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STUDY OF THE RATE OF CORROSION OF METALS 
BY A FARADAIC DISTORTION METHOD, III
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An intermodulation technique based on faradaic distortion has been developed 
for the study of the kinetics of corrosion processes if both the anodic and the cathodic 
reaction have Tafel type current-potential characteristics. Formulas have been derived 
for the harmonic components (having frequencies oq, ш2, 2aq, 2<o2, 3aq, 3щ) and the 
intermodulation components (having frequencies aq ±  cu2, co1 +  2<u2, co2 rb 2a»!) of the 
current flowing through the electrode polarized by the sum of two different sinusoidal 
alternating voltages superimposed on the polarizing direct voltage as functions of the 
direct voltage and the amplitudes of the alternating voltages.

The corrosion current and the Tafel slopes can be determined from data of the 
harmonic and intermodulation components at one potential in the cathodic and anodic 
Tafel ranges, respectively. A method has been developed for the determination of the 
kinetic parameters of the corrosion process by the measurement of the harmonic 
and/or intermodulation current components at the corrosion potential. The equations 
can be considerably simplified if a small amplitude alternating voltage is employed. 
The measurement of the intermodulation components is more advantageous than that 
of the harmonic components as the distortion of the sine-wave generators does not 
interfere.

In  our p rev ious com m unica tion  [1] a new  a.c. m e th o d  h as  been p re sen ted  
fo r th e  d e te rm in a tio n  of th e  ra te  o f e lec trochem ical corrosion  of m e ta ls . T he 
p o te n tia l  dependence of th e  h a rm o n ic  com ponen ts o f th e  c u rre n t flow ing  
th ro u g h  th e  e lec trode  u n d er th e  effect o f  a sinusoidal v o ltag e  has been s tu d ie d  
in  o rd e r to  d e te rm in e  th e  k in e tic  p a ra m e te rs  o f th e  corrosion  process. B o th  
th e  anod ic  an d  th e  ca thod ic  reac tio n s  o f  th e  corrosion p rocess have  been  as
su m ed  to  ex h ib it T afel ty p e  c u rre n t-v o lta g e  ch arac teris tics . R e la tio n sh ip s  h av e  
b een  estab lish ed  betw een  th e  k in e tic  p a ra m e te rs  of th e  corrosion process 
(co rrosion  c u rre n t density , T afel slopes) a n d  th e  harm onic com ponen ts o f th e  
a .c . O n th e  basis o f these  re la tio n sh ip s , th e  k in e tic  p a ram e te rs  of th e  corrosion  
process can be de te rm in ed  b y  m eans o f  th e  m easu rem en t o f th e  h a rm o n ic  
co m p o n en ts  a t  a single p o te n tia l n am e ly  e ith e r  a t  th e  corrosion  p o te n tia l  or 
a t  one p o te n tia l o f th e  anodic or ca th o d ic  T afe l ranges of th e  p o la riza tio n  curves.

T h e  p resen t com m unication  is re la te d  to  th e  s tu d y  of th e  com ponen ts of 
th e  c u rre n t flow ing  th ro u g h  th e  n o n -lin ea r fa radaic  im pedance  u n d e r th e  
effect o f in te rm o d u la tio n  d is to rtio n . In te rm o d u la tio n  d is to rtio n  is observed  
w hen  tw o  or m ore a lte rn a tin g  vo ltag es  o f  d iffe ren t an g u la r frequencies (o>1, 
co2, . . .) are  sim u ltan eo u sly  connected  to  a  c ircu it hav ing  n o n -lin ea r c u r re n t-
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2 MÉSZÁROS, DÉVAY: KINETIC PARAMETERS OF THE CORROSION PROCESS

v o ltag e  ch a rac te ris tic s . In  th is  case in te rm o d u la tio n  com ponen ts h av in g  
п 1ы 1 i  n2m 2 ±  • • • (n if n 2 — 1> 2, 3, 4, . . .) frequencies also ap p ear in  th e  
c u rre n t in  ad d itio n  to  th e  fu n d am en ta l h a rm o n ic  an d  h ig h er harm onic com 
p o n e n ts , hav ing  oq, co2, . . . an d  n xcox, n2a>2, . . . frequencies , respective ly . T he 
in te rm o d u la tio n  c o m p o n en ts , sim ilarly  to  th e  harm on ic  com ponen ts, depend  
on  th e  p a ram e te rs  o f  th e  non-linear c u rre n t-v o lta g e  ch a rac te ris tic s . T h is 
phenom enon  can  be  i l lu s tra te d  by  th e  exam ple  o f cu rren t-v o ltag e  ch a rac te ris 
t ic s  o f  second degree:

I ^ A U + B U 2. (1)
I f  v o ltag e  U is

U  =  U1 sin mxt +  U2 sin co2t ( la )

w here  Ux and  U2 a re  th e  am plitudes o f th e  a lte rn a tin g  v o ltag es  and  <x>x a n d  
Ci>2 are  th e  co rrespond ing  an g u la r frequencies, c u rren t I  is

I  =  А ( и г sin  co1i U2 sin co2t) -f- Щ и г sin  caxt -f- U2 sin &>2t)2 . (2)

T ak in g  in to  acco u n t w ell-know n trig o n o m e tric  id en titie s , E q . (2) can  be 
w ritte n  in  th e  fo rm

T>
I  =  - ( U f +  ü |)  +  A ( Ux sin cox t -f- U2 sin  co2t) —

В
-------- ( ü i  cos 2« !*  +  ü l  cos 2co2t) +  В и ги 2(cos (о»! — co2) t  — cos (co1

2

(3)

co2) í)-

I t  is a p p a re n t t h a t  th e  cu rren t co n ta in s  th e  in te rm o d u la tio n  com ponen ts 
o f  frequencies coi +  co2 in  ad d itio n  to  th e  fu n d a m e n ta l h arm on ic  com p o n en ts

o f frequencies cox a n d  co2 as well as th e  d .c. co m p o n en t —  ( ü£ -f- ü 2) g en era ted

b y  rec tifica tio n  a n d  th e  second harm onic co m ponen ts. W hen  th e  c u rre n t-v o lt
age ch a rac teris tic s  is  a po lynom ial com posed o f h igher pow ers of Ü or an  ex p o 
n e n tia l fu nc tion  o f  U, th e  cu rren t co n ta in s  h ig h er h arm o n ic  com ponents an d  
also in te rm o d u la tio n  com ponen ts h av in g  frequencies n 1co1 — n2a>2 (nv  n2 =  
=  1 ,2 ,  3, . . . ) .

The p a ra m e te rs  (A , В ) of th e  c u rren t-v o ltag e  ch arac teris tics  can  be 
d e te rm ined  if  th e  a m p litu d e s  of th e  h arm o n ic  an d  in te rm o d u la tio n  com ponen ts 
are know n , as th e  fo rm er p a ram ete rs  a p p e a r  in  th e  la t te r .

The above co n sid era tio n s also ap p ly  to  th e  case w hen  th e  circu it h av in g  
non-linear c u rre n t v o ltag e  ch arac teris tics  is  supp lied  w ith  a.c. hav ing  tw o  or 
m ore d ifferen t freq u en c ies . In  th is  case re c tif ic a tio n  an d  d isto rtio n  is o b served  
in  th e  vo ltage  ap p e a rin g  across th e  c ircu it.

S im ilar e ffec ts  are  encoun tered  also in  such cases w hen  th e  n o n -lin ea r 
c ircu it is su p p lied  w ith  th e  sum  o f a lte rn a tin g  v o ltag es  or of a.c. h av in g  
frequencies cox, co2, . . . superim posed  on d irec t vo ltag e  or d.c.

Acta Chim. Acad. Sei. Hung. 105, 1980
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H ow ever, th e  cu rren t-v o ltag e  c h a ra c te ris tic s  observed  in  th e  absence o f 
a.c. a re  a lte red  b y  th e  rec tifica tio n  c u rre n t. T he s tu d y  o f th e  harm o n ic  an d  
o f  th e  in te rm o d u la tio n  com ponents as fu n c tio n s  of th e  d irec t v o ltag e  or c u rre n t 
re sp ec tiv e ly , offer v a lu ab le  in fo rm a tio n  on th e  p a ram ete rs  o f  th e  no n -lin ear 
c u rren t-v o ltag e  ch arac teris tics .

N eeb  [2, 3] has introduced th e  m easurem ent of interm odulation distor
tion , nam ely the m easurem ent o f current com ponents having n1co1 +  n2o>2 
frequencies in a.c. polarography and tensam m etry.

R angarajan  [4] has developed  an  o p e ra to r  m ethod  fo r th e  s tu d y  o f th e  
n o n -s ta tio n a ry  b eh av io u r of n o n -lin ea r sy stem s. This m e th o d  h as  been  ap p lied  
for th e  special cases o f  sinusoidal a l te rn a tin g  vo ltages of to freq u en cy  and  am p li
tu d e  m o d u la ted  a lte rn a tin g  vo ltages [5]. P rabhaicara Rao a n d  Mishra  [6] 
h av e  s tu d ie d  th e  p o te n tia l  dependence o f th e  fu n d am en ta l an d  second h arm on ic  
co m p o n en ts  as w ell as th a t  of th e  in te rm o d u la tio n  com ponen ts o f cox +  a>2 
frequencies flow ing th ro u g h  th e  e lec tro d e  po la rized  b y  a sm all am p litu d e  a lte r 
n a tin g  vo ltag e , superim posed  on th e  d ire c t v o ltag e  in  th e  v ic in ity  of th e  co rro 
sion p o te n tia l. The p o la riza tio n  c u rv e  h as  been  assum ed to  be lin ear w ith  
re sp ec t to  d .c. in  th e  v ic in ity  of th e  co rrosion  p o te n tia l, w hile i t  w as su b s titu te d  
b y  a fo u r th  order T a y lo r po lynom ial w ith  re sp ec t to  a.c. T h e  above m eth o d  
p e rm itte d  th e  d e te rm in a tio n  of b o th  th e  corrosion  cu rren t an d  th e  T afel slopes.

