111) face co rresponds to  th e  s ix  m em b er ring . O n a (100) c ry s ta l  face  some 
a to m s o f th e  ring  is b o n d ed  to  th e  to p  o f th e  in d iv id u a l m e ta l a to m s, o th ers  are 
lin k ed  to  th e  in te ra to m ic  holes on th e  su rface an d  th e re b y  th e  p o ss ib ility  of th e  
com plete  rin g  decom position  increases (see la te r)  (F ig. 6).
B esides if  th e  m olecule occup ied  th e  p o sition  show n in  F ig . 6 a  la rg e  s tra in  is 
developed  in  i t  w hich is g eo m etrica lly  r a th e r  u n fav o u rab le .

O n c ry s ta l face (111) g eo m etrica lly  four possib lities can  be  considered 
(see F ig . 7).

O f th ese  th e  f irs t a rra n g e m e n t w as fav o u red  b y  B a l a n d i n . A t th e  p resen t 
know ledge, how ever, a rra n g e m e n t (4) is th e  m ost p ro b ab le  a cco rd in g  to  the  
s tru c tu re  o f th e  surface e lec tro n  o rb ita ls  i.e. on (111) face th e re  is no  o rb ita ls 
w h ich  are  p e rp en d icu la r to  th e  p lan e  o f th e  c ry s ta l face, th e ir  d ire c tio n  is only 
36° fo r b o th  eg and  t2g (F ig . 8).

T hus, in te ra c tio n  b e tw een  th e  su b s tra te  an d  th e  m e ta l is o p e ra tiv e  p ri
m arily  fo r th e  a to m s w h ich  ap p ro ach es  th e  holes on th e  c ry s ta l face . ( In  the 
fig u re  th e  o rb ita ls  responsib le  for th e  m e ta l-m e ta l cohesion is n o t seen.)

I t  is obvious from  th e  fig u re  t h a t  cyclohexane m olecule can  in te ra c t  w ith  
th e  su rface via  th e  linkage  o f  th e ir  a to m s to  th e  in te ra to m ic  ho les o n  th e  octa-

Fig. 6. The possible geom etrical arrangem ent of cyclohexane ring on the (100) face

Fig. 7. Possible geometrical arrangem ent of cyclohexane ring on the (111) face
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Fig- 8. Param eters of the (111) face and  the possible geom etrical arrangem ent of cyclohexane 
m olecule distance in nm. C yclohexane Q  —Q : 0.1526; — C3: 0.506 — 0.632 (due to  the

molecular vibration).

M etals a 6

Co 0.1445 0.2502

N i 0.1440 0.2494

R h 0.1550 0.2685
Pd 0.1590 0.2754
Ir 0.1565 0.2710
P t 0.1605 0.2780

(0001) Re 0.1586 0.2747

(eg) 36°12' angle above the plane (and  t2g) 30° angle above th e  plane orbitals are denoted by
( 1) and (2), respectively

h e d ra l  c ry sta l face.* In  th is  w a y  th e  m olecule can  in te ra c t  w ith  b o th  t2g a n d  eg 
o rb ita ls , being th u s  a p o ss ib ility ' for the  fo rm a tio n  o f сг-bond  an d  jr-com plex 
le a d in g  to  deh y d ro g en a tio n  a n d  th is  corresponds to  o u r id ea  a b o u t th e  d eh y d ro 
g e n a tio n  m echanism .

A t th e  sam e tim e  a t te n t io n  m ust be called  to  th e  fa c t th a t  cyclohexane 
m o lecu le  can be a rran g ed  in  th e  in te ra to m ic  holes o f  an  o c ta h e d ra l face o n ly  if  
th e  d is tan ce  betw een v ic in a l ho les is 0.152 nm  or la rg e r  (C — C bond  len g th ) an d  
t h a t  b e tw een  each second  h o le  is larger th a n  0.255 n m  (bond  len g th  betw een  
1 — 3 ca rb o n  atom s). A c c o rd in g  to  th e  ca lcu la tio n , th is  co n d itio n  is fu lfilled  for 
R h , I r ,  P d  and  P t  (111) as w ell as for Re (0001). T h is  is in  accordance  w ith  th e

* The molecules in  these holes are bonded less strongly  th a n  in th a t of the (100) face. 
( In  th e  la tte r  case four t2g orb ita ls  an d  one e, orbital from  th e  one below the upperm ost layer 
are d irected  to the in teratom ic hole.) Molecules on the (111) face are, therefore, less strongly 
bonded  and the probability o f C — C bond rupture is low (see later).

A cta  Chim. Acad. Sei. Hung. 107, 1981



TÉTÉNYI: CATALYST SURFACE AND STRUCTURE 253

fac t th a t  th e  d irec t d eh y d ro g en a tio n  on th e se  m eta ls , in  p a r tic u la r  on  P t  and  
P d  is im p o r ta n t. A я -com plex  can  be fo rm ed  on these  m eta ls  w hich  h as  been  
assum ed  b y  R ooney  [33] an d  p roved  by  R u ssian  and  B u lg arian  sc ie n tis ts  [34].

F o r th e  re s t o f th e  m e ta ls  th e  in te ra to m ic  holes are  to o  close to  b e  ab le  
to  p u t  cyclohexane m olecule in  an  a p p ro p ria te  geom etrica l a rra n g e m e n t, th u s  
here  th e  stepw ise d eh y d ro g en a tio n  is o p e ra tiv e .

T h is is su p p o rted  b y  S o m o r j a i  a n d  co-w orkers [26]. On s te p p e d  su rface  
c o n ta in in g  (111) te rra c es  a n d  (100) steps th e  cy clohexane —► benzene co n v ersio n  
does n o t increase w ith  an  increasing  n u m b e r o f  step s , b u t  increases th e  h y d ro - 
genolysis an d  th e  fo rm a tio n  o f  cyclohexene. T h is  su p p o rts  th e  idea t h a t  d irec t 
d eh y d ro g en a tio n  occurs on (111) face w hile s tepw ise  d eh y d ro g en a tio n  as w ell as 
th e  rin g  hydrogeno lysis ta k e s  p lace on th e  (100) face.

3.2. C —C bond splitting  

3.2.1. Ethane hydrogenolysis

T he energy  b a rrie r  fo r e th a n e  hydrogeno lysis  on m eta ls  is h ig h e r th a n  
th a t  fo r reac tio n  accom pan ied  b y  C —H  b o n d  ru p tu re  such  as d eh y d ro g e n a tio n  
a n d  h y d ro g en  d eu te riu m  exchange [4]. T his is well rep resen ted  b y  th e  d a ta  
concern ing  hydrogen  d e u te riu m  exchange an d  hydrogenolysis o f e th a n e  su m 
m arized  in  T ab le  IV . H ydrogeno lysis  req u ires  h igher te m p e ra tu re  a n d  en erg y  
o f  a c tiv a tio n  th a n  tho se  for th e  rep lacem en t o f  hyd rogen  by  d e u te riu m .

T ab le  IV

Exchange and hydrogenolysis o f ethane 
E : energy of activation  iv0: initial ra te , molecule in -2 s -1

Catalysts
Exchange Hydrogenolysis

E indies C)H'O E

Co ■— 113 8.7 x 1012
Ni 88 3.0 x 1015 167 2.6x 1013
Rh 72 2.9x 1016 156 5.3 x 1017
Pd 71 2.9x 10,c 222 1 .3 x l0 12
Re 63 6.8x lO16 130 6.9x 1015
Ir 82 7.6 X 10'° 163 3.9x 1017
Pt 79 5.0 x 10ln 222 1.9x 10"
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E arlie r w orks h a v e  e s tab lish ed  [35 — 39] t h a t  s tro n g  in te ra c tio n  be tw een  
e th a n e  m olecule a n d  m e ta l is involved  in  h y d ro g en o ly s is  w hich  can  be re p re 
s e n te d  by  schem e (8) a n d  in  w hich m u ltip le  b o n d e d  in te rm ed ia te s  ta k e  p a r t .

HC-------CH2 H C -------C H  (o \
/  \  I or / \  / \  W

M M M M M M M

T he co rre la tio n  b e tw e e n  th e  s tre n g th  o f  h y d ro ca rb o n -m e ta l in te ra c tio n  
a n d  th e  a c tiv ity  in  h y d ro g en o ly s is  was in v e s tig a te d  in  th e  follow ing ex p erim en ts
[40 ]. Chem isorbed e th a n e  w as rem oved fro m  th e  su rface in  a s tream  o f h y d ro 
gen . T h e  p ro p o rtio n  (R ) o f  th e  e th an e  ch em iso rb ed  a t  493 К  was d e te rm in ed  b y  
d e so rp tio n  a t  523 K . T h e  R  va lues for d iffe ren t m e ta ls  are  p resen ted  in  F ig . 9. 
F ro m  P t  and  P d  e th a n e  c a n  be com pletely  d e so rb ed  (R  ~  1). Sm all d e so rp tio n  
c a n  be experienced  o n  N i a n d  Co (R  0 .4). T h e  R h  a n d  Ir , th e  m o st ac tiv e  
c a ta ly s ts  in  h y d ro g en o ly sis , have  a m edium  R  v a lu e  (R  ~  0 .7 —0.75).

H /C  ra tio  w as also  d e te rm in ed  in e th a n e , chem iso rbed  on d iffe ren t m eta ls  
a t  th e  sam e te m p e ra tu re . T h e  d a ta  in  Fig. 9 show  th a t  th is  ra tio  is th e  sm allest 
w ith  N i an d  Co, i.e. m o s t o f  th e  hydrogen  a to m s  o f e th a n e  are  lost a t  ch em iso rp 
t io n . T he h ighest v a lu e  ca n  be observed fo r P t  a n d  P d , th u s  th e  co m position  
o f  th e  surface species is C2H 4. The m ost a c tiv e  c a ta ly s t  in  hyd rogeno lysis , th e  
R h , occupies a m id d le  p o s itio n  (the H/C ra t io  is 1.3). F ro m  these  ex p erim en ts  
th e  conclusion can  b e  d ra w n  th a t  th e  m ed iu m  in te ra c tio n  betw een  e th a n e  and  
th e  m e ta l co rresponds to  th e  h ighest a c t iv i ty  in  hydrogeno lysis. B o th  a t  w eak 
a n d  s tro n g  in te ra c tio n  th e  ca ta ly tic  a c t iv i ty  becom es lower.

Fig. 9. Proportion of hyd rocarbon  desorbed in hydrogen a t  493 К  to  the to tal am ount of ethane 
chemisorbed (R |||) ;  th e  H/C ra tio  in the substrate chem isorbed, w is the rate  of ethane hydro 

genolysis
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A ccording to  th e  g eom etrica l d a ta , m ax im u m  a c tiv i ty  is o b ta in ed  on 
m eta ls  (R h , I r ,  R u) w ith  a to m ic  d iam ete r o f 0.265 — 0.271 nm  w hile n e ith e r  
sm alle r (0.249 0.250 nm  for N i an d  Co) n o r h ig h er a to m ic  d iam e te r (0 .2 7 5 -
-0 .2 7 7  nm  for P t  an d  Pd) gives th e  a p p ro p ria te  geo m etrica l a rran g em en t for 
C — C bond sp littin g .

I f  th is g eom etrica l co rrespondence  is v a lid , th e  hyd rogeno lysis  does no t 
ta k e  place on th e  (111) face o f  fee c ry s ta l s tru c tu re  an d  on th e  (0001) face of 
hep  m etals. Since th e  h y d rogeno lysis  requ ires th e  fo rm a tio n  o f m u ltip le  b o nded  
in te rm e d ia te s  th u s  s tru c tu re  of

is a p re requ isite . O n (111) a n d  (0001) faces th e  p ro b a b ili ty  o f  th e  ex istence  of 
th is  s tru c tu re  is v e ry  low for tw o  reasons: i )  th e re  is no o rb ita l w hich  is p e r
p en d icu la r to  th e  p lan e  of th e se  faces, an d  i i )  geo m etrica l fac to rs  a re  n o t su it
ab le . F ro m  th e  la t te r  p o in t o f v iew  i t  has to  be m en tio n ed  th a t  th e  s tra in  in 
su rface  species (9) is v e ry  h igh  d u e  to  th e  sm all va len ce  ang le  (for N i i t  is 76° 
for P t  80° w hich  co rresponds to  a  s teric  energy  b a rr ie r  o f  130 k J  m o l-1 ).

O n face (100) an d  (1010) th e  eg and  i2g o rb ita ls  a re  p e rp en d icu la r to  th e  
p lan e  o f th e  c ry s ta l face. H ere  th e  MCM valence an g le  is 130 —131° fo r P t ,  an d  
121° fo r Ni th e  s tra in  is, th e re fo re , sm aller. T h is is w ell il lu s tra te d  b y  th e  d iffer
ence betw een  th e  en erg y  o f a c tiv a tio n  for th e  fo rm a tio n  o f C H 3D  an d  CD4 in 
m e th an e -d eu te riu m  exchange since th e  CD4 fo rm a tio n  proceeds v ia  surface 
species (9). T he d ifference in  a c tiv a tio n  energ ies fo r P t  is 30, fo r N i 13 k J  
m o l-1 [4].

O ur th e o ry  th a t  th e  p ro b a b ili ty  of h y d rogeno lysis  on th e  (111) face is low, 
w ell agrees w ith  th e  o b se rv a tio n  o f  S o morjai  a n d  co-w orkers [26, 27]. On P t
(111) faces on ly  d eh y d ro g en a tio n  o f  cyclohexane to o k  p lace , w hile hy d ro g en o 
lysis  on ly  on s tep p ed  surface, especia lly  on e tch ed  sam ples. T he e x te n t of h y d ro 
genolysis increased  w ith  th e  n u m b e r o f steps an d  k in k s. T h is  is also a p ro o f for 
th e  a c tiv ity  o f (100) faces as w ell as fo r th a t  o f  co rn ers  an d  edges. S im u ltan eo u sly  
i t  also  p o in ts  to  th e  lack  o f a c t iv i ty  o f (111) faces in  С C bond  ru p tu re  o f th e  
cyclohexane ring .

F rom  all th e se  d a ta  i t  can  be  estab lish ed  t h a t  th e  a c tiv ity  revealed  in  
e th a n e  hydrogeno lysis co rre la tes to  th e  s tre n g th  o f  th e  m e ta l-e th a n e  in te r 
a c tio n , th e  c ry s ta l s tru c tu re , a n d  th e  a tom ic  h e te ro g en e ity .

3.2 .2 . Hydrogenolysis o f  C3—Ce hydrocarbons

T he c h a rac te ris tic  fea tu res  o b ta in ed  for e th a n e  hydrogeno lysis  consider
ab ly  dev ia tes from  th a t  rev ea led  in  th e  C — C b o n d  sp littin g  o f h igher h y d ro 
ca rb o n s . I t  is w ell rep resen ted  on  F ig . 10, in  w h ich  th e  ra te s  o f hydrogeno-

(9)
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F ig. 10. Comparison of th e  r a te  of hydrogenolysis of ethane and 3-m ethylpentane

ly s is  o f  e th an e  and  3 -m e th y lp e n ta n e  a re  com pared . As show n in th e  f ig u re  the  
d iffe re n c e  am ong th e  a c t iv it ie s  o f  th e  v a rious m e ta ls  in  th e  hyd ro g en o ly sis  of
3 -m e th y lp e n ta n e  is m uch  sm a lle r  th a n  th a t  o f e th an e . T h e  ra te  o f h y d ro g en o 
ly s is  o f  hydrocarbons w ith  m ore  th a n  tw o  carb o n  a to m s exceeds b y  several 
o rd e rs  o f  m agnitude (2 — 5) t h a n  th a t  o f e th an e . T he a c tiv a tio n  en e rg y  fo r e th an e  
h y d ro g en o ly s is  is h igher th a n  th a t  fo r s a tu ra te d  h y d ro ca rb o n s  o f h ig h e r m olec
u la r  w e ig h t (Table V). JV eo-pentane is an  ex cep tion , its  energy  o f a c tiv a tio n  is 
th e  sa m e  as for e th an e . O n th e  c o n tra ry , on p la tin u m  th e  a c tiv a tio n  energy  of 
n e o -p e n ta n e  is sm all; i ts  v a lu e  is  co m p arab le  to  th a t  o f iso -b u ta n e .T h is  is caused 
b y  th e  fa s t  isom erization  o f  n e o p e n ta n e  on p la tin u m , th u s  th e  p ro d u c t o f iso
m e r iz a tio n  is h y d ro geno lysed .

Table V

The apparent activation energy o f hydrogenolysis o f various hydrocarbons
(in k J  m ol-1)

C atalysts c. c3 n - C 4 i-C , n-C5 n-C.

c
Ic—c—c

Co 113 88 88
Mi 167 134 134 125 134 129 151

R h 156 124 168

Pd 222 155 161 151 224

Ir 163 99
F t 222 100 96 109 180 113
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T he difference in  a c tiv a tio n  energies b e tw een  e th a n e  an d  h igher p a ra ffin s  
c an n o t be in te rp re te d  b y  th e  d ifference in  bond  s tre n g th . T he bond s tre n g th  in 
C ,H - —C H 3 is sm alle r o n ly  by  12 k J m ol-1  th a n  th a t  in  C H 3 —C H 3 [12].  I t  m ust 
be, therefo re , assum ed  th a t  th e  sign ifican t d ifferences in  th e  k in e tic  p a ram e te rs  
o f  th e  hydrogeno lysis  o f  e th a n e , neo-pentane an d  th o se  o f  o th e r  h y d ro ca rb o n s  is 
co rre la ted  to  th e  ex is ten ce  of a /3y-in teraction  b e tw een  th e  re a c ta n t  m olecule 
an d  th e  surface w hich  is m ore favourab le  th a n  e ith e r  th e  ctß, or th e  a  у  species. 
In  ag reem en t w ith  K e m b a l l  [41] i t  can  be ex p la in ed  b y  th e  fo rm a tio n  of n- 
-com plex  p receeded  b y  th e  dissociation  o f tw o  h y d ro g en  a to m s:

ШС ,
HC=4=CH2 (10)

*

As we have m en tio n ed , С H  bonds in  а -po sitio n  to  th e  л -bond  are  w eakened , 
th u s  th e  fo rm atio n  o f m u ltip le  bonded  in te rm e d ia te s  is fac ilita ted .

Now, th e  q u e s tio n  arises: w hy  can a p a r tic u la r ly  large  d ifference be ob
served  betw een e th a n e  a n d  th e  o th e r h y d ro ca rb o n s  on P t  an d  P d , w hile th is  
d ifference is s ig n if ican tly  sm aller on Ni an d  C o? S pectroscop ic  d a ta  h av e  p ro 
v id ed  ev idences th a t  jz-com plex is form ed a t  th e  a d so rp tio n  o f hep tene-1  and 
benzene on p la tin u m  su rface , w hereas on n ickel no  jz-com plex fo rm a tio n  was 
observed . I t  is also  su p p o rte d  b y  o rganom eta llic  com plexes.

As show n in  F ig . 11a g eom etrica lly  fav o u ra b le  a d so rp tio n  of p ro p an e  can 
ta k e  p lace on th e  (100) face  o f  P t  an d  P d : jz-bonded com plex  is fo rm ed  [25] by  
using  th e  eg or t.2g o rb ita ls  w hile th e  th ird  carb o n  a to m  can  be m u ltip ly  linked  to  
th e  neighboring  p la tin u m  a to m s. On Ni c a ta ly s t  su ch  an  a rra n g e m en t is no t 
possib le. A lthough  th e  geom etrica l a rran g em en t is a p p ro p r ia te  fo r R u  an d  R h, 
b u t  th e  t2g o rb ita ls  a re  filled  to  a lesser e x te n t w hich , in  tu rn ,  is no t fav o u rab le  
fo r th e  fo rm atio n  o f  л -com plex . In  th e  case of ir id iu m  b o th  th e  geom etrica l size

Fig. 11. Possible geometrical arrangem ent for л -olefin complex form ed via propane adsorption;
a: Pd, P t; b: Ni
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a n d  th e  filling  of th e  eg an d  t2g o rb ita ls  are  th e  m ost fav o u rab le , th e re fo re , th e  
le a s t d ifference  can be o bserved  b e tw een  th e  a c tiv a tio n  energies o f e th a n e  an d  
t h a t  o f  b u ta n e .

T h e  se lec tiv ity  d ifferences observed  in  th e  hyd rogeno lysis  on d iffe ren t 
m e ta ls  can  be in te rp re te d  b y  th e  effect o f a-л  co n ju n c tio n . I t  is w ell know n, 
t h a t  o n  n ick e l te rm in a l С—C b o n d  sp littin g  ta k e s  p lace w hile on P t ,  P d , I r  an d  
R h  th e  C — C bond  can  also b e  c leav ed  [45] a t  th e  m idd le  o f th e  m olecule.

A s a re su lt o f th e  s tro n g  in te ra c tio n  b e tw een  n ickel a n d  h y d ro ca rb o n , 
th e  h y d ro g en o ly sis  com m ences a t  th e  en d  o f th e  m olecule, i.e. a t  th e  p rim a ry  
in te ra c tio n . On P t ,  P d  an d  I r  o le fin  can  be fo rm ed  a t  th e  sam e in te ra c tio n  [46]. 
T h is  r e s u lts  in  th e  w eak en in g  o f  C — H  an d  C — C bon d s in  c o n ju n c tio n  to  th e  
su rfa c e  o lefin  group (e.g. in  hexene-1 ), co n seq u en tly  C — C b o n d  is sp li t te d  in  
th e  in n e r  p a r t  o f th e  m olecule. W e em phasize h ere  th a t  hyd ro g en o ly sis  o f C3—C6 
h y d ro c a rb o n s  m ay  occur via  tw o  d iffe ren t m echan ism s: th e  co n v en tio n a l, 
e th a n e  ty p e  in te ra c tio n  (F ig . 12b , c) an d  an  easier one via  тг-com ples on th e  
(100) face .

Fig. 12. “ Three p o in t”  a ttachm en t, a, (111) face; b, c (100) face

W e m ay  n o t exclude h y d ro g en o ly s is  on th e  (111) face e ith e r  (see F ig . 2a) 
b u t  i t s  p ro b a b ility  ap p ears  to  b e  low  in  th e  lig h t o f th e  fa c ts  m en tio n ed  in  con
n e c tio n  w ith  e thane . H o w ev er, a t  longer ch a in , s im u ltan eo u s in te ra c tio n  of 
m o re  c a rb o n  a to m s w ith  m e ta l a to m s m igh t fa c ilita te  hyd ro g en o ly sis  w ith o u t 
a  a  in te ra c tio n . F o rm a tio n  o f rr-a lly l com plex, s im ila rly  to  th e  m echan ism  p u t 
fo rw a rd  fo r cyclohexane m a y  a lso  be o p era tiv e  in  th e  hyd ro g en o ly sis  on (111) 
face.

3 .2 .3 . Hydrogenolysis o f five-membered rings

C —C bond  ru p tu re  o f  f iv e -m em b ered  rin g  is an  easier re a c tio n  th a n  th e  
c a ta ly t ic  hydrogenolysis o f s t r a ig h t  chain  h y d ro ca rb o n s . T his is c lea rly  in d i
c a te d  in  T ab le  V I [3].
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Table VI

Reactivity o f n-penlane and c-penlane on N i and Pt

Catalyst
E ,  k J  m ol-» »"cP

n-pentane Cpentane U>„p

Ni 142 117 3.5
Pi 179 106 16

A ccord ing  to  th e  T ab le  u n d er th e  sam e co n d itio n  th e  fiv e -m em b ered  ring  
is sp lit fa s te r  th a n  th e  C — C bo n d  ru p tu re  o f p a ra ff in s  an d  th e  a c tiv a tio n  energy  
fo r th e  la t te r  p rocess is h igher. T h ere  is a  s ig n ifican t difference be tw een  N i and  
P t :  th e  h y d ro g en o ly sis  ra te  o f  cy c lo p en tan e  a n d  га-p en tan e  d iffers m u ch  m ore 
on p la tin u m  th a n  th a t  on  n ickel.

T he re su lts  o b ta in ed  fo r m e th y lcy c lo p en tan e  agree tvell w ith  th is  s ta te 
m en t. In  th e  conversion  o f m e th y lcy c lo p en tan e  alw ays th e  rin g  is c leaved  and  
cy c lo p en tan e  p ra c tic a lly  can n o t be o b serv ed  [47]. A c tiv a tio n  en erg y  for 3- 
-m e th y lp e n ta n e  hydrogeno lysis  is 167 k J  m o l-1 w hich  is so m ew hat low er th a n  
th a t  for rin g  open ing  (187 k J  m o l-1 [4]).

O n p la tin u m  th e  p lane o f  rin g  is p a ra lle l to  th e  c a ta ly s t su rface  a t  ad so rp 
tio n  w hile on n ickel tw o -p o in t a ta c h m e n t can  be observed  [3].

B y  c o m p arin g  th e  h y d ro g en -d eu te riu m  exchange in  cy c lo p en tan e  and 
n -p en tan e  i t  is show n th a t  th e  exchange is fa s te r  in  th e  rin g  th a n  in  n -p en tan e . 
T he m ain  d e u te ra te d  p ro d u c ts  a re  d v  d5 a n d  d2, dl0 on p la tin u m  a n d  on nickel, 
resp ec tiv e ly .

A ll th e se  ex p e rim en ta l fac ts  g ive ev id en ce  th a t  on n ickel th e  rin g  opening 
occurs via  1 ,2 -chem iso rp tion  follow ed by  hydrogeno lysis . T h is m echan ism  does 
n o t d iffer to o  m uch  from  th a t  o f s tra ig h t c h a in  h y d ro ca rb o n . O n th e  c o n tra ry  
on p la tin u m  p la n a r  ad so rp tio n  ta k e s  p lace, th e  carb o n  a to m s of cy c lo p en tan e  
are a tta c h e d  to  th e  in te ra to m ic  holes s im ila rly  to  th e  m echan ism  o p e ra tiv e  for 
cyclohexane. I n  th is  tvay  one o f th e  C — C bon d s in  th e  cy c lo p en tan e  m olecule is

Fig. 13• D oublet-sextet mechanism of ring opening of a five-membered ring [51]
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d e f o r m e d  th u s  b o n d  r u p tu r e  o c c u rs  (see F ig . 13). T h e se  d a t a  a re  in  c o n c o rd a n c e  
w i th  t h e  c o n c e p tu a liz a t io n  o f  K a z a n s k y  a n d  h is  sch o o l [51].

T h e  ex p e rim en ta tio n  c a rr ie d  o u t on h ig h ly  d ispersed  c a ta ly s ts  fu rn ish es  
u s  w i th  fu r th e r  evidences fo r  th e  above id ea  [3]. O n P t /S i0 2 c a ta ly s ts  th e  r a te  
o f  h y d ro g e n o ly s is  increases w ith  d ispersion  to  a g re a te r  e x te n t th a n  th a t  o f  rin g  
o p e n in g , t h a t  is, th e  d ifference  betw een  th e  tw o  reac tio n s  becom es sm aller. 
T h is  c a n  b e  explained b y  th e  low er p ro b a b ility  o f  th e  p la n a r a tta c h m e n t to  th e  
su rfa c e  a s  th e  partic le  size o f  p la tin u m  decreases because th e  n u m b er o f edges 
a n d  c o rn e rs  increases on  th e  ex p en se  o f th e  p lanes.

T h e  difference b e tw een  p la tin u m  an d  n icke l is caused  b y  s tru c tu ra l  fac 
to r s ,  i.e. th e  p lanar a r ra n g e m e n t o f  th e  cy c lo p en tan e  rin g  is possib le because  
th e  d is ta n c e  betw een in te ra to m ic  holes on p la tin u m  is la rg e r th a n  th e  C — C 
b o n d  d is ta n c e  in  cy c lo p en tan e  (0.152 nm ) w hile i t  is sm aller on n ickel.

3.3. Isomerization

T h e  role of s tru c tu ra l fa c to rs  is well d e m o n s tra te d  also b y  iso m eriza tio n . 
T h e  iso m eriza tio n  o f 3 -m e th y lp e n ta n e  ta k e s  p lace  o n ly  on m eta ls  w h ich  gives 
th e  p o s s ib il i ty  for th e  h y d ro c a rb o n s  to  be acco m m o d a ted , in  th e  in te ra to m ic  
h o le s  o n  th e  (111) face [48]. T h u s , iso m eriza tio n  a c tiv i ty  is revea led  on  spec ia lly  
p r e p a re d , hexagonal rh e n iu m  w ith  h igh  su rface  a re a  [49], because th e  d is tan ce  
o f  t h e  in te ra to m ic  holes on th e  (0001) face is 0.1568 nm . C on troversia l d a ta  w as 
o b ta in e d  on  ru th en iu m : in  so m e cases iso m eriza tio n  w as n o t fo u n d  [38, 49] in  
o th e r  cases  th e  fo rm atio n  o f  tr a c e  a m o u n t isom er could  be observed  [50]. I t  is 
u n d e rs ta n d a b le  because th e  d is ta n c e  of th e  in te ra to m ic  holes fo r o c ta h e d ra l 
c r y s ta l  s tru c tu re  is 0.1533 n m  w hile  th e  C — C b o n d  len g th  in  p a ra ff in s  is 0.154 
n m .

T h e  im portance  o f s t ru c tu ra l  fac to rs  o f  m e ta l is show n b y  th e  in creased  
iso m e r iz a tio n  of h y d ro ca rb o n s  w ith  decreased  d ispersion  o f  P t /S i0 2 c a ta ly s ts  
[46]. B ecau se  th e  p ro b a b ility  o f  p la n a r  a t ta c h m e n t to  th e  surface decreases w ith  
d e c re a s in g  partic le  size. O n h ig h ly  d ispersed  c a ta ly s ts  th e  m olecule is r a th e r  
l in k e d  to  th e  edges a n d  co rn e rs  w hich  fav o u rs  th e  hydrogeno lysis.

*

S o m e concluding re m a rk s  concern ing  th e  h y d ro g en  effect shou ld  be  d is
c u sse d  fu r th e r  because as sh ow n , h y d ro g en  m a y  acce le ra te  or h in d e r th e  ra te  
o f  re a c t io n . T his effect is d iffe re n t fo r various reac tio n s , t h a t  is w h y  th e  se lec tiv 
i t y  o f  h y d ro ca rb o n  reac tio n  is  g re a tly  in flu en ced  b y  th e  presence o f  hy d ro g en .

T h e  accelera ting  e ffec t c an  be  observed  a t  low  h y drogen  p ressu re , an d  
th is  is  in  connection  w ith  a lte ra t io n  of d issocia tive  chem isorp tion . H y d ro g en  
m a y  o c c u p y  in te ra to m ic  ho les to  a large e x te n t p re v e n tin g  th u s  th e  s tro n g
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h y d ro c a rb o n  ch em iso rp tio n  on th e  (100) face . H y d ro g en  p resen t in  th e s e  holes 
fa c ilita te s  th e  less s tro n g  links betw een  th e  o rb ita ls  o f carbon a to m s a n d  th a t  
o f  m e ta l a to m s.

T h e  re ta rd in g  effect o f hydrogen  is in  co n n ec tio n  w ith  th e  su rface  o ccu p ied  
b y  h y d ro g en  a to m s th ere fo re  th e  sh ift o f  th e  d issociative ch e m iso rp tio n  of 
h y d ro ca rb o n s . B y  th e  increase o f  h y d ro g en  c o n cen tra tio n  on th e  su rfa c e  n o t 
o n ly  th e  fo rm a tio n  o f  C ~ M  о-bonds is h in d e re d , b u t  also th a t  o f я -co m p lex es. 
H y d ro g en  fa c ilita te s  th e  h y d ro g en a tio n  o f  я -com plexes or the  fo rm a tio n  o f  h a lf  
h y d ro g e n a te d  species. T h u s  th e  acce le ra tin g  e ffec t w hich  is due to  th e  p resen ce  
of я -com plex , is d im in ished .

A ll th e se  su p p o rt o u r idea , i.e., th e  c a ta ly t ic  effect is a co o p e ra tiv e  a c tio n  
o f a ll co m p o n en ts  o f a c a ta ly tic  system . T h e  m o st im p o rta n t is th e  a c c o rd 
ance  b e tw een  th e  s tru c tu re s  o f th e  r e a c ta n t  m olecule  an d  th e  c a ta ly tic  su rface , 
b y  w hich  a p p ro p r ia te  o rien ta tio n  is p re se n t on  th e  surface.

*

The au tho r is w arm ly indebted  to  all researchers who helped in  the experim en ta tion  and 
in  the discussion of the experim ental results, especially to  Professors L. G uczi an d  Z. P a á l  
and Dr. A. S á r k á n y .
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Cholestery] carbonates and carbam ates were prepared by the  reactions of 
cholesteryl chloroform ate w ith the corresponding hydroxy- and aniline derivatives. 
In  m any cases the form ation of a considerable qu an tity  of a by-product w as observed. 
I t  was found th a t cholesteryl chloroform ate reacted  w ith the trie thy lam ine  used as 
acid acceptor.

In  th e  p a s t te n  years  m an y  hom ologous series w ith ch o les t-5 -en e  skele ton  
h a v e  been  p rep a red  [1—4]. T h e  sy n th eses  w ere  carried  ou t w ith  a  v iew  to  rec
ogn ize  th e  reg u la ritie s  w ith in  th e  hom ologous series an d  to  o b ta in  new  com 
p o u n d s  w ith  fav o u rab le  m esom orphic  p ro p e rtie s .

In  th e  course of our w ork  ch o leste ry l c a rb o n a te s  (III) a n d  c a rb a m a te s  
(VII) w ere  syn thesized  w ith  th e  aim  o f e s tab lish in g  th e  in flu en ce  o f  various 
s u b s ti tu e n t  g roups on th e  fo rm a tio n  of th e  m esom orphic  phases [5, 6].

T h e  cho leste ry l c a rb o n a te s  (III) w ere p re p a re d  from  c h o le s te ry l ch lo ro 
fo rm a te  (I) w ith  su b s titu te d  phenols (II). As acid  accep to r tr ie th y la m in e  was
u sed .

О

-H C l
N(CzH 5)s

о
c=o

c=o
Cl

I

H

i n

Scheme 1
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T h e  O -cholesteryl c a rb a m a te s  (VII) w ere sy n th e s iz e d  in  tw o w ays. C holes
te ro l (IV) w as m ade to  r e a c t  w ith  ary l iso c y a n a te s  (V), or cho lestery l ch loro- 
fo rm a te  (I) w as com bined  w ith  su b s titu te d  a n ilin e s  (VI). In  th e  la t te r  case, to o , 
t r ie th y la m in e  w as used  as a c id  acceptor.

NH

6 -

X =  F, Cl, Br, I, СНз, ОН, ОСНз, N 02, CN, CHO, COOH, COOC2H5

Scheme 2

D u rin g  th e  sy n th e tic  p rocesses it  was fo u n d  t h a t  (w ith  th e  e x c e p tio n  of 
th e  re a c tio n s  w ith  iso cy an a te s) n ea rly  all e x p e rim e n ts  gave rise to  a b y -p ro d u c t 
w ith  s te ro id  skeleton . I n  th e  course  of the  p re p a ra t io n  o f a considerab le n u m b e r 
(60) o f  th e  com pounds, fo llow ing  th e  reac tions w ith  th in - la y e r  ch ro m a to g ra p h y , 
i t  w a s  s tr ik in g  th a t  th is  b y -p ro d u c t w as in  each  c a se  th e  sam e, on ly  i ts  q u a n t i ty  
b e in g  d e p e n d e n t on th e  r e a c ta n ts .  In  a d d itio n , i t  w a s  found  th a t  long  re a c tio n  
p e rio d s  a n d  e leva ted  re a c tio n  te m p e ra tu re s  fa v o u re d  th e  fo rm atio n  o f  th e  by - 
-p ro d u c ts . W hen  p y rid in e  w as  used  as acid a c c e p to r , th e  reactions to o k  p lace 
m ore  slo w ly , b u t no b y -p ro d u c t w as form ed.

T h e  b y -p ro d u c t w as iso la te d  w ith  th e  a id  o f  co lu m n  ch ro m a to g rap h y  a n d , 
on  th e  b as is  of IR  a n d  P M R  sp ec tra , c o m b u stio n  an a ly s is  d a ta  an d  th e  p re p 
a ra t io n  o f  co m p ara tiv e  co m p o u n d s, it  p roved  to  b e  d ie th y lam in o ca rb o n y lo x y - 
-3 /?-cholest-5-ene (VIII):
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0 = 0
I

H5C i C»H5
VIII

Scheme 3

T he d ea lk y la tio n  re a c tio n  described  b y  v o n  B r a u n  [7] w as m odified  a few 
y ea rs  la te r  [8], e th y l ch lo ro fo rm ate  b e in g  u se d  in s te a d  of cyanogen  brom ide.

In  our case th e  b y -p ro d u c t re su lted  fro m  a  co m p arab le  process. T rie th y l- 
am ine  reac ted  w ith  cho leste ry l ch lo ro fo rm ate  (I) to  give, besides e th y l chloride, 
th e  b y -p ro d u c t: d iethy lam inocarbony loxy-3 /9 -cho lest-5 -ene  (VIII):

Cl
I

Scheme 4
VIII

In  o rder to  e x te n d  th e  scope o f th is  d e a lk y la tio n  reac tio n , w e a tte m p te d  to  
d ea lk y la te  iV -ethy lp iperid ine  an d  iV -m ethy lm orpho line . T h e  re a c tio n s  w ere 
effected  in  benzene so lu tio n  a t  80 °C a n d  th e  ex p ec ted  co m pounds (IX, X) were 
o b ta in ed . F o r th e  p u rp o se  o f com parison , th e y  w ere also  p re p a re d  from  piperi-

IX  x
Scheme 5
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Table I

Physical properties o f  the compounds prepared

No. Mol. formula Mol. w eight M ethod м.р., °c
Analysis %

Found Calcd.

V III C32H 55NO2 485.77 isolated 151 C 78.95 C 79.12
H 11.56 H 11.41
N 2.97 N 2.88

prepared 151 C 78.97 C 79.12
H 11.20 H 11.41
N 2.67 N 2.88

IX ^ЗЗ -И -55^^2 497.78 A 170 C 79.78 C 79.62
H 11.10 H 11.14
N 2.75 N 2.81

В 170 C 79.96 C 79.62
H 11.32 H 11.14

N 2.69 N 2.81

X С зг^5з^03 499.75 A 165 C 76.78 C 76.90
H 10.90 H  10.69
N 2.58 N 2.80

В 165 C 76.52 C 76.90
H 10.58 H 10.69
N 2.74 N 2.80

d in e  a n d  m orpho line. T he p h y s ic a l d a ta  o f  th e  co m p o u n d s p rep a red  are  show n  
in  T a b le  I .

W h e n  m ix tu res o f p y r id in e  a n d  cho leste ry l ch lo ro fo rm ate  w ere su b je c te d  
to  th e  a b o v e  conditions, no  re a c tio n  occurred .

T o  su m  up , i t  is co n c lu d ed  t h a t  cho lestery l ch lo ro fo rm ate , s im ila rly  to  
e th y l  c h lo ro fo rm a te , can  d e a lk y la te  te r t ia ry  am ines. T herefo re , w hen  e s te rs  o f 
c h lo ro fo rm ic  acid are allow ed to  re a c t  w ith  com pounds co n ta in in g  h y d ro x y  or 
a m in o  g ro u p s  to  o b ta in  c a rb o n a te s  o r ca rb a m a tes , i t  is recom m ended  to  use 
p y r id in e  a s  th e  acid accep to r, to  av o id  th e  fo rm a tio n  o f  th e  b y -p ro d u c t.

E x p erim en ta l

M .p.’s were determined on a B oetius micro-hot-stage. The purities of all com pounds 
were checked  b y  TLC and their s tru c tu re s  were confirmed by  IR  and PM R spectra.
IR  sp ec tra  w ere obtained in K B r pelle ts w ith  a UNICAM SP 200 spectrom eter; PM R spectra  
were reco rded  on a JEO L 60 H L  spectrom eter in  CDC13, w ith TMS as in ternal standard .
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Diethylaminocarbonyloxy-3(l-cholest-5-ene (V III)

Cholesteryl chloroform ate (I) (0.45 g; 0.001 mole) was dissolved in  dry benzene (10 m L) 
w ith  stirring, and 0.15 g (0.002 mole) of diethylam ine in 10 m L  o f d ry  benzene was added d u r
ing 10 min. Stirring was continued for 30 min, and the benzene solution was washed w ith  
cold dilute hydrochloric acid and water, and dried over anhydrous sodium sulfate. The benzene 
was evaporated and the p roduct crystallized from a m ixture of benzene-ethyl alcohol to  yield 
0.4 g of VIII, m.p. 151 °C.