A m ore de ta iled  considera tion  o f  th e  in te rm o d u la tio n  d is to rtio n  observed  
on th e  fa ra d a ic  im p ed an ce  perm its  th e  d e te rm in a tio n  of th e  k in e tic  c h a rac te ris 
tics o f th e  corrosion process. The in te rm o d u la tio n  techn ique  can  be reg a rd ed  
as a new  possib ility  fo r k in e tic  in v e s tig a tio n s  since in  our p rev io u s com m uni
ca tio n  [1] only  a m e th o d  based  on h a rm o n ic  d is to rtio n  has been  p resen ted . 
In  th e  p re se n t com m u n ica tio n  we e x a m in e d  th e  p o te n tia l dependence  of th e  
a.c. co m p o n en ts  flow ing  th ro u g h  th e  e lec tro d e  polarized  by  th e  sum  of sinuso i
d a l a lte rn a tin g  vo ltages o f am plitudes XJ1 a n d  U2 an d  frequencies co1 an d  co2, 
re sp ec tiv e ly , superim posed  on th e  d ire c t v o ltag e . The effect o f th e  am p litu d es 
of th e  a lte rn a tin g  vo ltag es  w ill also be  considered .

S im ila rly  to  th e  assu m p tio n  a lre a d y  m ad e  in  our prev ious co m m u n ica tio n
[1], b o th  th e  anodic an d  ca thod ic  re a c tio n  o f th e  corrosion p rocess are  assum ed 
to  ex h ib it T afel ty p e  cu rren t-v o ltag e  c h a ra c te r is tic s  and  th e  rev ersib le  p o te n 
tia ls  o f th e  reac tions are  assum ed to  d iffe r to  a g rea t e x te n t from  th e  co rro 
sion p o te n tia l.

H arm o n ic  and  In te rm o d u la tio n  C om ponen ts of the  F a rad a ic  C urren t

T he p o la riza tio n  cu rv e  o f th e  e lec tro d e  can  be given in  th e  p re se n t case 
b y  th e  fo llow ing eq u a tio n

AE AE

j  =  j*(e ßa — e ß‘ ) ,

1*

(4)
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MÉSZÁROS, DÉVAY: KINETIC PARAMETERS OF THE CORROSION PROCESS

w here  j  is th e  c u rre n t d e n s ity , j fc is th e  co rrosion  c u rre n t d en sity , A E  =  E  — E k 
is th e  po la riza tio n , i.e. th e  difference o f  th e  a c tu a l p o te n tia l  an d  th e  corrosion  
p o te n tia l, while ßa a n d  ß c are p a ram e te rs  p ro p o rtio n a l to  th e  Tafel slopes, ba 
a n d  bc, o f th e  ano d ic  a n d  ca thod ic  p rocesses re sp ec tiv e ly

=  ß  =  ^с
~  ln 10 ’ Pc ~  In 10 ‘

W hen th e  e lec tro d e  is po larized  b y  a lte rn a tin g  v o ltages of am p litu d es  
Ux a n d  U2 an d  a n g u la r  frequencies cox a n d  co2 re sp ec tiv e ly , superim posed  on 
d ire c t vo ltage  A E , h a v in g  th e  form

A E  =  A E  +  Ux sin  co1t U2 sin  u>21 (5)

th e  fa rad a ic  c u rre n t d e n s ity  is given b y  th e  follow ing expression 

AE  +  U1 sin cojf + Ut sin cost AE +  Ui sin (Pit +  U% sin (Qjt\

=  J a(« ßa — e ße ) (6)

( th e  n o n -fa rad a ic  c u r re n t flow ing th ro u g h  th e  doub le  la y e r  cap ac ity  w ill be 
considered  la te r) .

S ep a ra tin g  th e  e x p o n en tia l exp ressions o f E q  (6) to  p ro d u c ts  th e  tr ig o n o 
m etric  te rm s can  be ex p an d ed  in to  F o u rie r  series or can  be s u b s titu te d  b y  
th e ir  th ird  o rd er F o u rie r  polynom ials as show n in a p rev io u s com m u n ica tio n  [1]

ÍF =  jk(e P‘ • «
AE

AE U1 sin (Pit Uj sin ai2t
°i . e —

AE U 1 sin (Pit
ße , Q ße

Ui Sin (i>it

=  } k > ßm 'V j ,
ßa .

+ 2 Ix -^Fjsincojf — 2 / 2Í-^f | cos 2Wjt — 21J
\ ßa Iß ßa

sin  3'Ojt

h u2 +  2 Í! sin a>2t — 2 J2 и. cos 2co2t — 2 13 u2 sin 3со, t
ßa 1 ßa ßa ßa J

( 7 )
ЛЕ

h Í t f l ]
-  « . f £ -

sin со, t — 2 / , ( — e | cos 2co, t 4- 21, U1 sin Зсо, t
ßc 1 ßc l ßc ) ßc

Ч а Н Ч ^ Н ' - 2Чт )cos 2co2t -)- 2 / 3
ßc

sin 3u>91

B y  execu ting  th e  m u ltip lica tio n s in  th e  F o u rie r  po lynom ials  an d  e m p lo y in g  
th e  tr ig o n o m e trica l iden tities

sin  x  ■ sin ß — —  [cos(a  — ß) — cos(a -f- ß)] ,

an d

sinoc • cosß  =  —  [sin(a -j- ß) -f- s in (a  — /3)] ,
2
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th e  faradaic current is obtained in  the  folloAving form:

Í f  — j к j / 0

U.

E
ßa

E
ßa

— I u, в. r u  1 E \  -
J E

+  2 jk j J 0 

+  2j/f | f  о 

- 2 j  k \ h  

- 2 j *

+  2j  и 

2 j  к 1^0 

+  2j fc (

ßa

E

U \ —

ßa
h

E

ßa

J E

ß‘ + 1 0

U2
h*

IÜ )
ßa ßa)

I E I2 E \
ßa ßa)

(tM
ßa

-*3
ßa

JT, [ E \
ßa

*3
ßa J

ЛЕ

ЛЕ

ßc

Е _
ßc

е \
\ ßc J 

Е

h
и  1

\ ß c )

е Р'

J E  л
е А sin <х>х t -f-

u,\ - 4̂ 1 .
е р* I sin ft)21

ßc

E

ßc

ßc

E

J E
e ße [COS2 C0 2 Í —

—  I U  ' 
e ß“ +  I 0

J E

-  2 jfe JZ,

— 2 jfc{ j x 

- 2 ^ | / ,  

- 2 j  A  h

[ E ] L E \
ßa

Л1
ßa 1

I E h
l E \

ßa Pa)

| i | h \ E \
ßa) ßa)

E I., E \

\ ß a ßa

e ßa +  h  

U

ß, 

E \

J E
e /»• -  Ix

ßc

ßc

h

ßc
и

ß c)

E
ßc

J E
e & [c o s 2co2t-\- 

Ш
e А [ sin 3c0j t

AE

e [sin3co2t4 -

J E  
Q. ß*

U2 \ - f -——I e Po

' E \

ЛЕ

e ßa +  Ix E l

ßc

ßc

u ,

ßc

J E
e ß*

ЛЕ
> ßa

' ■ ' x l M t
Uо \

и ,

2j Ä U i E
ß a )

Ul
ß a )

Ul
ßa

J E

e ß‘ + I x  

ЛЕ
e ßo +  Ix

E

ßc

E l

ßc

E i
ßc

Ux
\ ß c )

J E

J E

C O S ^ j  — ft)2) t  — 

008(0)! +  C02) t — 

sü ^ o » !  +  2 o>2) t  — 

s in ( ® j  —  2 co2) t  — 

s in (c o 2 - |-  2 cüx) t  —

e Po l sin(o)2 — 2 ü)x) t .

T he f ir s t  te rm  o f E q . (8) yields d .c . co m p o n en t j  o f th e  fa rad a ic  c u rre n t

J =  Jä h И г .  I 1й 1 - ^ -
\ ß j  11 ft, 1 I á i 1 1 ß c .

J E  
e A

(8)

(9)
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6 MÉSZÁROS, DÉVAY: KINETIC PARAMETERS OF THE CORROSION PROCESS

w hile  th e  fa radaic  re c tif ic a tio n  te rm , Zlj, is

Aj =  jfc
U i
ß a

u ,

ß a
- 1

JE
e ß° — U i

ßc

JE
• ( i o )

T h e  n e x t  six te rm s o f  E q . (8) co rrespond  to  th e  tw o  fu n d a m e n ta l frequencies 
(co1 a n d  co2) and  to  th e  h ig h er harm on ic  ones (2cov  2co2, 3a>15 3a>2). T he am p li

tu d e s  o f th e  h arm on ic  com ponen ts are  d en o ted  b y  j :

j(ft)2) =  2 jft 

j(2w 1) =  2 jk

j(3coi) =

j(3co2) =  2jk ] J 0

b
1 u2
1 ß a

h

h Ui
ß a

h

Jo u2
ß a )

h -

Ч
t/l
ß a )

h -

b
u2 h
ß a

b (11 4

f U  1

ßa

u ,

AE
e ß‘ +  I 0

U,

ßc

АЁ. ( и  
e?*  +  J0 1 1

ß a )

U ,

h

h

U !

ß c

( U 2

JE
e ße

AE

ß a

u ,

4 ^  ,  / u.ßa

,4 b  r I ч

ß c )

ß c )  

и г

ßa
/За)

H l

&

и 2

ЛЕ
е ße

ß c

ß a

и ,

/За

AE u , u .
e A  +  J 0 I s

ß c ßc

ME IT, U9 1
e ß‘ +  I 0 — - h

ßc ß c  1

ЛЕ
е &

лЕ
е

( П )

( 12)

(13)

(14)

(15)

(16)

The com ponen ts h av in g  fequencies и>1 +  ш2, a>1 +  2co2 an d  u>2 +  2w1 
re spec tive ly , co rresp o n d  to  six o th e r  te rm s  o f E q . (8) how ever, th e  am p litu d es 
o f  th e se  com ponen ts a re  iden tica l in  p a irs  an d  can  be w ritte n  in  a concise fo rm

J K  +  m2) =  2 j(c| j 1 A  I x 
I У Pa  -

u 0

ß a
I T  T ( U 1 г, ßa - J j — i -  I x

l  ß c

TJ \ _ Ü L
U °  1 ßc]

j ( " l  +  2« 2) =-ЧМ1)
. (17) 

, (18) 

• (19)

The signs in d ic a te d  in  E q . (8) a re  d isreg a rd ed  in  E q s (13) — (17), as is 
th e  phase rev e rsa l o f  th e  second h a rm o n ic  co m p o n en ts  an d  th a t  of th e  in te r 

j ú  ±  2 ^ )  =  2 j fc I ̂

u, AE u. u9J, e ßa +  Jj I2 e ß°
ß a ßc ßc 1

u, ' ÄE U0J2 -ЕГ e ß‘ +  Jj -1Г h e l
ß a ßc ßc J

Acta Chim. Acad. Sei. Hung. 105, 1980



MÉSZÁROS, DÉVAY: KINETIC PARAMETERS OF THE CORROSION PROCESS 7

m o d u la tio n  co m p o n en ts  of freq u en c ies  со* +  co2 since th e  am p litu d es  a re  defined  
as positive q u a n titie s .

S im pler re la tionsh ips a re  o b ta in e d  if  we confine  our in v es tig a tio n s  to  
sm all am p litu d es Ux and U2, p e rm itt in g  to  s u b s ti tu te  th e  Bessel fu n c tio n s 
in  th e  above e q u a tio n s  b y  th e  f i r s t  te rm  or th e  f irs t  tw o  ones of th e  re spec tive  
T ay lo r po lynom ials.

U sing th e  ap p ro x im ate  ex p re ss io n s  derived  in  o u r p rev ious co m m u n ica
tio n  [1] E qs (9) — (19) can be re w r it te n  in  sim pler fo rm s:

J =  J k - 1 + m ± m
AE

e &a

4

j K )

j W

j M

J M

j(3ö>i)

j ( 3« i)

jk

jk

jk

jk

jk

1 1 _
—  P P. P,

_ \ 1 , m + r n

l  ^  4 f t

и? +  m

AE
e A

ßl

1 +

1 +

1 +

1 +

77 2̂1 
U 2

J* | 1 +

12 ßa .
---- e
ßa

U1 П 1
—  e

U ß a ) ßa

[ u 2 2 1 -—  e
l %ßa \ ß 2a

U l} 2 1—  e
\2 ß a i ß l

( A ) ' а ,
Ц  ßa ) \ ß i

Ul !i  1—  e
U  ßa) \  ß l

ЛЕ

AE

AE
Pa

AE
Pa _

AE
e +

AE

1 + 

1 + 

1 + 

1 + 

1 + 

1 +

J h
2 ßc

ü i 2
ßc

AE

J c e ß c \ u l '

1 AE
—  e A U2 ,
ßc '

u 2 2 1 1  - ^ i  m

\ ß c ) \ ß l  1 4

и ,
I 2 ßc

1 ~  m—  e Pc
ß l 4

U2 ' 2

2 ß j
± . Н г ) И
ßl I 24

2 ßc
i - . - T r l Ü
3° j 24

j(« l ±  «2) =  jк 

j(a>1 ± 2 c o 2) =  j k 

j(co2 +  2оЛ  =  j k

^ an  ̂ an
ßa _

ß l

uxu2
ß l ßl

1 , 1 - Щ  UXU i—  e Pa -j------ e Pe \ — ------
ß l  ß3c I 8

i ^ , i  mu2—  e p» J-------e А 1 — - — 9-

1  ß3cß 8

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

Acta Chim. Acad. Sei. Hung. 105, 1980



8 MÉSZÁROS, DÉVAY: KINETIC PARAMETERS OF TH E CORROSION PROCESS

T h u s  we o b ta in ed  th e  d .c . com ponen ts, th e  a m p litu d es  o f th e  harm onic 
a n d  in te rm o d u la tio n  co m p o n e n ts  of th e  fa ra d a ic  c u rren t flo w in g  th ro u g h  
th e  e lec tro d e  polarized  b y  th e  sum  of th e  a lte rn a tin g  v o ltag es  h av in g  am pli
tu d e s  и г and  U2 an d  a n g u la r  frequencies co1 a n d  <y2, re sp ec tiv e ly , superim posed  

on d ire c t voltage AE. T h e  eq u a tio n s  rep re sen t th e  com p o n en ts  o f  th e  cu rren t 

as fu n c tio n s  of th e  d ire c t v o lta g e  A E  an d  a m p litu d e s  Ux an d  U2 o f th e  a lte rn a t
in g  v o ltag es . I t  is n o te w o r th y  th a t  th e  above e q u a tio n s  re la te  to  th e  faradaic  
c u r r e n t  exem pt from  a c a p a c itiv e  com ponen t a n d  th e y  can be app lied  only in  
su c h  cases when th e  o h m ic  d ro p  on th e  re s is tan ce  of th e  so lu tio n  is com pen

s a te d  b y  an  ad eq u a te  p o te n t io s ta t ,  i.e. AE , Ux an d  U2 are th e  vo ltages a c tu 
a lly  b ran ch ed  to  th e  e lec tro d e  im pedance p ro p e r as m en tio n ed  in  a previous 
co m m u n ica tio n  [7]. T h e  c a p a c ity  of th e  doub le  lay e r can  be  considered  as a 
l in e a r  circu it e lem en t, th u s  i t  causes n e ith e r  h a rm o n ic  n o r in te rm o d u la tio n  
d is to r tio n . C apacitive c u r re n t  is only observed  in  th e  fu n d a m e n ta l harm onic 
co m p o n en ts . In  ou r p re v io u s  com m unication  [7] th e  m e th o d  o f th e  e lim ination  
o f  th e  capacitive  c u r re n t  h a s  also been re p o rte d .

D eterm in a tio n  o f  th e  Corrosion C urren t and  th e  T afel Slopes

T he k inetic  p a ra m e te rs  o f  th e  corrosion process ( j fc, ßa, ß a) can  be d e te r
m in e d  b y  th e  in te rm o d u la tio n  m ethod  in  m u ch  th e  sam e m an n e r as in  th e  
case  o f harm onic d is to r tio n , rep o rted  in  a p rev ious com m u n ica tio n  [1]. H o 
w ev er, th e  in te rm o d u la tio n  effect offers also a new  p o ss ib ility  fo r th e  d e te rm i
n a tio n  of the  k inetic  p a ra m e te rs  since b o th  th e  harm on ic  a n d  th e  in te rm odu la- 
t io n  cu rren t co m p o n en ts  depend  on th e  a m p litu d e s  of b o th  a lte rn a tin g  v o lta 
ges an d  thus th e  in d e p e n d e n t v a ria tio n  of th e  la t te r  p ro v id es  fu r th e r  in fo r
m a tio n .

L et us consider f i r s t  th e  app lica tion  of th e  m eth o d s re p o r te d  in  a prev ious 
com m unication  [1] to  in te rm o d u la tio n  d is to rtio n .

The follow ing e q u a tio n s  are re la ted  to  th e  harm on ic  a n d  in te rm o d u la tio n  
com ponen ts of th e  fa ra d a ic  c u rre n t observed  on th e  e lec trode  polarized  in  th e  
ra n g e  of v a lid ity  o f  T a fe l’s eq u a tio n  for th e  anod ic  re a c tio n  in  th e  case of an

A E
ano d ic  po lariza tion  su ffic ien tly  large as to  h a v e — > 1  accord ing  to  E q s

(11) — (19).

ja(k*l) — 2 j/jJ0
( u 2 I  Í U1
' ßa 7 i h r J

( ü l r Ä )
\ ß a \ \ ß a )

AEa
e P“ ,

AEg
e P“ ,

(31)

(32)
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ja(2&>i) — 2j kI 0

j  o(2w2) — 2j kI 0

ja(3&>i) — 2 jk I 0

j a(3co2) — 2j kI 0

ja (wl Í  ш2) — 2 jfcJ 1

jai® ! i  2w3) —

j ű(ct)2 i  %mr) — 2 jft

i u 2
\ßa

h [ I ' l l

\ßa

Ur L l U>\
ßa

±2
ßa )

( U 2
h Ul\

ßa ßa .

IJLL I (JV
ßa 3 ßa .

( I ' l l

ßa
h

U2 \
ßa)

i t ' l l I Ü-.]
ßa) 2 ßa

u 2 \ I2 Ur
ßa) ßa)

AE
в  P“ , 

ÄEa

AE a
e Pa ,

AEg
e ß° ,

ÄEg
e ,

ÄEg
e ,

Ш,
e .

(33)

(34)

(35)

(36)

(37)

(38)

(39)

P a ra m e te r  ßa can  be d e te rm in ed  b y  successive ap p ro x im a tio n  from  one o f 
th e  follow ing q u o tien ts

I r
f u ,

j ű í ^ í ) Ä . J

j a(2co,) I * f t / , )

l / U

I 2
j a(2 w ,) Д . )

j e(3®,) h
i f )

J I ' l l
j a i ^ l  + 1 A ,

j a ( w l  i  2 w 2) J*
U 2 |

2 ßa

(i =  1, 2)

(i =  1 ,2 )

(40)

(41)

(42)

j 0(o>i ±  (o2) 
j 0(w2 ±  2o>j)

(43)
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H o w ev er, successive a p p ro x im a tio n  can be av o id ed  b y  a p p ly in g  th e  recursion  
fo rm u la

—  I r(x) =  /„_ !(* ) -  I n+1(x)

v a lid  fo r m odified f i r s t  o rd e r Bessel F u n c tio n s  for th e  case of n — 2 and  

x  =  (i =  1, 2) (Cf. [1]). T h u s  ßa can  be expressed  by  th e  am p litu d es of th e
ßa

h a rm o n ic  and  in te rm o d u la tio n  com ponen ts

or

V i
4

( i ( ^ 1 T W \
U, 1 k l \ ßa\
4

u
(V ,

ßa

кГ
1

)

I ja K ) j a(3cux) l u 2 ja(«2) ja(3« 2)
1 ja(2®l) ja(2«l)l 4 ja(2“ 2) j a(2«2)J

[ ±  co2) j a(3co!) U2 I j q K  ±  a>2) j a(3tn2) I
l ja(«2 ±  ja^coj) 4 1 ]„ (%  ±  2co2) j a(2a>2) )

(45)

. (46)

I t  is n o te w o rth y  th a t  th e  la s t tw o te rm s  o f id en titie s  (46) only  co n ta in  
in te rm o d u la tio n  an d  h ig h er harm on ic  co m ponen ts. T he la t te r  can  be de te rm ined  
b y  d irec t m easu rem en t as th e y  are ex em p t from  cap ac itiv e  c u rre n t c o n tra ry  to  
th e  fu n d am en ta l h a rm o n ic  com ponen ts h av in g  frequencies a>1 an d  co2, respec
tiv e ly , w hich can  o n ly  be su b s titu te d  in  expression  (46) a f te r  th e  e lim ination  
o f  th e  capacitive  c u r re n t b y  e x tra p o la tio n  [7].