1 - I’iperidinocarbonyloxy-3/í-cholrst-5-ene (IX )

Method A : from piperidine, similarly as described for V III. Yield: 0.4 g; m.p. 170 °C.
Method B: Cholesteryl chloroform ate (0.45 g; 0.001 mole) was dissolved in  10 m L  of 

abs. benzene, and 0.12 g (0.001 mole) of iV-ethylpiperidine w as added. The reaction m ix tu re  
was refluxed for 5 h, th e  benzene solution was washed w ith  cold dilute hydrochloric acid and  
w ater, and dried over anhydrous sodium sulfate. The benzene was rem oved and the p roduc t 
crystallized from benzene-ethyl alcohol to ob tain  0.4 g of IX , m .p. 170 °C.

4-Morpholinocarbonyloxy-3(S-cholest-5-ene (X )

Method A : from  m orpholine, similarly as described for V III. Yield: 0.4 g; m .p. 165 °C. 
Method B: from JV-methylmorpholine, similarly as given above for IX. Yield: 0.4 g; 

m .p. 165 °C.
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The oxidation of oxalic acid on a platinum  electrode has been investigated as 
a function of potential, tem perature , oxalic acid concentration  and pH . I t  has been 
shown th a t earlier, apparen tly  contradictory experim ental results in conjunction w ith 
the dependence on pH  can be m ade consistent, because the reaction ra te  changes a t 
a given potential as a function  of pH  along a m axim um  curve. I t  has been established 
th a t  there is a good agreem ent between experim ental results and kinetic relationships, 
if  the following scheme o f mechanism is accepted. The reacting species is the und is
sociated oxalic acid, the actua l concentration of w hich is determ ined hy dissociation. 
Oxalic acid is reversibly adsorbed. Adsorption occurs under ТЕМКШ-conditions. There 
is an equilibrium  betw een surface and solution w ith  respect to  the OH radical. The 
rate-determ ining step is the reaction of adsorbed oxalic acid w ith the adsorbed OH 
radical.

Ow ing to  its  p ra c tic a l im p o rtan ce  an d  th e o re tic a l in te re s t, severa l com 
m u n ica tio n s  d ea lt in  re c e n t decades w ith  th e  e lec tro -o x id a tio n  o f oxalic  ac id  
[ 1 —15]. A su rv ey  o f  th e se  w orks reveals th a t  e x p e rim e n ta l re su lts  an d  con
seq u en tly  th e ir  in te rp re ta t io n  differ considerab ly . T h e  k ey  to  th e  so lv ing  o f th e  
p rob lem s is obv iously  th e  re a c tin g  species. T he in v e s tig a tio n  of th e  effect of 
hyd ro g en  ion co n c e n tra tio n  on th e  ra te  of e lec tro ch em ica l o x id a tio n  is o f  p r i
m ary  im p o rtan ce  in  ach iev in g  th is  aim . As show n b y  th e  d a ta  in  T ab le  I ,  th e  p H  
h as n o t been changed  w ith in  a  w ide in te rv a l in  th e se  w orks. T h e  gen era liza tio n  
o f th e  p a r tia l  re su lts  led  to  in co n sis ten t conclusions.

I t  shou ld  be m en tio n ed  th a t  th e  p H -d ep en d en ce  g iven  by  J o h n s o n  et al.
[5] com prises se lf-co n trad ic tio n  w hen H 2C20 4 is a ssu m ed  to  be th e  re a c tin g  
species.

T h e  m echan ism  p ro p o sed  b y  A t a n a s i u  an d  G e a n a  [ 1 1 ] is in accep tab le , 
because i t  reckons w ith  th e  rev ersib le  red u c tio n  o f C 0 2 in  th e  p o te n tia l in te rv a l 
o f ox id a tio n , w hich  can  be  exc luded  because of th e rm o d y n a m ic a l an d  em pirica l 
reasons.

M oreover, for th e  e lu c id a tio n  o f  th e  reac tio n  m ech an ism  th e  d e te rm in a 
tio n  o f th e  dependence  o f  th e  reac tio n  ra te  on c o n c e n tra tio n , p o te n tia l an d  
te m p e ra tu re  is of basic  im p o rta n c e . R e lev an t e a rlie r  re su lts  are su m m arized  
in  T ab le  I I .
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Table I

The reacting species and experimental proofs

T he reacting  species
pH-dependence

Observation i / 0  lg i \
1 Э?Н,) C{' T’ v

Ref.

h 2c 2o 4 Oxalic acid is oxidized only in  acidic 
medium

0.55
(calculated)

[5]

H C jOj The current diminishes w ith increasing 
sulfuric acid concentration

— [9]

H CoOj The increase in sulfuric acid concentra
tion  diminishes oxidation rate

— [10]

HC2Ox No experim ental data . On the basis of 
the assumed scheme of mechanism, 
pH  dependence is obtained only in 
this case.

0.5
(calculated)

[ H ]

H 2c 2o 4 +  OHad A t pH  >  3 there is no oxidation a t
<p ~  1.5 V

— [1]

Table II

Dependence o f reaction rate on concentration and potential, and the activation energy o f the process

D ependence on concentration

( 9 lg ‘ ) p, pH, T\  8 lg t'HaCjO, / T

Dependence on potential 

( d<P ) pH , Ci ,  T
\  9 lg » /  p ”

(V/decade)

A ctivation energy 
(k j/m ol) Ref.

0.35
(<p =  0.53V, pH  =  0.03, 
T =  353K)

0.070
(PH =  0.03, T =  353 K)

98.8 (95=  0.58 V)
91.7 (<p= 0.63 V)
( Г =  3 2 3 -3 5 3  К ) 
the rate-determ ining step 

is different, if
T  <  303 К

[5]

1
(if lg i is plotted as a func

tion  of cHCs0l and 
c HC20 4 <  W "1)

<  1
(if <H C20 .  >  1 0 -1)
(<p =  ?, pH  ~  0.05,
T  =  293 K)

6 4 -2 5
(<p= 1 - 1 .3  V,
T =  280 .5 -323  K) [9]

0 .64-0 .94  
(<p =  1 .03-1 .48  V, 
p H  =  0.03, T  =  293 K)

0.076
(pH  =  0.03, T  =  293 К  
<P <  1.1 V)

[10]

0 .63-0 .87
(<p= 0 .75 - 0.85 V, pH - 0, 
Г  =- 298 K)

0.103
(pH  =  0, T  =  298 K, 
cp =  0.85 V)

[11]
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The main object of our present work is the elucidation of the dependence 
of the process on pH, under consideration of the aforesaid. At the same time, 
to resolve inconsistencies in the literature, the determination of the tempera
ture-, potential- and concentration-dependence was also needed.

Experim ental

The therm ostab le  varian t of the three-electrode cell, known from the lite ra tu re , has 
been used. As m easuring electrode p latinum  electrodes o f 10 cm 2 geometrical surface, b righ t 
and platinized to  various roughness factors, have been used. For the investigation o f the 
different effects, from  case to case electrodes of different tru e  surface have been used, so th a t  
current can be m easured w ith adequate accuracy, because th e  changing of potential, tem p e ra 
ture or concentration  in a relatively wide field brings ab o u t a change incurrent by  several 
orders of m agnitude. The reference electrode was a hydrogen electrode, immersed in to  the 
supporting electrolyte. Potential values m arked w ith <pT are referred to the po ten tia l o f this 
electrode, while those marked w ith <p to  the po ten tia l o f the standard  hydrogen electrode, 
taken as Et, =  0 for the given tem perature . The accuracy of therm ostating was ; 0.05 K. 
HC10, — NaC104 solutions of 1 m ol/dm 3 to ta l concentration  and phosphate buffer system s were 
used as base electrolyte. All the com pounds (HCIO,, NaCIO,, NaOH, H 3P 0 4, N a H „ P 0 4, 
Na2H P 0 4, N a;jP 0 4 and H2C20 4) were of analytical p u rity , the solvent was bidistilled w ater. 
A Radelkis p o ten tio s ta t type OH-405, a precision pH -m eter type OH-205 and a d ig ita l v o lt
m eter Model EMG 1363 were used.

R esults and D iscussion

Temperature- and potential-dependence o f the reaction rate, activation energy o f  
the process

It can be established from data in the literature [5, 9] that an increase in 
temperature results in a considerable increase of the reaction rate. However, 
it can be seen from data in Table II that various authors [5, 9] obtained dif
ferent results with respect to activation energy and its change with the poten
tial. Thus, it seemed expedient to investigate first the temperature-dependence 
of the process. Figure 1 shows potentiostatic polarization curves recorded at 
various temperatures. It becomes clear from the figure that an increase in tem
perature does not change the character of the polarization curve of oxalic acid, 
only a near parallel shift of the curves is to be observed. The slope of the polar
ization curve between the two sections of larger slope is at 353 К 113 +  3, at 
293 К 94 3 mV/decade. On the basis of this, the investigated section of the
polarization curve can he described with a relationship of the following type:

i — к exp I ßF<P 
I R T  ’

( 1 )

where ß  =  0.62 +  0.02. The change of the slope with temperature is 0.31
R TmV/decade degree, corresponding to the temperature dependence—— . The ap-
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Fig. 1. The first section of the polarization curve o f oxalic acid (0.2 mol/dm3) a t  a  p latinized 
p la tin u m  electrode a t  various tem peratures. Base elec tro ly te: perchloric acid of 1 m ol/dm 3 

concentration. 1: 293, 2: 303, 3: 313, 4: 323, 5: 333, 6: 343, 7: 353 К

parent activation energy calculated from the relationship lg i  — — was found

to be 95 +  8 kj/mol, when calculated on the basis of the polarization range from 
550 to 850 mV (straight section) mentioned above. The dependence on the 
potential of values calculated in this way about —40 kj/mol У. The contra-

F ig . 2. Polarization curves of oxalic acid (0.2 m ol/dm 3) a t  various tem peratures in  perchloric 
acid (1 m ol/dm 3) base electrolyte a t  a bright p latinum  electrode. 1: 286.5, 2: 293, 3: 313, 4: 333,

5: 353 К
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diction found in the literature [5, 9] can be explained under consideration of 
the fact that polarization curves are shifted with increasing temperature to
wards lower positive potentials. The comparison of curve sections of non-iden
tical character led to the erroneous conclusion that the rate-determining step 
changes at 303 К [5]. For the same reason, neither can values determined in 
Ref. [9] be considered as characteristic of the process kinetics.

In the present communication only the potential range cpr <  1 Y is in
vestigated, hut Fig. 2 shows also the further section of the polarization curve 
pertinent to the oxidation of oxalic acid. It can be seen namely on the basis of 
Fig. 2 that the increase of the slope of the polarization curve is connected, at 
least in first approximation, with the fact that in the electro-oxidation of oxalic 
acid on platinum, similarly as in the case of several organic compounds [16], 
the inhibiting effect of the oxide layer must be reckoned with. The attention 
should be called to the fact that in the case of oxalic acid the diminishing of the 
reaction rate occurs only at considerably more positive potentials, than in the 
case of alcohols, aldehydes, formic acid, e tc .

T h e  c o n c e n tr a tio n  d e p e n d e n c e  o f  th e  r e a c t io n  ra te

The concentration dependence of the oxidation rate has been determined 
with the method described in Ref. [17]. In Fig. 3 the logarithm of the current 
is plotted as a function of the logarithm of total oxalic acid concentration (cHjA)

Fig. 3. Dependence of cu rren t on concentration in HC104 (1 m ol/dm 3) base electrolyte. T  =  353 K.
1: 600, 2: 700. 3: 750, 4: 800 mV
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in strongly acid (pH =  0) medium at 353 К. A similar set of curves has been 
obtained at higher pH values and at 293 K. It has to be mentioned, however, 
that in the case of pH ]> 0 the change of pH must also be taken into considera
tion in the concentration range of cHjA >  10-2mol/dm3. On increasing the 
capacity of the phosphate buffer, namely solubility limits are met, while on the 
other hand the increased phosphate concentration changes the adsorption of 
oxalic acid, i .e . the dimishing of the reaction rate to be expected.

Moreover, attention must be called to the fact that in systems containing 
phosphate the current values belonging to identical potentials are somewhat 
lower than in systems containing perchlorate. This can be attributed to the 
stronger adsorption ability of phosphoric acid. However, the character of the 
curves is not influenced by this effect. It can be seen from Fig. 3 that in the 
concentration range cH A <  10“ 2 mol/dm3 the dependence of the reaction rate 
on concentration can be given by an equation of type:

i  =  k c *  (0 <  a <  1). (2)

The order of ieaction determined on the basis of (2) is summarized in Table III.

To determine the type of adsorption, the plotting of --------has also been
i  c

attempted (investigation of the applicability of Langmuir’s isotherm), but this 
did not give either in the whole concentration range (cH A =  5.10~5 to 2.10-1 
mol/dm3) a straight line, so that in the further work Eq. (2) will be used for the 
calculations. A relationship of this type has been found valid in a wide range 
for the electrocatalytic oxidation of organic compounds, and this has been 
attributed to the adsorption of the reacting particle at the inhomogenous pla
tinum surface. It is assumed that the adsorbed form of the molecule is reacting,

Table III

Concentration dependence o f the rate o f oxidation at 353 К

^rlmV)
a = ( 0 ? lgi W pH .T  

V 8  lg CHjA /  *

pH =  0 PH =  0.55 pH =  2.25

600 0.63 0.6 0.68

700 0.72 0.75 —

750 0.72 0.75 —
800 0.72 — 0.85

900 — 0.87

R elative error of the order of reaction: ± 5 %
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and an adsorption equilibrium is established. This equilibrium is described by 
the F r u m k in -T e m k in  logarithmic isoterm:

0  =  — In a„ c
f

(3)

where 0  is the coverage, f ,  h , a are constants, and a f  is a factor depending on 
the potential. At higher concentrations the current approaches a limit value. 
The usual explanation of this phenomenon is that the above isotherm describes 
only at medium coverage truly adsorption equilibrium.

The above dependence of current on concentration appropriately follows 
in first approximation, if we take into consideration that according to T e m k in

[18] the rate of the electrochemical reaction (i ) changes exponentially with 
coverage (0) relevant to the reacting molecule, and thus

i  =  к  exp (Л0) exp (4)

When (4) is combined with the logarithmic isotherm (3), the relationship

i  =  к  c* exp ßFcPr
R T

(5)

is obtained, and in the case of cpf =  constant this agrees with experimental 
findings. It should be mentioned, however, that kinetic equation (5) can be 
considered only as an approximation, because a linear dependence of coverage 
has been neglected besides the exponential, and in the range investigated cover
age has been considered as independent of the potential. Moreover, it has been 
taken into consideration that the product (C02) is not adsorbed, and besides 
the coverage relevant to the reacting molecule the coverage belonging to all 
the other species can be neglected. Though in the deduction of relationship (5) 
certain assumptions have been already made concerning the reaction mechanism, 
such as equilibrium and that the reaction proceeds through some kind of ad
sorbed state, the nature of the adsorbed species-still remained an unanswered 
question. Neither is it yet decided, whether the further conversion of the ad
sorbed species proceeds under participation of the adsorbed OH radical (0H ad). 
The investigation of the pH dependence of the rate shows promise to answer 
these fundamental questions.

T h e  p H  d e p e n d e n c e  o f  th e  r a te  o f  o x id a t io n

Figure 4 shows the polarization curves recorded in perchloric acid systems 
at various pH values, at 353 К in the case of cHjA =  0.1 mol/dm3. It may seem 
remarkable that these systems can be easily measured even when pH >  3.
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Fig. 4. Polarization curves a t  various pH  values, 1 m ol/dm 3 to ta l perchlorate concentration 
an d  T  =  353 K. Oxalic acid concen tra tion  0.1 mol/dm3. 1: 0, 2: 1.3, 3: 2.7, 4: 3.74, 5: 4.21 pH

However, it is easy to see that the buffer capacity of the system, containing in 
a concentration of 0.1 mol/dm3 oxalic acid, is sufficient to take up the H + ions 
formed. The situation is naturally different, when cHA </ 10~2 mol/dm3, be-

Fig. 5. Polarization curves in  phosphate  buffer solutions, T  =  353 K. Oxalic acid concentra
tion : 0.01 mol/dm3. Total phosphate  concentration: 1 m ol/dm 3. 1: 0.55, 2: 2.4, 3: 3.55, 4: 4.8,

5: 5.27, 6: 6.28 pH
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cause in this case the passage of a relatively small quantity of charge produces 
already a considerable change in the pH value. Therefore, in our further work, 
when a broader pH interval will be studied at cHA =  10-2 mol/dm3, phosphate 
buffer systems are used as base electrolyte. Polarization curves obtained in 
these investigations are shown in Fig. 5. (It should be noted that sets of curves 
of similar character were obtained for both systems at 293 K.) It can be readily 
seen from Figs 4 and 5 that polarization curves shift with increasing pH towards 
higher positive potentials. It follows from this that the reaction rate diminishes 
at a given rpr, as shown by Fig. 6.

If cp is selected instead of (pr as parameter, the reaction rate changes along 
a maximum curve as a function of pH, as shown by Fig. 7. It should be men
tioned an conjunction with Figs 6 and 7 that corrected values were obtained

Fig. 6. Dependence of the reaction on pH  a t  various <pr potentials. T  — 353 K. 1: 600, 2: 700, 
3: 800 mV. Corrected current values. 2’: 700, 3’: 800 mV. (For explanation see tex t.)

under utilization of the auxiliary lines in Fig. 5 (prolongations of the sections 
of a slope of about 110 mV/decade), and in our further work values determined 
in this way were used for the calculations. This offered a possibility to analyze 
the pH dependence of the process in a wide pH range at constant a and ß  values. 
An equivalent but more complicated solution is the consideration of the actual 
values, i .e . of the ß((p) function.

o 2 3 A 5 6
pH
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pH

Fig. 7. Dependence of the reac tio n  ra te  on pH  a t various <p values. 1: 600, 2: 700, 3: 800 mV. 
C orrected values. 1’: 600, 2’: 700, 3’: 800 mV

I t  can  be easily  seen  f ro m  th e  above sa id  t h a t  th e  p H  dependence  o f  th e  
r e a c tio n  ra te  can n o t be  d esc rib ed  w ith  a s im p le  e x p o n e n tia l fu n c tio n  o f  ty p e

i =  K'<*H { x &  0 ) ,  (6 )

w h e re  c H is th e  h y d ro g en  io n  co n cen tra tion , K '  a  c o n s ta n t, a t  g iven <p or <pr, 

a n d  a t  c o n s ta n t te m p e ra tu re  a n d  cHjA. W h e th e r  a ssu m in g  a reac tio n  m ech a
n ism  b ased  on d irect c h a rg e  tra n s fe r  or un d er p a r t ic ip a tio n  of O H ad, th is  m eans 
t h a t  th e  considera tion  o f  a n o th e r  process d e p e n d in g  on  p H  is needed . O n th e  
o th e r  h a n d , i t  becom es c le a r  t h a t  th e  tw o a p p a re n t ly  in co n sis ten t e x p e rim e n ta l 
f in d in g s , nam ely  th a t  a n  in c rea se  in  c o n c e n tra tio n  of th e  acid  used  as  base  
e le c tro ly te  dim inishes th e  re a c tio n  ra te  [9, 10] a n d  th a t  oxalic ac id  is n o t 
o x id iz e d  in  s trong ly  a lk a lin e  m ed ium  [5], can  be  h a rm o n ized .

F o r  th e  in te rp re ta t io n  o f  th e  p H  d ep en d en ce  observ ed , i t  seem s obv ious 
t h a t  f i r s t  th e  fac t sh o u ld  b e  ta k e n  in to  c o n s id e ra tio n  th a t  oxalic acid  is a  w eak  
d ib a s ic  acid . D issocia tion  is  described  b y  th e  fo llow ing  well know n re la tio n 
sh ip s :

K i  =  J HA ■ CH =  6 5 . 1 0 —2 (7)

CH,A

K 2 =  Ca ' Ch =  6.1 • 1 0 -s  (8 )
CHA

w h ere  c HiA, c HA, c A a n d  c H is  th e  co n cen tra tio n  o f  H 2C20 4, H 2C O ^  C20 4_ an d  
H  + , respective ly , in  th e  so lu tio n . On the  basis  o f  th e  con serv a tio n  of m ass an d  
c h a rg e  th e  follow ing re la tio n sh ip  exists b e tw e e n  th e  co n cen tra tio n  o f th e
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w eighed  oxalic  acid (cHiA) a n d  th e  ab o v e  co n cen tra tio n s :

c h a  —

['H iA

_______ K-i ch _______
c h  +  K l C H  +  K X K 2

_________ ch_________
c h  +  K ,c H  - f -  K K̂ 2

cHtA, an d (9)

c H sa  • (10)

I t  shou ld  be m en tioned  th a t  d iffe re n t d a ta  a re  pu b lish ed  in  th e  l i te r a tu r e  for 
th e  v a lu es  o f K x and  K 2, an d  th e ir  te m p e ra tu re  dependence [19 20]. H o w ev er,
K x a n d  K 2 v a lues com ing re a so n a b ly  in to  considera tion  do n o t ch an g e  co n sid e r
a b ly  e ith e r  th e  shape or th e  v a lu e  o f  th e  fu n c tio n . H e rew ith , th e  ta s k  is  e v id e n t
ly  sim p lified  to  th e  in c o rp o ra tio n  o f  th e  change in  c o n cen tra tio n  w ith  p H  of 
th e  p resu m ab le  tw o  reac tin g  species (H 2C20 4 an d  HC20 ^ )  in to  th e  a p p ro p r ia te  
k in e tic  eq u a tio n .

T h u s , le t  us su b s titu te  in to  e q u a tio n  (5) for th e  co n cen tra tio n  c th e  a c tu a l 
cHA a n d  cH A values, re sp ec tiv e ly , o b ta in e d  on th e  basis o f (9) an d  (10).

T h e  re la tio n sh ip s

an d

a n d

a n d

к ch 9a
l i t  cH

c h  K lCH - j -  K i K 2 ) ( R T
exp

i ß F c p r

i — к сн гАК1
r*-ßCH exp

^НгА

ßFcp I
(с2н +  K lCH +  K 1 K 2y  ^  1 R T  )

ßF(prC H

ch 4" F i  cH F I K 2

i =  к с^,А —
„ 2 а — ß  
C H

(сн 4- * i c H 4" К , К 2у

exp

exp

R T

ßFcp
R T

( П )

( 12)

(13)

(14)

a re  o b ta in e d , w hen  ta k in g  in to  c o n s id e ra tio n  th a t

Vr=<P
R T
~F

In cH . (15)

T h e  m ath em a tica l an a ly s is  o f  eq u a tio n s  (1 1 )—(14) c learly  show s th a t  
re la tio n sh ip s  (11) and  (12) a re  n o t c o n s is ten t even w ith  resp ec t to  th e ir  te n d e n c y  
w ith  e x p e rim e n ta l resu lts. On th e  o th e r  h an d , i f  th e  ex p erim en ta lly  d e te rm in e d  
values o f  a an d  ß are  s u b s ti tu te d  in to  re la tio n sh ip s  (13) an d  (14), re sp ., th e  
cu rv es  show n  in  Fig. 8 are  o b ta in e d , th e  good ag reem en t of w hich w ith  F ig s  6 
a n d  7 is ev id e n t. T he com parison  o f  th e  ra tio s  o f  th e  m easu red  c u rre n ts  w ith
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pH

Fig. 8. Calculated values of various í (ch) functions a t a  =  0.65, ß  =  0.62.
• 2 a - Sон

«H cH +  К \к,_ ’ 2: (4
СИ

c b  +  -Ki ch  4 -  К Г к т)’ "
CH

th e  ca lcu la ted  c u r re n t  ra t io s  sim ilarly  re f le c ts  a good q u a lita tiv e  ag reem en t. 
I t  shou ld  be n o ted  t h a t  a t  p H  >  4.5 v a lu e s  c u rre n ts  som ew hat h igher th a n  
c a lc u la ted  were o b se rv ed . T h is  can be a t t r ib u te d  to  th e  fa c t th a t  a 5%  difference 
in  th e  a  and  ß  values r e s u l ts  a lread y  a change o f s im ila r  m easure , b u t  th e  p h en o m 
e n o n  can  be b ro u g h t a lso  in  con junction  w ith  th e  ac id ifica tio n  of th e  so lu tio n  
in  th e  im m ediate  e n v iro n m e n t of th e  e lec tro d e , as assum ed  e.g. in  th e  o x id a tio n  
o f  fo rm ic acid [22].

T hough used in  e q u a tio n  (5), i t  has n o t b een  m o tiv a te d  th a t  th e  d ep en 
dence  of the  reac tio n  o n  th e  p o ten tia l can  be describ ed  w ith  th e  aid  of (pr, an d  
n o t  o f  (f. This m eans n a tu r a l ly  no difference a t  c o n s ta n t h y d ro g en  ion concen
tr a t io n ,  how ever, th e  sy s te m  of equation  (11) —(14) w ill be a lread y  fu n d am en 
ta l ly  m odified. In d e e d , i f  90 s tan d s  in  (5), th e  s i tu a tio n  w ill be th e  v e ry  opposite , 
a n d  th e  su b s titu tio n  o f  th e  co n cen tra tion  o f th e  HCjO^f ion  in to  th e  k in e tic  
e q u a tio n  will y ield  th e  fav o u ra b le  re su lt, b ecau se  now  we h av e  th e  re la tio n sh ip s

a n d

i  =  к  cjL,lA

i =  к СнаА

K i сн 

-KlcH ■+■

K i сн

А', К  .

ß

exp

(сн +  K l Си +  K i К 2у
exp

ß F V I
R T  !

ßF<Pr
R T

(16)

(17)

E q u a tio n s  (16) an d  (17) a re  n o t only w ith  re sp e c t to  th e ir  ten d en cy , b u t v ir tu a lly  
a lso  num erically  id e n tic a l  w ith  re la tionsh ips (13) a n d  (14), if  th e  ex p erim en ta lly
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dete rm ined  a  a n d  ß  values (a  =  0.65 and  ß =  0 .62) a re  su b s titu te d . T he a p p a r 
en t ag reem en t th a t  th e  p H  v a lu e  belonging to  m a x im a l НС20 ^  co n cen tra tio n , 

i.e. th e  loca tio n  of th e  m ax im u m  of fu nc tion  (9) is  a t  cH =  Y К  ХК 2, w h ich  is in 
good a p p ro x im a tio n  th e  sam e as th e  loca tio n  o f th e  ex trem e  value  o f th e  fu n c 
tio n  o b ta in ed  ex p e rim e n ta lly , seem s also to  s u p p o r t  th e  a d so rp tio n  o f th e  
HC20 ~̂ ion.

T hus, le t  us in v e s tig a te  f i r s t  th e  ju s tif ic a tio n  o f th e  use of cpr in  th e  k in e tic  
eq u a tio n . F u n d a m e n ta lly , w e can  s ta r t  here from  th e  earlie r o b se rv a tio n , p roved  
in  a w ide fie ld , t h a t  in  th e  o x id a tio n  of o rgan ic  su b stan ces  th e  d ependence  of 
c u rren t on p o te n tia l  can  be  described  in  an  a d e q u a te  w ay  w ith  th e  a id  o f <pr 
[16, 23]. In  th is  case, th e  lg  i — cpr p o la riza tio n  cu rv es  p lo tte d  a t  v a rio u s  p H  
values coincide. T he s itu a tio n  is  d ifferen t in  th e  case o f oxalic ac id , b u t  th e  
cause of th is  can  be soug h t in  f i r s t  ap p ro x im a tio n  in  th e  d issocia tion  o f  oxalic  
acid . A ccep ting  th u s  th e  h y p o th e s is  [23], acco rd in g  to  w hich  in  th e  ra te -d e te r 
m in ing  o x id a tio n  p rocess p ro p e r  th e  O H  rad ica l ad so rb e d  a t  th e  su rface  (O H ad) 
is th e  ox id izing  ag en t in  th e  s te a d y  s ta te . T h is species m ay  be fo rm ed  in  th e  
follow ing eq u ilib riu m  processes:

H 20  O H a d +  H  + +  e , (18a)

O H - ? = i  O H ad +  e . (18b)

U nder con sid era tio n  of th e  fa c t  t h a t  th e  bon d in g  en e rg y  of th is  adso rbed  p a rtic le  
decreases w ith  coverage, as fo llow s from  th e  th e o ry  o f reac tio n s [18] proceed ing  
a t  inhom ogenous su rfaces, w e can  w rite :

i =  k  f(c) exp ß(* OH

R T
(19)

w here f(c) is som e k in d  o f co n c e n tra tio n  fu n c tio n  re le v a n t to  th e  re sp ec tiv e  
reac tin g  m olecule, a n d  [iOH is th e  chem ical p o te n tia l  o f  th e  adso rbed  O H  rad ica l. 
As th e  adso rbed  O H  rad ica l is in  equ ilib rium  w ith  th e  so lu tion , i t  follows th a t

í“ oh =  const. +  F<pr .

S u b s titu tin g  (20) in to  (19), we hav e :

i — k  f(c) exp ß F  <pr

R T

( 20)

( 21)

w hich  is th e  sam e as e q u a tio n  (5), if  th e  fu n c tio n  es tab lish ed  earlie r is s u b s ti t
u te d  fo r f(c). H ow ever, since on  th e  o ther h a n d , e q u a tio n  (5) agrees well w ith
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th e  re la tio n sh ip s  found  e x p e rim e n ta lly , in  acco rdance  w ith  i t  th e  follow ing 
sc h e m e  o f  m echanism  can  b e  accep ted :

H2C20 4 ^  H2c 20 4ad (22)

H2C20 4ad +  0H ad H C 0 2ad +  C02 +  H 20  (23)

H C 0 2 a d - Ä  C 0 2 +  H +  +  e .  (24)

T h e  re a lity  of th e  a d so rp tio n  eq u ilib riu m  (22) is su p p o rte d  a lso  b y  th e  
f a c t  t h a t  oxalic  acid is a d so rb e d  w eak ly  a n d  rev e rs ib ly  in  th e  p o te n tia l  range 
in v e s t ig a te d , as show n b y  H o r a n y i  et al. [12 —14] in  tra c e r  in v e s tig a tio n s . 
N a tu r a l ly ,  th e  necessary  b u t  n o t  su ffic ien t co n d itio n  of th e  a c c e p tan c e  o f a 
sch em e  o f  m echanism  is t h a t  k in e tic  eq u a tio n s  follow ing from  i t  sh a ll give a 
good  d esc rip tio n  of e x p e rim e n ta l fin d in g s. H ow ever, i t  m u st be  p ro v e d  also 
t h a t  o n  th e  basis of a n o th e r m ech an ism  p a t te rn  no sim ilar re su lts  a re  o b ta in ed . 
T h e  a n a ly s is  of J o h n s o n  a n d  cow orkers [5] can  be ta k e n  as basis. T h e y  in v e s ti
g a te d  a  g re a t num ber o f p o ss ib le  m echan ism s, an d  ca lcu la ted  u n d e r L a n g m u i r ’s 

a n d  T e m k i n ’s  cond itions th e  k in e tic  p a ram e te rs . I t  can  be e s ta b lish e d  on  th e  
b a s is  o f  th is  analysis on th e  o n e  h a n d  th a t  th e re  is no  o th e r p a t te rn  o f  m echa
n ism  wrh ic h  w ould y ield  a d e q u a te  k in e tic  eq u a tio n s , an d  on th e  o th e r  h a n d  th a t  
th e  in tro d u c tio n  of cpr in  th e  w a y  discussed ab o v e  fo r th e  d e sc rip tio n  o f the  
p o te n t ia l  dependence o f th e  p rocess is necessary , i f  und issoc ia ted  o x a lic  acid  is 
a s su m e d  to  be th e  reac tin g  species. (N egative  re su lts  a re  o b ta in ed  a lso , i f  fu r th e r  
p re -e q u ilib r ia  or ra te -d e te rm in in g  processes, n o t in v es tig a ted  in  R ef. [5], are  
ta k e n  in to  consideration .) H o w ev er, J o h n s o n  et al. [5] d id  n o t ta k e  in to  con
s id e ra t io n  a m echanism , in  w h ic h  th e  HC2OT io n  is th e  reac tin g  species, h av in g  
e x c lu d e d  i ts  possib ility  on  th e  basis  o f th e  pH -d ep en d en ce . I n  th is  case  i t  m ust 
b e  k e p t  in  view  th a t  th e  a d so rp tio n  s tep  is o f necessity  accom pan ied  b y  charge  
t r a n s fe r .

H o w ev er, assum ing  in  th is  case ad so rp tio n  processes p ro ceed in g  a t  an  
a d e q u a te  ra te , these  sh o u ld  d e te rm in e  som e k in d  of eq u ilib riu m  p o te n tia l. 
H o w e v e r , exp erim en ta l ex p erien ces  show  th a t  th is  is  n o t th e  case. O n th e  o th e r 
h a n d , a t te n t io n  should be  p a y e d  also  to  th e  re su lts  o f  ad so rp tio n  in v e s tig a tio n s , 
a c c o rd in g  to  w hich a d so rp tio n  is w eak  a n d  rev ersib le , so th a t  a  ra d ic a l con
v e rs io n  o f  th e  adsorbed  m olecu le  is im p ro b ab le . T herefo re , th e  ex is ten ce  o f an  
a d s o rp tio n  equilib rium

H C 20 4-  ^  HC20 4ad +  e (25)

is a  p r io r i  questionable . H o w ev er, on th e  basis o f ex p erim en ta l f in d in g s  E q . (25) 
ca n  n o t  be  th e  ra te -d e te rm in in g  s tep . F o r th e  fu r th e r  conversion  o f  H C 20 4ad
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th e  follow ing a l te rn a tiv e  possib ilities  can  be ta k e n  in to  c o n s id e ra tio n :

H C 20 4ad —► 2 C 0 2 H + -j -  e

and

H C 20 4ad +  0 H ad -  2 C 0 2 +  H ,0  

I f  (26) is th e  ra te -d e te rm in in g  process, th e n  th e  re la tio n sh ip

v26 =  к СнА exp (a  +  ß) Fcp 
R T

i f  (27), th e n  th e  re la tio n sh ip

r>27 =  к cjffд1 cHJ exp
2<x.F<p

R T

(26)

(27)

(28)

(29)

is o b ta in ed . I t  can  be easily  es tab lish ed  th a t  eq u a tio n s (28) a n d  (29) a re  in 
co n sis ten t w ith  e x p e rim e n ta l re su lts . I t  follow s from  th e  afo resa id  t h a t  th e re  is 
no schem e of m echan ism , w h ich  w ould  re su lt re la tio n sh ip s  (16) a n d  (17).

T ak in g  all th is  in to  co n sid e ra tio n , i t  is easy  to  see th a t  th e  o x id a tio n  of 
oxalic  ac id  on a p la tin u m  elec trode  is described  b y  th e  sam e k in e tic a l r e la tio n 
sh ip , w hich  w as fo u n d  v a lid  in  th e  case o f num ero u s organic co m p o u n d s , i.e. 
th e  dependence o f  c u rre n t on  th e  p o te n tia l can  be given w ith  th e  a id  o f  th e  
re la tiv e  p o ten tia l. C o n trad ic tio n s  in  th e  l i te ra tu re  in  co n ju n c tio n  w ith  th e  
dependence  o f o x id a tio n  ra te  on p H  can  be reso lved  b y  ta k in g  in to  c o n s id e ra 
tio n  th e  d issociation  o f  oxalic  ac id . T he essence o f th e  schem e g iv en  fo r  th e  
m echan ism  of th e  process is th e  ex istence  o f an  ad so rp tio n  e q u ilib r iu m  w ith  
re sp ec t to  th e  un d isso c ia ted  oxalic  ac id  m olecule, a n d  th e  ra te  d e te rm in in g  s tep  
is th e  reac tio n  o f th e  a d so rb ed  oxalic ac id  m olecule a t  th e  su rface  w ith  th e  a d 
so rb ed  O H  rad ica l.
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J .  R . B l a c k b o r o w , D. Y o u n g : M etal Vapour Synthesis in Organometallic
Chemistry

Springer Verlag, Berlin — H eidelberg — New Y ork, 1979, 202 pages

The book en titled  “ Metal Vapour Synthesis in  O rganom etallic Chemistry” , by  J .  R. 
B l a c k b o r o w  and D. Y o u n g , was published by Springer in 1979 as the nineth volum e of the 
very  valuable and up-to -date  series “ R eactiv ity , and S tructu re  Concepts in Organic C hem istry” . 
The w ork acquaints the reader with this new  syn thetic  m ethod; the description is m ade more 
comprehensible and viv id  by 36 illustrations and 32 tables.

The aim of th is book is to acquaint those in terested  in  novel techniques of p repara tive  
chem istry w ith the fundam entals, technical particulars and fields of application of the new 
m ethod of m etal vapour synthesis, MVS.

The essence of MVS can he outlined as follows: “ The use in synthesis of high tem p e ra 
tu re  gaseous species such as metal atoms by  their reaction  w ith themselves or o ther m ateria ls 
in a condensed phase.”

The literature on th is subject, up to  the f irs t ha lf of 1979, is system atically covered 
and  listed a t the end of the corresponding chapters. Exam ples chiefly from organic chem istry  
are quoted , i.e. reactions of metal atom s w ith  various, principally organic substances are 
described in the course of the study of th e  syntheses and reactiv ity  of organic and organo
m etallic compounds.

According to the MVS method, a tom s or molecules are excited to high reac tiv ity  in 
special ovens a t tem pera tu res above 1600 °C under highly reduced pressures (10 4 —10 " 5 to rr. 
i.e. 133 • 10-4 or 10-5 Pa) and the highly reactive atom s or molecules are b rought together 
w ith  the chosen coreactan ts on a cold surface. The use of species such as atom s can provide 
synthetic  advantage from  both kinetic and  therm odynam ic considerations: in m any cases 
syntheses become feasible which otherwise do not succeed, because of the relatively  sm all 
reactive surface of the m etal in the solide s ta te , or an oxid layer covering the surface, or owing 
to  a relatively high la ttice  energy, which preven ts the reaction. I t  is supposed th a t  the in te r
action between the high-energy particles and  th e  reaction p a rtn e r (substrate), always proceeds 
by several reaction steps via  interm ediary p roducts, which cannot be isolated, to  yield a final 
product th a t  is stable and  can be recovered under appropriate  conditions. W here necessary, 
the book im parts some knowledge also ab o u t m atrix-isolation-spectroscopy, M IS, used for 
the identification of special products.

A fter a short in troduction  which offers the fundam entals, and a brief criticism , of the 
p reparative technique, the book is divided in to  three m ain parts  dealing w ith th e  following 
subjects

— experim ental techniques
— behaviour of m etal atoms in m atrices
— description of results of preparative experim ents.
The last chapter summarizes recent resu lts and progress in  MVS: the latest com m ercially 

available MVS reactor is described and new resu lts achieved in  the field of transition  m eta l 
com pounds are presented.

This hook is no t encyclopaedical, yet briefly  touches on every aspect of im portance in 
the p ractical application of m etal vapour techniques, thus experienced chemists and beginners 
m ay equally find useful inform ation in the volum e. It is of assistance for the practical work, 
the construction and operation  of equipm ent, and  for the production of new types and speci
mens of organom etallic compounds.

The knowledge and  application of MVS m ay become very im portant in the fu tu re , not 
only in research laboratories, but also in those where the industrial production of m etal 
cata lysts is studied. T N a p v
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Recent Developments in  the Chemistry o f N a tura l Carbon Compounds, Vol. I X

E dited  by  R. B o g n á r , Y. B r u c k n e r  and  Cs. S z á n t a y  

A kadém iai K iadó, B udapest, H ungary , 1979, 420 pp.

The 9th  volum e of th is renownful series contains three reviews in fields of current 
in te re s t to  n a tu ra l p roducts chemists; they  are: “ S yn the tic  Chemistry of Insect Pherom ones 
and  Juvenile H orm ones” by  K. M o r i  (D epartm ent o f A gricultural Chemistry, U niversity  of 
Tokyo, Jap an ), consisting of 212 pages w ith 325 references; “ Composition o f B ulgarian Rose 
Flow er Concrete. The S tructu re  and  Biogenesis of its  Com ponents” by B. S t o i a n o v a - I v a n o v a  
(D ep artm en t of Organic Chem istry, University of Sofia, Bulgaria), containing 82 pages w ith 
141 references; “ Chalcone Epoxides in Flavonoid C hem istry” by Gy. L i t k e i  (In s titu te  of 
O rganic Chemistry, K ossuth  Lajos U niversity, D ebrecen, H ungary), comprising 114 pages 
w ith  346 references.

The report on the  syn thetic  chemistry of in sect pherom ones and juvenile horm ones is 
th e  m ost complete and useful of the recent reviews to  organic chemists in terested  in  th is 
fasc inating  field. A fter a general in troduction, C hapter I I ,  en titled  “ Synthetic M ethods Useful 
in  In sec t Chem istry” , describes typical reactions and  m ethods for the stereocontrolled synthesis 
o f insect horm ones and  pherom ones. The th ird  chap te r, “ Synthesis of Insect Pherom ones” , 
provides a good review  of the synthesis of each pherom one group. These groups are classified 
essentially  by  functional groups and are defined as follows:

Pherom ones w ith  E-olefinic linkage,
Pherom ones w ith  Z-olefinic linkage,
Pherom ones w ith  conjugated diene system , etc.
C hapter IV, en titled  “ Synthesis of Insect Juven ile  H orm ones” , describes th e  develop

m en t o f syn thetic  m ethods used in the synthesis o f juvenile hormones and juvabione. This is 
followed by  a brief sum m ary of the practical use o f insect pheromones and bioanalogues ot 
juven ile  horm one.