I f  am plitudes an d  t / 2 are su ffic ien tly  sm all as to  p e rm it to  neglect

I 3 in  com parison to  1г, < h E q . (46) is o b ta in ed  in

a sim plified  form

о _  U l j a K )  U2 j a M  __ U i jq(a>i +  C02) U2 ] а(й>г ±  C02)

4 j 0(2®l) 4 ja (2« 2) 4 ja (« 2 ±  2wl) 4 ja (« i ±  2й)г)
(47)

Corrosion c u rre n t d en sity  can  be d e te rm in ed  b y  a n y  one o f E qs 
(31) — (39) i f  ßa is know n .

P a ra m e te r  ßc a n d  corrosion c u rre n t d e n s ity  j k can  s im ila rly  be dete rm in ed  
b y  app ly ing  th e  above  considera tions to  th e  ca th o d ic  reac tio n  in  th e  case

Л Ё  . . . —-
w hen  — ■ -a- c >  1, i.e. th e  m easu rem en t is perfo rm ed  a t  a p o te n tia l A E c in

ßc
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th e  ca th o d ic  T afe l range. The e q u a tio n s  re la tin g  to  ca th o d ic  p o la riz a tio n  are  
id e n tic a l to  E q s  (31)—(34) an d  (45) — (47) ex cep t fo r th e  su b sc rip ts .

T he eq u a tio n s  can  considerab ly  be sim plified  i f  q u o tien ts  (40) — (43) are
I

c a lc u la ted  b y  em ploy ing  re la tions (22) —(30) fo r th e  case o f anodic
' Pa

a n d  ca th o d ic
AEr

ßc
> 1 p o la r iz a tio n , resp ec tiv e ly , since successive  a p 

p ro x im a tio n  on th e  basis of Eqs (40) — (43) can be avo ided  an d  ßa or ßc c a n  be 
exp ressed  d ire c tly  b y  th e  am p litu d es  o f  th e  harm on ic  an d  in te rm o d u la tio n  
com ponen ts.

Ut j a(cof)
ßa =  

ßa ~  

ßa =

4 ja(2«f)

U i ja(2«f)
6  ja ( 3 0 ) ,)  ’

Uj jaí®! i  ^г)

(i =  1, 2)

U1 ja (« l  ±  « 2)
4 É K  ±  2to2) 4 j a(» 2 ±  2oii)

(48)

(49)

(50)

S im ila r re la tio n sh ip s  aie o b ta in e d  fo r th e  p a ra m e te rs  of th e  c a th o d ic  
re a c tio n  w hen th e  harm onic  and  in te rm o d u la tio n  com ponen ts are m easu red  

a t  p o te n tia l  AEC in  th e  cathodic T a fe l ran g e .

ßc =

ßc =

ßc =

Ui j c(ü>f) (i =  1, 2) 

(i =  1, 2)

4 jc(2ö,i)
Ui É(2K
6 j c(3co,)

U2 jcK  ±  CP2) =  Uj_ jc(cOi ^  ai2)
4 jcK £  2«г) 4 jcK ± 2«i)

(51)

(52)

(53)

C orrosion c u rre n t d ensity  can  b e  exp ressed  from  one o f E qs (22) — (30)
ЛЕ AE

ap p lied  fo r th e  case w h en  _ °■ > 1 ,  o r  — c- >  1, i f  ßa or ßc, re sp ec tiv e ly ,
Pa Pc

have b een  d e te rm in ed  from  the above eq u a tio n s .

J k-
ßa

2ßa! \2/3,

4 jn(2 ^i)/3;

U 1

A Eg
ßa

ЛЕд

ÉK) ßa

1 + щ '1 U2
2ßai

A Eg  
ßa

4a{2u>2)ß\

[ l + l 4 l 2 m 1 + U, 2'
m

L \2ßa, \ 2ßa.

A Eg
ß.
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12 MÉSZÁROS, DÉVAY: KINETIC PARAMETERS OF TH E CORROSION PROCESS

[ l+ u 2 y m
L 2ßJ l

2ja(a> Í  0)2) ßa

ЛЕ„
ßa

AE,

24j0(3co2) ß g

i1 + (“ Г Ul
L (2 ß j

ЛЕд
ßa

ЛЕд

и г и 2
8}a(°h ±  2co2)ßa_e ßa

и ,  Ul
ЛЕа

_  8jg(ft>2 +  2col) ßa ßa
Ui u 2

In  th e  case o f  c a th o d ic  po lariza tion

(54)

A E C
ßc

> 1 su b sc rip t c is used  in

E q . (54) an d  —A E C is  in se r te d  in s tead  o f A E a.
T h u s  i t  can be  co n c lu d ed  th a t  p a ra m e te rs  ßa and  ßc as well as corrosion  

c u r re n t  d en sity  c a n  also be de te rm in ed  b y  th e  in te rm o d u la tio n  tech n iq u e  

fro m  d a ta  ob ta in ed  a t  p o te n tia ls  A E a a n d  A E C in  th e  v a lid ity  range  of T afe l’s 
e q u a tio n  for th e  a n o d ic  and  ca thod ic  re a c tio n , respective ly .

T h e  e x tra p o la tio n  to  со =  0 for th e  e lim in a tio n  of th e  cap ac itiv e  c u rre n t 
(ob serv ed  in  th e  fu n d a m e n ta l harm onic  c u r re n t  com ponen ts) can  be av o id ed  
i f  th e  h igher h a rm o n ic  and /o r th e  in te rm o d u la tio n  com ponen ts are o n ly  
em p lo y ed  for th e  e v a lu a tio n  of th e  k in e tic  p a ram e te rs .

Corrosion c u r re n t  den sity  j,t and  p a ra m e te rs  ßa an d  ßc can  also be c a l

c u la te d  from  d a ta  a t  corrosion p o te n tia l  A E  =  0 b y  in tro d u c in g  A E  —  0 
in  E q s  (10) —(19).

4 jo  =  j к \ h

j< M ) =  2j

jo(2ü>i) — 2]k

j0(2a>2) =  2j k 

jo(3a>i) =  2j 

j0(3tt>2) 2jk

|/° Í U г h
u 2

- h
Ul

h
U2 \

ßa ßa ßc ßc
Uо . u , Uо ( и ,к h И“ h h -г1
ßa ßa ßc l ßc

Á h [ U l h № + h ( U l h (Jh
1 ßa 1 ßa ßc ßc

/п u2 \ L JM h U2 7, lh■* 0
ßa)

2
ßa i ßc ßc

h  1tM I ( U 2 \
-  h  1Ul h U2

ßa 1ßa) °l ßc ßc

h
u2

h (U i + Io h (4 1ßa ßa ßc \ ßc

\ h l Ul h
u2 + Io Ul h

U2

\ ßa ßa ßc ßc

(55)

(56)

(57)

(58)

(59)

(60) 

(61)
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jo (“ i ±  " 2) =  2jft

joi®! ±  2 ю2) =  4 k

jo (« 2± 2« i)  =  2jfc

(62)

(63)

(64)

The corrosion current d en sity  can readily  be expressed from  an y  one 
of the  above equations if  ßa and  ßc are known. I t  is notew orthy th a t  Eqs 
(55), (58), (59) and  (62) can only  be used if  Zlj0, j 0(2co1), j 0(2co2) a n d ^ ( с ^  ±  co2), 
respectively, differ from zero.

However ß a, ß c and j fc can also be calculated by  using three linearly  inde
penden t equations from  among E qs (45) —(64) and w riting  a suitable com pu
te r  program .

ß a and ßc and  j ft can also be expressed in an explicit form if  sm all am pli
tu d e  a lte rn a tin g  voltages are em ployed. In  th is case Eqs (21)—(30) are 
utilized by in troducing  ЛЕ — 0:

— 1 1 ) Ui +  Ul
4jo =  j к

ßl ” ßl 1 4
1

л Г U, 21 1
jo(ö>i) =  ik 1 + — + 1 +

- 2 ßa - ßa
LT, 21 1 г

jo(«ü) =  jft 1 + — + 1 +
- 2/3aJ ßa

A u„ 2 1
j0(2Wl) = 1 + 1 +

L '̂ ßa ßl
I u . 2 1

jo(2co2) =  jJ 1 + 1 +
- 2ßnl - ßl

. 1 U0 I2 1
jo(3wx) =  j k 1 + ~  + 1 +

- 12 ßa 1 ßl -
A г U, l 2 1 г

j0(3ai2) =  jft 1 + — L ~  + 1 +
.. U  ßa ßl

1 1
Jo(a)i i  ®2) — J*

J a ~ J

f u 2 5 1
Ußc) \ ß c \

и л г 1
Ußc) \ ß c \

u 2 2 1
U ß c J ß l

U l)2 12/3 J J ßl
U2 1 !

U ß c ) ß l  I
Uy 4 1

Ußc) ß l \

U2 ,

m
4 ’

m
4 ’

ü
24 ’

m_
24

U ,U 2

j o K  +  2w2) =  j* I

jo(®2 +  2 o )i)=  jft i + J L '
ßl  ßl

Ц уЩ  
8 ’ 

Щ и 2 
8

(65)

(66)

(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74)
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14 MÉSZÁROS, DÉVAY: k i n e t i c  p a r a m e t e r s  o f  t h e  c o r r o s io n  p r o c e s s

T h e  expressions re la te d  to  th e  a m p litu d e s  o f th e  harm on ic  com ponen ts 
assum e th e  sim ple fo rm s given b y  E q s (50) — (52) o f our prev ious co m m u n ica
tio n  [1] i f  th e  b ra c k e te d  expressions of E q s  (66) —(71) are a p p ro x im a te ly  
e q u a l to  u n ity . The la t te r  cond ition  is fu lfilled  i f  th e  am p litu d es o f th e  a lte r 
n a tin g  v o ltag es  are p ro p e rly  selected . In  th is  case corrosion c u rre n t d en sity  
j fc a n d  p a ra m e te rs  ßa an d  ßc can  be ca lcu la ted  u sing  E qs (53), (58), (59), (60) 
an d  (61) given in  o u r prev ious co m m u n ica tio n  [1]. E q u a tio n s  (72) — (74) 
r e la tin g  to  th e  in te rm o d u la tio n  co m p o n en ts  can  read ily  be em ployed  in  th e  
exp ressions used for th e  ca lcu la tio n  o f ßa an d  ßc an d  th e  corrosion  c u rre n t

(71) re la tin g  to  th e  h igher h arm o n ic  com po- 
U

d e n s ity , in s tead  of E q s (68) 

n e n ts  since in  th e  case i f  1 —|—
2ß

jo(2tt>i) =
U, - , , (75)

j 0(2ft)2) =
U2 : , 

J o(ö>i  _  o>2b (76)

j 0(3wi) =
i p  ,

2  J J 2 Jo (« l _  2w2) , (77)

j 0(3w2) = Ul г ,  , 9 ,
2 Jo( w 2 +  2wl) • o U1

(78)

T h u s  th e  k in e tic  p a ra m e te rs  o f th e  corrosion  process are  g iven b y  th e  
fo llow ing  re la tio n sh ip s  co n ta in in g  th e  h a rm o n ic  and  in te rm o d u la tio n  com po
n e n ts  o f  th e  fa rad a ic  c u rren t m easu red  a t  th e  corrosion p o te n tia l:

jo(ft>i) =  jo M
У48 \ 2j0(co1) jo(3cox) jo^oq) У48 У 2j0(o>2) j0(3co2) jo(2&>2)

U2 J o K )

2 Í8 j0(co1) jo(öq ±  2 co2) -  Sjjftaq +  co2)

Ui j o M  ^

u 2 2 У 8 j0(co2) j0(o>2 +  2(0,) — 3jo(cox ±  co2)
(79)

1 1 jo (" i) -1- d jo(2« i) 1 j o W 1  ̂ jo (2 « 2) j

ßa ~  2 U, j  к л
j o K )  . 2  u2 jfc j o W  )

1 jo (" l) 4- 9 Ui jo(<*>i ±  шг)
2 U, . j  к U2 j o K )

1 j o K ) ±  2 ^ 2  jo ( " l  i t  >̂2) j
2 U2 j* u1 j o K )  )

9 (80)
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7c
1 jo(o>1) J- X j(2wl)

jft jo(«i)
1

2 U2
jo M  -  4 j(2ft)a) I 

j к jo M  )

I1 ( jo(e>i) x  2  JZl. jo (wi +  e>2)
2UX l j k 1 U2 j 0(Wl)

1

W 2
i o M  J  2

jfc
^2 jo (°h  rb W2)

^1 jo i0^)
(81)

The u p p e r signs of Eqs (80) a n d  (81) re fe r to  th e  case w hen ß a < ß c  
w hile th e  low er signs are  valid  w hen  ß a >  ßc■ ß a  <  ßc w hen  A j0 ^> 0, accord ing  
to  E q . (65), w hile  ß a >  ß c when A j0 ■< 0, w hen  A j0 =  0. ß a =  ß c and  can  he 
calcu la ted  using  a n y  one of E qs (66), (67), (70), (71), (73) an d  (74).

E x cep t fo r m in o r m odifica tions, th e  above m e th o d  can  be considered  
essen tia lly  id e n tic a l to  th e  m e th o d  b ased  solely  on harm o n ic  d is to rtio n  as 
p resen ted  in  a p re v io u s  report [1] H o w ev er, th e  in te rm o d u la tio n  effect offers 
new  possib ilities fo r  th e  d e te rm in a tio n  o f th e  k in e tic  p a ra m e te rs  of th e  co r
rosion process w h ic h  are  based on th e  fa c t t h a t  am p litu d es  t / x and  U2 o f th e  
a lte rn a tin g  v o ltag es , hav ing  d ifferen t freq u en c ies , can  be v a ried  in d ep en d en tly  
from  one an o th e r a n d  th e  am p litu d es o f th e  h a rm o n ic  com ponen ts of th e  c u r
re n t  are affected  b y  b o th  U1 and  U2. (T his effect is also en coun tered  in  th e  
case o f in te rm o d u la tio n  com ponents b u t  i t  does n o t lead  to  a new  ev a lu a tio n  
m ethod .).

T he d ep en d en ce  o f  the  harm o n ic  co m p o n en ts  o f th e  c u rren t on am p li
tu d e s  U1 and  U2 o f  th e  a lte rn a tin g  v o ltag es  a re  g iven  b y  E q s  (31) — (36) a t

— . Щ ,a po lariz ing  p o te n tia l  A E a in  the  anod ic  T afe l ran g e  w here ~ —  >  1. The follow-
Pa

in g  ra tio s  p e rm it to  calcu la te  ß a u sin g  ta b le s  o f Bessel fu n c tio n s w hen th e  
c u rre n t com ponen ts o f  frequency  eox, 2cox, 3w1 a n d  co2, 2co2, 3u>2 are  also m easu red  
in  th e  case of U2 —  0 an d  t / x 0 o r t / x =  0 an d  U2 ^  0, respective ly :

j nW  .. j a(2« i)  _  j Q(3coi)

jfl(wl)

[ja(2<M1)]t/1_0 

je(2®  2)

[jö(3®l)b.=0

ja(3eo2)

=  I 0
ßa)

[ja(w2)]u,=0 [jo(2c02)]t/l=0 [ja(3a>2)]t/,=0
=  I n

ßa,

(82)

(83)

[N ote th a t  I o(0) =  1 ].
oĉ

T he a p p ro x im a tio n  I (i{x) л* 1 -{- -—  can  be  em ployed  w hen  th e  am pli-
2

tu d e s  o f th e  a lte rn a tin g  voltages are sm all a n d  ßa can  be expressed  from  E q s
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16 MÉSZÁROS, DÉVAY: KINETIC PARAMETERS OF THE CORROSION PROCESS

(83) an d  (82) b y  a lgeb ra ic  ca lcu la tion

1 4 ja(«l) 1 4 ja(2«i)
ß l ' '  m [ja(wl)]t/.=0 m [.1*а(2<м1)]£Л-0

4 ja(3fth) 1 1
'  m [ja(3a>i)]u,=o Г

1 .  4 1 4 W 2« 2)

ßl ~ u \ [ja(OJ>2)]t/i=0 m [jű(2ft,2)]íA=0

4 ja(3«2) 1 | .m [ja(3w2)]i/.=0 )

1 =

(84)

—  1 =

(85)

W e n o te  t h a t  v o ltag e  U2 o f fre q u e n c y  co2 has to  be sm all in  E q . (84) w hile 
th is  applies to  v o ltag e  Ux of freq u en cy  oq  in  E q . (85).

T he corrosion  c u rre n t d en sity  can  be expressed from  one o f E q s (31) —
(39) i f  ß a has been  de te rm in ed  in  th e  ab o v e  m anner.

S im ilar re la tio n sh ip s  are o b ta in e d  using  th e  harm o n ic  co m p o n en ts  of 

th e  c u rre n t m easu red  on an  e lectrode p o la rized  to  p o te n tia l A E C in  th e  c a th o d ic  
AE~

T afe l range, w h ere  — c 1. In  th is  case E qs (82) — (85) are  m od ified  b y
Pc

ch an g in g  su b sc rip ts  a to  c.
T hus i t  c an  be concluded th a t  th e  k ine tic  p a ram e te rs  o f a co rrosion  

process ch a ra c te riz e d  b y  T afel ty p e  c a th o d ic  an d  anodic reac tio n s  can  b e  d e te r 
m ined  b y  th e  s tu d y  of harm onic an d  in te rm o d u la tio n  d is to rtio n  caused  b y  th e  
n o n -lin e a r ity  o f  th e  fa rad a ic  im p ed an ce . T he m ethods p re sen ted  in  th is  co m 
m u n ica tio n  p e rm it th e  d e te rm in a tio n  o f th e  k inetic  p a ra m e te rs  on th e  basis  o f 
th e  m easu rem en t o f th e  h a rm o n ic  a n d /o r  in te rm o d u la tio n  co m p o n en ts  a t  
one p o te n tia l ( a t  one p o te n tia l e ith e r  in  th e  ca thod ic  or th e  anod ic  T afe l ran g e  
o r a t  th e  co rrosion  p o ten tia l) .

T he in te rm o d u la tio n  effect h a s  a n o th e r  ad v an tag e  in  ad d itio n  to  th o se  
m en tio n ed  in  th e  f irs t  rep o rt o f th is  series [1]. N am ely , frequencies aq  +  ca2 
co2 +  2aq an d  oq +  2 io2 o f th e  in te rm o d u la tio n  com ponen ts do n o t co incide 
w ith  th e  h ig h er harm on ics o f fu n d a m e n ta l frequencies oq an d  co2 i f  th e  la t te r  
a re  p ro p erly  se lec ted  and  th u s  th e  d is to r tio n  of th e  signal g en era to rs  p ro d u c 
in g  th e  fu n d a m e n ta l harm onic  vo ltag es  does n o t in te rfe re  in  th e  m easu rem en t 
o f  th e  in te rm o d u la tio n  co m ponen ts. H ow ever, th e  d is to rtio n  o f th e  sig n a l 
g en era to rs  can  a ffec t th e  m e asu rem en t o f th e  h igher h arm o n ic  co m p o n en ts  
a n d  co n seq u en tly , in  th e  la t te r  case i t  is adv isab le  to  use g en e ra to rs  h a v in g  
v e ry  sm all d is to rtio n .

T he e x p e rim e n ta l v e rifica tio n  o f  th e  above m eth o d s w ill be p re se n te d  
in  a la te r  com m unica tion .
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A UV spectroscopic method has been developed for studying the kinetics of 
hydrolysis of l-(2 /,4,,6'-trimethylphenoxy)silatrane. The effect of temperature and 
pH on the rate constant of hydrolysis has been determined and a mechanism of the 
reaction proposed.