Reflecting Professor M o r i ’s  own interests, th e  topic most adequately tre a te d  in this 
book is the synthesis o f juvenile hormones. U nfo rtunate ly , there is essentially no discussion 
of th e  m echanism s of even th e  m ost im portan t reactions.

As a whole, the rep o rt provides an excellent overview  of the structures and  syntheses 
o f these n a tu ra l products. I t  will be of particu lar value to  organic chemists, giving invaluable 
background  m aterial for all those interested in the iso lation , structure determ ination, biological 
function , and practical use of insect pheromones an d  juvenile hormones.

The review on th e  composition of B ulgarian rose flow er concrete gives a detailed  account 
o f th e  chemical com ponents of Bulgarian rose flow er and  the biosynthesis of the long-chain 
com pounds in  the p lan t waxes. The chemical s tru c tu res  discussed include long-chain fa tty  
acids, fa t ty  alcohols, carbonyl compounds and diols, long-chain aliphatic lactones, and  other 
cyclic compounds.

This p a rt of th e  book is, to some ex ten t, overextended and repetitive. Howe ver. it  
contains a mass of inform ation  often difficult to  find  in  the chemical literature , w hich will be 
of g rea t value to  those specifically working in  th is field.

The th ird  p a rt of the  book presents a com prehensive and up-to-date review  on the role 
o f chalcone epoxides in  flavonoid chemistry. I t  is div ided in to  three parts. The firs t is concerned 
w ith  th e  oxidation of chalcones, rearrangem ent reactions of flavonoids and the s tructu res of 
chalcone epoxides. The second is a short discussion of the chemistry of flavone- and  aurone 
epoxides. In  the las t chap te r the A lgar—Flynn  — O yam ada reaction is discussed and  a new 
m echanism  proposed.

This review is of g rea t general in terest to  organic chemists, and particu larly  useful for 
researchers who are active in  th is branch of chem istry.

L. N o v a k
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GYŐZŐ (VICTOR) BRUCKNER
( 1 9 0 0 - 1 9 8 0 )

O n M arch 8, 1980 , academ ician  G yőző (V ic to r) B r u c k n e r , p ro fe sso r an d  
fo rm er h ead  o f  D e p a r tm e n t of O rganic C h e m is try  of th e  E ö tv ö s  L o rán d  
U n iv e rs ity , B u d a p e s t, th e  la te  leader o f  th e  R esearch  G roup fo r  P e p tid e  
C h em istry  o f th e  H u n g a r ia n  A cadem y o f  S ciences w ith in  th is  D e p a r tm e n t, 
d ied  u n ex p ec ted ly  in  th e  e ig h tie th  y ea r o f  h is  life. B y  his d e a th  H u n g a r ia n  
n a tu ra l  science lo s t  a m o st b rillian t sc ie n tis t a n d  one o f its  g re a te s t p e rso n a li
tie s  in  organic ch e m is try .

G yőző B r u c k n e r  w as bo rn  in  K é sm á rk , on  th e  f irs t o f N o v em b er, 1900. 
H e  com es from  a  fam ily  o f th e  te a c h in g  p ro fessio n , his fa th e r  w a s  over a 
q u a r te r  o f a c e n tu ry  h e a d m a s te r  o f th e  L y c e u m  o f K ésm árk , w here B r u c k n e r  
co m p le ted  h is se c o n d a ry  school stud ies w ith  to p  m arks. The 450 y e a rs  old 
ly ceu m  gave m a n y  ren o w n ed  people to  th e  c o u n try , an d  B r u c k n e r  alw ays 
looked  b ack  w ith  re sp e c t an d  fondness to  th e  school, in  th e  s ta tu te s  o f  w hich , 
su b sis tin g  from  1703, th e  follow ing p a ra g ra p h  ca n  be read : “ S tu d e n ts  com ing  
o f  v a rio u s co u n trie s  a n d  fam ilies shall liv e  in  f ra te rn a l love, n o n e  o f  th e m  
sha ll scorn  o r rev ile  th e  o th e r, because h e  belo n g s to  an o th e r n a t io n .”  T his 
sp ir i t  o f h u m a n ity  gave  a life-long te a c h in g  a n d  gu idance also to  B r u c k n e r .

H e p u rsu ed  h is  s tu d ie s  a t  th e  F a c u l ty  o f  Chem ical E n g in ee rin g  o f  th e  
T ech n ica l U n iv e rs ity  o f  B u d ap est an d  a t  th e  F a c u lty  o f M a th e m a tic s  an d  
N a tu ra l  Sciences o f  th e  U n iv e rs ity  of S zeged. I n  1925 he w as g ra n te d  a  ch em i
cal eng ineering  d ip lo m a  o f em inen t q u a lif ic a tio n , an d  in  1928 he o b ta in e d  a 
“ sub  ausp iciis G u b e rn a to r is”  degree o f P h . D . w ith  chem istry  as th e  m a jo r 
su b je c t. T he th e m e  o f  h is d isse rta tio n  w as f ro m  th e  fie ld  o f ino rgan ic  o r ra th e r  
p h y sica l ch em is try , concern ing  th e  n e u tra l  sa lt-e ffe c t in  th e  re a c tio n  o f  p o ta s 
sium  p e rsu lfa te  w ith  p o tassiu m  iodide [1, 2 ], an d  th is  rem ain ed  h is  on ly  
sc ien tific  w ork  w hose su b je c t w as n o t in  th e  f ie ld  o f  organic ch em is try .

Tw o fac to rs  h a d  decisive role in  th e  se le c tio n  o f his dom ain  o f  science: 
in  1926 he jo in ed  th e  s ta f f  of th e  I n s t i tu te  o f  O rganic and  P h a rm a c e u tic a l 
C h em istry  o f  th e  U n iv e rs ity  Szeged, w o rk in g  u n d e r  T ibor Sz é k i , a n d  in  th e  
academ ic  y ea r 1927 —28 he w orked as h o ld e r  o f  a H un g arian  s ta te  sch o la r
sh ip  in  th e  I n s t i tu te  o f  O rganic C hem istry  o f  th e  T echnical U n iv e rs ity  B erlin -

1 Acta Chim. Acad. Sei. Hung. 107, 1981
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C h a r lo t te n b u rg  u n d er th e  le ad e rsh ip  o f P ro f . A . S c h ö n b e r g . T h e f r ie n d ly  
a tm o s p h e re  o f  coopera tion  in  Szeged a n d  th e  p u lsa tin g  scientific life in  B e rlin  
c o m m it te d  h im  for good to  o rg an ic  chem ical re se a rc h  and  u n iv e rs ity  te a c h in g . 
W ith  fu l l  d e v o tio n  an d  g rea t en e rg y  he  se t a b o u t  th e  build ing  o f new  u n iv e r 
s ity  i n s t i tu te s  in  Szeged, s ta r te d  th e  eq u ip p in g  o f  th e  labo ra to ries; th e  s e tt in g  
up  o f  a  c re a tiv e  w orkshop, th e  possib le  scene o f  th e  realiza tion  o f h is d re a m s, 
filled  h im  w ith  en thusiasm .

I m p o r ta n t  da tes o f h is u n iv e rs ity  c a re e r  a re  th e  following. A f te r  h is 
y e a rs  a s  a s s is ta n t , he w as q u a lif ied  in  1933 fo r  h o n o ra ry  lec tu re r b y  th e  U n i
v e r s i ty  o f  Szeged in  th e  th e m e  “ M ethodo logy  o f O rganic C hem istry” , a n d  in  
1938 h e  w a s  ap p o in ted  a s s is ta n t professor to  A lb e r t  S z e n t - G y ö r g y i , in  re c o g n i
tio n  o f  h is  sc ien tific  w ork an d  ed u ca tio n a l a c t iv i ty .  In  1941 he w as a p p o in te d  
u n iv e r s i ty  pro fessor and  a t  th e  sam e tim e  H e a d  o f  D e p a rtm e n t of th e  I n s t i tu te  
o f O rg a n ic  C hem istry . In  1951 he  w as in v ite d  b y  th e  E ö tvös L oránd  U n iv e rs ity  
o f B u d a p e s t  as H ead  o f D e p a r tm e n t for O rg an ic  C hem istry , an d  he re m a in e d  
th e  le a d e r  o f  th is  D e p a rtm e n t fo r tw e n ty  y ea rs . I t  is  ra th e r  n a tu ra l t h a t  d u r in g  
th e  d e c a d e s  o f  his teach in g  w o rk  he  also p le n tifu lly  d id  his share in  th e  le a d in g  
o f th e  u n iv e r s i ty .  In  Szeged, B r u c k n e r  w as d e a n , a n d  in  B u d ap est he  u se fu lly  
fu n c tio n e d  a s  m em ber o f  th e  U n iv e rs ity  C ouncil an d  several b o a rd s . A s a 
re c o g n itio n  o f  his teach ing , e d u c a tio n a l an d  sc ien tific  w ork, th e  E ö tv ö s  U o rán d  
U n iv e r s i ty  conferred  on h im  a h o n o ra ry  d o c to r’s deg ree ,'an d  on h is r e t ir e m e n t 
he r e c e iv e d  th e  E ö tvös L o rán d  co m m em o ra tiv e  m edal.

I n  1946 Győző B r u c k n e r  w as e lec ted  a  corresponding  m em b er a n d  
th re e  y e a r s  la te r  an  o rd in a ry  m em b er o f th e  H u n g a r ia n  A cadem y o f Sciences. 
F ro m  1950 o n , up  to  his re tire m e n t, he w as c h a irm a n  of the  B oard  o f  O rg an ic  
C h e m is try  o f  th e  A cadem y, a n d  he served  on  a ll th e  boards w hich  p la y e d  a 
p a r t  in  t h e  co o rd ina tion , o rg an iza tio n  an d  g u id an ce  of organic and  p h a rm a 
c e u tic a l c h e m is try . U n til h is d e a th  he w as m e m b e r o f th e  D irec to ria l B o a rd  
o f th e  C e n tra l  R esearch  I n s t i tu te  for C h em istry  o f  th e  H ung arian  A c a d e m y  o f 
S ciences a n d  o f  th e  D irec to ria l B o a rd  o f  th e  P h a rm a c e u tic a l R esearch  I n s t i tu te .  
In  re c o g n it io n  of his successful w ork  in  th e  d ev e lo p m en t o f p h a rm a c e u tic a l 
in d u s t ry  a n d  p h a rm aceu tica l sciences, in  D ecem b er 1972 th e  H u n g a r ia n  
P h a rm a c e u tic a l  Society  co n ferred  on B r u c k n e r  th e  Gedeon R ic h te r  c o m m e 
m o ra tiv e  m ed a l.

H is  sc ien tific  m erits  w ere  held  in  h igh  e s teem  b o th  in  foreign c o u n tr ie s  
an d  b y  th e  H u n g a ria n  g o v e rn m en t, as te s t if ie d  b y  th e  Scheele m ed a l o f  th e  
C hem ica l S o c ie ty  o f S tockho lm  (1947), tw o  N a tio n a l (K ossu th) P rize s  (1949 
an d  1 955), th e  O rder o f  L a b o u r  (1963) a n d  th e  gold grade of th e  O rd e r  o f  
L a b o u r , a w a rd e d  on his s e v e n tie th  b ir th d a y  (1970). In  1967 he w as e le c te d  
m em b er o f  th e  D eu tsche  A k ad em ie  der N a tu rfo rsc h e r  L eopold ina (H a lle ).

T h e  y e a r  o f  scholarsh ip  in  B erlin  becam e o n e  o f  th e  d e te rm in an t s ta t io n s  
of h is  s c ie n tif ic  w ork. H e p u b lish e d  th e  re su lts  o f  his w ork in  th e  jo u rn a l
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B erich te , and  th is  p a p e r , d ea ling  w ith  th e  conversions o f  th io e th e rs  on heating , 
becam e his f irs t co m m u n ica tio n  on an  organic chem ical s u b je c t [3]. The period 
in  1929 in  th e  I n s t i tu te  o f  M edical C hem istry  o f th e  U n iv e rs ity  o f  G raz, under 
th e  leadersh ip  o f  th e  N obel P rize  w inner P r e g l , w as o f  s im ila r  im portance . 
I t  w as com pletely  d e d ic a te d  to  th e  s tu d y  and  m as te ry  o f  m ic ro an a ly s is , revolu
tio n iz in g  organic e le m e n ta ry  ana ly sis . T he m o n th s in  G raz  re su lte d  n o t only 
in  a scientific  c o n tr ib u tio n  [5], b u t  B r u c k n e r  also b ro u g h t th e  m e th o d s back 
to  H u n g a ry  an d  in tro d u c e d  th e m  in  ou r co u n try , fo u n d in g  a  m icroana ly tica l 
school in  Szeged. D ire c tly  o r in d ire c tly , all H u n g a ria n  o rg an ic  m icroanalysts  
acq u ired  th e  know ledge o f  th is  m odern  tech n iq u e , th e  p rin c ip le s  o f  w hich did 
n o t  change up  to  th e  p re se n t, on th e  basis  o f th e  la b o ra to ry  experiences of th e  
B r u c k n e r  school. T h e  f i r s t  m ic ro an a ly tica l ba lance  o f th e  U n iv e rs ity  of B uda
p e s t, th e  old “ sw ing ing”  K u h lm a n n , w hich  w as s till in  u se  a t  th e  beginning 
o f  th e  fifties, is ev en  to d a y  a tre a su re d  relic a t  th e  D e p a r tm e n t  o f Organic 
C hem istry  of th e  E ö tv ö s  L o rá n d  U n iv e rs ity  of B u d a p e s t.

T he f irs t t ru ly  im p o r ta n t  in d ep en d en t research  re s u lt  o f  G yőző B ruck
n e r  w as th e  reco g n itio n  o f  th e  reversib le  N - 0  acy l m ig ra tio n  in  a-aryl-/?-am ino- 
an d  /S -hydroxyam ino-propanols. S im ilarly  to  every  m a jo r w o rk , th is  to o  had  
its  an teced en ts . In  th e  e a rly  th ir t ie s , in  S z ek i’s in s t i tu te  in  S zeged, B ruc k n er  
p rep a red  th e  p seu d o n itro s ite s  (I) o f phenol e th e rs  c o n ta in in g  p ro p en y l side- 
ch a in  (asaron , m eth y liso eu g en o l, isosafrole) [6, 7, 8 ], w h ich  co u ld  be converted  
w ith  acetic  a n h y d rid e  in to  th e  re sp ec tiv e  <x-acetoxy-/S-nitro d e riv a tiv e s  (II):

Ar—CH=CH —СНз N*0!l ► Ar—C'H—CH—CHj — 1-°  ► A r—CH—CH—CH,

AcO N 0 2

In d e p e n d e n tly  o f  th e  fa c t th a t  asa ron  p se u d o n itro s ite  o ffered  a possi
b il i ty  fo r th e  s tu d y  o f  in te re s tin g  isom eric cond itions, th e  successfu l reduction  
o f  th e  a c e to x y -n itro  d e riv a tiv e s  led  to  am ino  alcohols w ith  p o te n tia l  biological 
a c tio n , sim ilar to  t h a t  o f  ad ren a lin e . T he red u c tio n  w as p e rfo rm e d  b y  electro l
ysis [8, 14], d u rin g  w h ich  i t  w as found  th a t ,  d epend ing  on  th e  n a tu re  o f th e

A r - C H — C H — C H 3
I I

AcO N 0 2

re d . Ar—CH—CH—CH3 or
I I

AcO N'H2

Ar—CH—CH—CH
I I

AcO N'HOH

3

III IV

Ar—CH—CH— СНз
I I

HO NHAc

and A r-C H —CH—CH3
I I

HO N(Ac)OH

V VI
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c a th o d e , am in o  or h y d ro x y la m in o  deriv a tiv es  m ay  be  fo rm e d  [27, 38]. H ow 
e v e r , w h e n  th e  reaction  m ix tu re  w a s  m ade alkaline, n o t th e  a m in o  or th e  h y d ro x 
y la m in o  com pound (III or IV) w as iso lated , h u t  th e i r  a c y la te d  deriva tives 
(V a n d  V I); ev iden tly  an  0  —► JV a c y l m igra tion  to o k  p lace  d u rin g  th e  reac tio n  
in  th e  p re sen ce  of alkali.

T h e  fa c t  of acyl m ig ra tio n  co u ld  be proved  am o n g  o th e rs  b y  th e  conden
s a t io n  o f  th e  iV-acetyl c o m p o u n d  w ith  phosphorus o x y c h lo rid e  in to  a com pound 
w ith  iso q u in o lin e  skeleton  (V II). T h is  reaction  is a ll th e  m ore  w o rth  m en tion ing  
a s  i t  b e c a m e  th e  s ta rtin g  p o in t o f  th e  isoquinoline re se a rc h  o f  G yőző B r u c k n e r , 

t o  b e  d iscu ssed  la te r  in d e ta il. T h e  reac tio n  p rov in g  th e  s tru c tu re  o f th e  s ta r t 
in g  c o m p o u n d  is shown in  F ig . 1.

H

poci,
-2 H ,<>

CH3 CHj

VII

Fig. 1

T h e  rev e rsib ility  o f  a c y l m ig ra tio n  w as eq u a lly  re a d ily  p roved . F rom  a 
so lu tio n  o f  th e  IV-acetyl c o m p o u n d  in  hydrochloric  ac id  a  c ry s ta llin e  com pound 
c o u ld  b e  iso la ted , w hich g av e  t h e  reactions o f free a m in o  groups, an d  could 
n o t  b e  condensed  in to  iso q u in o lin e  [8 , 14]. I t  shou ld  b e  m en tio n ed  th a t  th is  
w as  t h e  f i r s t  tim e to  o b se rv e  a c y l m igra tion  in  th e  case  o f  h y d ro x y lam in e  
d e r iv a tiv e s .

T h o u g h  th e  acyl m ig ra t io n  reac tio n  is a v e ry  ra p id  process, cond itions 
co u ld  b e  fo u n d  under w h ich  t h e  0 -acety l group re m a in e d  in ta c t  w hile th e  
h y d ro x y la m in o  group u n d e rw e n t a condensation  re a c tio n  w ith  an  aldehyde. 
R e d u c t io n  o f  th e  re su ltin g  p r o d u c t  gave ep h ed rin e  d e r iv a tiv e s  (V III) (th e  
r e s p e c t iv e  IV-methyl co m p o u n d s) [12, 13, 16].

A r - C H - C H - C H ,  CH*°—  А г -С Н -С Н - С Н з  --------- --  A r - C H - C H - C H ,

AcO NHOH AcO N—0  AcO NH—CH3

B r u c k n e r  la te r  p r o v e d  t h a t  th e  m ig ra tio n  in  t h e  0  —► IV d ire c tio n  w as  
a lw a y s  m o r e  ra p id , th a n  in  t h e  o p p o s ite  d ire c tio n  a n d ,  th o u g h  m o re  s low ly ,
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i t  a lso  p roceeded  w ith  acy l g roups o th e r  th a n  acety l [29], o ffe rin g  th e re b y  
p o ssib ility  for th e  p re p a ra tio n  o f  o th e r  isoqu ino line d e riv a tiv e s . F in a lly , n o t 
o n ly  acy lo x y  b u t  a lk o x y  d e riv a tiv e s  cou ld  be  p rep ared  from  p se u d o n itro s ite s
[9] fo r a s tu d y  o f  th e ir  re a c tiv ity  [10].

In v e s tig a tio n s  on th e  rev e rsib le  O -N  acy l m ig ra tion  w ere  in s tru m e n ta l 
in  th e  reco g n itio n  o f  th e  v e ry  im p o r ta n t  fa c t  th a t  th e  process is s tro n g ly  in 
flu en ced  b y  th e  s te ric  s tru c tu re  o f  th e  m olecule. B r u c k n e r ’s p u p ils  u tilized  
th is  fin d in g  la te r  in  th e  solving o f  v a r io u s  prob lem s, such as th e  e lu c id a tio n  
o f  th e  s teric  s tru c tu re s  o f a lkalo ids w ith  tro p a n e  skeleton  or o f ch lo ram p h en ico l. 
I t  becam e e v id e n t d u rin g  th is  w o rk  t h a t  stereochem ical a sp e c ts  h a v e  a fa r  
g re a te r  im p o rta n c e  in  organic ch em ica l re sea rch  th a n  recogn ized  p rev io u sly .

T he in tra m o le c u la r  co n d en sa tio n , p ro v in g  th e  fa c t o f  0  —<• N  acy l m i
g ra tio n , w as a n  e n tire ly  new  sy n th es is  o f  isoqu ino line , p ro m isin g  co n sid e rab ly  
b e t te r  y ields th a n  th e  processes d ev e lo p ed  b y  Sp ä t h  et al., o r  P ic t e t  a n d  
Ga m s . Since th e  p h a rm aceu tica l in d u s try  w as  keen ly  in te re s te d  in  isoqu ino lines 
w ith  sp asm o ly tic  effect (e.g. p a p a v e rin e ) , th e  subsequen t e x p e rim e n ts  a re  
now  to  be co nsidered  im p o r ta n t fro m  th e  p ra c tic a l p o in t o f v iew , in  ad d itio n  
to  th e ir  sc ien tific  in te re s t.

T he sy n th e s is  o f 3 -m eth y liso q u in o lin es  from  isosafrole w as deve loped  in  
1 9 3 5 —37 b y  B r u c k n e r  and  K r á m l i [15, 22]. The ]V -acetylam ino com pound  
(IX) o b ta in e d  via  th e  p seu d o n itro s ite  w as co n v erted  in  th e  w ay  d esc rib ed  in to  
th e  0 -a c e ty l co m p o u n d , from  w hich  th e  a c e ty l group could be re a d ily  rem oved . 
T h e  free am ino  g roup  w as th e n  a c y la te d  w ith  th e  op tio n a l a c y l ch lo rid e  e.g. 
w ith  h o m o v e ra tro y l chloride (X) a n d  th e  p ro d u c t w as co n d en sed  to  an  iso
qu ino line  (XII) h a v in g  spasm oly tic  e ffec t. T h e  fina l s teps a re  sh o w n  in  Fig. 2.

T he a d v a n ta g e s  o f th e  new  sy n th e s is , la te r  fu r th e r  im p ro v e d  from  th e  
te c h n ic a l a sp ec t, can  be  sum m arized  as  follow s [25]. R ing  c lo su re  y ie ld s in  
a  single step  d ire c tly  th e  isoqu ino line  sk e le to n , so th a t  p a lla d iu m -c a ta ly z e d  
d e h y d ro g e n a tio n , ea rlie r u n av o id ab le , is n o t  necessary . T he s ta r t in g  m a te ria l 
o f  th e  sy n th es is  o f  th e  acy l d e r iv a tiv e , th e  a ry lp ro p an o lam in e  (XI) need  n o t 
b e  iso la ted ; i t  c a n  be  p rep ared  a n d  u sed  in  th e  form  of i ts  s ta b le  iV -acetyl 
d e r iv a tiv e , w h ich  is d irec tly  m ade to  re a c t  w ith  th e  a p p ro p ria te  a c id  ch loride. 
F in a lly , th e  s ta r t in g  pheno l e th e rs  c o n ta in in g  p ropeny l side c h a in  a re  re la tiv e ly  
ch eap  an d  re a d ily  ava ilab le  com pounds.

I t  shou ld  be  m en tio n ed  th a t  i t  h a s  b een  p roved  la te r  b y  B r u c k n e r  et al. 
b y  m eans o f  o x id a tiv e  d eg rad a tio n  t h a t  th e  ring  closure w ith  p h o sp h o ru s  
oxych lo rid e  a c tu a lly  occurred  in  m , p -p o s itio n  w ith  re sp ec t to  th e  a lk o x y  
g ro u p , th u s , in  th e  sy n th esis  s ta r tin g  fro m  m ethy lisoeugeno l th e  6 ,7 -d im e th o x y  
d e r iv a tiv e  (XIII) is  fo rm ed  [37, 39, 44 , 45 ]. T h is  experim en ta l series w as needed , 
b ecau se  sy n th e tic  w ork  by  P f e i f f e r  et al. d u ring  th e  s t ru c tu ra l  an a ly sis  o f  
b ra z ilin  e rro n eo u sly  in d ica ted  th e  o th e r  d ire c tio n  of ring  closure, th e  fo rm a tio n  
o f  7 ,8 -d im ethoxy isoqu ino line  (XIV) (F ig . 3).

A d a  Chim. Acad. Sei. H ung. 107, 1981



A
cta

 C
him

. A
cad, Sei. H

ung. 107, 1981

OH

оснз
XII

Fig. 2

M
E

D
Z

IH
R

A
D

S
Z

K
Y

: G
Y

Ő
Z

Ő
 (V

IC
T

O
R

) B
R

U
C

K
N

E
R



MEDZIHRADSZKY: GYŐZŐ (VICTOR) BRUCKNER 293

XIII XIV
Fig.  3

I t  is w o rth  m en tio n in g  th a t  d u rin g  th e  experim en ts c o n d u c te d  fo r years, 
se v e ra l 3 -m ethy lisoqu ino lines w ere  p re p a re d  w hich h ad  h ig h e r a c t iv i ty  th an  
p a p a v e rin e  [41].

T he ch em istry  o f p ro p en y l pheno l e th e rs  ru n s  th ro u g h  th e  re se a rc h  years 
o f  G yőző B r u c k n e r  d u rin g  th e  w ar a n d  th e  early  p o s tw a r p e r io d . These 
re a c tiv e  com pounds m ad e  possib le  v a lu a b le  observa tions o f g e n e ra l v a lid ity  
in  severa l in te re s tin g  new  fie ld s  o f o rgan ic  chem istry . L ike in  a ll to p ic a l  fields, 
th e  resea rch er w as also h e re  in  c o n s ta n t com petition  w ith  fo re ig n  groups, 
a n d  i t  hap p en ed  tim e  an d  ag a in  t h a t  a p u b lica tio n  in  a fo re ig n  jo u rn a l  gave 
new  im p e tu s  to  resea rch . I t  is easy  to  u n d e rs ta n d  th a t  d u rin g  th e  w ar-y ears  
th e  q u a n ti ty  o f  sc ien tific  in fo rm a tio n  com ing  from  foreign c o u n tr ie s  consider
a b ly  decreased , an d  th e  re sea rch ers  h e a rd  o f foreign re su lts  o f te n  o n ly  from  
o v e rd u e  n u m b ers  o f C hem isches Z e n tra lb la t t ,  w ith  a d e lay  o f  y e a rs .

T h is ap p lied  also  to  th e  new  re sea rch  p ro jec t o f B r u c k n e r ,  b eg u n  in 
1941, concern ing  th e  possib le a d a p ta t io n  o f  d iene syn thesis to  a ro m a tic  system s. 
I t  w as a p p a re n t th a t  a ro m a tic  sy stem s w ould  reveal a reac tiv e  d ien e  ch a ra c te r  
o n ly  i f  th is  is ensu red  b y  a p a r tic u la r  s tru c tu re  form ed b y  lin e a r  an e lla tio n , 
an  ex am p le  being  th e  c h a ra c te r is tic  a d d itio n  reac tions occu rrin g  a t  th e  carbon  
a to m s in  th e  ^u-position o f a n th ra c e n e . O therw ise  th e  double b o n d s  o f  a n  a ro 
m a tic  system  can  o n ly  be  in d u ced  to  a d d itio n  reac tio n  w ith  th e  ph ilod iene  
m aleic  an h y d rid e  if  on ly  one o f  th e  doub le  bonds of th e  d iene is  fo u n d  in  the  
a ro m a tic  system , w hile th e  o th e r  is lo c a te d  in  a su b s ti tu e n t o f  th e  rin g , in 
co n ju g a tio n  w ith  th e  a ro m a tic  sy stem . A n exam ple for th is  is th e  ad d itio n  
re a c tio n  o f  9 -v in y lp h en an th ren e  a n d  m aleic  an h y d rid e , th o u g h  i t  is know n 
th a t  th e  double bo n d  in  p o sitio n  9,10 o f te n  behaves as a sim ple o le fin ic  bond . 
S ty re n e  itse lf  reac ts  r a th e r  b y  h e te ro p o ly m eriza tio n  w ith  m ale ic  a n h y d rid e .

H u d s o n  an d  R o b i n s o n  p u b lish ed  in  1941, B r u c k n e r  in  1942 [33] th e ir  
f i r s t  w ork  on th e  r e a c tiv ity  o f p ro p en y lp h en o l e thers in  d iene s y n th e s is . The 
p roneness to  p o ly m eriza tio n  o f ca-alkyl s ty ren es  is reduced , a n d  a lk o x y  sub
s t i tu e n ts  increase th e  r e a c tiv ity  o f  th e  a ro m a tic  ring . T hus, m e th y liso eu g en o l 
(XV) (nam ed  in  th e  p a p e r isohom ogenol) read ily  added  to  m ale ic  an h y d rid e , 
a n d  th e  in te rm ed ia te  p ro d u c t ach ieved  s ta b iliz a tio n  by  re a ro m a tiz a tio n  (F ig . 4).
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I t  sh o u ld  be m entioned  t h a t  d u rin g th e se  e x p e rim e n ts  B r u c k n e r  succeeded 
in  is o la t in g  also  thedim er o f isoh o m o g en o l from  th e  re a c tio n  m ix tu re ; e lu c id a tio n  
o f  th e  s t ru c tu re  of th is  c o m p o u n d  b y  deg radation , p ro v in g  th e  te tra lin e  basic 
sk e le to n  o f  th e  dim er, w as p u b lis h e d  b y  Sándor M ü l l e r  et al. in  th a t  v e ry  y ea r.

W h ile  in  th e  case o f  isohom ogeno l (and  iso sa fro le ) th e  ex p erim en ts  
y ie ld e d  th e  same resu lts  a s  d e sc rib ed  by  H u d s o n  a n d  R o b i n s o n ,  G yőző 
B r u c k n e r , toge ther w ith  J ó z s e f  K o v á c s , effected  a lso  th e  a d d itio n  reac tio n  
o f  a n e th o le  (XVI) elicitable w i th  m aleic  anhydride , w h e re  th e  E nglish  au th o rs  
d id  n o t  succeed  [40, 43, 47, 48 , 5 2 ] . In  th is case th e  in te rm e d ia te  a d d u c t form ed 
w as  n o t  stab ilized  by  a ro m a tiz a t io n , b u t by th e  a d d it io n  o f a second m olecule 
o f  m a le ic  an h y d rid e  (Fig. 5).

B y  m ean s of various c h e m ic a l reactions, w h ich  c a n n o t be d iscussed here  
in  d e ta i l ,  th e  steric s tru c tu re  o f  t h e  com pound could a lso  b e  p ro v ed ; accord ing ly , 
t h e  m o le c u le  can be p ic tu re d  a s  show n in Fig. 6.

T h e  experiences gained  in  th e  diene syn theses w ith  p ro p en y lp h en o l e th e rs  
c o u ld  b e  u tiliz ed  in fu r th e r  tw o  c a se s  for the  e x p la n a tio n  o f  re a c tio n  m echanism s 
m is in te rp re te d  in  th e  l i t e r a tu r e ;  one of them  w as th e  re a c tio n  of 1 ,2 -d iary l- 
e th y le n e s  [54], th e  o th e r t h a t  o f  benzalazine [51] w ith  m aleic  an h y d rid e .

U n d o u b te d ly , th e  s c ie n tif ic  career of Győző B r u c k n e r  w as h ig h lig h ted  
b y  h is  re sea rch es on n a tiv e  p o ly g lu tam ic  acids. I t  fa lls  to  th e  share  of few  
c h e m is ts  to  recognize a u n iq u e  g roup  of com pounds, t o  iso la te  its  in d iv id u a l 
m e m b e rs  in  th e  pure s ta te , t o  e lu c id a te  th e ir  s t ru c tu re  a n d  to  prove th e  s tru c 
tu r e s  b y  to ta l  synthesis. C o n c u rre n tly  w ith  th is  se ries  o f  ex p erim en ts , B r u c k 

n e r  c o u ld  also m anage to  c o n f ro n t  views of fo re ign  re se a rc h e rs  w ho d isp u ted  
th e  c o rre c tn e s s  of th e  s t r u c tu r e  e lucidation  an d  to  p re v a il  in  th e  d isp u te . T h e  
s y n th e s is  o f  n a tive  p o ly g lu ta m ic  acids is of fa r  g re a te r  im p o rtan ce  th a n  ju s t  
a n o th e r  scientific  a c h ie v e m en t: th is  work la id  th e  fo u n d a tio n s  of H u n g a ria n  
p e p t id e  chem ical research , c o n tin u o u s ly  developing  f ro m  th e  beg inn ing  of th e  
f i f t ie s ,  p rim arily  under th e  le ad e rsh ip  of G yőző B r u c k n e r , soon to  gain  
in te r n a t io n a l  renown.

T h e  iso lation  of n a t iv e  po ly g lu tam ic  acid  w a s  u n d e r ta k e n  s till in  th e  
I n s t i t u t e  o f Organic an d  P h a rm a c e u tic a l C hem istry  o f  th e  U n iv e rsitv  o f Sze-

О J  J
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ged, iu  co llab o ra tio n  w ith  m icrobio logist P ro f. G yörgy  I v á n o v i c s . I v á n o v i c s  

an d  B r u c k n e r  [21, 23, 23a, 32] w ere th e  f ir s t  to  recover p u re  po ly g lu tam ic  
ac id  from  th e  c a p su la r  su b stan ce  of v iru le n t Bacillus anthracis a n d  from  th e  
c u ltu re  m edium  o f th e  serologically  re la te d  Bacillus subtilis (ea rlie r Вас. 
mesentericus), an d  i t  d id  n o t ta k e  long to  d iscover th a t  th is  w as a su b stan ce  
o f  p a r tia l an tig en ic  (h a p te n ) ch a rac te r , responsib le  fo r th e  sero logical re la tio n 
ship . T he com pound  possessed un ique  p ro p e rtie s  unknow n  u p  to  th e n ;  i t  was 
found  to  be a p o ly p e p tid e , th o u g h  it  d id  n o t give th e  b iu re t re a c tio n  c h a ra c te r
istic  o f p o ly p ep tid es ; i t  y ie lded  a single am ino  ac id , g lu tam ic  ac id , on  h y d ro ly 
sis w ith  hyd roch lo ric  ac id , show ing th a t  th e  com pound  w as a ‘m o n o to n e  p o ly 
p e p tid e ’. E ven  m ore  in te re s tin g  w as th e  fa c t t h a t  th e  p e p tid e  iso la ted  from  
th e  capsu la r su b s ta n c e  (a n th ra x  p o ly p ep tid e) consisted  exc lu siv e ly  o f d (  — ) -  

g lu tam ic  acid, i.e. th e  co n fig u ra tio n  w as oppo site  to  th a t  o f am in o  ac ids p resen t 
in  p ro te in s . Such a n  occu rrence  w as un k n o w n  in  n a tu re  up  to  t h a t  tim e . The 
p o lym er iso la ted  from  th e  cu ltu re  m ed ium  (su b tilis  p o ly p ep tid e ) con ta in ed , 
besides d ( —)-g lu tam ic  ac id , m ore or less o f  th e  L -m odification . T h e  m olecular 
w eigh ts o f  th e  p ro d u c ts  w ere found , b y  th e  v a n  S l y k e  am in o -te rm in a l d e te r
m in a tio n , to  be  6 4 0 0 —7100. L a te r  i t  becam e ev id en t th a t  a  su b s ta n tia lly  
h ig h er m olecular w e ig h t w as also possib le, because  u n d e r th e  con d itio n s of 
th e  d e te rm in a tio n  a  tim e -d e p e n d e n t d eg rad a tio n , a n d  hence a decrease  in  m o
lecu la r w eight cou ld  occu r. I t  is rem ark ab le  t h a t  in  th e ir  f ir s t  co m m u n ica tio n
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th e  a u th o r s  m en tion  am o n g  th e  possible s tru c tu ra l  e lem en ts , besides th e  
а -b o n d in g  system s (XVII), t h e  u n u su a l y -g lu tam y l b o n d  (XVIII) a n d , on  th e  
b a s is  o f  equ ilib rium  w eig h t m easu rem en ts , even  a  possib le  p y rro lid o n e  rin g  
(XIX) c losu re .

T h e  linkage th ro u g h  b o th  ca rb o x y l groups, a n d  th e re b y  th e  fo rm a tio n  
o f  b ra n c h in g s  w as ex c lu d ed  b y  th e  m easu rem en t o f  th e  flow  b ire fringence  of 
th e  p o ly g lu ta m ic  ac id  so lu tio n  [35].

D u r in g  th e  w ar-y ea rs  re se a rc h  w ork in  c o n ju n c tio n  w ith  th e  s tru c tu ra l  
a n a ly s is  o f  n a tiv e  p o ly g lu ta m ic  ac id s w as su spended . H ow ever, in  1950 B r u c k 
n e r , to g e th e r  w ith  Jó z se f  K o v á c s , s ta r te d  in te n s iv e  re sea rch  a t  th e  In s t i tu te  
o f  O rg a n ic  C hem istry  o f th e  U n iv e rs ity  o f B u d a p e s t, m o tiv a te d  b y  view s p u b 
lish e d  in  foreign  coun tries  b e tw e e n  1946 an d  1950, acco rd in g  to  w hich  n a tiv e  
p o ly g lu ta m ic  acids a re  b a s ic a lly  b u ilt  up  w ith  a -g lu ta m y l bonds. S ince th is  
im p ro p e r ly  founded  view  w a s  in co n sis ten t w ith  sev era l o b se rv a tio n s  (serologi
ca l b e h a v io u r , n eg a tiv e  b iu re t  reac tio n ), in stead  o f  sp ecu la tio n  K ová cs  an d  
B r u c k n e r  to o k  recourse  t o  th e  m eth o d s o f c lassica l s tru c tu ra l an a ly sis , a n d  
e f fe c te d  th e  chem ical d e g ra d a tio n  o f p o lyg lu tam ic  ac id  [55, 56]. S ta r tin g  w ith  
p o ly g lu ta m ic  acid o b ta in e d  fro m  a  Bacillus subtilis c u ltu re , th e y  p re p a re d  th e  
p o ly m e tliy l  ester, th e n  th e  h y d ra z id e ; on su b jec tin g  th is  su b stan ce  to  C u rtiu s’ 
d e g ra d a tio n  followed b y  to ta l  h y d ro lysis , on ly  /5-form y lp r op ionic ac id  (XXI) 
c o u ld  b e  iso la ted ; a ,y -d ia m in o b u ty r ic  acid (XX), re su ltin g  from  a n y  possib le 
a -g lu ta m y l bonds w as n o t  e v e n  d e tec ted . T he fo rm a tio n  of th e  c h a ra c te r is tic  
d e g ra d a t io n  p ro d u c ts  fro m  th e  tw o  k inds o f g lu ta m y l b o n d s  is il lu s tra te d  b y  
th e  sc h e m e  show n on th e  o p p o s ite  page.

A s a contro l e x p e r im e n t, a -p o ly g lu tam ic  ac id  w as sy n th esized  a n d  i ts  
d e g ra d a tio n  perfo rm ed . H e re  exclusively  th e  e x p e c te d  a ,y -d iam in o b u ty ric  
a c id  w a s  form ed [57, 58, 66 ]. B e p e titio n  o f th e  e x p e rim e n ts  by  th e  H o fm an n  
d e g ra d a tio n  o f th e  re sp e c tiv e  am id es [59, 61] su p p o rte d  th e  earlie r f in d in g , 
a c c o rd in g  to  w hich su b tilis -p o ly p e p tid e  is b u ilt  u p  p re d o m in a n tly , b u t  p ro b a b ly  
e x c lu s iv e ly  of y -g lu tam y l p a r ts .  F o r th e  sake o f  com pleteness, d e g ra d a tio n  
w as  p e rfo rm ed  also on  a n th ra x -p o ly p e p tid e , w ith  s im ila r re su lts  [65, 80].