The k inetics o f  hydro lysis o f  1-alkyl- and  1 -a lk o x y sila tran es  h as  been  
s tu d ie d  by  V o r o n k o v  et al. [1]. T h e  course of th e  re a c tio n  w as m o n ito red  b y  
t i t r a t io n  w ith  s ta n d a rd  h y d ro ch lo ric  acid solu tion . T he a u th o rs  suggested  
a m echan ism  for th is  reac tion . I n  1975 V o r o n k o v  et al. [2] found  th a t  th e  
t i t r a t io n  techn ique  d id  n o t afford  a c c u ra te  resu lts an d  em ployed  th e  po laro- 
g rap h ic  m ethod  fo r k in e tic  stu d ies . B y  th is  m ethod  th e  k in e tic s  of h y d ro ly sis  
o f  1-alkoxy-, 1 -ary loxy- and  l- ( l '- c h lo ro a lk y l)  s ila tran es  w as in v e s tig a te d .

O ur in te re s t in  1 -a ry lo x y sila tran es  da tes back  to  1973. In  th is  w o rk  we 
w ish  to  rep o rt on a UV sp ec tro p h o to m e tric  s tu d y  o f th e  hy d ro ly sis  k in e tic s  
o f  th e se  com pounds.

Experim ental

Preparation of l- (2 ',4 /,6/-trim ethylphenoxy)silatrane

The reaction was carried out in an assembly consisting of a 250 cm3 round-bottomed 
flask, reflux condenser and a calibrated receiver. An equimolar mixture (0.1 mol each) of 
triethanolamine (14.8 g), tetraethoxysilane (20.8 g) and 2,4,6-trimethylphenol (13.6 g) was 
placed in the flask and refluxed. Ethanol, liberated during the reaction:

(C2HsO)4Si +  N(CH2CH2OH)3 +  (CH3)3CcH2OH =  (CH3)3CeH2OSi(OCH2CH2)3N +  4 C2H5OH

was continuously distilled of and its volume measured. The crude product was shaken with 
500 cm3 of ethyi ether, filtered dried and crystallized from isooctane to give 12 g (48%) of 
the silatrane, mp. 180 — 184 °C.

ClsH23N 04Si (309.408). Calcd. C 58.22, H 7.50, Si 9.08, found C 58.30, H 7.60, Si 8.64% 
Mol. wt. 364. Molecular weight was assessed cryometrically in nitrobenzene. An increased value 
of the molecular weight may be indicative of intermolecular Si — N interaction.

IR (cm-1): 2950 m (газСН3), 2860 m (rsCH3), 1485 m, 1460 m (vC — C, aromatic), 940 m 
(rSi-O Ar), 1150 s (rSi-O C H 2), 1460 w (<5CH2), 1020 m (rasC -N ), 800 s (rsCN).

The IR spectra were taken on a Perkin-Elmer Model 357 spectrophotometer in KBr
pellets.

NMR (r, ppm): 7.94 (s) o-CH3, 7.91 (s) p-CH3, 3.44 (s) m-HAr, 7.40 (6 II) (t) N -C H 2, 
6.36 (6 H) (t) 0  —CH2.

The NMR spectra were recorded on an 80 MHz Tesla BS 487C spectrometer using 
CDC13 as solvent.
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Thin layer chromatographic (TLC) investigations

Qualitative analysis of the hydrolysis products was accomplished by TLC on glass 
plates (150x75 mm) coated with silica gel 60 G (Merck) taken in an amount of 1.8 g per 
3.5 cm3 of water. The plates were dried for 24 hrs in air followed by 1.5 hrs at 105 °C. A mixture 
of benzene, methanol and chloroform (2 : 3 : 5 by vol.) was used as the mobile phase. Spots 
were detected in iodine vapours.

Kinetic measurements

In kinetic measurements, use was made of a Pye Unicam SP 1750 A spectrophotometer 
with a thermostated cuvette holder. The temperature was maintained constant within 
-£-0.1 °C. As solvents, 0.04, 0.01 and 0.004 M  HC1 solutions, distilled water and 0.04, 0.01 
and 0.004 M  NaOH solutions were employed. Kinetic curves (A =  / ( r), where A is the absor
bance and T is time) were recorded at wavelengths of the maximum absorption of the liberated 
2,4,6-trimethylphenol at 25 °C. At pH 11.6, measurements at 20, 34 and 40 °C were also 
performed.

The kinetic curves were recorded until a constant absorbance reading was attained 
(Aa)- Based on these data, the rate constant was calculated.

R esults

P re lim in ary  in v e s tig a tio n s  of th e  m echan ism  o f h y d ro ly s is  of th e  sila ts 
ra n e  w ere based  on TLC  evidence . A ssum ing th a t  th e  f in a l p ro d u c ts  of h y d ro ly 
sis o f  l- (2 ',4 ',6 '- tr im e th y lp h e n o x y )  s ila tra n e  are  2 ,4 ,6 -trim e th y lp h en o l, t r ie th a 
n o lam in e  and o rth o silic ic  ac id , aqueous so lu tions of th e  s ila tra n e  were sepa
ra te d  b y T L C  along w ith  tr ie th a n o la m in e , 2, 4 ,6 -trim e th y lp lien o l and  l - (2 ',4 ',6 '-  
tr im e th y lp h e n o x y )s ila tra n e  as s ta n d a rd s . O n th e  basis o f th e  R j  values an d  
th e  colour of in d iv id u a l sp o ts  in  th e  ch ro m ato g ram s, l- (2 ',4 ',6 '- tr im e th y l-  
p h en o x y )s ila tran e  (Rf  0 .58), 2 ,4 ,6 -trim e th y lp h en o l (Rf  0 .68), tr ie th an o lam in e  
(R j 0.10) and  an  u n id e n tif ie d  substance  rem ain in g  on th e  s ta r tin g  line w ere 
fo u n d  to  form  in  so lu tio n  d u rin g  hydro lysis. M oreover, TLC  analyses of aqueous 
so lu tions of th e  s ila r tra n e , m ade a t  v a rio u s tim e  in te rv a ls , show ed th a t  th e  
decrease of th e  a m o u n t o f s ila tran e  occurred  a t  a r a te  com parab le  w ith  th a t  
o f  th e  increase o f  2 ,4 ,6 -tr im e th y lp h en o l a n d  tr ie th a n o la m in e . These re su lts  
allow ed th e  follow ing m ech an ism  o f hyd ro lysis  o f l- (2 ',4 ',6 '- tr im e th y Ip h e n o x y )-  
s ila tra n e  to  be a d v a n c e d :

(i) In  acidic m ed iu m  [3]
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follow ed b y  th e  sp ec tro p h o to m e trica lly  u n d e tec tab le  decom position  o f 1- 
h y d ro x y sila tran e

H 3U ; HC1
N(CH2CH20)sSi—OH <

fa s t
HO—CH2CH2NH(CHíCH20)2Sí;

/он

о н
с г

Н.О
он

(HO—CH2CH2)2NHCH2CH20 —Si—о н

о н

с г
Н .О

(HOCH2CH2)3N X HCl 

Si(OH).,

(ii) In  basic m ed ium

T he TLC  evidence show ed th a t  a t  th e  f ir s t  s tage  of hydro lysis , 2 ,4 ,6 -trim e th y l- 
ph en o l or th e  co rrespond ing  phenox ide  (du rin g  a lkaline hydro lysis) w ere 
p ro d u ced . In  th e  UY sp e c tra  o f l-(2 ',4 ',6 '- tr im e th y lp h e n o x y )s ila tra n e  ta k e n  
in  a lk a lin e , acidic an d  aqueous m edia, th e  m ax im u m  abso rbance  o ccu rred  a t  
280 n m . E x a c tly  a t th is  w av e len g th  a m ax im u m  in  th e  sp ec tra  of acid ic a n d  
aqueous so lu tions of 2 ,4 ,6 -trim e th y lp h en o l w as observed. O n th e  o th e r h a n d  
in  a lk a lin e  solu tions th e  m ax im u m  of 2 ,4 ,6 -trim e th y lp h en o l occurred  a t  298.5 
nm . F u r th e r , th e  co n cen tra tio n  o f h yd roch lo ric  acid w as fo u n d  n o t to  a ffec t 
th e  q u a n tita tiv e  and  q u a lita tiv e  ch a rac te ris tic s  of th e  sp ec tru m  o f 2 ,4,6- 
- tr im e th y lp h en o l.

In  a lkaline m ed ium , 2 ,4 ,6 -trim e th y lp h en o l w as co n v erted  to  2 ,4 ,6- 
- tr im e th y l phenox ide w hich  affected  m uch  b o th  th e  position  an d  in te n s ity  o f 
th e  m ax im u m  absorbance . A  closer in v es tig a tio n  of th is  effect w as m ad e  b y  
ta k in g  th e  sp ec tra  of 2 ,4 ,6 -trim e th y lp h en o l in  1 0 ~ 3—8 х Ю ~ 3 M  N aO H  so lu 
tio n s . A  sp ec tru m  of th e  ph en o l in  10-3  M  N aO H  d isp layed  tw o  m ax im a  
a t  285 an d  298.5 nm . A sp ec tru m  o f th e  pheno l in  th e  4 х Ю - 3 M  N aO H  
so lu tio n  h a d  only  one m ax im u m  a t  298.5 nm . The 285 n m  h an d  has been  
assigned  to  und issoc ia ted  2 ,4 ,6 -trim e th y lp h en o l an d  th a t  a t  298.5 nm  to  its  
an ion .
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T he L a m b e r t—B eer law  w as found  to  be  obeyed  a t  2 ,4 ,6 -trim e th y lp h en o l 
co n cen tra tio n s  of 1 0 -2 , 4 x l 0 - 2  and  4 х Ю ~ 3 M  in  N aO H  an d  HC1 so lu tions 
a n d  over th e  c o n c e n tra tio n  range o f 7.4 X lO -5 —6.3 X l O - 4  M  in  aqueous 
so lu tions.

C lear-cut d ifferences in  th e  m o lar a b so rp tio n  coefficients ( e m a x )  of
l- (2 ',4 ',6 '- tr im e th y lp h e n o x y )  sila tran e  an d  2 ,4 ,6 -trim e th y lp h en o l in  th e  h y d ro 
ch lo ric  acid m ed ium  (Amax 280 nm ) an d  in  N aO H  so lu tions (Amax 298.5 nm ) 
p e rm itte d  to  follow  d ire c tly  th e  c o n c e n tra tio n  of th e  hyd ro lysis  p ro d u c t 
(2 ,4 ,6 -trim e th y lp h en o l) in  tim e . On th e  o th e r  h a n d , th e  s im ila rity  of sp ec tra

Table I
Rate constant of hydrolysis, к (s~ l) ,  as a function of the pH  at 25 ~  0.1 °C and as a function of 

• the temperature at pH  11.6

pH 1 =  25 ± 0.1 °C Temp.
(°C) pH 11.60

к =  (57.3 ±  1.13)X10-4
Sr =  5.42 к =  (5.01 ± 0 .0 5 )x l0 -"

1.40 Sx =  0.56X 10 -4
hi2 - 2.0 min 20 Sr =  2.65

к =  (14.9 ±  0.30)X10-4
Sr =  5.47 Sx =  0.03x10-"

2.00 Sx =  0.15X 10-4
hi2 — 7.8 min tj/2 =  20.9 min

к =  (5.6 ±  0.10)X10-4
Sr =  5.17 к =  (7.5 ±  0.17)X10-"

2.40 Sx =  0.05x10-"
hl2 — 20.4 min Sr =  6.06

к =  (5.9 ±  0 .3 7 )x l0 -7 25 Sx =  0.08 X 10-"
5.60 Sr =  8.66

Sx =  0 .16x10-’ hfa == 15.6 min
q/j =  14.3 days

к =  (7.5 ±  0.17)X10~"
11.60 Sr =  6.06 к =  (12.5 ±  0.10)xl0-"

Sx =  0.08x10-"
tj/2 =  15.6 min 34 Sr =  2.25

к =  (13.0 ±  0.11)xl0-" Sx =  0.05x10-"
12.00 Sr =  2.58

Sx =  0.06x10-" tj/2 =  9.3 min
(^2 =  8.9 min

к =  (36.0 ±  0.43)X10-" к =  (17.5 ±  0 .0 8 )x l0 -‘
12.60 Sr =  3.06 Sr =  1.39

Sx =  0.21X10-" 40 Sx =  0.04X10-"
=  3.0 min hl2 =  6.6 min

Sr =  relative standard error of a single determination (%),
Sx =  standard error of the arithmetic mean, 
t1i2 =  half-time of the reaction.
The confidence interval for к was calculated at the probability level of 0.95
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of 2 ,4 ,6 -tr im e th y lp h e n o l an d  l- (2 ',4 ',6 '- tr im e th y lp h e n o x y l)s ila tra n e  in  aq u eo u s  
m ed ium  p ro m p te d  us to  em ploy  a n o th e r  m e th o d  fo r th e  d e te rm in a tio n  o f 
m o m e n ta ry  c o n cen tra tio n s  ct , or th e  co rrespond ing  absorbances A ,. B y  th is  
m e th o d , a p p ro p r ia te  am o u n ts  of N aO H  w ere ad d ed  to  th e  aqueous s ila tra n e  
so lu tio n  a f te r  tim e  t to  co n v ert th e  p h en o l to  phen o x id e . A fter ad d itio n  o f  th e  
h y d ro x id e , th e  k in e tic  curve w as reco rd ed  a t  298.5 nm . B ased on th is  cu rv e , 
th e  h a lf-tim e  r 05 , of th e  alkaline h y d ro ly sis  w as de te rm ined . T he r 05 v a lu e  
w as th e n  u tiliz ed  to  de te rm ine  A T0 s i.e. th e  abso rb an ce  a fte r tim e  r 0 5 fro m  
th e  a d d itio n  o f N aO H  to  th e  aqueous s ila tran e  so lu tion . T he ra te  c o n s ta n t 
k, of hy d ro ly sis  w as ca lcu la ted  from  th e  eq u a tio n

. 2.303 ,
к = ---------log

2 (A m -  A UJ

w here k  is th e  r a te  c o n s ta n t o f h y d ro lysis  in  aqueous m edium , t is th e  t im e  
elapsed  b e tw een  th e  d isso lu tion  o f th e  s ila tra n e  in  w a te r  and  th e  a d d itio n  o f 
N aO H , A „  is th e  ab so rb an ce  a f te r  8 t0 5 (degree o f  h y d ro lysis  99 .6% ), A Tit is 
th e  ab so rb an ce  a f te r  r 05 of a lkaline  hyd ro lysis .

D u rin g  k in e tic  m easu rem en ts , th e  dependence  betw een  th e  ra te  c o n s ta n t  
and  p H  w as in v e s tig a te d  as well as t h a t  b e tw een  th e  r a te  co n stan t a n d  te m 
p e ra tu re  a t  a f ix e d  p H . T he resu lts  are  show n in  T ab le  I.

B ased  on  th e  d a ta  o f T ab le  I ,  log  k  w as p lo tte d  aga in st 1 /Т  as w ell as 
log (k;T) a g a in s t 1/T. B o th  curves are  in  accord  w ith  th e  A rrhenius (cu rv e  1, 
Fig. 1) a n d  E y r in g  (curve 2, F ig . 1) eq u a tio n s.

Fig. 1. Graphs of the dependence of log k on 1/T and log (k/T) on 1/T
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T h e ac tiv a tio n  energy , Е д, w as c a lc u la te d  from  coord inates o f tw o  p o in ts  
o f  th e  fu n c tio n  log  к  =  /(1 /T ) , using th e  A rrh en iu s  eq u a tio n . I t s  va lu e  is 
10.50 kcal/m ol. A lso a g rap h  of th e  fu n c tio n  log  к =  f(pH ) has been  m ade 
a n d  is  show n in  F ig . 2.

Fig. 2. Graph of the function log к =  f(pH)

Conclusions

1 .  The UV spectroscop ic  m e th o d  w as fo u n d  to  he su itab le  fo r s tu d y in g  
th e  k inetics o f h y d ro ly sis  o f 1 -a ry lo x y sila tran es .

2. The h y d ro ly sis  o f l- (2 ',4 ',6 '- tr im e th y lp h e n o x y )s ila tra n e  w as found  
to  occur as a p seu d o -firs t roder re a c tio n , th e  ra te  co n stan t depend ing  on th e  
co n cen tra tio n  o f b o th  th e  hydrogen  a n d  h y d ro x y l ions.

3. T he a c tiv a tio n  energy  o f 10.50 kcal/m o l reveals th e  co m p ara tiv e ly  
p o o r h y d ro ly tic  s ta b il i ty  o f  th e  A rO  — Si b o n d .

4. The re su lts  o f  th e  TLC e x p e rim e n ts  perform ed a t  v a rio u s stages of 
th e  hyd ro lysis  show  th a t  th e  cleavage o f  th e  ArO — Si bo n d  is th e  ra te -d e te r 
m in in g  step .

5. A p lo t o f log  к vs. p H  show s t h a t  th e  hydro lysis is effec tively  ca ta ly zed  
b y  b o th  hydro g en  a n d  hydrox ide  ions, th e  reac tio n  being th e  slow est in  th e  
p H  range o f 6 —7.
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Unimolecular H2 elimination from alkanes was investigated in cyclopentane- 
cyclohexane, ra-hexane-cyclohexane and cyclohexane-cyclooctane mixtures during 
radiolysis and 7.6 eV photolysis. During the radiolysis of all systems, and when the 
fluorescence shift law allowed it, during the photolysis as well, inhibited H2 detachment 
was observed from the first component and sensitized hydrogen molecule elimination from 
the second. It has been concluded that the same excited state (the lowest singlet, Sj) 
is responsible for the H2 elimination during radiolysis and photolysis and this is that 
one that gives rise to fluorescence in the experiments of other authors. The H2 and H 
elimination from alkanes generally have different excited precursors. The direct popu
lation of S, by y-irradiation is of limited importance and this intermediate is mainly 
produced in “charge neutralization” processes.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 105 (1), pp. 27— 38 (1980)

In tro d u c tio n

A lthough  num ero u s p ap ers  h av e  been  pub lished  on th e  n a tu re  an d  reac 
tio n s  of e lectrons an d  p o sitiv e  ions p ro d u ced  d u rin g  rad io ly sis  in  s a tu ra te d  
h y d ro ca rb o n  system s, m u ch  less w o rk  has been concerned  w ith  th e  fo rm a tio n  
an d  decay  of a lkane e x c ite d  s ta te s  [1 — 4]. Some p a r t  o f  th e  h igher sing le t 
ex c ited  s ta te s  p roduced  in itia lly  undergoes in te rn a l conversion  to  th e  f irs t  
s ing let ex c ited  s ta te  (S x) an d  th e  e le c tro n -io n  reco m b in a tio n  also c o n tr ib u te s  
to  th e  fo rm atio n  of m olecules in  th e  S x s ta te .

T he ex c ita tio n  en e rg y  o f a lk an e  m olecules (w ith  th e  excep tion  o f th e  
Cx—C4 ones) to  th e  s ta te  is a ro u n d  7 eV [5—8] a n d , th ere fo re , b y  th e  
p h o to n s of som e p h o to ly sis  lam p s (for in stan ce  B r 7.6 eV, X e 8.4 eV), th ese  
s ta te s  can  be selec tive ly  p ro d u ced , th e re b y  p rov id ing  a m eans of s tu d y in g  
th e ir  reac tio n s [9 — 11]. T h e  basic  decom position  p a th w a y  o f m olecules in  th e  
n -a lk an e  series and  th a t  o f  cy c lo p en tan e  an d  cyclohexane in  gaseous an d  liq u id  
phases ex c ited  b y  p h o to n s  n e a r  th e  abso rp tio n  onse t is un im o lecu la r H 2 
e lim in a tio n  [12]. As is know n  from  th e  lite ra tu re , H 2 e lim in a tio n  also occurs 
in th e  course of rad io lysis o f th e se  com pounds.