C hem ical syn th esis  is  th e  m o st su itab le  w ay  o f p ro v in g  th e  co rrec tn ess  
o f  s t r u c tu r a l  analysis. H o w ev e r, a t  th e  beg inn ing  o f  th e  f iftie s  p ep tid e  ch em is try  
w a s  s t i l l  in  its  in fan cy ; fo r th e  p re p a ra tio n  of y -g lu ta m y l p ep tid e s  th e re  w as 
a  so le  ex am p le , th e  sy n th e s is  o f  g lu ta th io n e . B r u c k n e r  a n d  co-w o rk e rs  devised  
th e re fo re  a  sy stem atic  se rie s  o f  ex perim en ts in  w h ich  th e  p re p a ra tio n  o f  
a -p o ly g lu ta m ic  acid w as fo llow ed  f irs t  by  th e  sy n th e s is  o f  y -p o ly g lu tam ic  acid  
o f  th e  L-series [71, 75, 79]; th e n , in  succession th e  sy n th ese s  o f y -poly-D -glutam ic 
a c id  [81, 87], o f y -p o ly g lu ta m ic  ac id  co n ta in in g  a l te rn a te ly  L -an d  D -glu tam ic 
a c id s  [85] an d  o f p o ly g lu ta m ic  ac id  co n ta in in g  a l te rn a te ly  a- a n d  y -bonds 
[74, 83 , 84, 86] w ere a c h ie v e d . T h e  d e ta iled  su m m ariz in g  co m m u n ica tio n  on 
th e  t o t a l  syn thesis  o f th e  im m unospec ific  h a p te n  o f  th e  b acillu s g roup  a n th ra x -
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subtilis was published in 1958 [87]. Finally, much later, keeping abreast of the 
development of peptide-chemical methods, B r u c k n e r  and K a j t á r  published 
in 1968 an improved synthesis, which was suitable for the preparation of 
the polymer of high molecular weight also on the preparative scale [111]. 
A detailed analysis of these syntheses is not possible here; it is sufficient to 
describe the general principles and to mention the main methods used.

Evidently, a feasible way of building up the macromolecule is the poly
merization of a suitably selected monomer. Regrettably, y-polyglutamic acid 
can not be prepared from a glutamic acid derivative (XXII) containing an 
activated carboxyl group and a free amino group which can be acylated, 
because owing to the favourable steric conditions, in this case a pyrrolidone- 
carboxylic acid derivative (XXIII) is formed:

H 2X—CH—COOR
I

CH2

CH2
I
CO—X

XXII

-H N -C H —COOR
I

CH2
I

CH2

CO-------------

HN—C H -C O O R  

0 — c {  \ ' H 2

c
H2

XXIII

Thus, the molecule of minimal dimension suitable for polymerization, is 
a dipeptide with a free amino group, containing a у-bond, adequately protected 
at the a-carboxyl groups and activated at the terminal y-carboxyl group; this 
was called b y  B r u c k n e r  briefly the “startdipeptide”. Under suitable condi
tions, a compoud of this kind (XXIV) can be induced to polymerization to 
yield, after the removal of the protecting groups, y-polyglutamic acid (XXV).

The methods of synthesis developed differed only with respect to the 
activation and the selection of the protective group R. Activation, and thus 
the polyacylation reaction, could be accomplished by the mixed anhydride, 
dicyclohexylcarbodiimide, thiophenyl activated ester methods, while methyl, 
benzyl and later t-butyl esters were selected for the protection of the carboxyl 
group. The serological identity of y-poly-D-glutamic acid and the native poly- 
glutamic acids was proved by I v á n o v i c s  in [87]. Herewith, the successful 
Hungarian research work, followed all along with world-wide interest, was 
terminated. The results became examples in textbooks, and chapters in mono
graphs [102].
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I t  is  on ly  n a tu ra l t h a t  in  th e  course of such a  s u b s ta n tia l  w ork  a w hole 
g e n e ra tio n  o f  researchers g rew  u p , an d  m any  sc ien tific  o b se rv a tio n s  o f m a jo r 
o r  m in o r  im p o rtan ce  w ere d isc lo sed , so to  say  as b y -p ro d u c ts . T hus, B r u c k n e r  
a n d  co -w o rk ers  were th e  f i r s t  t o  describe th e  in tra m o le c u la r  tra n s p e p tid a tio n  
o f  g lu ta m ic  acid p ep tides [69, 73, 77, 93], a new m e th o d  fo r th e  d e te rm in a tio n  
o f  th e  ty p e  o f  g lu tam yl b o n d s  [90], th e  ex tension  o f  ex periences gained  w ith  
p o ly g lu ta m ic  acid to  a s p a r tic  a c id  deriva tives [70, 78, 88], an d  th e y  s tu d ie d  
th e  p o ss ib le  secondary  s t ru c tu re s  o f  these  co m p o u n d s [109].

R e se a rc h  w ork c a rr ie d  o u t  b y  B r u c k n e r  in  c o lla b o ra tio n  w ith  M aria 
S z e k e r k e  for th e  p re p a ra t io n  o f  am ino  acid  a n d  p e p tid e  d e riv a tiv e s  w ith  
c y to a c t iv e  groups should  b e  m e n tio n e d  am ong th e  p e p tid e  chem ical w orks. 
T h e  c o n tro l o f cancer b y  c h e m o th e ra p y  belonged to  th e  g re a t possib ilities  of 
th e  f i f t ie s ,  an d  in  th a t  p e rio d  th e  syntheses o f sev e ra l c y to s ta tic s  w ere d evel
o p ed , m a n y  o f w hich a re  e f f ic ie n tly  used even  to d a y . H ow ever, a ll th e se  
c o m p o u n d s  have th e  co m m o n  d isad v an tag e  th a t  th e y  in h ib it  th e  g ro w th  of 
th e  h e a l th y  cells also. T h is to x ic  p ro p e rty  can  be m itig a te d  to  a c e r ta in  e x te n t, 
i f  th e  c a r r ie r  o f th e  reac tiv e  g ro u p  (e.g. /З-ch lo ro e th y lam in o -, bis-/?-chloroethyl- 
a m in o , m esy l-, d iazoacety l-) is  a  com pound , w hich  is  a  co m p o n en t o f  th e  liv ing  
o rg a n ism , an d  th u s n o t a c o m p le te ly  ex traneous su b s ta n c e . A few c y to s ta tic s  
c o n ta in in g  am ino acids w ere  k n o w n  a lready  in  1960, a n d  B r u c k n e r  an d  
S z e k e r k e  [101] p rep ared  th e  0 , 0 ’-dim esyl d e r iv a tiv e  o f th e  d ip ep tid e  seryl- 
se rin e  (XXVI), s ta rtin g  fro m  th e  considera tion  t h a t  th e  re la tiv e  p o sition  of 
th e  tw o  m esy l groups in  th is  c o m p o u n d  is th e  sam e a s  in  th e  c y to s ta tic  m a n n i
to l  d e r iv a tiv e  (XXVII), a lre a d y  know n a t  th a t  t im e :

CH2OSO2CH3
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CHNH2
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CO
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I
CH—COOH
I
CH2 0 S0 2 CH3
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CH2 0 S0 2 CH3
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I

H — c — O H
I

H — с — OH
I
CH20S 02CH3

XXVII

T h o u g h  0 ,0 ’-d im esy l-se ry l-se rin e  did n o t p ro v e  to  be  an  ac tiv e  su b stan ce , 
th e  in tro d u c tio n  o f o th e r  r e a c tiv e  groups re su lte d  in  e ffic ien t c y to s ta tic s . 
T h u s , cyclic  phosphoric a c id  e s te r  derivatives, o b ta in e d  from  serine , sery l- 
se rin e  a n d  even po lyserine w i th  !V ,iV -bis-(/3-chloroethyl)phosphoric ac id  am ide 
d ic h lo r id e  are  all c y to a c tiv e  su b s ta n c e s  w ith  a h ig h  th e ra p e u tic a l in d ex  [103, 
105]. O f  th e se , th e  d e r iv a tiv e s  fo rm ed  from  th e  a m in o  ac id  a n d  th e  d ip ep tid e  
a re  sh o w n :
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C1-CH2-CH2 О О----СН2
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T he ex p e rim en ts  w ere  ex ten d ed  also  to  o th e r  am ino  acids, th u s  th e  re 
sp ec tiv e  cyclic d e riv a tiv e s  o f /?-phenylserine, /5 -hydroxyg lu tam ic ac id , cyste ine  
an d  ly sin e  h av e  also b een  p rep ared . B io logical te s ts  w ere carried  o u t in  th e  
P a th o lo g ica l a n d  E x p e r im e n ta l C ancer R e se a rc h  In s t i tu te  o f th e  M edical 
U n iv e rs ity , B u d a p e s t (P ro f. J .  B a l ó ) a n d , in  in te rn a tio n a l coopera tion , in  th e  
C hester B e a tty  In s t i tu te ,  L ondon  (P rof. A . H a d d o w ).

T he to p  o f  p ep tid e -ch em ica l re sea rch , th e  la s t  g rea t w ork in  re sea rch  
o rg an iza tio n  a n d  e x p e rim e n ta l p ro g ram m e d ev ised  b y  th e  c rea to r o f  H u n g a r
ian  p e p tid e  ch e m is try , w as u n d o u b te d ly  th e  syn th esis  o f  th e  a d re n o c o rti
co trop ic  h o rm one . In  th is  p ro je c t B r u c k n e r  w as no  longer obliged to  p a r t ic i
p a te  a c tiv e ly  in  th e  e x p e rim en ts , because b y  t h a t  tim e  a genera tion  o f  ch em ists  
h ad  grow n u p  u n d e r  h is  tu i t io n , w ho cou ld  b e  e n tru s te d  w ith  th e  e la b o ra tio n  
o f  th e  d e ta ils  o f  th e  im m ense  sy n th e tic  w o rk . H is ro le w as th e  co o rd in a tio n  
o f  th e  re sea rch  g roups p erfo rm in g  th e  sy n th e se s , th e  p lan n in g  of th e  s tra te g y  
how  to  b u ild  u p  th is  p o ly p ep tid e  co n sis tin g  o f  39 am ino  acids, an d  to  keep 
c o n s ta n tly  tr a c k  o f  th e  p rog ress of th e  sy n th es is . W ork-m eetings he ld  p e rio d i
ca lly  offered  ex ce llen t occasions to  discuss how  to  avo id  num erous d ifficu lties  
en co u n te red  in  th e  cou rse  o f  th is  w ork , a n d  to  se lect th e  prom ising  w ay s. H is 
g re a t experience  in  e x p e rim e n ta l w ork , h is p ro fo u n d  know ledge o f  th e o re tic a l 
o rgan ic  ch e m is try  a n d  h is stereochem ical in tu i t io n  becam e pub lic  p ro p e r ty  
d u rin g  th e se  d iscussions, considerab ly  fa c il i ta tin g  th e  ta sk  of his co-w orkers 
do ing  th e  a c tu a l sy n th es is .

T he p ro je c t on  th e  syn thesis  of th e  ad ren o co rtico tro p ic  h o rm o n e  w as 
lau n ch ed  in  1959 as a  c o o rd in a te d  jo in t w o rk  o f  th e  research ers  o f th e  P h a rm a 
ceu tica l R esea rch  I n s t i tu te  (Sándor B a j u s z ), th e  C hem ical W ork s G edeon 
R ic h te r  L td . (L ajos K i s f a l u d y ) an d  o f th e  D e p a r tm e n t o f O rganic C h em is try  
o f  th e  E ö tv ö s  L o rá n d  U n iv e rs ity  (K á lm án  M e d z i h r a d s z k y ). T he a im  se t w as 
th e  b u ild ing  u p  o f  th e  iV -term inal f ra g m e n t c o n ta in in g  28 am in o  ac ids o f 
th e  ho rm o n e  o f  p o rc in e  orig in . A t th a t  tim e  i t  w as a lread y  know n th a t  th is  
f ra g m e n t w as th e  c a rr ie r  o f  th e  b io logical a c t iv i ty , so th e  sy n th es is  o f  th e  
com p le te  ho rm one  w as n o t  necessary .

T he m o tiv a tio n  o f  th is  syn th esis  w as n o t  p u re ly  th eo re tica l; th e  p h a rm a 
ceu tica l in d u s try  n eed ed  a  co rtico tro p in  fo r th e  su b s titu tio n  o f n a tu ra l  p re p a 
ra tio n s , w hich  a re  o fte n  c o n ta m in a te d  b y  h a rm fu l p ro te in s . T he th re e  re sea rch  
g roups, d iv id in g  th e  sequence  u n d er th e  le a d e rsh ip  o f B r u c k n e r  co m p le ted
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S er-T yr-S er-M et-G lu -H is-P h e-A rg -T rp -G ly -L y s-P ro -V al-

-G ly-L ys-Lys-A rg-A rg-Pro-V al-I,ys-V al-Tyr-Pro-A sp-G ly-

-A la-G lu-A sp-G In-Leu-A la-G lu-A la-Phe-Pro-Leu-G lu-Phe

Fig. 8. The com plete sequence o f porcine ACTH (1959)

th e  s y n th e s is  of th e  fra g m e n ts  w ith in  tw o  y ea rs , an d  re p o rte d  th e  re s u lt  in  
1961 o n  th e  p ep tid e  sy m posium  in  M oscow. A s i t  w as im p o r ta n t to  e la b o ra te  
a  p a te n ta b le  process, th e se  re su lts  w ere p u b lish ed  [98, 99, 100] o n ly  a f te r  th e  
f ilin g  o f  th e  ap p lica tions. T h e  th re e  fra g m e n ts  su itab le  for fu r th e r  co u p lin g  
w ere  th e  follow ing:

Z -S er-T yr-S er-M et-G lu-H is-P he-A rg-T rp-N 2H 3;

Z -G ly-L ys(T os)-P ro-V al-G ly-L ys(T os)-L ys(T os)-A rg-A rg-P ro-V al-L ys(T os)-O H ;

H -V al-T yr-P ro-A sp-G ly-A la-G lu-O H .

T h e  research  g roups soon ach ieved  th e  coupling  reac tio n s. R em o v a l o f  
th e  p ro te c t in g  groups gave th e  desired  fra g m e n t consisting  o f 28 m em b ers . A t 
t h a t  t im e  th is  w as th e  p o ly p e p tid e  w ith  th e  la rg es t n u m b er o f m em b ers  b u ilt  
u p  b y  sy n th e s is , con ta in in g  14 d iffe ren t p ro te in  co m ponen t am ino  ac ids. H ow 
ev e r, i t  soon  becam e ev id en t t h a t  in  i ts  o rig inal from  th e  process w as u n su ita b le  
fo r in d u s tr ia l  p rod u c tio n . T h ere fo re , in  1962 th e  d evelopm en t o f a new  s y n th e 
sis, u s in g  o th e r  p ro tec tin g  g ro u p s , w as s ta r te d . As th e  syn th esis  o f th e  to ta l  
m o lecu le  o f  porcine A CTH  w as described  m eanw hile  b y  S c h w y z e r , th e  new  
a im  o f  th e  H u n g a rian  re sea rch ers  w as th e  sy n th es is  o f th e  h o rm o n e  o f h u m a n  
o rig in . T h e  p restige  an d  m e d ia tio n  o f  Győző B r u c k n e r  w ere in s tru m e n ta l in  
c o m p le tin g  th is  syn thesis  in  1966. In  re co g n itio n  o f  th e ir  acco m p lish m en t, th e  
le a d e rs  o f  th e  research  g roups w ere  aw ard ed  th e  N a tio n a l P rize  in  1970.

T h e  se lection  of h is  re se a rc h  to p ics  is c h a ra c te r is tic  o f th e  w ide sc ie n tif ic  
in te r e s t  o f  G yőző B r u c k n e r . H e v ir tu a lly  cou ld  n o t res is t a sc ien tific  p ro b lem  
e n c o u n te re d , an d  a tte m p te d  to  an sw er a n y  challenge w ith  sy s tem a tic  e x p e ri
m e n ta l  w o rk  o f th e  g re a te s t th o ro u g h n ess . T h is is th e  reason  w h y  he h a s  a lso  
a n u m b e r  o f  p ap ers  w hich  a re  n o t  re la te d  to  one a n o th e r ; he d ea lt w ith  sev era l 
p ro b le m s w h ich  tu rn e d  o u t to  offer no  p o ss ib ility  of fu r th e r  d e v e lo p m en t, 
hen ce  h e  ab an d o n ed  th em  a f te r  a b rie f  in v e s tig a tio n . As an  i l lu s tra tio n  of 
B r u c k n e r ’s  v e rsa tility , i t  is w o r th  to  m e n tio n  som e of th ese  re sea rch  to p ic s .

In v e s tig a tio n s  to g e th e r w ith  T ib o r S z é k i  fo r th e  d e te rm in a tio n  o f  th e  
c o m p o s itio n  o f  th e  essen tia l oil o f  Asarum europeum [4] was a c tu a lly  an  in t r o 
d u c tio n  to  th e  la te r  research  w o rk  o f  g rea t v a lu e  on pheno l e th e rs  c o n ta in in g  
p ro p e n y l side chain . The a rd u o u s  e x p e rim e n ta l w ork  carried  o u t a t  th e  b e g in n 
ing  o f  th e  th ir t ie s  m igh t p e rh a p s  p rovoke  a sm ile o f a chem ist in  th e  age o f  
gas c h ro m a to g ra p h y  an d  th e  m ass sp ec tro m e te r , y e t th e  carefu l s e p a ra tio n
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an d  c h a ra c te riz a tio n  o f  th e  p ro d u c ts , th e  m eticu lous c o n s id e ra tio n  of each 
e stab lish ed  fa c t w ill ev er rem a in  an  exam ple  to  he fo llow ed b y  o rg an ic  chem ists 
a n d  an a ly s ts .

T he in te re s t o f  B r u c k n e r  in  n a tu ra l  p ro d u c ts  w as re v e a le d  b y  his 
m aste rfu lly  o rg an ized  special courses, b u t  he  w as also  a c tiv e  re search er of 
th e  fie ld ; th e  id e n tif ic a tio n  o f  c itr in , th e  c ry sta llin e  flav o n e  iso la te d  from  lem on 
ju ice  [19] an d  o f  b e tu lin ic  ac id  o b ta in e d  from  p la ta n  ( Platanus acerifolia)  ba rk
[42] a re  gems o f h is  sc ien tific  a c tiv ity .

H is th o ro u g h  know ledge a n d  exce llen t g rasp  o f th e  l i te r a tu r e  helped  him  
in  several cases to  ach ieve  re m a rk a b le  a n d  su rp rising  s y n th e tic  in n ova tions. 
O ne o f th e  b e s t ex am p les  o f  th is  is  th e  e lab o ra tio n  o f a n o v e l m o d e  o f p rep a ra 
tio n  o f pen tacen e  [94, 95, 96]. T hou g h  th e  syn thesis  o f  th e  m o lecu le , consisting 
o f  five  lin ea rly  cond en sed  benzene rings, h ad  been  describ ed  in  1953 b y  A m er
ican  a u th o rs , o n ly  a b o u t 50 m g of th e  h y d ro ca rb o n  cou ld  b e  p re p a re d  in  one 
b a tc h . B r u c k n e r  a n d  co-w orkers red u ced  th e  know n c o m p o u n d  pen tacene- 
6 ,13-quinone (X X V III) w ith  a lu m in iu m  cyclo h ex y la te , to  o b ta in  23 g o f p en ta 
cene (XXIX) from  th e  qu in o n e , in  a  single s tep . T h e  c o m p le te  syn thesis is 
show n in  F ig . 9.

XXIX
Fig. 9

A series o f e x p e rim e n ts  a im ed  a t  th e  stereo se lec tiv e  sy n th e s is  o f quinic 
ac id  an d  its  d e h y d ra te d  d e r iv a tiv e , sh ik im ic acid , is a lso  c o n n e c te d  w ith  th e  
ch em is try  of n a tu ra l  o rgan ic  com pounds. A ccording to  a s su m p tio n s , b o th  acids 
a re  th e  p ro d u c ts  o f  c a rb o h y d ra te  m e tab o lism , an d  a re  fo rm e d  fro m  sedoheptu- 
lo se-7 -phosphate . A  sy n th es is  s ta r tin g  from  a  sugar ( th e  c o n fig u ra tio n  o f arab i- 
nose co rresponds to  t h a t  o f th ese  n a tu ra l  ca rboxy lic  ac id s) seem ed to  be a 
f in e  p ro o f of th e  g en e tic  d e riv a tio n  from  sugars. A cco rd in g  to  th e  sy n th e tic  
p lan , th e  p ro te c te d  cy c lo h ex an e  d icarboxy lic  acid  d e r iv a tiv e  (XXXI) was to  
be  p rep ared  from  D -arab ito l (XXX) th ro u g h  th e  re sp ec tiv e  d ih a lo g en  or d itosyl 
com pound , from  w h ich  ex p ec ted ly  qu in ic  acid  (X X X II) a n d  sh ik im ic acid 
(X X X III) can  b e  ea s ily  p rep a red .
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The first derivatives were obtained in  1962 [104], then , after much 
difficu lty , the d icarboxylic acid ester XXXI, th e  sem initrile [108], and a 
series o f  other arabitol derivatives w ere prepared [100, 116, 117]. F in a lly , the  
work in collaboration w ith  János Cs á s z á r  w as successful; 2,3,4-D -arato-tri- 
m eth oxy-5-tosy loxyp en tylcyan oacetic  acid m ethyl ester (XXXIV), obtained  
from D-arabinose, could be converted in to  th e  respective cyclohexane deriva
tiv e  (XXXV), which y ielded  on saponification  and partial decarboxylation  a 
m ixture o f the tr im eth y l esters of d ihydroshikim ic acid and epi-dihydroshiki- 
mic acid (XXXVI and XXXVII) [118].

T h e d iaste reo m ers  w ere sep a ra ted  b y  ch ro m a to g rap h y . P ro v in g  th u s  th e  
genetic  re la tio n sh ip , B r u c k n e r  an d  Cs á s z á r  o m itte d  th e  sy n th es is  o f  quinic 
acid , a ll th e  m ore so, a s  th is  w as ach iev ed  in  th e  m ean tim e in  a so m ew h at 
d iffe ren t w ay  b y  fo re ig n  researchers.

In  a d d itio n  to  G yőző  B r u c k n e r  th e  re sea rch er, t r ib u te  sh o u ld  be  paid  
to  B r u c k n e r  th e  te a c h e r , th e  pedagogue p ro fesso r. In d eed , he h im se lf  declared  
th a t  he ap p re c ia ted  h is ta s k  of ed u ca tin g  th e  y o u th  even m ore th a n  h is re sea rch  
a c tiv ity . A ccord ing ly  o n e  of th e  im p o r ta n t  o b jec ts  o f his sc ien tific  research  
w ork  w as to  c o n tr ib u te  to  th e  d ev e lo p m en t o f organic ch e m is try , an d  to  
im p a r t  th is  live ly , fre sh  m a te ria l o f kno w led g e  to  th e  s tu d en ts . H e  to ld  ab o u t 
h is view s of th e  re la tio n sh ip  betw een  re se a rc h  an d  teach ing , a b o u t th e  im p o r
ta n c e  o f  u n iv e rs ity  e d u c a tio n  and  le c tu r in g , in  his festa l ad d re ss  o n  being 
con ferred  w ith  th e  h o n o ra ry  docto rs’ t i t le  o f  th e  U n iv ersity , u sin g  th e  a lm o st 
confession-like w ords:

“ A t u n iv e rs ity  leve l only an  a c tiv e  re sea rch er o f his b ra n c h  o f  science 
can  te a c h  effic ien tly . E xperien ces gain ed  d u rin g  research , even  i f  n o t  in  close 
c o n ta c t w ith  th e  se lec ted  th em atics  o f  h is  le c tu re  course, h av e  n ev e rth e le ss  a  
s t im u la tin g  effect on teach in g , because  th e  researcher, lea rn in g  fro m  h is ow n 
success or even fa ilu re , can  b e tte r  a p p re c ia te  th e  research  re su lts  o f  o thers, 
a n d  e s tim a te  m ore re lia b ly  th e  in te lle c tu a l a c t iv i ty  lead ing  to  th e  so lu tio n  o f  
one o f  th e  secre ts o f n a tu re .  L iving in  th is  sp h e re  o f th o u g h t, h is le c tu re s  becom e 
m ore  v iv id , a rousing  th e re b y  th e  in te re s t  a n d  th e  a t te n tio n  o f  th e  s tu d e n ts . 
B u t le c tu rin g  also  g ives tru e  p leasure a n d  p e rso n a l experience to  th e  u n iv e r
s ity  le c tu re r , if, h o ld in g  a close c o n ta c t w ith  his s tu d en ts , he can  feel th e  
re flec tio n  o f  th e  in te lle c t and  th e  th i r s t  fo r  know ledge o f y o u th . T h is  sp u rs  him  
on to  th e  co n tin u o u s po lish ing  of h is le c tu re s , an d  th e  tra in  o f  th o u g h t  he is 
fo llow ing  m ay  becom e th e  source o f new  id eas , w hich can  be u tiliz e d  also in  
h is re sea rch  w ork. N o d o u b t, I  am  u n d e r  th e  in fluence  o f ex p erien ces  gained 
in  th e  course o f long  y e a rs  o f  u n iv e rs ity  te a c h in g , w hen I  th in k  ev en  to d a y  
th a t  th o u g h  u n iv e rs ity  tex tb o o k s  or le c tu re  n o tes  ed ited  b y  th e  d e p a r tm e n ts  
a re  im p o r ta n t  an d  ev en  ind ispensab le , th e y  can  n o t rep lace th e  fo rce  o f a n i
m a te d  w ords, th e  d ire c t and  live c o n ta c t be tw een  te a c h e r  a n d  s tu d 
e n ts ” .
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Győző B r u c k n e r  rem ain ed  a lw ays fa ith fu l to  his p rin c ip le s , sum m arized 
b y  h im self in  th e  afo rego ing  few  sen tences. F o r m ore th a n  f i f ty  y ea rs , even if 
w ith  decreasing  p h y sica l s tre n g th , b u t  w ith  unchanged , c ry s ta l  c lea r in te llec t he 
rem ain ed  le c tu re r  o f h is b e loved  su b jec t a lm ost to  h is la s t  h o u r . T housands 
o f  s tu d e n ts  follow ed w ith  eager a t te n tio n  his w ords, h is m a s te r ly  constructed  
lec tu re s . One cou ld  n o t  be  b o red  a t  th e se  lec tu res , th e  th re a d s  o f  chem ical 
s tru c tu ra l  an a ly sis  w ere w ow en w ith  th e  ex c item en t o f  a  n o v e l, p o in t and  
lesson w ere n ev er a b se n t, th e  seem ingly  d ry  su b je c t-m a tte r  w as m ad e  enjoyable 
b y  re fin ed  h u m o r a n d  w it ty  tu rn in g  po in ts .

H is im m ense h an d b o o k  is th e  f ru it  o f  th e  fo r tu n a te  c o m b in a tio n  of th e  
m e n ta l fram e o f a n  ex p erien ced  te a c h e r  an d  a research  c h e m is t. B r u c k n e r  

b eg u n  th e  w ritin g  o f  th is  w o rk  th i r ty  y ea rs  ago, an d  a f te r  rev ised  editions 
d iff ic u lt to  c o u n t, i t  h as  grow n d u rin g  th e  years  to  an  e x te n t  o f  fo u r th o u san d  
pages. T he f irs t  vo lum e o f “ O rganic  C hem istry”  w as p u b lish e d  in  1952, and  in 
la te r  years, w ith  th e  grow ing o f th e  su b jec t, even th e  v o lu m es h ad  to  be 
d iv id ed . T he w o rk , u n iq u e  in  H u n g a ria n  te x tb o o k  w ritin g , co n sis ts  to d a y  of 
s ix  volum es, th e  la s t  o f  w hich  w ill leav e  th e  press in  th e  n e a r  fu tu re .

B r u c k n e r ’s “ O rgan ic  C h em istry ”  is n o t on ly  a h a n d b o o k , its  m ateria l 
b e ing  m uch m ore co m p reh en siv e  th a n  th e  know ledge re q u ire d  from  th e  stu d en ts  
b u t  i t  is also a ca re fu lly  o rgan ized  m o nograph , a re liab le  w o rk , b ased  on th e  
o rig inal d a ta  o f th e  l i te ra tu re . Close co llab o ra to rs  p a r tic ip a te d  in  i ts  com pilation , 
ed itio n , and  la te r  in  th e  w ritin g  of som e ch ap te rs , b u t  th e  b o o k  in  its  en tire ty  
i s  th e  in te lle c tu a l legacy  o f G yőző B r u c k n e r .

T he sc ien tis t d ec la rin g  h u m a n ity  as th e  o b jec t o f  h is life , rem ain ed  tru e  
to  th e  aim  se t, u p  to  h is d e a th . G yőző B r u c k n e r  h ad  no  enem ies, on ly  friends, 
an d  ev ery b o d y  cou ld  alw ays su re ly  re ly  upon  his u n se lf ish  assistance , his 
read in ess  to  he lp . H e m e t th e  tr ia ls  o f  life w ith  a  s tro n g  h e a r t ,  an d  he was 
sy m p a th e tic  to  th o se  w ho s to o d  in  need  o f solace. H is p e rso n a lity  rad ia ted  
p eace  an d  h a rm o n y , an d  th is  w as also  a source of h a rm o n y  fo r th e  whole 
co m m u n ity  su rro u n d in g  h im . F a te  to o k  aw ay  from  us b esid es  a  g re a t chem ist 
also  a tru e  m an , a n d  th is  is p a r tic u la r ly  d istressing , b ecau se  o u r loss is irre 
placeable.
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Sodium  l-oxido-4,6-diphenyl-2-pyridone reacts w ith phenacyl halides to  give 
arylglyoxals and w ith  iV -heteroarylm ethylpyridinium ' cations to give heteroarom atic  
aldehydes and ketones.

PY R ID O N A  (1), th e  sodium  sa lt o f  l-h y d ro x y -4 ,6 -d ip h en y l-2 -p y rid o n e , 
re a c ts  w ith  a lk y la tin g  ag en ts  (2) to  give in te rm e d ia te s  (3) w hich  decom pose 
th e rm a lly  o r p h o to ch em ica lly  to  y ie ld  2 -h y d ro x y -4 ,6 -d ip h en y lp y rid in e  (4) 
(w hich  ta u to m e rise s  to  th e  py ridone) a n d  a  ca rbony l com p o u n d  (5). This 
co n cep t h as  been  used  in  th e  conversion  o f  a lk y l an d  benzyl h a lid e s  in to  ke
to n e s  a n d  a lip h a tic  a ldehydes in  m o d e ra te  y ie ld  an d  in to  a ro m a tic  a ld eh y d es  
in  good y ie ld  [1] a n d  in  th e  conversion  o f  b en zy lam in es via p y r id in iu m  sa lts 
in to  b en za ld eh y d es  [2].

* This paper is dedicated to the m em ory of m y friend Professor V ictor B r u c k n e r , 
a  fine chem ist and a  fine personality: Alan R. K a t r i t z k y .
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Table I

Conversions o f aroylmethyl

A roylmethyl halide ArCOCH sX Arylglyoxal hydrate®

A r X M.p. (°C) Lit. m.p. Ref. M .p. (°C)
Yield
(%) L it.  m.p. Ref.

c6h 5 Br — — — 70—73 70 7 2 -7 4 e

4-BrC6H„ Cl 118 .5 -119 116-117 ь 109—112 55 132 /
4-ClC6H 4 Cl 101 — 101.5 101-102 b 105 — 108 27 120-121 e

4-CH3C6H 4 Cl 5 6 .5 -5 7 .5 5 5 -5 6 c 84—87 45 1 05-106 e

4-CH3OC6H 4 Cl 99.5—100.5 102 d 9 6 -9 9 56 107-109 s

a All crystallised as needles from  water. * C o l l e t ,  A .: Compt. rend, 125C, 717 (1897). 
c R y a n ,  H .: Chem. Ber., 31, 2129 (1898). d T u t i n ,  F .: J .  Chem. Soc., 97, 2495 (1910)./  M a u r i ,
L . ,  N a r d i ,  D .: Farm aco E d. P ra t . ,  18, 651 (1963); Chem. Abs., 64, 1994d (1966). ^ A r n o l d ,

Table I I

IV- [a- (Heteroaryl)  alkyl]pyridinium

H et R R ecrystn .
solvent

C rystal form M.P.(°C) Yield
(%)

2-Quinolyl H 80% aq. EtO H yellow needles 2 27 -228 90*

4-Quinolyl H aq. E tO H yellow prisms 213-214 .5 48*

2-B enzothiazolyla H E tO H pale yellow plates 1 7 9 -184 64

2-Benzoxazolyl H E tO H pale yellow needles 193.5-194.5 26

2-Benzoselenazolyl H E tO H brown prism s 171.5-172 46

2-Chrom onyl H MeOH brown needles 218-221 88

2,4-D initrophenyl H E tO H brow n plates 174-176 60

2-Pyridyl Ph E tO H pink prism s 178-179 51

a F ound ; S. 9.04%. R equired:. S, 9.05%. b L ite ra tu re  yield. c L iterature yield of crude 
p roduc t. d Iso lated  as perchlorate. ^ K i n g ,  L. C., A b r a m o , S. Y . : J .  Org. Chem., 23, 1609 
(1958). £ S c h u l z e , W . ,  W i l l i t z e r ,  H .: J .  prak t. Chem., 21, 168 (1963). * R i e d , W . ,  G r o s s ,

W e now  describe exten sion s o f this w ork in  w hich one of th e  th e  R- 
-groups o f  the interm ediate (3) is electron-attracting. This should facilita te  
th e  step  (3) —> (4) -f- (5): indeed , phenacyl halides (6) are converted in to  aryl- 
g ly o x a ls  (7) and the K ing reaction  products (8) from alkylheteroarom atics 
in to  a c y l heteroarom atics (9). In each case th e  interm ediates o f type (3) were 
not iso la ted  but decom posed spontaneously.
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halides into arylglyoxals

AxCOCH(OH),

%  Found
Form ula

%  R equired

c II Cl/Br c II Cl/Br

42.0 3.4 34.3 CgH5B r0 2,H20 41.6 3.1 34.6

51.7 3.7 19.0 C8HSC102,H 20 51.7 3.8 19.0
65.3 6.0 — C9H80 2,H 20 65.1 6.1 —
62.3 5.3 — C9H80 3, v 2h 2o 62.4 5.2 —

R. T ., F u s o n , R. C.: J .  Amer. Chem. Soc., 58, 1295 (1936). e B e c k e r , H .-D ., R u s s e l l , G. A.: 
J . Org. Chem. 28, 1895 (1963).

iodides (H etCH RPy+ I~ )

L i t .  m. p. Ref.
% Found

Formula
% Required

C II N I C H N I

238—239 / — — —

2 2 0 -2 2 3 / — — —
1 8 0 -1 8 2 g 44.2 3.1 7.8 35.6 CI3H n IN 2S 44.1 3.1 7.9 35.8

1 9 0 -1 9 1 g 46.2 3.3 8.2 37.8 c 13h u i n 2o 46.2 3.3 8.3 37.5

178d h 38.7 2.7 6.6 — C13H n IN 2Se 38.9 2.8 7.0 —
222 — 223 i — — —

1 6 9 - 1 7 R j — Ci2H i0I jN3O4 37.2 2.6 10.9 32.8

— — 54.6 4.0 7.4 33.7 c „ h 15i n 2 54.6 4.0 7.5 33.9

R. M.: Chem. Ber., 90, 2646 (1957). 1 Schm utz, J .,  H ir t , R ., L a u e n e r , H .: H elv. Chim. Acta, 
35, 1168 (1952). i  Ref. [7]. e K r ö h n k e , F.: Chem. B er., 88, 851 (1955).

Preparation of arylglyoxals

P h en acy l b ro m id e  a n d  various s u b s ti tu te d  p lienacy l ch lo rid e s  (prepared 
b y  F riede l-C rafts  a c y la tio n  o f  th e  co rrespond ing  a ren e  w ith  ch lo roacety l 
ch loride) w ere co n v e rte d  b y  py rid o n e  a t  20 °C in to  th e  c o rre sp o n d in g  a ry l
g lyoxals, iso la ted  as h y d ra te s  in  52%  av e rag e  y ie ld  (see T ab le  I ) . T h e  m elting 
p o in ts  o f  th e  h y d ra te s  d ep en d  on th e  ra te  o f  h e a tin g  an d  th o se  re co rd ed  in  the  
l i te ra tu re  show  co n sid erab le  v a r ia tio n  fo r th e  sam e com pound : h en ce  th e  h y 
d ra te s  w ere an a ly sed  as w ell as ch a rac te rised  spec tra lly .
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Table III

Heteroaryl aldehydes and ketones (HetCOR)

H et R
Reaction 
tem p (°C)

Reaction 
tim e (h)

Recrystn.
solvent

Crystal
form M.p. (°C)

Yield
(%) L i t .  m .p. Ref.

2-Quinolyla H 160-170 3.5 light petroleum
(4 0 -6 0  °C),

prisms 6 8 -6 9 58 7 0 -7 1 e

fethanolc yellow needles^ 252.5—255c 54c 251—253c

4-Quinolyl^ H 160 5 light petroleum 
(4 0 -6 0  °C) needles 5 0 -5 1 .5 82 52 g

2-Benzothiazolyl i i 145 5 light petroleum 
(4 0 -6 0  °C) prisms 7 3 -7 4 20 73 g

2-Benzoxazolyl H 160 4 ethanolc orange needlesc 229—231c 5C 230c h c

2-Benzoselenazolyl H 160 5 ethanolc yellow needlesc 276—278c 10c 267 —268c i c

2-Chroinonyl II 168 4 ethanold orange needles^ 217 —219d l l d 218 —219d id

2,4-Dinitrophenyla H 150 4.5 aq. E tO II yellow plates 7 0 -7 2 31 6 9 -7 1 j

2-Pyridylf> Ph 150 3.5 — liquid — 57 — b

a I. r. spectra identical to published spectra, P o u c h er t , C. J .: The Aldrich L ibrary of Infrared Spectra, 2nd edn Aldrich Chemical 
Co., 1975. b I.r. and 111 n. m .r . spectra identical w ith those of authen tic  sample. c D ata  refer to 2,4-dinitrophenylhydrazone. d D ata refer 
to phenylhydrazone. e H am m ick , D. L. L., J o hn sto n , E., M organ , E. D.: J. Chem. Soc., 1957, 5073. -^Kw a r tl er , C. E ., L in d w a l l , H . G.: 
J . Amer. Chem. Soc., 59, 524 (1937). g H a m e r , F. M.: J . Chem. Soc., 1952, 3197. h R ie d , W ., B e n d e r , H .: Chem. Ber., 89, 1893 (1956). 
' Se y h a n , M.: Chem. Ber., 86, 888 (1953). t  B e n n e t t , G. M., B e l l , E. V.: Org. Synth., Coll. Vol, II , 223 (1943).
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M any m e th o d s  a re  av a ilab le  for th e  p re p a ra tio n  o f a ry lg ly o x a ls  [3], 
Inc lud ing  several fro m  p h en acy l halides or th e ir  e q u iv a len t p h en acy lp y rid i-  
n iu m  sa lts , especia lly  (a) th e  K r ö h n k e  re a c tio n  [4], (b) re a c tio n  w ith  silver 
n i tr a te s  [5] and  (c) re a c tio n  w ith  d im eth y lsu lp h o x id e  [6]. W hereas o u r m eth o d  
av o id s  th e  acid ic a n d  basic  co n d itions needed  fo r (a), an d  A g N 0 3 cou ld  be 
d isad v an tag eo u s in  (6), th e  h igh  y ields o b ta in e d  w ith  d im eth y lsu lp h o x id e  
w ould  ap p ea r to  m ak e  th is  th e  m e th o d  o f choice.

Preparation o f heteroarom atic aldehydes and ketones

Several a c tiv e  a lk y l d e riv a tiv e s  w ere co n v e rted  b y  th e  K in g  reac tio n  
(iod ine  an d  p y rid in e ) in to  th e  p y rid in iu m  sa lts  (8) (T able I I )  b y  l i te ra tu re  
m e th o d s  excep t fo r th e  novel d e riv a tiv e  o f  2 -b en zy lp y rid in e  (2 -m ethy l- 
p y rid in e  is re p o rte d  [7] to  be u n reac tiv e  in  th e  K ing  reac tio n ). R e a c tio n  of 
th e se  sa lts  w ith  p y rid o n a  w as (a fte r m an y  tr ia ls )  b e s t co n d u c ted  a t  150 —200 °C 
in  tr ip h e n y lp y rid in e  as f lu x , th e  carbony l co m pounds being  d is tilled  o ff in 
vacuo (Table I I I ) .

The p resen t ro u te  re p re se n ts  an  a lte rn a tiv e  to  th e  K r ö h n k e  re a c tio n  [ 8 ]  

in  w hich  th e  K ing  re a c tio n  p ro d u c ts  are  t r e a te d  w ith  p -d im e th y la m in o n itro -  
benzene an d  th e  re su ltin g  n itro n e  h y d ro lysed . T he p re sen t m e th o d  avoids 
th e  use o f  base (in th e  f i r s t  stage) an d  acid (in  second stage  o f th e  K r ö h n k e  

reac tio n ) and  also is  a  sing le step .
T here  have  b een  tw o  p rev ious ap p roaches s im ila r in  concep t to  th e  p res

e n t  w ork : 2 ,4 -d in itro b en zen e  w ith  p y rid in e  1-oxide an d  iod ine gave  2,4- 
d in itro b en za ld eh y d e  via  a n  in te rm ed ia te  s a lt [9], a n d  (2 m oles of) 2- and
4-picoline 1-oxide w ith  iod ine  rep o rted ly  gave “ p y rid in e  a ld e h y d e s”  [10].
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U nidirectional compression m easurem ents have been carried o u t on a series of 
chemically cross-linked poly(vinyl alcohol) gels. The influence of the  in itia l polymer 
concentration, the degree of cross-linking, the chemical nature of th e  cross-linking 
agent, the medium of cross-linking and the chemical modification of the  p rim ary  chains 
on the mechanical properties of the netw orks has been studied.

I t  has been established th a t the efficiency of the cross-linking process increases 
w ith increasing bo th  the in itial polym er concentration  and (at the same in itia l concentra
tion) the cross-linking density . The use of a therm odynam ically b e tte r  solvent, cross- 
linking agents w ith longer chains and — in the cases of vinyl alcohol-vinyl acetate 
copolymers — decreasing the acetate con ten t are also favourable regard ing  the effi
ciency of the cross-linking process.

In  contrast to  existing theories, we have found th a t the value of K tvhq02l3 
increases considerably w ith  increasing the volum e fraction of the polym er. On the basis 
of experim ental da ta  it  has been concluded th a t the topological factor, K l q ^2l3, does not 
depend on the degree of cross-linking.

Introduction

In  th is  series o f  p a p e rs  we re p o rt on re su lts  concern ing  th e  m e c h a n ic a l and  
physico-chem ical p ro p e rtie s  o f chem ically  cross-linked  p o ly m er gels.

T hough  n u m ero u s p a p e rs  h av e  been  p u b lish ed  on th is  to p ic  in  th e  la s t 
few  decades, th e  ro le o f severa l p a ra m e te rs  p rin c ip a lly  im p o r ta n t  from  th e  
p o in t o f v iew  of th e  c h a ra c te r iz a tio n  o f  cross-linked  po lym ers, h a s  n o t  been 
c lea red  y e t. A few fu n d a m e n ta l p rob lem s h as  n o t been so lved  so fa r , even 
th e o re tic a lly . Such p a ra m e te rs  as th e  c o n c e n tra tio n  of th e  in i t ia l  po lym er 
so lu tio n  (reference s ta te ) , th e  m olecular m ass o r m olecular m ass d is tr ib u tio n  
o f  th e  p rim ary  p o lym er ch a in s , th e  chem ical n a tu re  of th e  c ro ss-lin k in g  agen t, 
th e  effect o f  th e  p o ly m er analogous tra n s fo rm a tio n  o f th e  n e tw o rk  a re  c o n tra c t
ed in  one sem i-em pirical fa c to r  in th e  c u rre n t th eo re tica l e q u a tio n s .

I t  is also  to  be  m en tio n ed  th a t  th e  com plex  physico -chem ical in v es tig a 
tio n  o f  gels p rep a red  from  w ater-so lub le  p o ly m ers , w hich a re  m o re  im p o r ta n t 
fo r p ra c tic a l reasons, is v e ry  scarce.
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I n  th e  f irs t p a r t  o f  th is  series, th e  effect o f  som e essen tia lly  im p o r ta n t  
p a ra m e te rs  is discussed, a s  e.g. th e  co n cen tra tion  o f  th e  po lym er so lu tio n  used  
fo r  th e  p re p a ra tio n  o f  th e  gel, th e  chem ical n a tu r e  o f  th e  cross-linking a g en t, 
t h e  m ed iu m  of c ross-link ing  a n d  the  degree o f  c ross-link ing . L a te r  on, th e  
e f fe c t o f  th e  m olecular m ass  a n d  m olecular m ass  d is tr ib u tio n  of th e  p o ly m er 
on  th e  m echan ica l p ro p e rtie s  o f  th e  gels w ill b e  s tu d ie d  on gel sam ples m ade 
fro m  p o ly m er frac tio n s w ith  d iffe ren t m olecular m asses . A fte r th a t ,  a n  answ er 
w ill b e  so u g h t for th e  q u e s tio n  how  does the  p o ly m er-an a lo g o u s tra n s fo rm a tio n  
o f  cross-linked  s tru c tu re s  a ffe c t th e  m ost im p o r ta n t  s tru c tu ra l fe a tu re s  an d  
p h y sico -ch em ical p ro p e rtie s  o f  th ese  system s.

Theoretical

I n  th e  case o f th e  e la s tic  deform ation  o f  hom ogeneous, iso tro p ic  an d  
in co m p ress ib le  bodies, th e  c h a n g e  of th e  H e lm h o ltz  en e rg y  sto red  in  sy s tem  can  
b e  g iv en  b y  th e  so-called  M o o n e y  — R i v l i n  e q u a tio n  [1, 2, 15], as a fu n c tio n  
o f  th e  sca la r in v a ria n ts  c o n s tru c te d  from  th e  m a in  d e fo rm atio n  ra tio s :

A A el =  C i i l ,  -  3) +  С Ш Т 1 -  3) (1)
w h e re

h  =  4  +  4  +  4

I 2 =  A 2 A z +  A 2 A 2 +  A 2 4  

h  =  A 2 4  4

a n d  C[ a n d  C2 a re  c o n s ta n ts  d ep en d in g  on th e  n e tw o rk  an d  th e  te m p e ra tu re . 
A x, A y a n d  A z are  th e  d e fo rm a tio n  ra tios re la te d  to  th e  iso trop ic , u n d efo rm ed  
s ta te  (A x =  Ay =  A z =  1) (e.g. in  th e  case o f  u n id ire c tio n a l e lo n g a tio n  in  
th e  d ire c tio n  o f th e  ж-ax is  A x =  Ьх/ЬУх, w here  L x is th e  len g th  o f th e  d e 
fo rm e d  gel sam ple a n d  L y x is th a t  of the  u n d e fo rm e d  sam ple o f vo lum e V).  
I f  no  ch an g e  in  th e  v o lu m e  occu rs in  th e  course o f  d efo rm atio n , ЛхЛуЛ 2 =  1.

I n  th e  case o f u n id ire c tio n a l elongation  o r com p ressio n , th e  force can  be 
e x p re ssed  from  E q . (1) as fo llow s:

/  =
A A A e

d L x
=  2Q (A X- Л - 2) +  2С2(ЛХ -  A ? )  Ax l ( 2 )

T, v

w h ere  A x is th e  d e fo rm a tio n  ra t io  m easured  in  th e  d irec tion  o f th e  force, 
C1 =  C(/LVx an d  C2 =  C'2ILVx.

A  n u m b e r o f a u th o rs  d e a lt  w ith  th e  c o n n e c tio n  betw een  th e  ch an g e  in  
th e  H e lm h o ltz  energy  a c c o m p an y in g  b y  th e  d e fo rm a tio n  an d  th e  m o lecu lar
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p a ra m e te rs  ch a ra c te ris tic  for th e  s t ru c tu re  o f th e  system . E x p e re s s io n s  derived 
b y  d iffe ren t a u th o rs  for ideal c ro ss-lin k ed  system s (the d is t r ib u t io n  o f  th e  end- 
to -en d  d is tan ce  o f th e  n e tw o rk  c h a in s  is G aussian, th e  c h a in s  l in k  ju n c tio n  
p o in ts , i.e. th e re  a re  no free c h a in - te rm in a tio n s , there  a re  n e i th e r  in te r - , nor 
in tram o lecu la r  in te rac tio n s , th e re  a re  n o  loops in chains, n o  cy c les , etc.) can 
be  g iven in  th e  follow ing genera l fo rm  [3, 4 , 5]:

k T K  vA A eI =  .У . у  1- (Д2 +  Ц  +  A2 _  3) + kTK i  , e] ln Xy Яг) (3)
A

w here  K x an d  K 2 a re  c o n s ta n ts , vel is th e  n u m b e r of the  e la s tic a lly  a c tiv e  chains 
in  th e  sy stem , к is th e  B o ltzm an n  c o n s ta n t  and  T  is th e  te m p e ra tu re .  Defor
m a tio n  ra tio s  Ax, l y an d  Xz re fe r to  th e  defo rm ation  of th e  c ro ss -lin k e d  system  
re la te d  to  th e  reference  vo lum e V 0 (u n p e rtu rb e d  s ta te) in  w h ic h  th e  chains 
do n o t e x e rt a n y  elastic  force on  th e  cross-links. This does n o t  necessarily  
co rrespond  e ith e r  to  th e  ac tu a l v o lu m e  V  o f  th e  gel being in  sw e llin g  equ ilib rium  
w ith  th e  so lven t, or to  th e  vo lum e V d o f  th e  dry  netw ork.

I f  in  th e  course of d e fo rm a tio n  n o  change occurs in  t h e  vo lu m e , th e  
second  te rm  in  E q . (3) can  be n e g le c te d . F o r  th is  case, th e  fo rc e  c a n  be given 
fo r  u n id irec tio n a l e longation  or co m p ressio n  in  the  follow ing fo rm :

( d A A e , 1 d A A e 1 k T K x vel
V

1 d L x t ,v  L 0X t .v  L 0X X К  A2

L 0x is th e  le n g th  m easured  in  re fe ren ce  s ta te  in  the  x  d irec tio n .
In tro d u c in g  th e  d e fo rm atio n  r a t io  m easurab le m ac ro sco p ica lly

w here

k T K lVe I

L v x

( V  \ 2l3
(Лх -  / l j 2) (5)

U pon using  m o la r q u a n tite s  in s te a d  o f  m o lecu la r ones in  E q . (5), th e  follow ing 
exp ression  can  be  o b ta in ed :

/  =
R T K ,  V * , v d

JVx

4 i

<h

2/3
(■Л х - Л x 2) . ( 6)

I n  E q . (6), v*i is th e  c o n c e n tra tio n  o f  elastically  ac tiv e  c h a in s  in  th e  dry  
n e tw o rk , q, a n d  q0 a re  th e  vo lu m e d eg rees o f swelling o f  th e  gel in  swelling
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e q u ilib r iu m  and  in  th e  re fe re n c e  s ta te , re sp ec tiv e ly , a n d  R  is th e  u n iv e rsa l 
gas c o n s ta n t .

U p o n  com paring E q s  (2) a n d  (6), it  can  b e  e s ta b lish e d  th a t  if C2 =  0, 
th e  te rm  2Cx can be id e n tif ie d  w ith  th e  term  c o n ta in in g  m olecular p a ram e te rs  
r e le v a n t  to  th e  n e tw ork . T h e  co n d itio n  C2 ^  0, o n  th e  o th e r  hand, can  y ie ld  
in fo rm a tio n  concerning d e v ia t io n  from  the  ideal b e h a v io tir .

T h u s , on the  basis  o f  E q s  (5) and  (6), from  th e  fo rce-defo rm ation  fu n c 
tio n s  d e te rm in ed  e x p e r im e n ta lly , in form ation  c a n  b e  o b ta in e d  on p a ram e te rs  
c h a ra c te r is t ic  for th e  n e tw o rk  s tru c tu re , as e.g. th e  c o n c e n tra tio n  of th e  e la s ti
ca lly  a c tiv e  chains, th e  re fe re n c e  s ta te  q0, th e  f a c to r  K 1 connected w ith  th e  
s p a tia l  s tru c tu re  of th e  gel a n d  th e  deviation  o f th e  re a l system s studied  from  
th e  id e a l m odel system s se rv in g  as basis for c a lc u la tio n s .

E xperim ental
M aterials and methods

T ype K uraray Poval 420 poly(vinyl alcohol) (PY A) w as used for the experim ents. 
The ind u s tria l product was h y d ro lyzed  w ith alkali to rem ove i ts  ace ta te  content; after th a t , 
frac tions w ith  too high or too low re la tive  molecular m asses w ere rem oved by fractionation 
w ith  ra-propanol (p.a. R eanal p ro d u c t). The relative average m olecular mass of the fraction  
used w as found 100 000 by v iscosim etry , and 110 000 by  sed im en ta tion  method.

E xperim en ts have been also carried  out on gels con tain ing  10 and 30 mol% of acetate  
groups, respectively. P repara tion  o f copolymers occurred by  equilib rium  reacetylation in the 
presence of sodium dodecylbenzenesulfonate as catalyst, in  th e  solu tion  of the fractionated  
PY A, a t  333 K. The copolym er p rep a red  in this way contains th e  acetate  groups statistically  
d is trib u ted  along the chains.

E xperim ents were carried o u t on gels cross-linked a t  d iffe ren t in itia l polymer concentra
tions (c p v a : 3.0, 6.0, 9.0 and  12.0 w t.% ). Gels have been p rep a red  by  considering th a t the ir 
po lym er con ten t — after hydro lyzing  th e  acetate groups — should  be indentical with th a t  of 
gels p repared  directly from PV A. Gels have been prepared e ith e r in  w ater or in a m ixture of 
90 w t.%  dim ethyl sulfoxide (DM SO, p.a. Reanal product) an d  10 w t.%  of water. As cross- 
linking agents, glutaric aldehyde (G D A , Merck) and succinic a ldehyde (SDA) were used. A t 
every  concentration, four series of sam ples were prepared w ith  d iffe ren t degrees of cross-linking 
( dc: 50 ,100, 200 and 400). The degree o f cross-linking is defined as th e  m olar ratio of the m onom er 
a n d  th e  cross-linking agent. P re p a ra tio n  of gels occurred in  a d ism ountab le  gel pouring fram e 
suitable for yielding cylindrical gel specimens. The cross-linking process was performed under 
iso therm al conditions a t 298 i  0.1 K . Unidirectional com pression measurem ents were carried 
o u t a t  298 К  in  an apparatus co n stru c ted  by us, which allowed to  m easure stress-strain re la 
tions w ith  high accuracy. F o r ev a lu a tio n  the arithm etic m ean  of three measurements was 
used  [6].

R esu lts and Discussion

T h e  fo rce-defo rm ation  re la tio n sh ip  was m e a su re d  o n  all the  sam ples a t  
c o n s ta n t  volum e (g, =  qc) a f te r  tak in g  them  o u t o f  th e  fram e, and also  a t  
sw e llin g  equilib rium  in  w a te r  a n d  in  DMSO and  a t  d if fe re n t w a te r ac tiv ities [7].

I t  follow s from  E q . (2) t h a t  p lo tting  th e  r a t io  o f  th e  forces ex erted  on 
th e  sam p le s  and  th e  A x — A x~2 values ca lcu la ted  f ro m  deform ation ra t io s  
a g a in s t  Л ~ г, Cx can be d e te rm in e d  a t  the  e x tra p o la te d  A x l =  0 value, w hile C2 
f ro m  th e  slope of th e  c u rv e . F o r  all the  system s s tu d ie d , s tra ig h t lines w ere
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Fig. 1. Application of. E q . (2) to  PVA gels a t d ifferent swelling ratios (cpva: 6 w t.% , degree 
of cross-linking: 100, cross-linking agent: GDA; v2: (1) 0.056, (2) 0.087, (3) 0.236, (4) 0.349)

fo u n d , an d  C2 w as a lw ay s eq u a l to  zero w ith in  th e  lim its  o f ex p e rim en ta l error. 
T h is  re su lt is in  acco rd an ce  w ith  l i te ra tu re  d a ta  [8, 9], w hich  say  th a t  in  th e  
course  of u n id ire c tio n a l com pression o f sw ollen  sy s tem s C2 is genera lly  0. In  
F ig . 1 som e ex am p le s  a re  show n for fu n c tio n s  o b ta in e d  acco rd ing  to  E q . (2). 
F u n c tio n s  a re  seen  fo r  gels w ith  d ifferen t v o lu m e  fra c tio n s  (v2 =  qj~l) p rep a red  
w i th  g lu ta ric  a ld e h y d e  in  aqueous so lu tio n  a t  a p o ly m er c o n c e n tra tio n  o f  
6 w t.%  an d  w ith  a  degree o f  cross-link ing  o f  100. I t  c an  he e s tab lish ed  th a t  
th e  change o f  th e  v o lu m e  frac tio n  in fluences s ig n ifican tly .

In fo rm a tio n  can  be  o b ta in ed  reg a rd in g  th e  cross-link ing  process, i f  th e  
c o n s ta n t 2C1 d e te rm in e d  a t  a swelling degree o f  qt =  qc is s tu d ied  as a  fu n c tio n

Fig. 2. Dependence of 2Cj on the am ount of the cross-linking agent. (1) 12 w t.%  GDA/DMSO, 
<2) 6 w t.%  GDA/DMSO, (3) 9 w t.%  GDA/water, (4) 9 w t.%  GDA/DMSO, (5) 12 w t.%  GDA/

w ater, (6) 6 w t.%  G DA /w ater
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SDA

Fig. 3. D ependence of 2Cl on the am o u n t of the cross-linking agent. (1) 9 w t.%  GDA/DMSO, 
(2) 9 w t.%  GDA /w ater, (3) 9 w t.%  copolym er (30%  hydr.) GDA/water, (4) 9 w t.%  SDA/DMSO,

(5) 9 w t.%  SDA/water

c°PVA[ w f / . ]

Fig. 4. E ffic iency  of cross-linking (dc =  degree of cross-linking). (1) GDA/DMSO dc:: 100, 
(2) GDA/DM SO dc: 400, (3) G D A /w ater dc: 200, (4) GDA/DMSO dc: 200, (5) G D A /w ater

dc: 100, (6) GDA/water dc: 400

o f th e  a m o u n t  o f th e  cross-lin k in g  a g e n t ad d ed  to  th e  system  (F igs 2 a n d  3)* 
or i f  th e  ch an g es  in  2Cx caused  b y  1 m ol of th e  cross-link ing  a g e n t a re  p lo tte d  
as a  fu n c t io n  o f  th e  in itia l c o n c e n tra tio n  o f th e  po lym er so lu tio n  (F ig . 4 ). 
F ro m  th e s e  re p re se n ta tio n s  i t  is  seen  th a t  th e  increase  o f 2Cx w ith  in c re a s in g  
a m o u n t o f  th e  cross-linking a g e n t  is co n tro lled  basica lly  by  th e  c o n c e n tra tio n  
o f th e  p o ly m e r  so lu tion  an d  its  s tru c tu re . F o r gels p rep a red  a t  th e  sam e in itia l 
p o ly m er c o n c e n tra tio n , 2CX in c rea se s  in  p ara lle l w ith  th e  a m o u n t o f th e  cross- 
lin k in g  a g e n t  an d  depends also  on  th e  m ed ium  of cross-link ing  a n d  th e  chem ica l 
n a tu re  o f  th e  cross-linking a g e n t. I t  is s tr ik in g  th a t  cross-link ing  is m ore  effec
tiv e  in  D M S O —w ate r m ix tu re s  th a n  in  pu re  w a te r . T he v alue  o f  2Cx is low er 
fo r gels c ro ss-lin k ed  w ith  SD A , a n d  fo r  th o se  m ade from  copolym ers.

A  m ix tu re  of 90 w t.%  D M SO  a n d  10 w t.%  w a te r  is a  b e tte r  so lv e n t fo r 
PV A  t h a n  w a te r  [10]. In  th e  fo rm e r, chains a re  m ore e lo nga ted , a n d  th e  seg
m en t d e n s i ty  d is tr ib u tio n  is m ore  hom ogeneous th a n  in  w a te r. T h is is fa v o u ra b le
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reg a rd in g  th e  effic iency  o f  th e  c ross-link ing  p ro cess  as b o th  th e  p ro b a b il i ty  of 
in tram o lecu la r  c y c liza tio n  an d  th e  p o ss ib ility  o f  th e  m onofunctional re a c tio n  
fo r th e  b ifu n c tio n a l m olecules o f th e  c ro ss-lin k in g  ag en t decreases. I n  aq u eo u s 
so lu tions, w a te r  b e in g  a  poorer so lven t o f  PV A  ( X i2 ^ 0 .5  [11]), p o ly m er 
m olecules are  in  a  so-called  supercoiled s ta te ,  a n d  due to  th e  in te ra c tio n  b e tw een  
th e  s tro n g ly  p o la r  h y d ro x y l groups, th e  a sso c ia tio n  of th e  m olecules sh o u ld  be 
ta k e n  in to  ac c o u n t w h ich  leads to  th e  fo rm a tio n  o f so-called m icrogel p a rtic le s  
[12, 13, 14]. T h ere fo re , w hen  cross-link ing  o ccu rs  in  w ater, a g re a te r  p a r t  of 
th e  cross-link ing  a g e n t m ay  be used fo r f ix in g  th e  coiled s ta te  a n d  th e  as
socia tes fo rm ed  in  th e  so lu tion , th a n  in  D M S O -w a te r  m ix tu res. SD A  is less ef-

o  0 )  д  (3) 

□  (2)  X  (4)

Fig. 5. K 1v ^ q ^ ils — i>2 functions for PVA gels (cross-linking agent: GDA, m edium  of cross- 
linking: w ater, cpva: a) 12 w t.%  b) 9 w t.% , c) 6 w t.% , d) 3 w t.% , degree of cross-linking:

(1) 50, (2) 100, (3) 200, (4) 400)
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0(1) Д (3)

□ (2) x  U )

V2 *2

Fig. 6. K 1v£l q~2l3— v2 functions for vinyl alcohol-vinyl ace ta te  copolymer gels and  PV A gels. 
a) 9 w t.%  copolymer (30 m ol% ), b ) 9 w t.%  copolym er (30 m ol% , hydrolyzed), c) 9 w t.%  
copolym er (10 mol%), d) 9 w t.%  copolym er (10 m ol% , hydrolyzed); degree of cross-linking:

(1) 50, (2) 100, (3) 200, (4) 400

fe c tiv e  th a n  GDA (F ig . 3), p ro b a b ly  because i ts  c a rb o n  chain is sh o rte r  b y  one 
m e th y le n e  group, w hich  m a y  cause steric  h in d ra n c e  o f  th e  reac tio n  o f  b o th  
o f  i ts  fu n c tio n a l g roups. U p o n  using  copo lym ers, s te r ic  factors can  p la y  a  ro le  
as w e ll, since th e  n u m b er o f  re ac tiv e  fu n c tio n a l g ro u p s dim inishes d u e  to  th e  
30 o r  10 m ol%  a c e ta te  c o n te n t  o f th e  co p o ly m er.

I n  F ig s  2 and  3, i t  is a p p a re n t  th a t  b y  d ec rea s in g  th e  am oun t o f  th e  cross- 
lin k in g  a g e n t th e  cu rves in te rs e c t  th e  absc issa  b e fo re  th e  origin. T h is c a n  be  
e x p la in e d  b y  assum ing t h a t  be low  th e  gel p o in t  th e  cross-linking a g e n t a d d e d  
to  th e  sy s te m  is used up  fo r lin k in g  chains o rig in a lly  p resen t in  th e  so lu tio n ,
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a n d  th e  e la stica lly  ac tiv e  chains an d  th e  co rresp o n d in g  2Ct v a lu es  a p p e a r  on ly  
ab o v e  th e  gel p o in t.

O n th e  basis  o f th e  fig u re  i t  can  also  be  estab lish ed  th a t  th e  a m o u n t of 
th e  cross-link ing  a g en t used  up  before  th e  gel p o in t does n o t s ig n if ican tly  
d e p e n d  on th e  c o n cen tra tio n  o f th e  p o ly m er so lu tio n  as th e re  is n o  s ig n ifican t 
d ifference  betw een  th e  in te rc e p ts  o f th e  cu rv es  o b ta in ed  for gels p re p a re d  a t 
d iffe re n t in itia l p o lym er co n cen tra tio n s .

I n  Fig. 4 th e  m ean  va lu es  o f th e  changes in  2C1 caused b y  one m ol o f  th e  
c ross-link ing  ag en t are  p lo tte d  a g a in s t th e  in it ia l  co n cen tra tio n  o f  th e  p o ly m er 
so lu tio n . In  ad d itio n  to  th e  fa c ts  a lread y  d iscussed , i t  can  also be seen in  th is  fig 
u re  t h a t  w ith  increasing  po lym er c o n c e n tra tio n , th e  m ean va lu es  o f  2C1/cGDy4 
in c rease  sig n ifican tly . T h is can  possib ly  be ex p la in ed  b y  th e  ris ing  o f  th e  m ean  
seg m en t d en sity  w ith  increasing  th e  c o n c e n tra tio n , an d  th e re b y  th e  p ro b a b ility

Fig. 7. X -ray  diffractograins of PVA gels w ith d ifferent swelling degrees (cpvA =  9 w t.% , 
cross-linking agent: GDA, medium of cross-linking: water, dc: 200)
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of l in k in g  d iffe ren t m olecu les b y  th e  re a c tiv e  fu n c tio n a l g roups o f  th e  cross- 
lin k in g  a g e n t  increases. A t th e  sam e tim e , th e  p ro b a b ili ty  of th e  m o n o fu n c 
tio n a l re a c t io n  o f th e  c ross-link ing  ag en t decreases .

F ro m  th e  2CX va lues o b ta in e d  from  E q . (2), th e  p ro d u c t К jP*, д 0~2/3 in  E q .
(6) c a n  b e  ca lcu la ted . A ccord ing  to  th e  th e o ry  K\V*xq f 2*3 is c h a ra c te r is tic  for 
a g iv en  sy s te m ; i t  shou ld  be  a  c o n s ta n t c o n ta in in g  th e  m olecular p a ra m e te rs  
a n d  is  in d e p e n d e n t o f  th e  sw elling  ra tio . I n  o rd e r to  check  its  c o n s ta n c y , we 
d e te rm in e d  th e  d e fo rm atio n  vs. s tra in  cu rves o f  gel sam ples being in  sw elling  
e q u ilib r iu m  w ith  so lu tions h a v in g  d iffe ren t w a te r  a c tiv itie s , and  ca lc u la ted  th e  
•^ ivei2(T2/3 te rm s  from  th e  k n o w n  sw elling deg rees o f th e  gels (Figs 5 a n d  6).

I t  is  a p p a re n t  th a t  K -yV ^q^3 in itia lly  in c reases  w eak ly  a n d  lin e a r ly , 
b u t  a b o v e  v2 =  0.2 —0.3 s tro n g ly , w ith  in c rea s in g  th e  vo lum e fra c tio n  o f  th e  
p o ly m e r, a n d  a t  a b o u t v2 =  0 .4, i t  exceeds th e  in it ia l  va lue  b y  a fa c to r  o f 
3 0 - 4 0 .

T h is  ph em o n en o n  is co n n ec ted  w ith  th e  o rd e rin g  o f chains a n d  fo rm a tio n  
o f c ry s ta l l i te s  w ith  increasing  p o lym er c o n c e n tra tio n . In  order to  p ro v e  th is , 
X -ra y  d if f ra c tio n  m easu rem en ts  w ere p e rfo rm ed . O n th e  basis o f th e  d iffrac- 
to g ra m s  (F ig . 7), i t  can  be es tab lish ed  th a t  th e  h e ig h t o f th e  peaks a t  2#  =  41°, 
i.e. 0 .2199  n m , an d  2d  =  19.5°, i.e. 0.4548 n m , s ig n ifican tly  increases  w ith  
in c re a s in g  p o ly m er co n cen tra tio n .

F ro m  F igs 5 an d  6 i t  c an  be seen th a t  fo r gels p rep a red  a t  th e  sam e p o ly 
m er c o n c e n tra tio n s , th e  slopes of th e  cu rves decrease  w ith  increasin g  cross- 
lin k in g  d e n s ity . T his can  be ex p la in ed  b y  th e  low er m o b ility  of n e t-p o in ts  a t  
h ig h e r d eg rees  o f cross-link ing , w hen  th e  in te r ja c e n t  cross-linking m olecu les 
p re v e n t  th e  chains from  o rd erin g . T he ch an g in g  o f  th e  te rm  К гР * ^ 2̂  w ith  
th e  v o lu m e  f ra c tio n  o f th e  p o ly m er is also sm alle r fo r th e  n o n -h y d ro ly zed  gels 
p re p a re d  fro m  copolym ers. I n  th e se  la t te r  sy s tem s  th e  a c e ta te  g ro u p s a re

T ab le  I

K A i q - 2P values fo r  gels prepared from  copolymers (;.'■> -  0) 
Medium of cross-linking: w ater 

Cross-linking agent: GDA

P o lym er concentration 
a fte r  hydrolysis 
(related  to  qc) 

(w t.% )

A cetate  content 
during cross-linking 

(m °l% )
Degree of

•k> S i j,-o* 
(mol m -3)

cross-linking Hydrolyzed
gels

Non-hydrolyzed
gels

9 30 50 35.0 30.0

9 30 100 18.5 17.0

9 30 200 9.0 10.5

9 30 400 3.0 3.5

9 10 200 10.5 10.5

9 10 400 2.0 2.0
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T ab le  I I

K l v’i q~ 2/3 values for P V A  gels 
(». -  0)

Cross-
linking
agent

Medium of 
cross-linking

(mol m - s )

СРГА
(wt.% )

Degree of cross-linking

50 100 200 400

12 GDA
w ater 53 0 24.0 9.0 3.0

DMSU-water 64.1 33.2 10.1 4.0

GDA
w ater 33.5 15.5 6.4 2.0

DMSO-water 35.1 21.2 10.4 4.2
9

SDA
w ater 27.5 14.0 8.1 3.5

DM SO-water 30.0 16.5 6.0 2.1

w ater 18.5 6.0 2.2 0.7
6 GDA

DMSO-water 26.0 9.1 2.5 1.0

w ater 3.5 1.4 _ _
3 GDA

DM SO-water 9.0 2.0 - —

d is tr ib u te d  s ta tis t ic a lly  a long  th e  chains a n d  th e re b y  s te rica lly  h in d e r  th e  
ordering .

As th e  in te rm o le c u la r  in te ra c tio n s  becom e m ore an d  m ore p ro n o u n ced  
w ith  increasing  vo lum e fra c tio n  o f th e  po ly m er, th e  К ху*̂ q\j“2'3 va lu es  c h a ra c te r 
is tic  fo r th e  gels w ere d e te rm in ed  from  th e  in it ia l  lin ea r  p a r t  of th e  a p p ro p ria te  
fu n c tio n s  b y  e x tra p o la tin g  to  v2 =  0, i.e. to  in f in ite  d ilu tio n . T he rig h tfu ln ess  
o f  th is  p rocedure  is p ro v e n  b y  th e  n ea rly  id e n tic a l va lu es  of K ^ ^ q ^ 213 o b ta in ed  
fo r th e  o rig inal copo lym er an d  th e  h y d ro ly zed  gels a t  v2 — 0 (T ab le  I) .

T he K-yV^fo2*3 v a lu es  th u s  d e te rm in ed  fo r PV A  gels are  su m m arized  in  
T ab le  I I .

F u r th e r  in fo rm a tio n  can  be o b ta in ed  fo r th e  gels b y  su b s ti tu t in g  ce rta in  
fa c to rs  o f th e  K f V ^ q ^ 3 te rm  b y  values ca lc u la ted  fo r su ita b ly  chosen  m odel 
sy stem s.

On th e  basis  o f th e  s ta tis t ic a l  th e o ry  o f  cross-link ing , th e  fo llow ing  re la 
tio n sh ip  can  be  o b ta in e d  fo r th e  c o n cen tra tio n  o f  th e  e la stica lly  a c tiv e  chains 
in  u n it  vo lum e o f  th e  d ry  n e tw o rk , i f  on ly  ch a in  te rm in a tio n s  a re  considered :

vT, =  V
2 do

v* M n (7)

w here v* is th e  c o n c e n tra tio n  of n e tw o rk  ch a in s , 
d2 is th e  d e n s ity  o f  th e  po lym er, an d
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400 800 1200
9 e i [m o l»m ~ 3 ]

F ig. 8. D eterm ination of th e  topological factor K , r/(;2/3 (1) 12 w t.%  GDA/DMSO, (2) 9 w t.%  
GDA/DM SO, (3) 6 w t.%  GDA/DMSO, (4) 3 w t.%  GDA/DMSO, (5) 9 w t.%  SDA/DMSO, 
(6) 12 w t.%  GDA/water, (7) 9 w t.%  G DA/water, (8) 6 w t.%  GDA/water, (9) 3 w t.%  G DA /w ater,

(10) 9 w t.%  SDA/water

M n is th e  n u m b e r a v e ra g e  m olecular m ass  o f  th e  p o lym er ch a in s  in  th e  
in itia l so lu tion  [15].

P lo ttin g  a g a in s t  th e  ca lc u la ted  v a lu es  o f v*t, in fo rm a tio n  can
b e  o b ta in e d  for K ^q f213 (F ig . 8). F rom  th is  re p re se n ta tio n  i t  is seen th a t  
K ^ q f 2̂ 3 is n early  in d e p e n d e n t o f  th e  degree o f cross-link ing  i.e. r* fo r gels 
p re p a re d  a t  th e  sam e in it ia l  p o ly m er co n cen tra tio n s . T his confirm s th e  th e o re t-

ТаЫе Ш

K 1 q~2l3 values for P  VA gels

P olym er Cross-
M edium of 

cross-linking
concentra- 

tio n  (w t.% )
linking
agent

TS- -21
K 1 3o ■Ms« =  s«) 9o(M  =  1) =  0.5)

12 GDA
w ater 0.050 0.237 89.4 31.6

DMSO—w ater 0.058 0.293 71.5 25.3

GDA
w ater 0.032 0.184 174.7 61.8

9
DM SO-water 0.038 0.219 134.9 47.7

SDA
w ater 0.023 0.133 286.7 101.4

DM SO-water 0.026 0.149 238.5 84.3

A GDA
w ater 0.017 0.131 451.2 159.5

DM SO-water 0.024 0.186 268.9 95.1

3 GDA w ater 0.004 0.049 3952.9 1397.5
DM SO-water 0.008 0.105 1397.5 494.1
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Fig. 9. V ariation of th e  topological factor w ith  the in itia l polym er concentration (cross-linking 
agent: GDA, medium: (1) w ater, (2) DMSO-water m ixture)

ical standpoint that in this term the effect of the initial state of macromole* 
cules on the gel formation is included. K xq ^ 213 values for gels cross-linked at 
different polymer concentrations are summarized in column 4 of Table III.

Assuming that the conformation of the chains in the initial polymer 
solution does not differ from that in the reference state, the parameter q 0 can 
be substituted by qc. Factor К t  is 1 or 1/2, according to statistical thermody
namical calculations. In columns 5, 6 and 7 of Table III, the K r and q 0 values 
are contained for different conditions.

It is apparent that for the systems studied, К iqä~2̂ 3 being very small, 
q 0 and K 1 considerably differ from the values calculated for ideal model systems, 
and that this difference increases with decreasing concentration of the initial 
polymer solution.

K \ q о 2/3 can be regarded as a topological factor, as it yields information 
about the ability of the cross-linking agent to form elastically active chains. 
The experimental values found are similar to those determined by J a c k s o n  
and G il l  [16] for PVA gels cross-linked with terephthalic aldehyde in aqueous 
solutions. The value of the topological factor rises with increasing concentra
tion of the polymer solution, and depends on the medium of cross-linking 
(Fig. 9). These results, in accordance with our earlier conclusions, can be 
explained, as the increase of the average segment density of the system favours 
the formation of a homogeneous network and, on the other hand, in a better 
solvent at the same initial polymer concentration the conformation of the 
chains is more advantageous relating the cross-linking process.

The authors are indebted to Dr. J . K a b a i  for supporting this work, and  to  Gy. G y a r 
m a t i  for the X -ray  diffraction m easurem ents.
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The in teraction  betw een several alum inium  alloys and tin  deposited  onto them 
has been studied by  m eans of M össbauer spectroscopy. Contents o f silicon in  the alumi
nium  helps m ost th e  in tensive alloying a t  the interfaces. Copper e lec trop la ted  onto the 
deposited tin  layer also form s an alloy w ith  the la tter.

Introduction

Aluminium is decorative as well as resistant to corrosion. This resistance 
can be enhanced by means of relatively simple methods. There are, however, 
several fields of application where resistance to the wear (e . g . motorcar bum
pers), electric conductivity (e .g .  contact pieces) and solderability (e .g . electric 
fittings) are not satisfactory. This necessitates that aluminium should be plated 
with a continuous and well adhering layer of metal.

Direct electroplating of aluminium is not feasible because the cathodi- 
cally deposited metal does not adhere to, and is easily detached from, the alu
minium oxide layer formed upon exposure to air. Several methods are known 
for solving this problem: various interconnecting metal layers are deposited 
upon the aluminium surface. Lately one such method, v i z .  bronze-plating onto 
a tin film deposited from an alkaline solution of Na2Sn03 [1] begins to be used 
extensively also in industry. By means of this combination, corrosion resistances 
better than before can be achieved.

Many factors affect the adhesive power of the metal cladding, among 
others the composition, the structure, the affinity of the metal basis and the 
metal deposited.

In the course of these studies we attempted to collect information, by 
Mössbauer spectroscopy, concerning the chemical state of the tin layer 
that is deposited to aluminium variously alloyed and that enhances the 
adhesion of electrodeposited copper.
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Experimental

R em oval of fa t and grease b y  alkali, removal of oxides b y  acid, deposition from an  
a lka line  solution of tin were th e  p re p a ra tiv e  steps applied in  th e  cases of variously alloyed 
a lu m in iu m  samples. In  some cases th e  layers of tin  form ed w ere stud ied  as such, in  o thers 
th e y  w ere  studied together w ith  a ca. 2 fan  thick copper deposit. B o th  sides of the alum inium  
sam ples w ere covered with tin  or w ith in  tin  and copper. A lay e r o f t in  th ick  enough for record-

ТаЫе I

Sum m ary  o f experimental data

N o . o f  
ваш  p ie

M ain charac te ristics 
o f  th e  sam ples*

T em p era tu re  
o f  recording 

o f  spectra**

Iso m e r  s h if t ,

(4 )

H a lf  w id th  
a t  h a lf  m ax im u m

'■ (” )

Line
in te n s ity
J V * *

l /З-tin  standard Г t 2.529
±0 .003

0.99
± 0.01 0.144

l /?-tin standard Ns t 2.562
± 0 .003

1.84
± 0.01 0.571

2 0.135 mm thick tin  foil N , t 2.596
±0 .005

2.29
± 0.02 0.296

3 0.35 mol % Sn in Al 99.99 
w t.%  pure N, t

2.62
± 0.02

1.03
± 0 .05 0.052

4
Sn deposited on to 0.015 m m  

AI foil 99.5 w t.%  pure Ns t
2.61

± 0 .03
1.08

± 0 .09 0.0069

5
T in  deposited onto 0.25 m m  

A l foil contg. 4 w t.%  Cu 
and  2 wt.% Mg

N j t
2.60

± 0 .03
1.2

± 0.1 0.009

6
T in  deposited onto 0.35 m m  

A l foil contg. 17 w t.%  Si, 
1 w t.%  Ni, 1 w t.%  Cu

N2 h
2.595

±0.005
0.937

±0.015 0.0585

7
Sam e as sample 4, b u t th e  

Sn deposited was covered 
b y  2 pan galvanic Cu

Ns t
2.25

± 0 .15
1.4

± 0 .3 0.0028

8
Sam e as sample 6, w ith 

2 fan  galvanic Cu on the 
deposited Sn

1.89
± 0 .05

1.12
± 0 .09 0.0105

2.60
± 0 .03

0.91
± 0 .08

0.0091

* T en  foils altogether were u sed  in  the cases of samples 4, 5 and  7, in  order to obtain  
a lay e r o f  t in  needed for the record ing  o f  the spectra; w ith sam ples 6 and  8, seven foils were 
used a t  a  tim e , as the absorbent. In  th e se  tw o cases the thickness o f  th e  alum inium  foils lim ited  
the ir n u m b e r

** N „t =  tem perature of liq u id  n itrogen, r t  =  room tem p era tu re
j V _N

*** T] =  ——-----  , where N  is th e  pulee count a t the m in im um  poin t and JVra is th a t

for m o tio n  a t  infinite speed, i.e. th e  pu lse  count pertinent to th e  base line
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119T h ic k n ess  (nm) of Sn deposited
200 400 600 800

Fig. 1. Area and half-w idth of the Mössbauer line of jS-tin as a function o f th e  thickness of a 
layer of 119Sn isotope enriched to 90%

ing a spectrum  cannot be bu ilt up on a single foil of alum inium, therefore, from  seven to ten 
foils were coated w ith  tin  or w ith tin  and  copper. These foils were stuck together: th u s  fourteen 
to  tw en ty  layers of tin  were used as th e  absorbent.

Ca119mS n 0 3, w ith an activ ity  of 5 mCi (1.85 X Ю8 Bq) was used as th e  source of radia
tion . D ata  taken  from the literature  were also recalculated to  refer to this source. The in tensity  
of an X -ray  radiation  characterized by  24.74 keV was attenuated  th rough  a Pd-filter. The 
linear com bination of Lorentzion curves was used for the com puter evaluation of the  Mössbauer 
spectra.

Mössbauer parameters o f tin and o f alloys o f tin

The chemical position of tin  deposited to  the  surface of alum inium and  electroplated  can 
be purely m etallic or alloyed by the alum inium  basis and by the copper layers galvanically 
deposited. In  consequence, to be able to  in te rp re t Mössbauer spectra of tin  coatings, the 
Mössbauer param eters of m etallic tin , a lum inium -tin  and tin-copper alloys m u s t be known.

In  the literature , da ta  for the isom er shift of metallic tin  diverge. F o r /i-tin  a t room 
tem perature , values of 2.40 — 2.60 mm s -1 are quoted ; data  referring to  th e  tem pera tu re  of 
liquid nitrogen are betw een 2.50 and 2.65 m m  s _1 [2, 3]. The divergence of th e  results noted 
b y  the various authors m ight be due to  the inadequa te  purity , i.e. con tam ination  or alloying, 
of the tin  samples or to  errors in the calibration  of the instrum ents.

This suggested the expedience to have the M össbauer param eters o f ß-Sn  recorded by 
our instrum ent. In earlier work [4], we have found th a t electrodeposition produces ß-Sn: 
th u s the param eters of the а -m odification need n o t be noted. For the checking operations 
tw o ß-Sn  absorbent, sam ple 1, made by th e  New E ng land  Nuclear Corp., for M össbauer spectros
copy and sample 2, of 99.9%  pure tin  foil (0.135 m m  thick) available com m ercially were used. 
The relevan t da ta  are collected in  Table I.

Only one piece of da ta  for Al/Sn alloys was found in the lite ra tu re  [5]; according to  
th is, the Sn-value is 2.245 mm s -1 for an alum inium  which contains 0.05 to  0.1 mol %  tin. 
The isomer shift we found for alum inium  alloyed w ith  0.335 mol %  tin , sam ple 3, is given 
in  Table I. Mössbauer da ta  for Cu—Sn alloys the entire range from zero to  100 mol %  tin  
are to  be found in  the literature  [6], thus no such testing was needed here.

We p lotted , and used, a calibration d iagram , Figure 1, for the estim ation of th e  thickness 
of the layers of tin  deposited. The thicknesses of the layers on the samples used for th is purpose 
was determ ined by  means of differential po larography [4].
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In te rp re ta tio n  o f d a ta

T h e  isom er sh if t o f  0.335 m ol %  t in  a lloyed  in to  99 .99%  pure a lu m in iu m , 
sam p le  3, is  in  good ag re e m e n t, w ith in  lim its  o f  e rro r , w ith  th e  ő -value  of 
/?-tin . T h is  fin d in g  d iffers  fro m  th a t  re p o rte d  b y  D e l y a g i n  w ho n o ted  a n  iso 
m er sh if t low er b y  n e a r ly  0.2 m m  s _1 for a lu m in iu m  alloyed  w ith  0.05 to  0.1 
m ol %  t in  [5]. T h is d ifference  m ay  be due to  th e  fa c t  t h a t  t in  is n o t in  so lid  
so lu tio n  b u t  in  th e  fo rm  o f sm all agg regates in  th e  a llo y  used  b y  us, w hile in  
th e  sam p le  u sed  b y  D e l y a g i n  th e re  w as less t in ,  a n d  a  g rea te r p a r t  o f  i t  w as 
in  so lu tio n .

A ll th is  show s t h a t  th e  isom er sh ift in  i ts e lf  does n o t  su ffic ien tly  c h a ra c 
te riz e  th e  a lloy ing  o f th e  a lu m in iu m  basis w ith  t in  d ep o s ited  to  it.

T h e  h a lf-w id th  a t  h a lf  m ax im u m  for th e  M ö ssb au er lines v a ry  w ith in  th e  
in te rv a l  o f  0 .9 —1.8 m m  s -1  as a  fu n c tio n  o f  th e  th ic k n e ss  o f tin  lay ers ; th is  is 
in  ag re e m e n t w ith  d a ta  p lo tte d  in  F igure  1. A lso th e  h a lf-w id th  figu res 0.99 
an d  1.84 m m  s -1 fo u n d  fo r a t in  foil, sam ple 1, a t  v a r io u s  te m p e ra tu re s  can  
b e  e x p la in e d  on th e  b as is  o f  som e k ind of th ick n ess  e ffec t since the  h a lf-w id th  
o f  M össbauer lines is a fu n c tio n  o f th e  effective th ic k n e s s  dtff of a lay e r; th is , 
in  tu r n ,  is p ro p o rtio n a l n o t o n ly  to  th e  th ick n ess  o f  th e  lay e r b u t also to  th e  
D e b y e — W a l l e r  fa c to r  f  [ 7 ] :  def( =  d ■ f ,  w here  d  is th e  th ickness exp ressed  
as d e n s ity  on th e  su rface  m g c m -2 .

T h e  f ig u re  fo r f  is 0.05 in  th e  case o f  ß-Sn  a t  ro o m  te m p e ra tu re , a n d  
0.4 a t  th e  te m p e ra tu re  o f  l iq u id  n itro g en  [4, 8 ]; th u s ,  th e  decrease of te m p e r
a tu re  causes a n  in c rea se , b y  n e a rly  one o rd e r o f  m a g n itu d e , in  th e  e ffec tive  
th ic k n e ss  o f  a  lay e r a n d  th is  causes a  s ig n ifican t in c rea se  in  th e  w id th  o f th e  
M össbauer lines.

W ith  sam ples 4, 5 a n d  6 (w ith o u t p la te d  co p p er) th e  isom er sh ifts a re  in  
a g re e m e n t, w ith in  lim its  o f  e rro r , w ith  th e  co rre sp o n d in g  d a ta  for ß -S n ; th is  
does n o t  p rec lu d e  a llo y in g  th e  a lum in ium  w ith  th e  t in  lay e r: th e  d-value fo r 
th e  A l/Sn  a lloy , sam ple  3, m e ta llu rg ica lly  p ro d u c e d , ag rees w ith  th e  isom er- 
sh if t o f  /3-Sn.

T in  is  dep o sited  u p o n  sam p les  4, 5 an d  6 in  th e  sam e w ay , th u s  vre m a y  
su p p o se  th e  th ick n esses  o f  th e  t in  lay e rs  to  be n e a r ly  th e  sam e. T herefo re  i t  is 
re m a rk a b le  th a t  Г  • r] v a lu e s , w hich  are  p ro p o r tio n a l to  th e  effective la y e r  
th ic k n e ss , s c a tte r  w ith in  a  ra n g e  o f n ea rly  one o rd e r o f  m ag n itu d e . T his d iv e r
gence can  be  exp la ined  o n  th e  b as is  o f th e  d iv e rg en ce  in  th e  D e b y e  — W a l l e r  

fa c to rs . P re su m a b ly  th e  f  v a lu e  fo r sam ple 6 is  p ro m in e n tly  g rea t. T h is effect 
is fu r th e r  en h an ced  b y  th e  c ircu m stan ce  th a t  o n ly  sev en  a lum in ium  foils w ere 
p re se n t in  sam ple  6, w hile  te n  in  th e  o th ers . T h u s  in  th e  form er a b so rb e n t 
th e re  is less t in  p re se n t th a n  in  th e  la t te r  ones. T h e  D ebye te m p e ra tu re  o f 
a lu m in iu m  is s ig n ifican tly  h ig h e r th a t  th a t  o f t in :  QM — 418 K , 0 £ _ Sn =  189 К
[9], th u s  a m ore in ten s iv e  co n n ec tio n  of Sn a to m s w ith  th e  c ry sta l la tt ic e  o f
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Al (d iffusion  in to  i t ,  a llo y in g , s tro n g er ad so rp tiv e  b ind ing) ex p la in s  th e  consider
ab le  increase  of f  fo r sam p le  6.*

T he a lum in ium  basis  fo r sam ple 8 is th e  sam e as th a t  fo r sam p le  6 b u t 
o n  th e  fo rm er th e  t in  la y e r  h as  been  copper p la te d . T he cen te r o f  th e  sp ec tru m  
in  th is  case is sh ifted  in  th e  n eg a tiv e  d irec tio n  a n d  th e  h a lf-w id th  in creases  to  
n e a r ly  tw ice th e  o rig in a l v a lue . B y m eans o f a  co m p u te r f i t t in g  p ro g ra m , th is  
sp e c tru m  can be reso lv ed  in to  tw o  co m ponen ts. T ab le  I  c o n ta in s  th e  d a ta  of 
th e  com ponen ts th u s  s e p a ra te d . T he isom er sh if t o f th e  one ag rees  w ith  th e

99.7

97.7

95.7

93 7

Fig. 2. Mössbauer spectra  o f samples 6 and 8, (a) and (b), recorded a t  the tem p era tu re  of liquid 
nitrogen. (0 stand for points as found • stand for points as fitted , C stan d  a t  coincidenced 
of points as found and fitted ). Only every fourth  channel is accounted for in  th is  illustration. 
The source of rad iation  is B aS n 0 3 w ith the ac tiv ity  of 1 .5x10* B q; spectra  due to  exposures

for three days each

* /  =  exp
E ‘y / 3 2T 2 \

2М к в  i  2 +  0* J

where E y — the energy of gam m a photons; M  =  mass of a Mössbauer a tom ; к  =  Boltzmann’s 
constan t; T  =  tem peratu re  in  K ; and 0  =  Debye tem perature.
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iso m e r  sh if t o f t in  m e ta l; fo r  th e  o ther, ő is 1.89 m m  s “ 1 an d  th is  agrees w ith  
t h e  iso m e r sh ift o f an  a llo y  o f  a b o u t 30 mol %  Sn a n d  a b o u t 70 m ol %  Cu [6]. 
A lso  t h e  co m p ara tiv e ly  g re a t  h a lf-w id th  o f th is  lin e  suggests t h a t  t h a t  th e  
S n /C u  com position  v a rie s  w ith in  a certa in  in te rv a l:  th is  phase is n o t hom oge
n e o u s . T h e  line in ten s itie s  p e r t in e n t  to  th e  tw o  c o m p o n e n ts  are  n ea rly  th e  sam e; 
th i s  su g g ests  th a t  th e  a m o u n t  o f tin  in  th e  tw o  p h ases  a re  n e a r ly  equal. 
M ö ssb a u e r  spectra  o f  sa m p le s  6 an d  8 are show n in  F ig . 2.

C onsidera tion  o f th e  se rie s  o f d a ta  show n in  F ig . 1 p e rm its  to  e s tim a te  
t h e  th ic k n e s s  of th e  la y e r  o f  t i n  deposited on th e  a lu m in iu m  surface , th o u g h  
u n c e r ta in t ie s  are g rea tly  in c re a se d  by  the  fac t t h a t  th e  area  of th e  M össbauer 
l in e s  is  a  fu n c tio n  of la y e r  th ic k n e s s  as well as  o f  th e  D e b y e  — W a l l e r  fa c to r  
a n d  th e  la te r  — in  th e  case  o f  v e ry  th in  la y e rs  [10] — also  decreases w ith  
th e  la y e r  th ickness, th u s  l in e  a re a  does n o t d ecrease  lin e a rly  b u t  m ore  in te n 
s iv e ly  (ex ponen tia lly ) w ith  th e  th ick n ess  of th in n e r  la y e rs . This effect does no t 
o p e ra te ,  how ever, w hen  th e  t i n  does no t form  a f ilm  on  th e  a lum in iu m  surface 
b u t  fo rm s  an  alloy w ith  i t ,  a s  i t  m ost p ro b ab ly  h a p p e n s  w ith  sam ple 6. T ak in g  
in to  a c c o u n t all these  fa c to rs , th e  th ickness o f  th e  t in  lay e r deposited  on th e  
su rfa c e  o f  a lum in ium , can  b e  e s tim a te d  to  be 1 —3 nm .*

I n  a sum m ary  we m a y  conclude  th a t  t in  d ep o sited  on th e  su rface  of 
a lu m in iu m  conta in ing  17 %  silico n , sam ple 6, e n te rs  in to  a m ore in ten s iv e  
a s s o c ia tio n , supposedly  a llo y in g , w ith  th e  a lu m in iu m  basis  th a n  do t in  layers 
o n  th e  o th e r  alum in ium  a llo y s  s tu d ied . In  th e  co u rse  o f th e  co p p er-p la tin g  
p ro c e s s , p a r t  of th e  t in  goes in to  so lu tio n  and  th e  p a r t  re ta in e d  on th e  a lu m in iu m  
s u r fa c e  is  in tensive ly  a llo y ed  to  copper.
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T ransform ation of cyclohexanol has been investigated over m etal ca ta lysts of 
group V U Ib  in  the  tem perature range 453 — 633 К  using hydrogen or n itrogen carrier 
gas. In  the case of Co catalyst the  effect of p reparation  upon the p roduc t d istribution 
has been exam ined as well. The p ro d u c t d is tribu tion  observed on various m etals was 
compared on basis of ratios of various p roducts. In  terms of p roduct selectivities th e  
investigated m etals can be divided in to  th ree  groups: (1) dehydrogenating m etals 
(Os, Co, Fe, R e, R u); (2) arom atizing m etals (Pd , P t, Ni); (3) Ir and  R h  occuping an 
interm ediate position. The hydrogen response of these groups is also different: w ith 
Group 1 hydrogenolysis, w ith Group 2 arom atiza tion  and w ith Group 3 b o th  reactions 
were accelerated in  the presence of hydrogen.

In troduc tion

C yclohexanol is one of th e  in te rm e d ia te s  o f po lyam ide m a n u fa c tu r in g , 
th e re fo re , i ts  d eh y d ro g en a tio n  to  c y c lo h ex an o n e  has been th e  su b je c t o f  several 
s tu d ies . C opper [1] a n d  Ni [2] w ere a m o n g  th e  useful an d  se lec tive  c a ta ly s ts . 
T he m echan ism  o f  th is  reac tion  re p re se n ts  considerab le  in te re s t fro m  th e  th e o 
re tic a l p o in t o f  v iew , to o , especially  w ith  re sp e c t to  th e  possible su rface  in te r 
m ed ia tes  o f  cy c lo h ex an o n e  fo rm a tio n  a n d  o th e r  reactions (a ro m a tiz a tio n  an d  
d eh y d ra tio n ).

E arlie r, w e h a v e  rep o rted  d e ta ile d  s tu d ie s  on  th e  reac tions o f  cyc lohexano l 
in  th e  presence o f  n ick e l [3] and  p la t in u m  [4, 5] ca ta ly sts . A tr ia n g u la r  re a c tio n  
sequence

cyclohexanol < * cyclohexanone

4
p h e n o l

h as  been  found  to  b e  v a lid . R a d io tra c e r  s tu d ie s  prove th a t  on ly  “ d ire c t”  a ro 
m a tiz a tio n  o f  cy c lo h ex an o l is d e te c te d  o v e r  p la tin u m  [4, 6], w h ereas  a  “ s te p 
w ise”  reac tio n  p re d o m in a te s  over n ick e l a n d  co p p er [6]. T he d e ta ile d  s tu d ie s  o f 
v a rio u s  Y IIIB  m e ta ls  as well as rh e n iu m  in  th e  reactions o f  3 -m e th y lp e n ta n e ,
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m e th y lc y c lo p e n ta n e  [7, 8] a n d  cyclohexane [9] s tim u la te d  us to  e x te n d  
th e se  s tu d ie s  to  cyclohexanol a s  r e a c ta n t ,  to o . I t s  m a in  d eh y d rogena tion  p ro d 
u c t, c y c lo h e x a n o n e  has been in v e s tig a te d  as w ell, u n d e r  iden tica l co n d itio n s .

T h e  p re s e n t  paper re p o r ts  th e  te m p e ra tu re  d ependence  and  se le c tiv ity  
o f th e  r e a c t io n  over all V II IB  m e ta ls . R esu lts  o b ta in e d  w ith  rhen ium  a re  to  
be r e p o r te d  se p a ra te ly  [10]. S om e d a ta  o b ta in e d  w ith  p la tin u m  h av e  b e e n  
ta k e n  f ro m  R ef. [5]; for co m p ariso n , how ever, m e a su re m e n ts  w ith  n ickel, a n d  
o th e r  d a t a  w ith  p la tin u m  c a ta ly s ts  h av e  been  re p e a te d  in  order to  be ab le  to  
en su re  id e n t ic a l  conditions. M eta ls  w ill be co m p ared  on th e  basis o f ra t io s  
o f  v a r io u s  p ro d u c ts  as suggested  b y  Y a m a m o t o  a n d  K w a n  for phenol h y d ro 
g e n a tio n  [1 1 ]. W e used, h ow ever, sev e ra l “ ra t io s ”  o f  v a rio u s  classes o f p ro d u c ts  
to  o b ta in  a s  m u ch  in fo rm atio n  a s  possible.

E xp erim en ta l

A pulse-m icrocatalytic ap p ara tu s  was used as described by  Ma n n in g e r  et al. [5]. The 
conditions o f gas chrom atographic analysis were identical to  those described there. 1 fxL 
pulses o f gas chrom atographically pu re  cyclohexanol and  cyclohexanone were introduced onto  
the c a ta ly s t , in to  purified nitrogen (or helium ) or hydrogen carrier gas (30 cm3 m in -1).

Catalysts: Unsupported m etals were used.
Iron  w as reduced from Fe(COO)2 ■ 2H 20  in a flow of hydrogen, in  situ, at 673 К  for 1 h.
Cobalt: Co “ powder” supplied b y  SCHUCHARDT was pre-reduced a t 573 К  in hydrogen 

flow for 2 h . Co-“ black” was p repared  by  reducing Co20 3 a t  683 К  for 1.5 h. The oxide w as 
ob tained  fro m  C o(N 03)3 by precip ita ting  the hydroxide w ith  am m onium  hydroxide and  sub
sequent d ry ing .

N icke l w as prepared in  a w ay analogous to th a t  described for Co-“black” .
R uthen ium :  Commercial R u-pow der (Degussa) was m ixed w ith sodium chloride and  

digested b y  chlorine gas a t 873 K. T he soluble chloride ob tained  was reduced to  m etal b lack  
by  H C H O  in  th e  presence of K OH  [12].

R hod ium  was reduced from R hC l3 • 3I120  by HCHO according to Ref. [12].
P allad ium : Pd-power was dissolved in  aqua regia and  reduced as above [12].
R h en iu m :  N H,ReO, was reduced a t 770 К  by hydrogen in  the presence of MgO, w hich 

was su b seq u en tly  dissolved in HC1 [10]. P re trea tm en t in  hydrogen flow a t 670 К  for 24 h.
O sm ium : Degussa metal pow der was pretreated  in  hydrogen flowr a t 573 К  for 1 h.
I r id iu m  was prepared analogously to  th e  procedure described for ru thenium . A no ther 

irid ium  sam p le  was identical to Sam ple 2 in  Ref. [13].
P la tin u m  was reduced from  H 2PtC l6 by  HCHO as described in  Ref. [12].
R u th en iu m , rhodium, palladium , iridium  and p la tinum  were pretreated according to  

Ref. [14].

R esults

T b e  p ro d u c ts  from  cy c lo h ex an o l w ere cy c lo h ex an o n e, phenol, Ce-cyclic  
h y d ro c a rb o n s  (benzene, cy c lo h ex en e  an d  cyc lo h ex an e) as well as c ra c k e d  
p ro d u c ts  a n d  o xygenated  f ra g m e n ts . One o f  th e m  corresponded  to  n -h e x a n o l 
a c c o rd in g  to  i ts  re ten tio n  tim e ; C6 a lip h a tic  k e to n e s  seem ed also to  be p re se n t.

P r im a r y  d eh y d ro g en a tio n  p ro d u c t is cy c lo h ex an o n e . This is in  sev e ra l 
cases t h e  m a in  co n stitu en t o f  th e  e fflu en t. In  o rd e r to  c larify  its  role in  f u r th e r  
re a c tio n s  a s  w ell as to  d e te rm in e  w h e th e r i t  is m o re  o r  less reac tive  th a n  c y c lo 
h e x a n o n e  w ere  also s tu d ied  u n d e r  id en tica l co n d itio n s.
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H y d ro g en  h a s  been  rep o rted  to  h av e  a v e ry  m ark ed  effect on c a ta ly s t  
a c tiv ity  an d  se le c tiv ity  in  h y d ro ca rb o n  [15] a n d  cyco lhexano l [5] tra n s fo rm a 
tio n s over p la tin u m . T herefo re, h y d ro g en  effec ts  also  w ere s tu d ied . T h is w as 
done b y  in tro d u c in g  pu lses in to  n itro g en  o r h y d ro g en  ca rrie r gas.

a) Temperature effects in  nitrogen

M easu rem en ts  w ere carried  o u t in th e  te m p e ra tu re  range b e tw een  453 
an d  633 K . T h e  m e ta ls  can  be classified  as follow s.

Som e m e ta ls  (Co, R u , Os, I r  a n d  R h) p ro d u ce  m ain ly  cyc lohexanone  from  
cyclohexano l. T h e  a m o u n t o f a ro m a tiz a tio n  is low  b u t  ap p rec iab le  a m o u n ts  
o f  cyclohexene are  d e tec ted . These m eta ls  can  be  called  dehydrogenating m e ta ls .

T he o vera ll conversion  degree is h a rd ly  d ep e n d e n t on th e  te m p e ra tu re . 
T h is is c h a ra c te r is tic  o f Os, C o-pow der, R h ; less v a lid  fo r C o-black, R u  a n d  Ir . 
R u  an d  R h  h a v e  b een  selected  as ty p ic a l m e ta ls ; th e  y ie lds as a fu n c tio n  of 
te m p e ra tu re  a re  show n in  F igs 1 an d  2. (A  s im ila r p lo t has been  show n fo r 
Os an d  I r  in  R ef. [16]).

W ith  cy c lo h ex an o n e  feed , th e  o v era ll conversion  is, as a ru le , low er 
th a n  w ith  cyc lo h ex an o l. A p a rt from  p h en o l, som e benzene, cyclohexene a n d  
low er a m o u n t o f  cyclohexano l are  found  (F ig u re s  3 an d  4).

N i, P d  a n d  P t  re p re se n t a n o th e r g roup . H e re  th e  conversion  d ep en d s  on 
th e  te m p e ra tu re  v e ry  s tro n g ly . T he a m o u n t o f  cyclohexanone is, as  a  ru le ,

T (K)

F i g . ' l .  T ransform ation  of cyclohexanol
on R u, in Nj

Fig. 2. T ransform ation of cyclohexanol 
on Rh, in Nj
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F ig . 3. T ransform ation of cyclohexanone 
on R u, in  N2

T (K)

F ig . 5. T ransform ation of cyclohexanol 
on Pd, in  N2

F ig . 4. T ransform ation of cyclohexanone 
on R h, in  N2

T (K)

F i g .  6 .  Transform ation of cyclohexanol
on Ni, in  N2
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453 483 513 543 573 603 633 
T (K) T (K)

Fig. 7. T ransform ation of cyclohexanone 
on Pd, in  N2

Fig. 8. Transform ation of cyclohexanone 
on Ni, in N2

low . P heno l an d  benzene  are  th e  m ain  c o m p o n e n ts  of th e  end p ro d u c t. R esu lts  
w ith  P d  an d  Ni a re  show n in F igs 5 a n d  6.

C yclohexanone is m uch m ore re a c tiv e  o v e r P d . I t  form s m a in ly  a ro m a tic s  
to g e th e r  w ith  sm all am o u n ts  o f cyclo h ex an o l (F igs 7 and  8).

T hese m e ta ls  can  he called aromatizing  ones.

b ) Temperature effects in hydrogen

T he a p p lic a tio n  o f hyd rogen  c a rr ie r  gas m ay  increase o r d ec rea se  th e  
o v era ll conversion  o f cyclohexanol. N o u n a m b ig u o u s  corre la tion  c a n  be  found  
h e re . T h ere  is a g enera l tre n d , how ever, t h a t  h y d ro g en  suppresses conversion  
a t  low er an d  en h an ces  i t  a t  h igher te m p e ra tu re  (Table I).

A m uch  s tro n g e r hydrogen  effect is  o b se rv ed  in  th e  case o f  c y c lo h e x a 
n one  feed. I t s  o v era ll conversion  is a lw ay s h ig h e r in  hydrogen  th a n  in  n itro g en  
(T able  I I ) .  T h e  o n ly  excep tion  is p a lla d iu m . T he tem p e ra tu re  e ffe c t is th e  
rev e rse  here  because  th e  accelera ting  e ffec t o f  h y d ro g en  is genera lly  m u c h  m ore 
m ark ed  a t  low er th a n  th a t  a t  h igher te m p e ra tu re s .

T he g enera l te rm  “ hydrogen  e ffec ts”  in c lu d e  several p a r t ic u la r  fe a tu re s  
a s  fa r  as se lec tiv ity  changes are concerned . T hese  are  illu s tra ted  b y  y ie ld  p lo ts 
an a lo g o u s to  F igs 1 —8.
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W ith  ru th e n iu m  (i.e. a  ty p ica l “ d e h y d ro g e n a tin g ”  m eta l) th e  o v e ra ll 
c o n v e rs io n  o f  cyc lohexano l is h a rd ly  a ffec ted  b y  hydrogen . T he se le c tiv ity , 
h o w e v e r , is sh ifted  v e ry  m u c h  to w ard s c ra c k in g . C yclohexanone fo rm a tio n  is 
a lm o s t  u n ch an g ed . P h e n o l fo rm atio n  is h ig h e r  in  hydrogen , a l th o u g h  its

Table I

Conversin o f cyclohexanol at low and elevated temperatures

Metal

Conversion (m ol% )

in  nitrogen in hydrogen

453 К 633 к 453 К 633 к

Os 31 25 16 47

Co(p) 89** 92 22** 88

Co(b) 79** 89 77** 99

Re 47* 93 32* 90

Ru 30** 78 29** 87

Rh 31 33 2 65

Ir 48 45 28 81

Ni 45* 78 10* 67

Pd 20* 96 5* 85

P t 25 92 8 96

* T  =  483 К  
* * T =  513 К

Table I I

Conversion o f cyclohexanone at low and elevated temperature

Conversion (m ol% )

Metal in  nitrogen in  hydrogen

453 К 633 к 453 К 633 к

Os l 2 69 32

Co(p) l* 7 29* 18

Co(b) 17* 10 84* 84

Re 3* 22 60* 58

Ru 2** 4 32** 34

R h 3 10 8 68

I r 5 7 82 68

Ni 15* 29 31* 46

Pd 68* 100 12* 93

P t 24 80 70 89

* T  =  483 К  
** T  =  513 К
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Fig. 9. Transform ation of cyclohexanol 
on Ru, in H 2

Fig. 10. T ransform ation of cyclohexanone 
on R u, in  H j

a b so lu te  am o u n t is s till n o t  to o  h igh . C yclohexane fo rm a tio n  is h a rd ly  in flu
enced , cyclohexane fo rm a tio n  b e ing  en h an ced  b y  hydro g en  (cf. F ig s  4 , 1 an d  9).

W ith  cyclohexanone feed , h y d ro g en  increases again  th e  o v e ra ll conversion 
o v er ru th e n iu m . T his, h ow ever, rem ain s a lso  a lm o st te m p e ra tu re  in d e p e n d e n t. 
T h is is m ain ly  due to  c rack in g  a n d , to  a lesser e x te n t, h y d ro g e n a tio n  to  cyclo
h ex an o l. H y d ro carb o n  fo rm a tio n  is low er th a n  w ith  cyclo h ex an o l (cf. Figs 3 
a n d  10).

W ith  rhodium, h y d ro g en  changes th e  com position  m ore d ra s tic a lly . The 
p lo ts  fo r cyclohexanol an d  cyclohexanone a re  show n in F igs 11 a n d  12, re
sp ec tiv e ly . A s tro n g  te m p e ra tu re  d ependence  o f  th e  overall co n v e rs io n  is ob
se rv ed . T he ap p earan ce  o f  c rack ed  p ro d u c ts  resem bles th e  p ic tu re  seen  w ith  
ru th e n iu m  (F igs 9 a n d  10). A t th e  sam e tim e , how ever, a lso  considerab le  
a ro m a tiz a tio n  occurs. H y d ro g e n a tio n  o f  cyclohexanone to  cy c lo h ex an o l a t  
low er te m p e ra tu re s  can  also  be p o in ted  o u t.

H y d ro g en  ex erts  m uch  w eak er effects on th e  a ro m atiz in g  m e ta ls . W ith  pa l
la d iu m , sim ilar re su lts  a re  o b ta in e d , th e re fo re , its  illu s tra tio n  is n o t  necessary . 
N ickel h as  been selected  as a ty p ic a l m e ta l (F igs 13 an d  14). H y d ro g e n  sup
p resses  th e  overall conversion  especially  w ith  cyclohexanol (F igs 6 a n d  13). I t  
su p p resses  a ro m a tiza tio n  to  som e e x te n t.
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T (K)

F ig . 11. Transform ation o f cyclohexanol 
on Rh, in H 2

T (K)

Fig. 13. Transform ation o f cyclohexanol 
on Ni, in H 2

T ( K )

Fig. 12. T ransform ation  of cyclohexanone 
on R h, in H 2

T (K)

F i g .  1 4 .  T ransform ation  of cyclohexanone
on Ni, in H 2
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T a b l e  Ш

Transformation o f cyclohexanol and cyclohexanone on iron in hydrogen

No. Feed
P ro d u c t com position (mol%)

<c. C .H ., C .H „ C .H . C .H u O C,H n OH CeI I5OH Others*

l . C,Hn OH 2.29 11.35 22.95 0.64 43.58 15.55 2.37 1.26
2. CeH u OH 2.39 8.51 16.42 0.44 50.15 19.44 1.87 0.78
3. CeH n OH 2.19 10.98 20.64 0.28 46.03 16.75 2.00 1.12
4. ^ 6̂ 10O 2.75 7.62 17.52 0.50 55.48 12.01 2.76 1.36

T  =  573 К
No. 1: m easured im m ediately after p re trea tm en t, 2: w ithout regeneration, 3: cata lyst 

was in  a stream  of H 2 a t  room tem perature for overn igh t, th en  was heated up in H 2 to  573 К  
for 50 m inutes prior to  m easurem ent, 4: w ithout regeneration  

* U nknown products (dimers and oxygenated products)

As fa r  as o th e r  m eta ls  are  concerned , Co a n d  Os can be ra n k e d  to g e th e r  
w ith  R u. R h en iu m  [10] also belongs to  th is  g ro u p  an d  so does iron . T h e  a c tiv 
i ty  of F e w as s tu d ie d  in  hydrogen  on ly  (im m e d ia te ly  a f te r  th e  th e rm a l deco m p o 
s itio n  of iron  o x a la te ) . T yp ica l re su lts  o b ta in e d  w ith  F e are shown in  T ab le  I I I .

Irid iu m  is s im ila r to  rhod ium  [16].
Arom atizing  m e ta ls  (Ni, P d , P t)  keep  th e ir  ch a ra c te r  in h y d ro g en , too .

c) Effect o f catalyst preparation

T his w as s tu d ie d  w ith  Co c a ta ly s t  o n ly . T h e  com m ercial C o-pow der 
p ro v ed  to  h av e  la rg e  c ry s ta llite s  (60 nm ) a n d  w as a ra th e r  stab le  f.c .c . m e ta l. 
C o-black (p rep a red  b y  red u c tio n  o f Co20 3 o b ta in e d  b y  p rec ip ita tio n  o f C o(O H )3 
from  C o(N 03)3 a n d  its  su b seq u en t d e h y d ra tio n )  w as m uch m ore d isp erse  (22 
nm ) an d  w as a 1 : 1 m ix tu re  of f.c.c. an d  c .p .h . m eta ls .*  T heir c a ta ly tic  b e h a v 
io u r w as ra th e r  d iffe ren t.

B o th  c o b a lt c a ta ly s ts  ac ted  like ru th e n iu m -ty p e  m etals in  n itro g e n , w ith  
a lm o st te m p e ra tu re - in d e p e n d e n t overa ll c o n v e rs io n  an d  p red o m in an t fo rm a 
tio n  o f cy c lohexanone  from  cyclohexano l. C yclohexanone feed gave a n  in te r 
m e d ia te  d eh y d ro g en a tio n  p ro d u c t: cy c lo h ex en o n e  (C0H 8)O (Table IV ). I t  can  
be  n o ted  th a t  o f  a ll th e  m eta ls  s tu d ie d  C o-b lack  is th e  strongest d e h y d ro g e n a t
in g  m eta l per u n it  su rface  in  n itro g en  [17].

A large  d ifference  ap p ears  in  h y d ro g e n . W hereas Co-pow der e x h ib it 
s tro n g  d e h y d ro g e n a tin g  ch a rac te r in  h y d ro g e n , to o , Co-black is a severe ly

* The authors are indebted to Drs. L .  K e r t é s z  and  I .  M a n n i n g e r  for X -ray  diffraction 
m easurem ents.
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Fig. 15. T ransform ation of cyclohexanol 
on Co-powder, in  H 2

Fig. 16. Transform ation of cyclohexanol 
on Co-Ыаск, in Н г

f ra g m e n tin g  m eta l (Figs 15 a n d  16). W ith  cy c lohexanone  re a c ta n t, e s se n tia lly  
th e  sa m e  difference is o b served .

B o th  cobalts  form  d e te c ta b le  a m o u n ts  o f  cyclohexene (ex cep t fo r  Co
p o w d e r f ro m  cyclohexanone in  n itro g en ) (T ab le  IY  an d  Figs 15 —16).

Table IV

Transformation o f  cyclohexanol and cyclohexanone on cobalt

C atalyst Feed
P roduct com position (mol%)

<c. CeH 12 -f- CeH 10 C.H . CeH 12OH C,H 10O C„H5OH C ,H 80 O thers

Co(p)*
C6H n OH 0.21 0.27 0.17 10.94 85.11 3.04 - 0.26

CeHioO 0.04 0.01 0.03 — 96.48 0.96 2.42 0.05

Co(b)
CeH u OH 3.32 3.01 1.74 8.67 72.21 8.31 — 2.74

C6H 10O 1.29 0.80 1.19 1.25 90.66 3.77 0.65 0.39

* p  — powder, b — black 
T  =  573 К  
C arrier gas: N2
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Discussion

T he above  t r e a tm e n t  o f m eta ls  a lre a d y  a d v an ces  th e  p o ss ib ility  o f  som e 
classifica tion . A r te r  a ll, th e  d is tin c tio n  o f  th re e  g roups seem s reaso n ab le  
(inc lud ing  also  R e  to  be discussed in  R ef. [10]).

1. G roup  1 in c ludes d e h y d ro g e n a tin g  m e ta ls  p ro p er: Os, R u , Co, F e  
a n d  R e. C opper [6] seem s to  be  close to  th is  g roup .

2. G roup  2 consists  o f N i, P d  an d  P t ;  a ro m a tiz a tio n  is c h a ra c te r is tic  o f
th e m .

I t  I t is ju s t if ie d  to  define a th ird , in te rm e d ia te  group  fo r R h  an d  I r .  
T h e y  are  close to  G roup  1 in  n itro g en , in  h y d ro g en , how ever, th e y  show  en 
hanced  c rack in g  (like G roup 1) an d  th e ir  a ro m a tiz in g  a c tiv i ty  increases as well. 
T h is la t te r  a c t iv i ty  m ay  reach  th a t  o f  m e ta ls  in  G roup  2 [7].

L e t us a t te m p t  to  quantify  th e  a b o v e  c lassifica tio n . One o f  th e  possible 
m e th o d s to  do so i ts  to  use th e  “ ra tio s”  o f  v a rio u s  p ro d u c ts  or classes o f p ro d 
u c ts  as su g g ested  b y  Y amamoto a n d  K w a n  [11]. T he follow ing “ ra tio s”  
h av e  been d efin ed  a n d  used in  th is  w ork.

Aromatic ratio: (T able Y)

. pheno l benzeneA  == -----------------------------
cy c lo h ex an o n e

A rom atiz in g  m e ta ls  a re  tho se  w here th is  ra t io  is n e a r  to  or h ig h er th a n  u n ity . 
I t  is seen th a t  R h  an d  I r  a re  am ong th e  a ro m a tiz in g  m eta ls  in  hyd ro g en . T he 
b eh av io u r o f C o-b lack  show s th a t  i t  is, in  som e resp ec ts , close to  N i. I t  is , 
nev erth e less , n o t  an  a ro m atiz in g  m eta l (see la te r) .

Benzene to phenol ratio : (Table V)

benzeneH = --------------
p h en o l

T ab le  У  show s th a t  — in sp ite  o f v e ry  d iffe ren t overa ll y ield  va lu es  — 
v ario u s  m e ta ls  a re  su rp ris in g ly  sim ilar to  each  o th e r  in asm u ch  as th e  v a lu es  
o f  В  from  cy c lo h ex an o l an d  cyclohexanone a re  close to  each  o th e r, ex cep t for 
R h  in  H 2, w here  b en zen e  fo rm a tio n  is ex cep tio n a lly  h igh.

The n e x t  ra t io  (C) cha rac terizes  th e  ad v erse  o r fav o u rab le  effect o f  
h y d rogen  on th e  h y d rogeno lysis  o f  th e  p heno lic  O H  group  (T able Y):

£  (benzene/phenol) in  h y d ro g en  

(benzene/phenol) in  n itro g en
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Aromatic ratio from  cyclohexanol ( A ) ,  hydrogenolysis o f phenolic OIT group from  cyclohexanol and cyclohexanone ( В ), and the effect o f hydrogen 
on the hydrogenolysis o f the phenolic OH group (C ) in  H 2 and Ns, respectively, at 573 К
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A s th is  ra tio  is u su a lly  h ig h er th a n  u n ity , hydrogen  fa v o u rs  benzene 
fo rm a tio n . R em ark ab le  ex cep tio n s  a re  C o-pow der an d  G roup 2 m e ta ls :  in  th e  
la t te r  case, how ever, th is  is v a lid  w ith  h ig h  a ro m atic  yields, w h e re a s  in  th e  
case o f  co b a lt, sm all n u m b ers  shou ld  be  d iv id ed  b y  each o th e r.

A s fa r  as th e se  ra tio s  a re  co n cern ed , th e y  su p p o rt (y l-value) on  th e  one 
h a n d , th e  c lassifica tion  p u t  fo rw ard  on th e  b as is  o f th e  te m p e ra tu re  dependence  
o f  y ie ld s  (F igs 1 —16). F u r th e rm o re  (В - a n d  C -values), th e y  a re  in  ag reem en t 
w ith  th e  fa c t, es tab lish ed  from  ra d io tra c e r  a n d  o th e r se lec tiv ity  m easu rem en ts  
[17], t h a t  th e  follow ing g enera l sequence  is v a lid :

cyc lohcxano l — cyc l ohexanone  -----phenol —д S  b en zen e

cy c lo h ex en e

In  th is  re sp ec t it  is o f  seco n d ary  im p o rta n c e  w heth er cy c lo h ex an o n e  is th e  
in te rm e d ia te  o f phenol fo rm a tio n  or n o t  [6]. W hen  th e  v a lu e s  o f  В  an d  C 
a re  d iscussed , th e  p o ssib ility  o f  d e h y d ra tio n  h as  alw ays to  b e  considered . 
R a d io tra c e rs  show ed th a t  th is  m a y  occu r w ith  Co, R u, R e (a n d  p e rh a p s  Ir). 
T h u s, b en zen e  fo rm ed  v ia  cyclohexene in c reases  th e  n u m era to r  o f  b o th  В  and  
C w ith  th e se  m eta ls , an d , to  a ll p ro b a b ili ty , w ith  Os, too. (R a d io tra c e r  experi
m e n ts  gave no  ev a lu ab le  re su lts  in  th is  case [17]).

O th e r ra tio s  m ay  give a d d itio n a l in fo rm atio n . The d e h y d ro g e n a tio n  
r e a c tiv i ty  o f  cyclohexanone can  be  co m p ared  w ith  th a t  o f  cy c lo h ex an o l on 
th e  b as is  o f ra tio  D  (Table V I).

P  (pheno l -)- benzene) f ro m  cyclohexanone

(cyclohexanone -|- p h en o l -f- benzene) fro m  c y c lo h ex an o l

W ith  th e  excep tion  o f R h  in  H 2, cy c lo h ex an o l is alw ays m ore re a c tiv e , possib ly , 
due to  its  m ore re a c tiv e  su rface  in te rm e d ia te  [17].

The ratio D ’ (T able V I):

D ' = ------ —--------------- f ro m  cyclohexanone
cyclohexenone

in fo rm s us w h e th e r th e  a ro m a tiz a tio n  o f  cyclohexanone is s tep w ise  or n o t. 
Low  D ' va lues in d ica te  t h a t  th e  fo rm e r (stepw ise) p a th w a y  is v a lid  w ith  
G ro u p  1 m eta ls .
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Table VI

Comparison o f  dehydrogenation reactivity o f cyclohexanone to cyclohexanol (D),  ratio o f phenol to
and cyclohexanone ( E ) ,

Catalyst

D

O H  1 0

[O] *  (0}iXo
O H

]  +  ( o )  +  ( o )  Cr°Hu O H

H 2

O s 0 .2 4 0.028

Co(p) 0 .2 8 0.16

Co(b) 0 .5 3 0.56

Ее — 0.11

Re 0 .5 5 0.15

R u 0 .4 4 0.15

R h 0 .9 6 1.81

I r 0 .7 4 0.72

Ni 0 .9 3 0.51

Pd 1 .00 0.94

P t 0 .9 9 0.85

The ratio E  (T able V I):

<  C6 fra g m e n ts
hj = ------------------------------------------------

Ce d eh y d ro g en a tio n  p ro d u c ts

gives ev id en ce  for th e  en h an ced  cracking  a c tiv ity  in  h y d ro g en , especially  w ith  
G roup  1 a n d  3 m eta ls . I t  is w o r th  com paring  th e  o rd e r  ob ta ined  on th e  basis  
o f  th e  .E -values in  h y d ro g en  a t  573 K :

C H -o l: Co(h) > R h  > O s  > I r  > R u  > R e  > F e ^ N i  > P t^ C o ( p )  > P d  

C H -one: Os > C o (b ) > R u  > R e  > I r  > R h  > F e  > C o ( p ) > N i> - P t> P d

w ith  th o se  o b ta in ed  for th e  a c tiv ity  of m e ta ls  in  3 -m eth y lp en tan e  h y d ro - 
geno lysis [7]:

R h > I r > R u > O s > N i > C o ( p ) > R e > P t > P d
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cyclohexenone (D 'J  and ratio o f  C—C bond hydrogenolysis and dehydrogenation from  cyclohexanol 
at 573 К

a n d  e th an e  hydrogeno lysis  [18]:

R h > R u > I r > N i ] > C o ( p ) > P d > P t

T h e  so-called “ th re sh o ld  te m p e ra tu re ”  (i.e . th e  T -value n ecessary  to  achieve 
a  g iven  low re a c tio n  ra te )  w as used  in  th e  la t te r  tw o cases fo r c h a rac te riz in g  
th e  a c tiv ity  o f m e ta ls .

C yclohexanone m a y  e ith e r h y d ro g e n a te  or deh y d ro g en a te .

The ratio F  (T able V II):

F  = -----P^V11-------- (fro m  cyclohexanone)
cyclohexanol

ev idences a  p re d o m in a n t h y d ro g en a tio n  a t  low er an d  a p re d o m in a n t d eh y d ro 
g en a tio n  a t  h ig h er te m p e ra tu re s . A lth o u g h  th is  is in  ag reem en t w ith  th e  
g en era l th e rm o d y n am ics  o f th e  process [11], th e  v a rious values o b ta in e d  w ith
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Table УП

Ratio o f  dehydrogenated products (F )  and formation o f products by utilizing hydrogen (G ), at 573 К

Feed: C„HI0O

n 2 H ,
n 2 H 2

T ( K ) 513 573 655 513 573 633

equilibr. 0.25 63 5 X 103 — — —

Os 0.36 >2000 >1800 0.004 0.039 0.37 0.033 0.033
C°(p) 6 .2 >2500 >3000 0.005 0.19 1.15 >800 0.017
Co(b) 0.78 3.02 >4000 0.05 1.00 4.13 0.95 1.11

Fe — — — — 0.23 — 0.041 0.041

Re 0.49 4.23 32.3 0.02 0.21 0.62 4.53 •0.33

Ru > 2000 0.69 >1000 >120 0.35 >800 — 0.31
Rh 51.8 — >8000 2.78 21.02 23.7 ~-300 16.72

I r 7.3 — >4000 0.15 2.71 11.1 ^ 8 0 0 1.52

Ni 3.8 26.9 70 0.04 0.99 12.1 1.00 0.10
Pd 453 1127 8000 0.89 13.8 238 115 1.40
P t 6.66 74.4 197 0.09 3.98 45.2 40 1.59

d if fe re n t  c a ta ly s ts  as co m p ared  w ith  th e  eq u ilib riu m  v a lu e  (Table V II) in d ic a te  
w i th o u t  d o u b t th a t  k in e tic  a n d  n o t  th e rm o d y n a m ic  effects are im p o r ta n t h e re . 
T h is is a lso  show n b y  th e  v e ry  d iffe ren t h y d ro g en  effects. T his in d ica tes  t h a t  
th e  “ e ffe c tiv e  hydrogen  c o n c e n tra tio n ”  [19] on th e  su rface m ay differ v e ry  
m u c h  f ro m  th a t  in  th e  gas p h ase  and  th e  n a tu re  o f th e  m e ta l p lays a decisive 
ro le in  d e te rm in in g  th is . S u rface  hyd ro g en  o rig in a te s  from  th e  ca rr ie r  gas 
or — in  n itro g e n  — from  h y d ro g e n  p ro duc ing  re a c tio n s , i.e. d eh y d ro g en a tio n . 
I t  m a y  e i th e r  desorb or he u tiliz e d  b y  h y drogen  consum ing  reac tio n s: cy c lo 
h e x a n o n e  h y d ro g en a tio n  or h y d ro g en o ly tic  sp li t t in g  o f th e  phenolic O H  g ro u p .

R a tio  G gives som e a p p ro x im a te  in fo rm a tio n  a b o u t th e  d irec tion  o f th is  
u t i l iz a t io n  (Table V II):

G =
h p T 1 7 P T l f i

from  cy c lo h ex an o n e.
cy c lo h ex an o l

\

Low  G -v a lu es  m ean th a t  a ro m a tiz a tio n  is neglig ib le as com pared  w ith  h y d ro g e n  
(Os, F e ) . H ig h  G-values m ean  en h an ced  benzene fo rm a tio n , e ith e r via  cyclo -
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hex en e  (d eh y d ra tio n : Co, Re) o r v ia  phenol (a ro m a tiz a tio n : R h , I r ,  P d , P t) . 
T he s im ila rity  o f  N i an d  Co (b) is n o te w o rth y . H y d ro g e n a tio n  to  cyclohexanol 
is acce lera ted  b y  h y d ro g en  a tm o sp h e re  especially  w ith  C o(p), P d , R e and  Ni.

Conclusions

T he above ex p erim en ta l d a ta  give a good q u a lita tiv e  a n d  q u a n tita tiv e  
p ic tu re  ab o u t th e  a c tiv ity  o f  v a rio u s  m eta ls . I t  g ives a p ro fo u n d  basis to  
c lassify  these  c a ta ly s ts  in to  th r e e  g roups. G roup 1 a n d  G ro u p  2 differ from  
each  o th e r w ith  re sp ec t to  th e ir  in h e re n t selec tiv ities. T hese  se lec tiv ities are 
in flu en ced  b y  th e  p resence  o f h y d ro g en  in  a w ay  c h a ra c te ris tic  o f  th e se  d ifferent 
g roups. T he h y d ro g en  response is  th e  m ain  fac to r serv ing  as a basis  for d istin 
gu ish ing  G roup 3 m eta ls . W h ereas  th e y  behave like G ro u p  1 in  n itrogen , a 
pecu lia r in trem ed ia te  positio n  co m b in in g  th e  fea tu res  o f  b o th  g ro u p s is observed 
w ith  th em  in hyd rogen .

T he general o rd er o f  m e ta l a c t iv i ty  in  h y d ro ca rb o n  a n d  cyclohexanol 
re a c tio n s  shows m a n y  com m on fe a tu re s . T he presence o f  an  o x y g en  atom  in 
th e  m olecule enhances its  r e a c tiv i ty . A ro m atiza tio n  o f  cy c lo h ex an o l takes 
p lace  m ore ra p id ly  th a n  th a t  o f  cyclohexane, w hereas cy c lo h ex en e  is more 
re a c tiv e  th a n  cyclohexano l. T h e  p r im a ry  in te rac tio n  o f  th e  m o lecu le  w ith  the 
m e ta l m u st ta k e  p lace  w ith  th e  p a r tic ip a tio n  o f  th e  О -a to m  h u t  i t  ensures a 
low er re a c tiv ity  th a n  a C = C  d o u b le  b o n d . A ltho u g h  th e  r a p id  fo rm atio n  o f 
su rface  carbony l from  cyc lohexano l lias been show n u n a m b ig u o u s ly  by  IR  
s tu d ie s  [20, 21], cyc lohexanone  re a c ts  m ore  slow ly, w hich  m a y  be  due to  its  
m ore  stab le  bon d in g  to  th e  m e ta l, p a r t ly  b locking th e  a c tiv e  s ites.

The presence o f  th e  O H  g ro u p  enhances n o t only d eh y d ro g e n a tio n  reac
tio n s : th e  y ield  o f  rin g  frag m en ts  is m uch  h igher th a n  w ith  cyc lohexane  [9].

I t  is tru e  th a t  fra g m e n ta tio n  com m ences, as a ru le , in  th e  v ic in ity  of the 
oxygen  a tom . T he a m o u n t of such  frag m en ts  as n -h ex an e  is, h o w ev er, generally  
low : s trong ly  c rack ing  m eta ls  (T ab le  V I) give m e th an e  a n d  o th e r  low  m olecular 
frag m en ts . The com parison  o f th e  a c t iv i ty  o rder acco rd in g  to  th e  E -value 
(T able V I) w ith  th a t  found  in  th e  hydrogeno lysis o f h y d ro c a rb o n s  po in ts to  
th e  re la tiv e  re a c tiv itie s  o f  th e  o x y g e n a te d  and  th e  h y d ro c a rb o n  p a r ts  of the 
m olecule. R h , I r , R u  an d  also N i a re  fu r th e r  back  in  th e  r a n k  accord ing  to  
th e  E -v a lu e  th a n  in  h y d ro c a rb o n  hydrogeno lysis . T h is m ean s  t h a t  th e y  are 
m ore  ac tiv e  in  d e h y d ro g en a tio n  th a n  in  C —C bond b re a k in g , a lth o u g h  th e ir  
f ra g m e n ta tio n  a c tiv ity  (excep t fo r N i) is n o t low. A t th e  sam e t im e , th e  u tiliza 
tio n  o f “ re ta in e d ’4 (or lib e ra te d  d u rin g  reac tio n ) h y d ro g en  fo r  C —O H  bond 
sp lit t in g  (R a tio  G) show s ra th e r  a n  opposite  course: se lec tiv e ly  frag m en tin g  
m eta ls  are  in ac tiv e  in  th e  pheno l ̂ -b en zen e  reac tio n  a n d  v ice  v e rsa .
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A ll these  d a ta  e n u m e ra te d , to g e th e r  w ith  ra d io tra c e r  a n d  in fra red  stud ies 
p e r m it te d  us to  p u t fo rw a rd  a  generalized schem e fo r  m eta l-cyclohexano l 
in te ra c t io n s ;  th is  will be d iscu ssed  in  a sep ara te  p a p e r  [17].
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In  ou r p rev ious p a p e r  [2] w e re p o r te d  th a t  th e  S ch m id t re a c tio n  of 
1 -th io flavanone  gave 2 ,3 -d ih y d ro -2 -p h en y l-l,4 -b en zo th iazep in -5 (4 iI)-o n e  and  
2 ,3 -d ih y d ro -2 -p h en y l-l,5 -b en zo th iazep in -4 (5 Ií)-o n e  in  1 : 1 r a t io . T h e  sam e 
re a c tio n  has now  b een  accom plished  w ith  1 - th io fla v a n o n e -l,1 -d io x id e  (I) to  
o b ta in  2 ,3 -d ih y d ro -2 -p h en y l-l,5 -b en zo th iazep in -4 (5 Ii)-o n e -l,1 -d io x id e  (IV) as 
th e  single p ro d u c t. F o r  a c o m p a ra tiv e  s tru c tu re  e lu c ida tion  c o m p o u n d  IV was 
also  p rep ared  b y  th e  o x id a tio n  of 2 ,3 -d ih y d ro -2 -p h en y l-l,5 -b en zo th iazep in - 
4 (5 tf)-one  (III).

‘ For P a rt X , see Ref. [1].

Acta Chim. Acad. Sei. Hung. 107, 1981



362 L É V A I: O X A ZE PIN ES AND T H IA Z E P IN E S , X I

The Schmidt reaction o f 1-thiochromanones and l-thiochromanone-1,1- 
dioxides, variously substituted in the aromatic ring, was studied by W ü n s c h  
e t  a l .  [3] and it was found that 1-thiochromanones gave a mixture of 1,4- and 
1,5-benzothiazepinones, while their sulfones yielded 1,5-benzothiazepinone- 
1,1-dioxides only. These results and our present findings show that the incor
poration of the sulfur hetero atom into a sulfone group favours the formation 
of such intermediates, probably by modification of the electron distribution 
of the molecule, which then give 1,5-benzothiazepinones.

1-Thiochromanone could be converted into benzothiazepinone not only 
v i a  the Schmidt reaction [3] but also by the Beckmann rearrangement of its 
oxime [4]. Now, we report on the Beckmann rearrangement of 1-thioflavanone 
oxime (II). The oxime was allowed to react with polyphosphoric acid (PPA), 
whereupon 2,3-dihydro-2-phenyl-l,5-benzothiazepin-4(5i/)-one (III) was ob
tained. The presence of 2,3-dihydro-2-phenyl-l,4-benzothiazepin-5(4ff)-one 
could not be detected in the reaction mixture. Hence it can be stated that the 
Beckmann rearrangements of 1-thiochromanone oxime and 1-thioflavanone 
oxime occur similarly, leading to the formation of 1,5-benzothiazepinones.

E xperim ental

M.p.' 's are uncorrected.
The IR  spectra were tak en  in  K Br pellets on a UNICAM  SP 200G instrum ent.
l-Thioflavanone-l,l-d iox ide ( I )  [6], 1-thioflavanone oxim e ( I I )  [7], and 2,3-dihydro- 

-2-phenyl-l,5-benzothiazepin-4(5Ji)-one (HI) [5] used as s ta rtin g  m aterials were prepared by  
know n procedures.

2 ,3 -D ih y d ro -2 -p h e n y l-1 ,5 -b e n z o th ia z e p in -4 (5 /f ) -o n e - l , l -« l io x id e  (IV )

(a) Concentrated sulfuric acid  (2.0 mL) was added, in  portions, to a stirred and cooled 
m ix tu re  of 1-thioflavanone-1,1-dioxide (I)  (2.0 g), sodium  azide (2.0 g) and trifluoroacetic acid 
(20.0 m L). The m ixture was s tirred  for further 2 h  a t  50 °C and  then  poured into w ater. The 
p rec ip ita ted  material was filte red  off, washed free of acid, and  crystallized from m ethanol to 
y ield  a w hite crystalline substance (1.7 g; 80.9%), m .p. 238 — 240 °C (decomp.).

(b) A m ixture of 2 ,3-dihydro-2-phenyl-l,5-benzothiazepin-4(5ii)-one ( I I I )  (1.0 g), 35%  
hyd rogen  peroxide (5.0 m L) and  acetic acid (20.0 m L) was heated  on a steam -bath for 3 h 
and  th e n  poured into w ater. The solidified substance was filte red  off, washed free of acid, and 
crystallized  from methanol to  afford  a white crystalline p ro d u c t (0.8 g; 72.7%), m .p. 239 — 
240 °C (decomp.).

IR : rC =  0  1680; rS 0 2 1120, 1150'cm “ 1.
Ci5H ]3N 0 3S (287.25). Calcd. N  4.87; S 11.15. Found  N  4.90; S 11.26%.

B e c k m a n n  r e a r ra n g e m e n t  o f 1 - th io f la v a n o n e  o x im e

A m ixture of 1-thioflavanone oxime (II)  (1.0 g) and  polyphosphoric acid (10.0 g) was 
hea ted  a t  120 °C for 1 h, th en  d ilu ted  w ith cold water and neutralized  w ith N aH C 03. The precip
ita te d  m aterial was filtered off, w ashed with w ater and  crystallized from m ethanol to  yield
2,3-dihydro-2-phenyl-l,5-henzothiazepin-4(5if)-one ( I I I )  (0.65 g; 65.0%), m.p. 178 —179 °C, 
Lit. [5] m .p. 176—177 °C.

IR : r C = 0  1672 cm “ 1.
C15H 13NOS (255.25). Calcd. N  5.49; S 12.54. Found  N  5.34; S 12.55%.

*
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The synthesis of chlorflavonin, a na tu ra lly  occurring antifungal antib io tic , is- 
reported.

The isolation and antifungal activity of chlorflavonin (I) were reported 
by R i c h a r d s  e t  a l .  [1] in 1969. Detailed structure elucidation of the compound 
was then performed by B i r d  and M a r s h a l l  [2] who unequivocally proved 
that chlorflavonin was 3’-chloro-2’,5-dihydroxy-3,7,8-trimethoxyflavone. The 
synthesis of this antibiotic has not yet been described in the literature.

Of chlorflavonin derivatives, dimethylchlorflavonin (3’-chloro-2’,3,5,7,8- 
pentamethoxyflavone) was prepared by A h m a d  and R a z a q  [3] in 1977 and 
methylchlorflavonin (3’-chloro-5-hydroxy-2’3,7,8-tetramethoxyflavone) by us 
in 1979 [4]. In the present paper an unambiguous synthesis of chlorflavonin is 
reported. The major steps of this synthesis are shown by Scheme 1.

3’-Chloro-2,-benzyloxy-5,7-dihydroxy-3-methoxyflavone (II) was pre
pared from co-methoxyphloracetophenone and 2-benzyloxy-3-chlorobenzoic an
hydride using the Allan —Robinson synthesis as modified by K u h n  and Low
[5]. Para-oxidation [6] of compound II gave 3,-chloro-2’-benzyloxy-5,7,8- 
trihydroxy-3-methoxyflavone (III), which yielded 3’-chloro-2’-benzyloxy-5- 
hydroxy-3,7,8-trimethoxyflavone (IY) on methylation with dimethyl sulfate 
in acetone. Elimination of the benzyl group afforded then chlorflavonin (I), 
the physical constants and spectral properties of which were in full agreement 
with the published data [1, 2].

Experimental

M.p.’s are uncorrected.
The UV spectra  were recorded w ith  a UNICAM SP 800 instrum en t, and the IR  spectra  

were obtained (in K B r pellets) w ith a UNICAM SP 200G appara tu s. The NMR spectra were 
m easured w ith a JE O L  MH-100 spectrom eter in deuterochloroform  (internal standard  TMS 
á =  0 ppm) a t room  tem perature.
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2 -B e n z y lo x y -3 -c h lo ro b e n z a ld e h y d e

3-Chlorosalicylaldehyde [7| (2.24 g; 14 mmoles) was dissolved in dim ethyl formamide 
(10 mL), and benzyl chloride (2.9 g; 23 mmoles) and dry  potassium  carbonate (4.5 g) were 
added. The m ixture was refluxed for 1 h, cooled, diluted w ith water (10 mL) and acidified with 
a few drops of cone, hydrochloric acid, then ex trac ted  w ith chloroform. The solution was 
washed w ith w ater, dried over MgSO., and the solvent evaporated under reduced pressure to 
obtain a white crystalline product (2.3 g; 66.6% ), m .p. 40 °C.

C14H UC102 (246.7). Calcd. Cl 14.37. Found Cl 14.36%.
NMR: <) 5.18 (s, 2TT, CH2); 7.2 — 7.8 (m, 8H, arom atic protons); 10.16 (s, 1H, CHO).

2 -B e n z y lo x y -3 -c h io ro b e iiz o ic  ac id

(а) 2-Benzyloxy-3-chlorobenzaldehyde (1.2 g; 5 mmoles) was dissolved in a hot mixture 
of ethanol (30 mL) and 10% K H C 0 3 solution (12.5 mL). KMnO, (1.2 g) dissolved in hot water 
(15 mL) was added under reflux and w ith stirring; the reaction m ixture was then  refluxed for 
2 h and filtered. The filtra te  was acidified w ith cone, hydrochloric acid; the 2-benzyloxy-3- 
chlorobenzoic acid precipitated on cooling. The crude product was crystallized from water 
to afford white needles (1.0 g; 76% ), m.p. 95 — 96 °C.

(б) 2-Benzyloxy-3-chlorobenzaldehyde (1.2 g; 5 mmoles) and silver n itra te  (1.69 g; 
10 mmoles) were dissolved in hot w ater (7.5 mL), then  40%  sodium hydroxide (2.5 mL) was 
added, in portions, to the hot solution. The m ixture was refluxed for 30 min, then  filtered and 
the filtra te  acidified w ith dilute ( 1 : 1 )  hydrochloric acid, w ith cooling. The precipitated m ate
rial was filtered off and recrystallized from w ater to yield white needles (1.1 g; 84% ), m.p. 
95 °C.

C14H n C103 (262.7). Calcd. Cl 13.49. Found Cl 13.91%.
NMR: ö 5.24 (s, 2H, CII2); 7.3 —8.0 (m , 8H , arom atic protons); 10.8 (s, 1H, COOH).

2 -B e n z y lo x y -3 -c h lo ro b e n z o ic  a n h y d r id e

2-Benzyloxy-3-chlorobenzoic acid (2.0 g; 7 mmoles) and dry pyridine (0.61 m L; 7 mmoles) 
were dissolved in dry benzene (12 mL), and thionyl chloride (0.27 mL; 3.5 mmoles) in dry ben
zene (14 mL) was added to the cooled solution. A fter 14 h stirring, the reaction m ixture was 
poured onto crushed ice, the organic phase separated , washed with w ater, w ith N aH C 03 
solution, then  w ith w ater again and dried over MgSO,. The solvent was evaporated under 
reduced pressure, and the residue, which contained some starting  m aterial, was purified by 
column chrom atography using Kieselgel 60 (Merck) and benzene-m ethanol 89 : 11 (v/v) eluent 
to obtain a syrupy substance (1.3 g; 73%).

C28H20Cl2O5 (507.3). Calcd. Cl 13.96. Found Cl 13.72%.

3 ’-C h lo ro -2 ,-b e n z y lo x y -5 ,7 -d ih y d ro x y -3 -m e th o x y fla v o n e  ( I I )

co-M ethoxyphloracetophenone (1.98 g; 10 mmoles) and 2-henzyloxy-3-chlorohenzoic 
anhydride (20.29 g; 40 mmoles) were suspended in trietliy lam ine (5 mL) and heated for 1 h 
a t 175 °C. The cooled m aterial was then  refluxed in a m ix ture  of m ethanol (100 mL) and 60% 
KOII solution (16 mL) for 30 min. The methanol was evaporated under reduced pressure and 
water (80 mL) was added to the residue. The aqueous solution was sa tu ra ted  w ith carbon 
dioxide to yield a yellow precip itate which was crystallized from aqueous ethanol to afford a 
crystalline product (1.0 g; 23%), m.p. 250 °C.

C23H 17C106 (424.8). Calcd. Cl 8.34. Found Cl. 8.20% .
IR : t»C =0 1650 c m - 1.

3 ’-C h lo ro -2 , -b e n z y lo x y -5 ,7 ,8 - tr ih y ilro x y -3 -m e tlio x y fIa v o n e  ( I I I )

3,-Choro-2’-henzyloxy-5,7-dihydroxy-3-m ethoxyflavone ( II)  (0.8 g; 1.8 mmole) and 
K OI! (0.8 g) were dissolved in w ater, and K2S20 8 (0.6 g) in  w ater (20 m l )  was added, in por
tions, to the cooled solution. A fter 12 h stirring and acidifying with hydrochloric acid, the 
unchanged starting  m aterial was filtered off *INa2S 0 3 (1.5 g) and concentrated hydrochloric 
acid (15 mL) were added to the solution, then heated on a steam  hath  for 30 m in to obtain a 
crystalline product (0.16 g; 20% ), m. p. 175 °C, on cooling.

C23I I17C107 (440.8). Calcd. Cl 8.04. Found Cl 7.95% .
IR : rC =  0  1650 c m - 1.

6 A cta  Chim . A cad . S e i. H u n g . 107, 1901
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3,-Cliloio-2’-benzy]oxy-5-hy«hoxy-3,7,8-triraethoxyfIavone (IV)

A m ix ture  of compound II I  (0.16 g; 0.36 mmole), dim ethyl sulfate (0.06 m L), K 2C 0 3 
(0.6 g) and  acetone (5 mL) was refluxed  on a steam  b a th  for 1 h , then  the solid m ateria l was 
filte red  off. H o t water was added to  th e  filtra te  until tu rb id ity , w hereupon a yellow p roduct 
p rec ip ita ted  which was recrystallized from  aqueous acetone to yield a crystalline substance 
(0.10 g; 62% ), m.p. 184 °C.

C„5H 21C107 (468.8). Calcd. Cl 7.56. Found Cl 7.50%.
IR : rC =  0  1650 c m -1.

3’-Chloro-2’,5-ilihydroxy-3,7,8-trim ethoxyflavone (I , Chlorflavonin)

Compound IV (0.10 g; 0.21 m m ole) was dissolved in acetone (20 mL) and dehenzylated 
w ith  hydrogen  (5 mL) in  the presence of Pd/C cata lyst (0.1 g). A fter rem oval of the cata lyst 
by  filtra tio n , the solution was d ilu ted  w ith w ater to obtain  a yellow solid (0.06 g; 75% ), m.p. 
210 °C, lit. [1] m.p. 212 °C. W ith ethanolic  FeCl3 i t  gave a deep green colour.

Ci8H 16C10, (378.75). Calcd. Cl 9.35: OCII3 24.55. Found Cl 9.50: 0C1I3 25.16%.
IR : vC =  0  1660 cm -1.
N M R : <5 3.78, 3.80, 3.86 (s, 9H , 30C1I3); 6.32 (s, I I I ,  6-11); 7 .3 2 -  8.02 (m , 411, 2’-OII 

and  4 \ 5 \ 6 ’-H  aromatic protons); 13.15 (s, H I, 5-011). Lit. [2] Ö 3.87, 3.92, 3.97 (s, 911, 30CII3); 
6.43 (s, 1H , 6-H); 6.9 — 7.8 (m, 411, 2’-O H, 4’-I l, 5’-H , 6’-II arom atic protons); 12.15 (s, 1H,
5-OI1).

U V : Amax (ethanol) 273, 320 (sh) inn; Amax (ethanolic A1C13) 274, 325 (sh), 420 nm.
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STRUKTUR UND REAKTIONSVERHALTEN 
AKTIVIERTER C=N-DOPPELBINDUNG EN, VI

BAS1ZITÄTSM ESSUNGEN AN CYAN-GUANYL-1MIDO- 
D IT H IO K O H L E N SÄ U R E D IE ST E R N *

E .  R. D a v i d 1 nnd R. E v e k s2’

1 (Lehrstuhl fü r  Organische Chemie der Kossuth Lajos-Universität, Debrecen, 
2 Sektion Chemie der Wilhelm-Pieck-Universität, Rostock)

Eigegangen am  I. Ju li 1980
Zur Veröffentlichung angenom m en am 27. Oktober 1980

Es werden die pks-W erte von  einigen Cyan-guanyl-im idodithiokohlensäure- 
diestern bestim m t und m it dem  des Cyanguanidins verglichen. Die E stergruppierung 
h a t einen wesentlichen Einfluss au f die G esam tbasizität. Aus sterischen G ründen sinkt 
die B asizität hei den d isubstitu ierten  Cyan-guanylim ido-dithiokohlensäurediestern ah. 
S ubstitu iert m an eine Thiolgruppe gegen eine sekundäre A m inogruppe, so steig t die 
B asizität erwartungsgem äss s ta rk  an. Die Absorptionen der Basen u n d  ih rer konju
gierten Säuren werden angegeben.

Aul' Grund IR- und Hl-lNMR-spektroskopischor Untersuchungen an 
verschiedenen Derivaten der Cyan-guanyl-imidodithiokohlcnsäurediester I 
nehmen wir an, dass am Grundzustand von 1 zumindest die Grenzformen 1A 
bis 1C beteiligt sind [1, 2].

!<" К 1 R* R1 RJ R1
\  / 4 L \  /
N N u N./ CD -___* ©/'M — ('=N-</

\
Ö D  ________ IfII&Ф /

N—<’ NR
^ f\ / /N=(\ N = i 0

\
N—(:!\

n r •SR NR
I Л 1K IC

Der elektronische Einfluss der Reste R1 und R2 auf das Gesamtmolekül 
lässt sich mit Hilfe dynamischer 1H-NMR-Messungen recht gut abschätzen, 
dagegen versagt diese Methode bei der Emittlung der Donator- bzw. Acceptor- 
wirkung der Reste R. Durch den benachbarten Stickstoff wird die elektronische 
Wechselwirkung der Gruppierung C(SR)2 mit dem Gesamtmolekül weitgehend 
abgeschwächt, so dass tlie zu erwartenden Veränderungen der Rotations
energie für die Rotation um die C-JNR1R2-Bindung bereits unterhalb der 
Empfindlichkeit der HI-JN Mll-Methode liegen.

* V. M itteilung: R. E v e k s , E. F i s c h e r , M. P u l k e n a t : Z. Ckem. (im  D ruck).
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W ir v ersuch ten  d e sh a lb  e in en  Z usam m enhang  zw ischen  den S u b s titu e n 
te n  R  u n d  der p o te n tie lle n  B a s iz itä t  des G e sa m tsy s te m s  über eine d irek te  
B a siz itä tsm essu n g  zu f in d e n .

W e n n  die zu u n te rs u c h e n d e n  Basen e inem  e in fach en  P ro to n ie ru n g s
g le ich g ew ich t В -f- H + B H + gehorchen, so e rg ib t s ich  d e r p k s-W ert der k o r
re sp o n d ie re n d e n  Säure n a c h  d e r  H en d erso n —H a sse lb a lc h ’schen G leichung [3].

pH Pk s +  io g — E L
[B H + ]

( i )

D iese  G leichung g ilt  je d o c h  streng  nu r im  D e b y e  —H ückel-G ebiet. W ird  
d ie  z u r  P ro to n ie ru n g  e rfo rd e r lic h e  S ä u re k o n z e n tra tio n  grösser als 10 ~2 M , 
so is t  e ine  K o rrek tu r e r fo rd e r lic h . E in  a d ä q u a te r  A u sd ru c k  fü r den th e rm o 
d y n a m isc h e n  pks-W ert is t  d a n n  der H 0-W ert b e i H a lb n e u tra lisa tio n  { H / ) .  

[В]
T r ä g t  m a n  lo g -----------(log I ) gegen H 0 auf, so f in d e t  m an  in  den m eisten

[BH  ]
F ä lle n  eine  gute lineare  A b h ä n g ig k e it. Der tg  x(nt) d e r  resu ltie ren d en  G eraden  
w e ic h t jed o ch  sehr h ä u fig  v o n  dem  für H a m m e t—B asen  idealen  W ert 1 ah
[4]. F ü r  diesen Fall e rg ib t s ich  p k s aus der G le ichung  (2).

p k s =  m H /  [5,6] ( 2)

N a c h  B u n n e t t  u n d  O l s e n  [7] b erü ck sich tig t d ie  G eradengleichung (3) 
die  u n te rsch ied lich en  W echse lw irk u n g en  der f re ie n  B asen  und  ihrer p ro to - 
n ie r te n  F orm en  m it dem  L ö su n g sm itte l besser. D e r  p k s-W ert erg ib t sich aus 
d em  S c h n ittp u n k t der G e ra d e n  m it der O rd in a te .

!°g - E y E l  +  Ho =  ф  (h 0 +  log  [H + ] +  Pk s (3)

D e r  F a k to r  Ф ist h ie rin  e ine  K o rre k tu r  grosse fü r  d e n  S o lvata tio n seffek t. D er 
Z u sam m en h an g  m it m  e rg ib t  s ich  aus der e in fachen  B ez ieh u n g  1 — Ф ^  m. (4)

Experim enteller Teil

Die Darstellung der verm essenen  Verbindungen wurde von  uns bereits früher beschrieben 
[8 ]. Die Reinheit ist durch m ehrm aliges Umkristallisieren u n d  durch die Elem entaranalyse 
g a ran tie r t. Die U ntersuchungen w urden  m it einem UNICAM  SP 800 der Firma Unicam in 
(V)u arzküve tten  durchgeführt.

Bei verdünnten Schw efelsäuren bis zu 10 G ew ichtsteilen H 2S 0 4 verwendeten wir die 
I I 0-W erte  von B a s c o m b  und B e l l  [9], bei höher konzentrierten  die von P a u l  und L o n g  [10].

W egen der in allen u n te rsu c h te n  Fällen vorhandenen isobestischen Punkte können 
wir m it Sicherheit annehmen, dass die Basen mit ihren korrespondierenden Säuren im Gleich
gew icht stehen.

Die erm ittelten M esswerte sind  in den Tabellen 1 und I I  aufgeführt.
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Tabelle I

Amax der vermessenen Cyan-guanyl-imidio-dilhiokohlcnsäurederivate 1 (li) und ihrer konjugierten
Sauren (BI1 + ) in Schwefelsäure

В BH+

linax[nm] lg e 1% H.so,] ^max[nm] lg e [ % H , s o , i

Л ll2
/

л NC—N = C  .Sine 242 4,1535 9,74 291 4,0897 60,72
\  /
N—C 

\
Sine 

N 11
b NC—N—C iSprop 248 4,1046 9,74» 293 4,0694 62,72

N =  (\
Sprop

n h 2

e NC—N = C  Sl)z 250 s 4,1172 lO - 'm 300 4,0963 64,37
\  /
N _ C \

Sbz

S{hz)2
tl NC—N = C  .Sine 244 4,3718 9,48 285 4,1075 83,00

\  /  
N_ C \

Sme

CH2
N (f'H2);l

e. NC—N = C  CH* Sine 241 4,3854 2,11 275 4,2461 86,60

Sme
mCl—bz

/
N

/  \
f NC—N = C  me Sme 242 4,3536 8,74 275 4,1154 83,00

\  /  
N = C  

\
Sme

NH 2 me
/  / 267 s 4,0763 5-10-* m 256 4,1931 41,12

g NC—N = C  N
\  /  \
N = C  mCl—bz

Sme
N ll2

256 4,1931 42,12 273 4,0326 93,80

227 4,0910 15*10-3 ш 255 4,1140 43,41li NC— N = C  Sme
\  /
N = C  C H j-C H s

255 4,1140 43,41 275 3,9395 95,34
\  /  I 
N

\  1 
C Ib -C H

A nm erkung: s — Schuller
me =  CH3; prop =  C8H ,; bz =  CH2 — C6H S; ni-Cl-bz =  CH,-m-Cl—C6H 4
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Tabelle II

Halbneutralisationspunkte und thermodynamische pks-Werte der Verbindungen 1

1 X [nm] Щ1* m Ф Pks

a 24t — 2,310 1,343 0,411 -2 ,9 8
290 -2 ,3 0 3 1,349

b 230 — 2,180 1,091 0,117 -2 ,3 5
305 -2 ,6 9 1 0,763

C 300 — 2,676 0,688 0,361 — 1,98

a 246 —4,133 0,994 0,006 -4 ,1 1

285 —4,133 0,668

c 240 — 3,310 0,899 0,113 -3 ,0 2

f 242 3,939 1,160 0,179 -  4,48
285 —4,568 0,868

f*fe 256 0,412 0,860 0,828 0,57*
256 — 5,786 0,643 0,386 - 3 ,9 6 2

ll 255 0,873 0,825 — 3,158 0,34*
255 — 5,803 1,001 — 0,001 — 5,812

1 1. Protonicrungsstufe.
2 2. Protoiiierungsstufe.

Diskussion

Z u r B erech n u n g  d e r p k s-W erte  n u tz te n  w ir sow ohl G leichung 2 als au ch  
die G le ich u n g  n ach  B u n n e t t  u n d  O l s o n  [7 ] .

Im  A llgem einen  e rg ib t s ich  eine befried igende Ü b ere in stim m u n g  in  den  
Z a h le n w e rten . G rössere U n te rsch ied e  tre te n  n u r  b e i d en  su b s titu ie rte n  C yan- 
g u an y l-iso th io -h a rn s to ffen  lg  u n d  l h  auf, die a ls V erg le ich ssu b stan zen  vou  
In te re s se  w aren . Als U rsach e  fü r  diese U n reg e lm ässig k e iten  sehen w ir die 
b e trä c h tlic h e n  in tra m o le k u la re n  W echselw irkungen . W ir geben liier den W e rte n  
n ach  G le ichung  3 den  V orzug.

Z u r K o n tro lle  b e s tim m te n  w ir die p k s-W e rte  be i zwei versch iedenen  
W ellen län g en  (s. T abe lle  I I ) ,  b e i denen  jew eils e ine  m ax im ale  D ifferenz der 
E x tin k tio n e n  von  B asen  u n d  S äu ren  zu b eo b ach ten  w ar. D ie teilw eise b e tr ä c h t
lich en  U n te rsch ied e  in  d en  E rg eb n issen  e rk lä ren  sich  au s  dem  u n te rsch ied lich en  
L ö su n g sv e rh a lte n  der fre ien  B asen  u n d  ih re r k o n ju g ie r te n  S äuren . D ie Amax 
W e rte  fü r  be ide  Spezies s ind  in  T abe lle  I  zu sam m en g este llt. D a die E x tin k tio n s 
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ä n d e ru n g  der p ro to n ie r te n  F orm  o ft n u r  gering  ivar, bzw . se lír s ta rk e  M edium 
effek te  o ffensich tlich  zu feh le rh a ften  R echnungen  fü h r te n , s tü tz e n  wir uns 
aussch liesslich  a u f  die p k s-W erte , die sich aus der A b so rp tio n  d e r fre ien  Basen 
ergeben .

In allen F ä llen  h a n d e lt es sich  um  ausgesprochen  schw ache Basen. 
D ieses a u f  den  e rs te n  B lick  e tw as überrasch en d e  E rg eb n is  w ird  jed o ch  ver
s tä n d lic h , v e rg le ich t m an die C y an g u an y l-im id io -d ith io k o h len säu red ieste r 1 
m it dem  C yanguan id in  2, w as w egen d er äh n lichen  S tru k tu re n  d u rc h a u s  zulässig 
is t. D er pk s-W ert d er k o rresp o n d ie ren d en  Säure des C y an g u an id in s  w urde 
v o n  u n s m it —1,23 b e s tim m t. F a s s t  m an  das C y an g u an id in  a ls  sogenanntes 
p u sh -p u l-S y stem  analog  dem  C y an im id o -d ith io k o h len säu red ie s te r 3 auf, so 
w ird  d eu tlich , dass d er E lek tro n en so g  der N itrilg ru p p e  d u rch  die beiden  Amino
g ru p p en  k o m p en sie rt w ird .

У N It If-----NC—N=C SR\ / N=C
- * ~ A\su

/NH,
/NC—N=C 

- « - Л  
W l l o

^ / SRNC—N=C
‘*'s\SR

D u rch  die sp2-H y b rid is ie ru n g  des e inen  A m inosticksto ffs b e im  fo rm alen  Ü ber
gang  von 2 zu  den  V erb in d u n g en  1 v e r lie r t der S tic k s to ff  n ic h t n u r seine 
D o n a to rfu n k tio n , so n d ern  w ird  zu  einem  schw ache E lek tro n en accep to r. 
G leichzeitig  sch irm t er d en  E lek tro n en sch u b  der A lk y lth io g ru p p e n  w eitgehend 
a b , so dass e in  A bsinken  d er B a s iz itä t gegenüber 2 e rw a r te t  w erden  muss.

D u rch  die P ro to n ie ru n g  w ird  d ieser Schub bis zu e in em  gew issen G rade 
a u c h  ü b e r den  S tic k s to ff  h inw eg in  dem  M asse e rzw u n g en , w ie die R este  R 
e ine  p a rtie ll po sitiv e  L ad u n g  s tab ilis ie ren  können , bzw . zu r E rh ö h u n g  der 
E lek tro n e n d ic h te  b e fäh ig t sind . I n  Ü b ere in stim m u n g  d a m it  s te ig t die B asi
z i tä t  von l a  zu l c  w ieder an . Im  u n g es tö rten , s ta tis c h e n  Z u s ta n d  is t der 
geringfügige e lek tro n isch e  U n te rsch ied , wie b e re its  e in g an g s e rw ä h n t w urde, 
n ic h t m ehr oder n u r  noch  an d eu tu n g sw eise  m essbar.

D as w eite re  A bsin k en  der B a s iz itä t  bei den d isu b s ti tu ie r te n  V erb indun
gen  l d  bis l f  k a n n  n u r  d u rch  d ie n ic h tp la n a re  A n o rd n u n g  d e r M oleküle e rk lä rt 
w erd en . A us d en  M olekülm odellen  is t e rsich tlich , dass d e r  D o n a to r  —N = C  
(SC H 3)2 n ich t m ehr in  e iner E b en e  m it dem  G esa in tm o lckü l lie g t. D er E lek tro 
nensog  der N itr ilg ru p p e  w ird  fo lg lich  n u r  noch du rch  die d isu b s titu ie r te  A m ino
g ru p p e  k o m p en sie rt. D ies w ird  e in d eu tig  du rch  d ie 1H -N M R -M essungen 
b e s tä tig t .  D ie E n e rg ieb a rrie re  fü r  eine erzw ungene R o ta t io n  um  die C-N R1R 2- 
B in d u n g  lieg t b ed eu ten d  h ö h er a ls bei den  u n su b s ti tu ie r te n  V erb indungen .

B rin g t m an  fü r eine A lk y lth io g ru p p e  einen  besseren  D o n a to r  ins M olekül, 
so so llte  die B a s iz itä t anste ig en . I n  den  Iso th io h a rn s to ffd e r iv a te n  l g  und l f
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h a b e n  w ir  die M e th y lth io g ru p p e  d u rch  ein sek u n d ä re s  A m in  su b s titu ie r t. 
T a ts ä c h lic h  finden  w ir fü r l g  e in e n  p k s-W ert von 0 ,57, fü r  l h  einen von 0,34. 
B e id e  V erb indungen  sind  a lso  b e d e u te n d  basischer a ls d a s  C yanguan id in . Da 
es sich  b e i beiden um  p la n a re  V e rb in d u n g en  h a n d e lt, in  d en en  eine u n g estö rte  
K o n ju g a tio n  möglich is t, is t  d ie  F ra g e  nach  dem  O rt d e r P ro to n ie ru n g  von  
s e k u n d ä re r  B edeutung . In  h ö h e r  k o n zen trie rten  S ä u re n  geling t bei l g  und 
l h  e in e  Z w eitp ro ton ie rung . M it d em  A usfall der A m in o g ru p p e  als D o n a to r 
n a c h  d e r  E rs tp ro to n ie ru n g  h a t  m a n  einen  Z u stan d , d e r dem  d er V erb indungen  
l d  b is  l f  fo rm al ähnlich  is t. T a tsä c h lic h  liegen die p k s-W e rte  in  e iner G rössen
o rd n u n g .
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Thermolysis of ]V,lV-dimethyl-2,2-diphenyl-2-phenylazoacetainide (If) in  the 
presence of sodium m ethoxide in 2,2-dim ethoxypropane furnishes JV,]V-dimcthyl-2,2- 
-diphenylacetam ide (le ), th e  dimeric product 3 and 2-hydroxym ethyl-2,2-diphenylacet- 
amide (lg). An analysisjof th is result leads to  the conclusion th a t the title  reaction  (which 
yields compounds le  and  3) is a radical-anion radical chain process.

2-B rom o- ( la )  an d  2 -ch loro-iV ,7V -dim ethyl-2 ,2-d iphenylacetam ide (lb) 
h a v e  been  found to  fu rn ish  w ith  sodium  m ethox ide  in  m e th a n o l tw o  tele sub
s t i tu t io n  p ro d u c ts  (2a, 2b) in  a d d itio n  to  th e  no rm al p ro d u c t ( lc )  [1],** while 
in  2 ,2 -d im eth o x y p ro p an e  (D M P) m ix tu re s  o f th e  reduced  ( le )  a n d  th e  dim eric 
p ro d u c t 3 were o b ta in e d  [1, 2]. T he fo rm a tio n  o f com pound  3 su g g ested  [1] 
t h a t  th e  reac tions le ad in g  to  th e  anom alous p ro d u c ts  p o ss ib ly  ta k e  place 
acco rd in g  to  one or th e  o th e r  v a r ia n t  o f th e  rad ica l-an io n  ra d ic a l (RA R) 
m echan ism  [3 a —c], i.e. via  R ’ —B r1 ® (see Schem e 2) a n d  R ’ —Cl1'®, 
re sp ec tiv e ly , an d  th e  ra d ic a l 4. In d e p e n d e n t genera tio n  o f ((V ,7V-dimethylcar- 
b am o y l)d ip h en y lm e th y l (4)*** b y  th e rm o ly sis  o f iV ,iV -dim ethyl-2 ,2-diphenyl- 
-2 -p h en y lazo ace tam id e  (I f)  in  th e  presence o f  sodium  m e th o x id e  in  m ethanol 
d id  n o t fu rn ish  even  tra c e s  o f  com pounds 2a an d  2b; in s te a d , su b stan tia l 
a m o u n ts  o f  com pound  l e  w ere o b ta in e d  in  a d d itio n  to  som e 3. T h is  unam b ig 
u o u sly  ru les ou t th e  R A R  m echan ism  fo r th e  fo rm atio n  o f  c o m p o u n d s  2a and 
2b from  com pounds l a  an d  lb  [4]. O n th e  o th e r h an d , th e  r e s u lts  o f  crossing 
ex p e rim en ts  ca rried  o u t in  th e  p resence o f  sodium  m e th o x id e  in  D M P (which 
c lea rly  d e m o n s tra te d  t h a t  u n d e r th e  co n d itions app lied  3 is n o t  form ed by

* For a short com m unication, see S í m i g , Gy., L e m p e r t ,  K .: Cbem. Ber., 112, 3520

** Small am ounts of the hydrolysis p roduct Id were also isolated.
*** For the study  of a related  problem by a similar method, see Ref. [5].

(1979)
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r e a c t io n  o f  l e  w ith  u n c h a n g e d  l a  [2]) suggested  t h a t  th e  R A R  m echan ism  
p r o b a b ly  operates in  th e  c o u rse  o f  form ation  o f  co m p o u n d s  l e  an d  3 from  
l a  in  D M P.

/?
(C,H»)2C— c

X N(CH3)2

ж-СНзОН4Св ,0

HsCe N(CH3)2

1 2

a: X = B r

b: X=C1 

c: X =  OCH3 

d: X =O H

e: X = H

f: X=CeH5—N = N —

g: X = - C H 2OH

a: x  =  2 

b: x =  4

/
CON(CH3)2

(CeH5)2C

(CeH5)2C— c
/?
\
N (C H 3)2

H

HsCe N(CH3)2

4

W e  w ish to  rep o rt h e re  o n  th e  therm olysis o f  co m p o u n d  I f  p erfo rm ed  
in  D M P  b o th  in the  p re sen ce  a n d  absence o f so d iu m  m eth o x id e . In  ad d itio n  
to  c o m p o u n d s  l e  an d  3, s u b s ta n t ia l  am o u n ts  o f  co m p o u n d  l g  w ere a lso  
fo rm e d  (see Tables I  an d  I I ;  fo r  com parison, th e  p ro d u c ts  an d  y ields o f th e  
r e a c t io n  o f  com pound l a  w ith  sod ium  m ethox ide  in  D M P  [2] are also show n 
in  T a b le  I ) . F orm ation  o f  c o m p o u n d  l g  is obv iously  th e  re su lt o f an  ad d itio n a l 
m o d e  o f  reac tio n  of th e  r a d ic a ls  4 . C onsequently , th e  fo rm a tio n  o f  com pounds 
l e  a n d  3  in  th e  therm olyses m a y  be considered as a p ro o f  of th e  o p era tio n  o f  
th e  R A R  m echanism  in  th e  c o u rse  of the sodium  m eth o x id e -in d u ced  co n v er
sion  o f  com pound  l a  in to  c o m p o u n d s  l e  and  3 in  so lv e n t D M P only i f  th e  
f o rm a t io n  o f  com pound l g  in  t h e  therm olyses — as c o n tra s te d  to  its  n on - 
- fo rm a tio n  in  the reac tio n  o f  l a  w ith  sodium  m e th o x id e  in  D M P — m ay  be  
ra t io n a liz e d .

A cta  Chim . Acad. Sei. Hung. 107, 1981
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Table I

Products and yields o f the reactions o f compound l a  [2] and o f 4 with sodium methoxide in  DMP, 
and o f  compound 4 with DMP in the absence o f sodium methoxidea

S ta rtin g
com pound

NaOMe,
equivalents

P roducts  and yields, %

le 3

l a 4 40 30 —

4b> 4 2 2 -2 5 1 5 -1 7 2 1 -2 2

4b> — 18—23 — 14—22

“) For the  reaction  conditions, see Table I I  and  Ref. [2] 
b) G enerated by  therm olysis of com pound I f  [4]

T he co m p le te  sequence o f ev en ts  in  th e  th e rm o ly ses  is show n in  Schem e 1. 
F o rm a tio n  o f  c o m p o u n d  l e  from  rad ica l 4 is assum ed  to  ta k e  p lace  b o th  b y  
h y d ro g en  a b s tra c t io n  [R eac tions (2)] a n d  b y  one-e lec tron  re d u c tio n  via  th e  
an io n  R:® [R eac tio n s  (3) an d  (4)]. T h e  re la tiv e  im p o rtan ce  o f th e se  tw o  
p a th w a y s  c a n n o t be  assessed on th e  b as is  o f  th e  av a ilab le  e x p e rim e n ta l re su lts , 
inter al. b ecau se  th e  f in a l ou tcom e o f  th e  sequence (3a), (9a) a n d  (4a) is 
id en tica l w ith  th e  re su lt o f s tep  (2a).* S im ila rly , n o th in g  is know n  a b o u t th e  
re la tiv e  im p o rta n c e  o f  R eac tions (2a) —(2c) because o f th e  id e n ti ty  o f  th e  
o vera ll re su lts  o f  s tep  (2a) an d  o f  th e  sequences (2b) +  (10a) a n d  (2c) +  (10b). 
A s show n b y  E q u a tio n s  (7) an d  (8), th e  fo rm ald eh y d e  ra d ic a l an io n s, th e  
а -rad ica ls  o f th e  so lv en t an d  th e  а -rad ica ls  o f  m eth an o l [form ed acco rd ing  to  
E q u a tio n s  (9a), (9c) an d  (10b)] are a ssu m ed  to  be e q u iv a len t in  th e ir  ab ility  
o f  in d uc ing  th e  fo rm a tio n  o f lg .  As a co nsequence , th e  equ ilib ria  (10) a re  irre le 
v a n t  in  th e  p re se n t connection . T he fa te  o f  th e  p h en y l an d  m e th o x y l rad ica ls , 
fo rm ed  acco rd in g  to  E q u a tio n s  (1) an d  (3), re sp ec tiv e ly , is show n in  E q u a tio n s  
(9); b o th  ra d ic a ls  a re  capab le  o f g e n e ra tin g  th e  fo rm ald eh y d e  rad ica l-an io n  
a n d  its  e q u iv a le n ts  (in  th e  above sense). T h e  R eac tio n s (11) a re  fu r th e r  possible 
p a th w a y s  o f s ta b iliz a tio n  o f th e  fo rm a ld eh y d e  rad ica l-an io n  a n d  i ts  eq u iv a len ts  
an d  o f th e  p h e n y l rad ica l; de tec tio n  o f th e  p ro d u c ts  of th ese  re a c tio n s  w as n o t 
a tte m p te d .

In  th e  re a c tio n  o f  com pound l a  w ith  sodium  m eth o x id e  in  D M P th e  
in itia tio n  s te p  (1) o f  Schem e 1 is o b v io u sly  rep laced  by  s tep s  (12) an d  (13) 
o f  Schem e 2. I n  connection  w ith  th e  in te rp re ta t io n  of th e  re su lts  o f  th e  la t te r  
re a c tio n  i t  sh o u ld  be em phasised  th a t ,  as show n b y  th e  therm o ly ses  o f  com pound  
I f  in  D M P, whenever substantial amounts o f  the formaldehyde radical-anion or 
its equivalents (in  th e  sense used above) are form ed in the reaction m ixture, part

* O ne-electron reductions are no t feasible in  the thermolyses perform ed in  the absence 
of sodium m ethoxide. U nder these conditions com pound l e  is therefore form ed from  radical 
4 solely by hydrogen abstraction.
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Mechanism of formation of le , 3 and lg  by thermolysis of I f  in DMP 

in the presence of sodium methoxide

(1) I f — -  4 +  N2 + C'6H 5-

(2a) 4 +  . CH3Oe -------- le - f  . CH2Oe

(2b) 4 + CH3OY“ -------- -- le + •c h 2o y

(2c) 4 + CH3OH -------- -- le “Г • CH2OH

(3a) 4 + CH3Oe -------- R :e + CH3 0

(3b) 4 + -CH2Oe -------- *- R :e + CH20

(4a) R: 0 +  CH3OH --------*-  le + CH309

(4b) R: ----------- --------- —H►- 1 e

(5). 2 4 -------- ^  R — R"

(6) R — R" — G- -  3

(7a) 4 +  -CH2Oe --------- R — CH2Oe

(7 b) 4 +  -C H 2OY -------- *- R ’—CH2OY

(7 c) 4 +  *CH2OH -------- !g
(8a) R —CH20 °  +  CH3OH --------  lg  -1

(8b) R  — CH20 °
work-up (+H®)

(Sc) R —CH2OY
work-up (+H,0®)

------------ * - lg

(9a) CH3O • + CH3Oe ---- — * - СНзОН +  -СН2Ое

(9b) C6H6- + CH3Oe ---- СвНб “Ь • СН2О

СНзОУ“ •c h 2o y
(9c) CH30 - + ---------* -  СНзОН +

СНзОН •СНоОН

CHsOY“ • c h 2o y
(9d) с „ н 6- + ---------* -  Свн б +  j

СНзОН •СН2ОН

(10a) •c h 2o y  + СИ O ' CH3OY +  •СН..О'

(10b) •CH20H + СНзОи СНзОН +  -СН2Ое

(10c) •CH20 Y +  СНзОН —^  СНзОУ* +  -СНгОН

(11a) -CH2Oe 

( l ib )  »CH2OY 

( l ie )  -СШОН
D im e r is a tio n work-up

HO— CH2- C H 2- O H  

С 6Н б С Н 2О Н  

(СлНб)г
o r  re c o m b in a t io n
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“CH3OY =  DMP

Scheme 1

o f the radicals 4 react with the latter to fu rn ish  compound lg . If, th e re fo re , com 
p o u n d  l g  is n o t fo rm ed  upon  sodium  m e th o x id e  tre a tm e n t o f  c o m p o u n d  l a ,  
th is  m u s t m ean  th a t  — in c o n tra s t to  th e  therm olyses — u n d e r th e se  cond i
tio n s  there is no accumulation o f the formaldehyde radical-anion or o f  its equiva
lents in  the reaction mixture, i.e. t h a t  e i th e r  n o  su b stan tia l a m o u n ts  o f  th e se  
in te rm e d ia te s  a re  fo rm ed  accord ing  to  E q u a tio n s  (9a) and  (9c) o f  S chem e 1,* 
o r t h a t  th e se  in te rm e d ia te s  are  rap id ly  rem o v ed  b y  some novel re a c tio n  w hich 
m ay  n o t  ta k e  p lace  u n d e r therm olysis  co n d itio n s . F o r th e  fo rm a ld eh y d e  rad ica l 
an io n  s tep  (14) o f Schem e 2 ap p ears  to  be  su ch  a reac tion  [3c, 6, 7 ] ; as a  re su lt, 
R e a c tio n  (7a) o f Schem e 1 becom es co m p le te ly  suppressed.

N o sim ilar  ra p id  scavenging re a c tio n  a p p e a rs  to  exist for th e  а -rad ica ls  o f 
th e  so lv en t D M P a n d  o f m e thano l. I t  h as  th e re fo re  to  be assum ed t h a t  e ith e r  b o th  
th e  rad ica ls  4 a n d  th e  m e th o x y  rad ica ls  re a c t  p re fe ren tia lly  w ith  m e th o x id e  
an ions [R eac tio n s (2a) an d  (9a), re sp e c tiv e ly , o f Schem e 1] r a th e r  th a n  w ith  
th e  so lv en t D M P or m eth an o l [R eac tio n s (2b), (2c) and (9c), re sp ec tiv e ly ];* *

* Reactions (9b) and (9d) of Scheme 1 m ay  n o t operate in the course of sodium  m ethoxide 
induced decomposition of compound la .

* * Cf. w ith  the observation th a t m ethoxide anions are much superior to  m ethanol as 
hydrogen donors to  p-nitrophenyl [8] and 4-isoquinolinyl radicals [7].***

*** Cf. w ith footnote 8 of Ref. [8].
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Mechanism of formation of le  and 3 from l a  and sodium methoxide in DMP

Initiation

(12) R '- l l r  +  CHjOe —---- *- R ’- в Л * 0  +  СНзО-

la

Propagation

(13) I f —B r1*0 ------- ► 4 - f  B re

(2a) 4 +  СНзО9 ‘------- * -  l e  +  -CH2O0

or

(За) 4 +  СНзО0 ‘------- ► R :0 +  СНзО-

(9а) СНзО- +  СНзО0 ---------СН3ОН +  -С Н 20 °

(14) R — Вг +  -СН20 9 -------- * -  R —в Л ‘е  +  СН20

1а

Termination

(5) 2 4 ------ R — R"

(6) I f — R" -  g - 3

(ЗЬ) 4 +  -СН2Ое  -------- »- R :0 +  СН20

(11а) 2 -СН20 °  ---------»- е О— СН2- С Н 2- О 0 - " " н ё Т  »» Н О -С Н 2- С Н 2- О Н( + 2 Н )

Further reactions

(4а) R :0  +  СНзОН •-------- ►- 1с +  СНзО0
, , ,  , „ в  work-up _(4 b) R : ■ а *■ 1е

R ', R", R:® , У: see Scheme 1

Scheme 2

or t h a t  a n y  а -rad ica ls  o f  D M P a n d  m e th an o l fo rm e d  a re  rap id ly  consum ed  b y  
re a c tin g  w ith  m e th o x id e  an io n s [R eactions (10a) a n d  (10b)].* S ince th e  
ou tcom e o f R e a c tio n s  (2b) -f- (10a), an d  (2c) -f- (10b) o f Schem e 1 is id e n tic a l 
w ith  t h a t  o f  R e a c tio n  (2a), th e  f in a l conclusion  em erg ing  from  th e  ab o v e

* F o r R eaction  (10b) which, in  contrast to  R eactions (10a) and (10c), m ay take  place 
no t only b y  hydrogen abstraction  b u t, predom inantly, by  p ro to n  exchange as well [6], th is 
assum ption is probably  correct.
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co n sid e ra tio n s  is t h a t  am ong th e  R e a c tio n s  (2) an d  (9) o f  S chem e 1 i t  is only 
(2a) a n d  (9a) w h ich  m ay  be considered  e ffic ien t in  th e  p resen t case. A s a conse
q u en ce , R eac tio n s (7b), (7c), (8), (10), ( l i b )  a n d  (11c) m ay  be  n e g le c te d  — 
in  a d d itio n  to  th o se  a lread y  m en tio n ed  — w hen  seeking th e  in te rp re ta t io n  of 
th e  re a c tio n  o f l a  an d  sodium  m eth o x id e  in  D M P. This im m e d ia te ly  leads 
to  Schem e 2.

I t  shou ld  be  p o in ted  o u t once m o re  t h a t  non -fo rm ation  o f  com pound  
l g  in  th e  re a c tio n  o f  l a  and  sodium  m e th o x id e  in  D M P is th e  r e s u lt  o f  th e  very  
ra p id  c o n su m p tio n , accord ing  to  E q u a tio n  (14), o f th e  fo rm a ld e h y d e  rad ica l- 
an io n s fo rm ed  via  R eac tio n s (2a) a n d  (9a). In  o th e r  w ords, c o n v e rs io n  o f la  
in to  l e  ta k e s  p lace  p re d o m in a n tly  b y  a  chain reaction, one o f th e  v a ria tio n s  
o f  th e  R A R  re a c tio n .

In  th e  th e rm o ly ses  perfo rm ed  in  th e  absence of sodium  m e th o x id e  none 
o f  th e  step s  o f Schem e 1 in  w hich  C H 3O e , an d  consequen tly  • C H 20 9 , R :9 , 
R ’ —C H 20® , C H 30  • and  • C H 2O H  w ould  p a rtic ip a te  as r e a c ta n ts ,  m ay  tak e  
p lace . U n d er th e se  co n d itions th e re fo re  o n ly  steps (1), (2b), (7b), (8c), ( l ib ) ,  
( l i d )  as w ell as t h a t  co rrespond ing  to  th e  u p p e r p a r t  of E q u a tio n  (9d) and, 
fo r th e  m o m en t, s tep s  (5) an d  (6) m a y  b e  considered  to  o p e ra te . As show n, 
h o w ev er, b y  th e  n on -fo rm ation  o f co m p o u n d  3 in  th e  ab sen ce  o f  sodium  
m e th o x id e , u n d e r  th e se  co n d itio n s s tep s  (5) an d /o r (6) do n o t o p e ra te  e ither. 
T h is m a y  be ex p la in ed  b y  assum ing  s te p  (6) to  be a b a se -c a ta ly z e d  p ro to 
tro p ic  re a rra n g e m e n t, an d  th e  d im eriza tio n  s tep  (5) to  be rev e rs ib le  (sim ilarly  
to  th e  d im eriza tio n  o f th e  tr ip h e n y lm e th y l rad icals).

E x p erim en ta l

Thermolysis of compound I f  in the presence or absence of sodium m ethoxide

M ixtures of com pound I f  [4], DMP and, in  some cases, sodium m ethoxide (see Table II) 
were refluxed for 4 — 5 hrs. The resulting m ixtures obtained in those experim ents performed 
in  th e  presence of sodium  m ethoxide were acidified w ith cone. HC1 and evapo ra ted  to  dryness 
in  vacuum . The residue was trea ted  w ith w ater (40 mL), and the organic products were ex trac t
ed w ith  three portions (30 mL, each) of dichlorom ethane. The combined organic layers were

Table II

Thermolysis o f  compound I f  in  DMP in  the presence or absence o f sodium methoxide

S tarting  com pounds
Reaction

tim e.

Products
Total
yield,If CH .ON a

DMP
le 3 !g

g mmole g mmole cm3 g % g % g %

2.0 5.8 1.26 23.3 20 5 0.30 22 0.23 17 0.33 21 60

0.985 2.87 0.62 11.5 9.9 5 0.17 25 0.10 15 0.17 22 62

0.56 1.6 — — 5.6 4 0.09 23 — — 0.06 14 36

2.0 5.8 — — 20 4 0.26 18 — — 0.35 22 40
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dried (M gS04), evaporated to  dryness and worked up by colum n and TL chrom atography 
(adso rben t: Kieselgel 60, 0.063—0.2, and Kieselgel P F 251+M(;, respectively; solvent: benzene— 
—acetone, 7 : 3). The m ixtures resu lting  from those experim ents carried out in the absence o f 
sodium  m ethoxide were evapora ted  to  dryness w ithout previous acidification and th e  residues 
were d irectly  worked up b y  chrom atography. The p roducts l e  [1, 9], 3 [1] and lg  [4] w ere 
iden tified  by  comparison (TLC, IR , m .p.; in the case of com pound 3, also 'H-NM R). For th e  
yields see Table II.

In  th e  thermolyses perform ed in  the absence of sodium  m ethoxide several non-identified 
products, as well as small am ounts of 2-(4-biphenylyl)-!V,IV-dimethyl-2-phenylacetamide [5} 
were also obtained.
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Structure and Bonding, Vol. 39.

Springer Verlag, Berlin, Heidelberg, New York, 1980

Vol. 39 of the successful series contains three reviews. The paper by  D. W. C l a c k  and 
K. D. W a r b e n : Metal-Ligand Bonding in  3d Sandwich Complexes (pp. 2 — 31) deals w ith the 
bonding between the m etal center and the ligand rings for different series of f irs t row  transition 
m etal sandwich complexes containing three- to  eight-m embered rings. Stress is la id  upon the 
complexes involving carbocyclic rings, h u t the effect of the introduction of bo ron  and  nitrogen 
in to  six-membered rings is also discussed. Besides sym m etrical sandwich com plexes, mixed 
sandw ich systems involving two different ligands are also treated. The paper offers a clear and 
comprehensive review of the subject. 80 references.

The paper by S. F. M a s o n : The Ligand Polarization Model fo r the Spectra o f Metal 
Complexes: The Dynamic Coupling Transition Probabilities (pp. 43 — 81) is a lucid and  readable 
account of the model considering the pertu rbation  of the ligand by the electrons of the  metal. 
I t  is convincingly shown th a t  this model is particularly  useful in the exp lana tion  of the behav
iour of chiral coordination compounds and the F araday  effect term s of ach iral complexes. 
82 references.

The th ird  paper by  L .  R .  B a l s e n c : Sulfur Interactions with Metallic Surfaces and Inter
faces Studied by Auger Életerőn Spectrometry (pp. 83 —114) points ou t th e  advan tage  of the 
application of Auger spectrom etry  in  the study  of various problems connected w ith  the pres
ence of sulfur a t m etallic surfaces and interfaces. F irst general inform ation on A uger Spectro
m etry  is given then  various applications are treated . U nfortunately there are some ambiguous 
term s such as oxidative sulfidation  and im proper names like hydrocyanic acid. I t  is the impres
sion of the reviewer th a t the long list of references (286 items) could have been shortened. For 
the sta tem en t “ C atalytic ac tiv ity  is essentially a surface phenomenon . . . ”  —■ w hich on the 
one hand is not entirely true, on the other hand is trivial — three recent papers are referred to.

All in all Vol. 39 keeps the high level of the series. The typography is excellent.

M. T . B e c k

M. W . R a n n e y : Heat Exchange Fluids and Techniques

E n erg y  T echno logy  R eview  No. 50 
Chem ical T echno logy  Review  No. 143

Noyes D ata  Corp., P ark  Ridge, New Jersey, U.S.A., 1979, 392 pages

This is a well ordered review of paten ts, pertinen t to heat-carrier m edia, h ea t exchangers,, 
and heat exchange processes, granted  in the U.S.A. between 1975 and 1979. This is also a long- 
needed book because nowhere else in the lite ra tu re  are we offered such a top ically  selected,, 
detailed, and technologically inspired desription of novel suggestions w hich, w hen realized, 
prom ise substantial savings of energy.

The several chapters abound in inform ation. Construction and design of h ea t exchangers; 
heat-carriers; low -tem perature processes; storage, transmission, and tran sp o rt of heat, thermal 
insulation  of, heat-conditioning and -regulation in  buildings; utilization of th e  energy radiated 
by  the sun, and th a t  of geotherm al energy; various industrial and specific applications are 
dealt with.
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The usefulness of th is book is enhanced by the fea tu re  th a t  i t  is no t restricted to  the 
descrip tion  of patented m a tte r  b u t gives pertinent com m ents and  explanations as well.

Good guidance is given by  th e  introductions to  the several chapters.
Inform ation here on novel liqu id  heat-carriers, azeotropes among them , and on tech 

niques applicable by chemical in d u s try  and im portant also in  th e  storage of foodstuffs is very  
useful fo r chemists and chem ical engineers.

A pplications proper to  biological problems, e.g. deep-freeze storage of separate organs, 
tre a tm e n t of living cells, m igh t be m entioned as of specific in terest.

Indexes, severally, o f p a te n t specifications, inventors, and  patentees complete this 
volum e.

Knowledge of basic therm odynam ios and relevant physics and  heat-engineering is needed 
for a  useful perusal of th is book.

S tyle of the tex t is clear and , in  accord with its n a tu re , concise: legal terminology no t 
subserv ien t to  its aim is om itted . U nderstanding is fac ilita ted  by  the reproduction of the 
draw ings original in the p a te n t specifications.

T his book can be recom m ended for experts engaged in  practical engineering or in re
search  w ork, and will be a very  useful source of inform ation for those who professionally survey 
p a te n t literatu re .

P . F ö l d e s

L . B a t a : Liquid Crystals

(Recent resu lts o f solid body research 7. E d . T . S i k l ó s ) 
A kadém iai K iadó , Budapest, 1980, 249 pages

T he firs t two chapters of th e  book, illustrated w ith  draw ings and photos, deal w ith the 
s tru c tu re  of liquid crystals, th e ir m ost im portant characteristics and  the m easurem ent of the 
sam e. T he th ird  chapter reports on th e  practical application of liquid  crystals. This includes 
also liqu id  crystal displays, ex tensively  used today by th e  m anufactu rers of modern watches 
and pocke t computers. This ch ap te r covers also the applicability  of cholesteric liquid crystal 
film s for diagnostic purposes, for the  detec tion  of changes of tem p era tu re  caused by pathological 
cond ition  on hum an and anim al skin surfaces and in deeper tissue layers.

T hough  further chapters discuss m ainly theoretical problem s, these are also illustrated  
on h an d  of practical examples. As one of the examples, th e  investigations of H e l f r i c h  are 
described, who applied the th eo ry  of elasticity  to describe th e  deform ation of red blood cells.

A  survey is given on lip id -w ater interactions occurring in  biological systems. Of similar 
im portance  is a knowledge of th e  liqu id  crystal properties of lipid-lipid systems, which nowa
days is one of the main tasks of w orkers engaged in research  on arteriosclerosis and steroid 
horm ones. In  a possible new ed ition  of th e  book advances achieved in  this field will be certainly 
included.

T his study can be recom m ended to  all those in terested  in  liquid crystals in the field 
of physics, chemistry, biology and  industry , who wish to keep abrest of advances in  this 
subject.

D. Szabó

L ászló  K iss : K inetics o f  Electrochemical M etal Dissolution

A kadém iai K iadó , Budapest, 1980, 206 pages

T he book deals w ith th e  essential problems of electrochem ical m etal dissolution, one of 
the m ost im p o rtan t groups of electrode processes both from th e  theore tica l and practical aspects.

T he book is divided in to  th ree  m ain  chapters.
In  th e  firs t chapter th e  au th o r b riefly  summarizes therm odynam ical knowledge needed 

for th e  discussion of electrochem ical m eta l dissolution, form ing th e  m ain  topic of the book.
W ith  his object in  view , th e  au th o r discusses in  the  second chap ter problems in  con

ju n c tio n  w ith  the dissolution of m etals in  the active sta te , w ith  p a rticu la r view to the kinetics
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of electrode processes proceeding in several steps, b u t some problem s of passivation  and 
transpassive dissolution, as well as the ir p ractical applications, are also briefly  mentioned.

The th ird  chapter sum marizes the fundam ental laws of the basic processes of sponta
neous m etal dissolution and corrosion, of decisive im portance from the p o in t o f view  of practice.

A particu lar m erit of the book is th a t  th e  discussion of these them es is n o t restricted  to 
the lite ra tu re , b u t is based also on the results of the author and his cow orkers, obtained in 
several decades of research work. References include several reviews, w hich help the reader 
to ob ta in  an alm ost complete survey of the them e covered.

Owing to the large scope of the subject, problems of m etal alloy d issolution, th e  kinetics 
of the form ation of surface layers, problem s of the dissolution in sa lt m elts and  non-aqueous 
solvents are no t discussed, or m entioned only briefly.

The work is a w orthy continuation  of the traditions of H ungarian  electrochem ical sci
ences, and will be very useful for experts dealing w ith the kinetics of electrode processes and 
also in  university  teaching. The book will help also industrial chemists dealing w ith  corrosion 
and  o ther electrochemical processes in  getting  acquainted w ith electrochem ical processes and 
in  the in terp re ta tion  of the same.

B . L e n g y e l

Topics in Current Chemistry, Vol. 88 

Organic Chemistry. Synthesis and Reactivity

Springer Verlag, Berlin, 1980, 170 pages

The new volume of the known series contains four surveys:
Steric Effects in Free Radical Chemistry, by Ch. R ü c h a r d t .
The recognition th a t  th e  a,p-dim er is formed in equilibrium  w ith  tripheny lm ethy l and 

no t the a,a-dim er hexaphenylethane was in terp re ted  as a result of the sm aller steric strain  in 
th e  a,p -d im er than  in hexaphenylethane. R ecently several new pieces of evidence have been 
found for the predom inating influence of steric effects in free radical chem istry , which are 
discussed in  four chapters (Steric Effects in  Hom olytic Decomposition R eactions, in  Aliphatic 
Substitu tion  Reactions, in  Free R adical A ddition Reactions and in  D im erization  and Dispro
portionation  Reactions) by the authors.

Silylated Synthons. Facile Organic Reagents o f Great Applicability, b y  L. B i r k h o f e r  
a n d  O. S t u h l .

According to the words of the in troduction  “ in the last two decades th e  im portance of 
organosilicon chem istry has greatly  increased. Especially, silylated syn thons — synthesized 
by  a great varie ty  of silylation reactions — have won wide appreciation and  becam e a highly 
valued and often used tool in  every prepara tive  chem ist’s hand” . The au th o rs  th en  describe 
some of the main contem porary fields of use for silylated synthons and sily lation  techniques. 
F irs t the reactions of organosilanes w ith  unsatu ra ted  hydrocarbons, th e n  w ith  carbonyl 
com pounds are discussed. The nex t chap te r is devoted to silylated heterocycles, and the last 
ch ap te r deals w ith the preparation  and use of silylated reagents.

The 4a,4b-Dihydrophenanthrenes, b y  K. A. M u s z k a t .
4a,4b-D ihydrophenanthrenes are coloured unstable conjugated polyenes obtained photo- 

chem ically by the irrad ia tion  of the corresponding cis-l,2-diaryl-ethylenes. D uring the past 
tw o decades the photocyclization of substitu ted  diaryl ethylenes has assum ed considerable 
syn thetic  im portance. This com pilation, how ever, is not concerned directly  w ith  pu rely  synthetic 
aspects of the photocyclization. 4a,4b-D ihydrophenanthrenes offer a fascinating  combination 
of unusual chemical and physical properties and the present review is in tended  to  provide an 
up-to -date  sum m ary of the activ ity  in this field.

Regio- and Stereo-Selectivities in  Some Nucleophilic Reactions, by  N. T. A n h .
This review deals w ith the stereochem istry of SN2 reactions, 1,4 additions of organo- 

m etallic reagents to conjugated carbonyls, additions to saturated  ketones and  1,2 asymmetric 
induction , based on quantum chem ical calculations, w ith the crucial role o f non-perpendicular 
a tta c k  in  asym metric induction, and w ith the in terpre tation  of F e l k i n ’s  m odel on T.S.

G y . D e á k
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Jiro  T s u j i :  Organic Synthesis with P allad ium  Compounds

Volume 10 in the series R eactivity and Structure Concepts in  Organic Chemistry 
Springer-Verlag B erlin , Heidelberg, New Y ork, 1980, 207 pp.

T he use of organom etallic com pounds in organic chem istry  — m ainly in  the form of 
hom ogeneous catalysts — has ad vanced  enormously since 1938, w hen the first organic reaction 
ca ta ly sed  by an organometallic com plex  the hydroform ylation reaction  was discovered. One 
of th e  highlights in this developm ent was the invention of th e  W acker process which uses 
PdC l2 and  CuCl2 as catalysts for th e  oxidation of ethylene to  acetaldehyde. Following th is 
d iscovery  m any chemists have tu rn e d  their attention to organopalladium  chemistry and its 
app lica tions to organic chem istry an d  accordingly this area of organom etallic chemistry ha& 
c o n tr ib u ted  to its developm ent personally .

M any unique and in teresting  organic reactions are possible using palladium compounds 
as stoichiom etric reagents or as ca ta lysts. Palladium com pounds are usually convenient 
reagen ts  being mostly stable and n o t seriously toxic. To become really  useful for the organic 
chem ist, however, the use of pa llad iu m  in catalytic am ounts is desirable because it is a ra ther 
expensive metal. As this book tre a ts  the chemistry of palladium  com pounds from the s tand 
p o in t of organic synthesis em phasis is set on the following tw o m ain  group of reactions:

1. oxidative reactions w ith  P d 2 + compounds and
2. catalytic reactions.
T he usefulness of the f irs t  ty p e  of reactions is ensured by  the possibility to reoxidize 

tb e  P d° compounds (or in m any  cases the Pd metal) to th e  s ta rtin g  P d 2 + compounds and 
hence th e  whole oxidation process becomes catalytic w ith respect to  palladium . Sometimes 
(like in th e  W acker process) th is is done in  situ. Reactions of th e  second type proceed ca ta - 
ly tic a lly  and  do not need reox idation .

E ven  within these lim ita tions the  author has selected in form ation  and preferentially 
tre a ts  organic reactions w ith high yields and selectivities. The usefulness of the book would 
be even  more pronounced if i t  w ould  contain somewhat m ore inform ation on the reaction 
cond itions used. Perheaps the m o s t impressive for an organic chem ist is chapter IV. 3. m. 
tre a tin g  th e  application of pallad ium  chem istry to natural p ro d u c t synthesis. The 993 refer
ences p rovide ample opportunity  to  acqu ire  detailed inform ation and  prove the thorough knowl
edge of th e  author.

L. M a r k ó

L A N D O L T -B Ö R N S T E IN

Numerical Data and F unctional Relationships in  Science and Technology
New Series, E d ito r  in Chief: K . - H .  H e l l w e g e  

Group I I :  Atom ic and Molecular Physics
V olum e 9, Supplement and E x tension  to  Volume 1, Magnetic Properties o f Free Radicals P a rt 
d2, Organic Cation Radicals and Polyradicals Index o f Substances fo r  Volumes I I /1 and 11/9  
R. A. F o r r e s t e r , K .  I s h i z u , G. K o t h e , S. F .  N e l s e n , H. O h y a - N i s h i g u c h i , K .  W a t a n a b e , 
W . W i l k e r

E d i t o r s :  H .  F i s c h e r  a n d  K .-H . H e l l w e g e

Springer-Verlag, B erlin  — Heidelberg — New Y ork, 1980, 369 pp

T his book is the sixth p a rt o f a n d  completes the supplem ent to  the LANDOLT-BÖRN
S T E IN  N ew  Series Volume I I / l  en title d  “ Magnetic Properties of Free Radicals” published in  
1965. T he complete supplem ent, i.e. V olum e II/9 consists of th e  following parts:

P a r t  a Atoms, Inorganic R ad ica ls, and Radicals in M etal Complexes
P a r t  b Organic C-Centered R adicals
P a r t  c l Organic N-Centered an d  NO Radicals
P a r t  c2 Organic 0 -, P-, S-, Se-, Si-, Ge-, Sn-, Pb-, As-, Sb-C entered Radicals
P a r t  d l Organic Anion R adicals
P a r t  d l  Organic Cation R ad icals and Polyradicals
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The scope of the com pilation and the organization of the Tables have been described 
in  a previous review A cta Chim. Acad. Sei. H ung.. 98, 497 (1978) referring to  P a rts  a and b. 
Reviews on P arts c l, c2, and d 1 have also appeared.

As the chapters are num bered consecutively in Volume 11/9, the present book contains 
the following ones:

18 Aromatic hydrocarbon cation radicals
19 Cation radicals from nitrogen-containing compounds
20 Aromatic cation radicals containing О and S atom
21 Organic C-, 0 - , and N -centered bi- and polyradicals
22 Organic bis- and polynitroxides
The arom atic hydrocarbon cations include cation radicals from benzene, polyphenyl, 

naphthalene, anthracenes, o ther condensed arom atics and from alkyl derivatives of the 
above m entioned com pounds, fu rther cation radicals from non-alternant hydrocarbons and 
miscellaneous compounds, from halogen derivatives of polyphenyls and from  halogen deriva
tives of naphthalenes. E SR  spectral da ta  (or o ther relevant data) for a re la tively  large number 
of nitrogen-containing radical cations have been compiled and grouped in to  16 subsections. 
The arom atic cation radicals containing oxygen or sulphur atom  are divided in to  the following 
two groups: 1. those w ith functional groups containing О and/or S atom s su b s titu ted  into the 
aryl groups; 2. heterocyclic com pounds containing О and/or S atoms as ring m em bers. A special 
chap ter deals w ith organic polyradicals which are param agnetic molecules having N num ber of 
unpaired electrons. I t  is assum ed th a t a polyradical w ith N unpaired electrons can be divided 
in to  N segments and each segm ent can be assigned to have proper spatial and  spin functions. 
The introduction to this chapter describes the scope of the Tables included here. The inherent 
stab ility  of the nitroxide group and the relative ease of the preparation of organic bis-, tris-, 
and poly-nitroxides are pointed ou t to  explain the relatively large num ber of substances 
covered in Chapter 22. The arrangem ent of com pounds into sections follows th a t  used in the 
C hapter on m ononitroxides (Volume 9, P a rt cl).

The closing dates of the lite ra tu re  search for various chapters vary  betw een 1976 and
1979.

The valuable Index of substances covering both  Volumes I I / l  and 11/9 is w orth  of special 
m ention.

Volume 11/9 altogether contains data  for about 8000 free radicals on ab o u t 3750 pages. 
Volume I I /l  contained data  for about 500 com pounds on 154 pages. The E d ito rs note in the 
Preface to P art d2 th a t the large size of Volume 11/9 shows the quick and unexpected  develop
m ent of the electron resonance spectroscopy for free radicals th a t corresponds to  the im por
tance of the measured da ta  for fu rther research and application. They also suppose th a t the 
field has approached a certain  degree of saturation . I t  is expected th a t only supplem ents of 
relatively small size will be necessary to  compile and publish in the future.

In conclusion I would like to note th a t  to produce this compilation of th e  “ Magnetic 
Properties of Free R adicals” was a great challenge and demanding undertak ing , b u t it  is no 
wonder th a t LA N DO LT-BÖ RNSTEIN  and Spinger-Verlag solved it  superbly.

I .  H a r g it t a i
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