In  th is  s tu d y  we in v e s tig a te  un im olecu lar H 2 e lim in ta tio n  d u rin g  th e  
rad io lysis  o f cy c lo p en tan e—cyclohexane, n-hexane—cyclohexane an d  cyclo
h ex an e-cy c lo o c tan e  m ix tu re s  an d  co m p are  th e  resu lts  w ith  th e  d a ta  o b ta in ed
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d u r in g  7.6 eV pho to ly sis  in  o rd e r to  get a deeper in s ig h t in to  th e  processes 
ta k in g  place during rad io ly s is .

T he radiolysis o f  cy c lo p en tan e-cy c lo h ex an e  m ix tu re s  h a s  been  in v e s tig a t
ed  b y  several research  g ro u p s  [13-16], b u t  none o f  th e m  in v e s tig a te d  th e  fu ll 
s p e c tra  of d e h y d ro g en a tio n  p ro d u c ts . T herefo re , th e y  cou ld  n o t  c larify  th e  
d e ta ils  o f p roduc t fo rm a tio n  m echanism . Som e o f th e  a u th o rs  [15] supposed 
a n  a c tiv ity  tran sfe r f ro m  cy c lo p en tan e  to  cyclohexane, w hile  o th ers  [13,14, 
16] tr ie d  to  explain  th e  p ro d u c t d is tr ib u tio n  (u sually  th a t  o f  d im ers), ta k in g  
in to  accoun t rad ica l e x ch an g e  reactions.

E xperim ental

Cyclopentane, cyclohexane and cyclooctane were obtained from Fluka and purified 
by sulfuric acid treatment and distillation to attain a purity better than 99.95%; n-hexane 
was Merck gas chromatographic grade (>99.9) and further purification was unnecessary. 
Biphenyl was a Fluka product.

The samples were irradiated by the 60Co “/-radiation source of the Institute of Isotopes. 
The dose rate was 6.4 Gy s -1 ( 4 x l0 16 eV g - 1s -1) and the dose 16 kGy (1 X 1020 eV g -1). 
The irradiation temperature was 25 °C.

The electrodeless discharge bromine lamp was constructed at the Tokyo Institute of 
Technology in a manner similar to that described in Refs. [10]. The discharge was powered by 
a stabilized microwave generator operating at a power input of 60 W. The side arm of the lamp 
was immersed into a dry ice-methanol slush and the lamp was thermostated during operation 
at 100 °C by a heating tape. The light spectra obtained with a vacuum-UV spectrometer con
sisted of a very intense line at 163 nm (7.6 eV, i>98%) and several other weak lines. The solu
tion was stirred during photolysis and the temperature of the irradiation cell was kept constant 
at 25 ±  2 °C. The reaction cell was connected to a vacuum line and a Toepler pump and the 
gases noncondensable at —196 °C after photolysis were collected and measured volumetrically. 
The actinometry was based on the yield of hydrogen formed during the photolysis of pure 
cyclohexane, taking the quantum yield as unity [10,12]. The photon intensity was 1X 10ie s -1.

The liquid fraction was analyzed by gas chromatography on n-octane/Porasil C and 
silicone grease packed columns and on a squalane capillary column.

R esults and  D iscussion

TJnimolecular cyclopentene and cyclohexene formation during the radiolysis and 
photolysis o f  cyclopentane-cyclohexane mixtures

O ur detailed  a n a ly s is  o f deh y d ro g en a tio n  p ro d u c ts , in  ag reem ent w ith  
th e  re su lts  o b ta ined  b y  Muccini and  Schuler  [14], rev ea led  th e  p referred  fo r
m a tio n  of cyc lopen ty l o v er cyclohexyl rad ica ls  in  th e  sy s tem  (Fig. 1). O n 
th is  basis, how ever, i t  c a n n o t be u n d ers to o d  w h y  cyclohexene fo rm ation  is 
re la tiv e ly  high in  th e  m ix tu re s . To exp lain  th is  b eh av io u r w e suggest a m echa
n ism  th a t  takes in to  a c c o u n t b o th  a c tiv ity  tra n sfe r  a n d  rad ica l exchange 
reac tio n s :

o C 5H g +  H 2 ( la )

c-C5H 9 +  H  ( lb )
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Fig. 1. G-values of dehydrogenation products as a function of cyclohexane electron fraction 
in the radiolysis of cyclopentane-cyclohexane mixtures

c-C6H 10 ( H 2/
«-C.H

\

(2a)

c-CeH u  +  H (2b)

c-C5H 10* +  c-CeH 12— *■ c-C5H 10 +  c-C6H 12* (3)
H  +  c-C5H 10 — ► H 2 +  c-C5H 9 (4)

H  -f  C-C6H 12 ► H 2 -(- C’C jH n (5)
с-С„Н ц +  c-C5H 10 ► c-CeH 12 +  c-CgH, (6)

c-CjHg +  c-C5H 10/
2 c-C5H 9( ^

(7a)

(c-C5H 9) 2 (7b)

c-C5H 8 +  c-C6H 12
/

(8a)

C-C5H 9 -f- с”СвН ц ^  *■ c-C5H 10 +  c-C6H 10 

c-C5H 9-c-C6H 11

(8b)

(8c)
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c-C6H 10 +  c-C6H 12 (9a)
/

/

(c-C6H n )2 (9b)

w h ere  th e  asterisk  in d ic a te s  m olecules a c tiv a te d  b y  ra d ia tio n . T he h igh  yield  
o f  cy c lo p en ty l rad ica ls  m a y  be a re su lt o f th e  h ig h er ra te  o f reac tio n  (4) th a n  
t h a t  o f  reac tion  (5), o r th e  rad ica l exch an g e  reac tio n  b e tw een  cyclohexy l 
ra d ic a ls  an d  cy c lo p en tan e  m olecules (reac tio n  (6)).

O n dissolving sm all am o u n ts  o f  io d in e  (3 mM) to  scavenge th e  free 
ra d ic a ls  p roduced  in  th e  m ix tu res , i t  w as fo u n d  th a t  th e  cy c lo p en ty l and  cyclo
h e x y l iod ide y ields w ere  ap p ro x im a te ly  lin e a rly  d ep en d en t on th e  e lec tron  
fra c tio n s  of th e  co m p o n en ts  c ited  in  th e  ex p e rim en ts  of Muccini and  Schuler

[14]. B ecause th e  p resence  o f rad ica l accep to rs  co nsiderab ly  sh o rten s th e  av e r
age life tim e of in te rm e d ia te  rad ica ls , th is  ex p e rim en ta l fin d in g  m ay  be ex p la in 
ed  b y  th e  suppression  o f  th e  rad ica l exchange reac tio n .

A no ther possib le ex p lan a tio n  m ay  be th e  reac tio n  of low  energy  (therm al) 
h y d ro g e n  atom s (G =  1.6 [17] an d  1.47 [18]) w ith  I 2 in  th e  hyd ro g en  a b s tra c 
t io n  reac tio n s of w h ich , ow ing to  th e  d ifferences in  C — H  b o n d  s tre n g th s  in  
cy clohexane and  cy c lo p en tan e  m olecules (AD c _ h  ~  4 k J  m o l-1 ), a selec
t iv i ty  could be ex p ec ted . Com bining ou r re su lts  w ith  th o se  o f Muccini and  
S chuler  we can d educe  th a t  tra n sfe r  re a c tio n  (3) does n o t in fluence  n o ticeab ly  
th e  decom position  in to  H  a tom  an d  cy c lo a lk y l rad ica l.

I f  th e  ra te s  o f  re c a tio n s  betw een  rad ica ls  are  d e te rm in ed  b y  th e  s ta tis tic s  
o f encoun ters, th e  fo llow ing  eq u a tio n  shou ld  be va lid :

G(8) _________ [1 +  (kgq +  ksb)lkgc] ^ (с~С5Н9-с-С6Н 11)_______ __   ̂ ^

1Г Щ 7 ) Щ 9 ) ~  V [1 +  fc7a/M G [(c -C 5H 9)2] V[1 +  № ь М ( с - С 6Н и )2]

Since th e  k-jalk7b a n d  kgJ k gb ra tio s  (1.0 an d  1.1) are know n  from  th e  l i te ra 
tu r e  [17, 19], th e  ab o v e  eq u a tio n  gives a p o ssib ility  to  ca lcu la te  th e  (k8a +  
+  k8b)lk8c ra tio . T he l a t te r  v a lue  w as fo u n d  to  be c o n s ta n t (1.1 +  0.2) for 
a ll com positions in v e s tig a te d . On th e  basis  o f considera tions concern ing  th e  
d is tr ib u tio n  of p ro d u c ts , th e  m ost p ro b ab le  values o f k8J k Sc an d  ksb]ksc are
0.7 an d  0.4.

T he G -values o f  cyclopen tene  an d  cyclohexene fo rm a tio n  consist of th e  
fo llow ing  te rm s acco rd in g  to  th e  re a c tio n  sequence given above:

G(c-C5H 8) =  G (la) +  G(7a) +  G(8a) =  G[(c- C5H 8)]U +  У ^ С [ ( с С 5Н 9)г] +

+  k8alk8cG(c- C5H 9-c-C6H u ) (11)

G(c-C6H 10) =  G(2a) — G(9a) +  G(8b) =  С[(с-С6Н 10)]„ +  k9ajkgbG[(c-C6í l n )2] +  

+  ksb!k8cG(c-C3H 9-c-C6H u ) (12)
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Fig. 2. G-values of unimolecular cyclopentene and cyclohexene formation as a function of 
cyclohexane electron fraction in the radiolysis of cyclopentane, cyclohexane and their 
mixtures; ©  and Q  represent yields determined in the presence of 20 and 50 mM biphenyl

These equ a tio n s p ro v id e  an  o p p o rtu n ity  to  ca lcu la te  th e  y ie ld s of un im ole
cu la r cyclopentene a n d  cyclohexene (G[(c-C5H g)u] =  G (la ) a n d  G[(e-C6H 10)U] =  
=  G(2a)) fo rm ation . T h e  y ie ld  of u n im olecu lar cy clopen tene  fo rm a tio n  decrea
ses on add ing  cyclohexane to  th e  sam ples (Fig. 2): a t  th e  sam e tim e  th e  sen
sitized  un im olecu lar fo rm a tio n  o f cyclohexene occurs. C onsequen tly , co n tra ry  
to  th e  hyd rogen  a to m  y ie ld in g  decom positions, in  u n im o lecu la r H 2 e lim ination  
we do observe th e  e ffec t o f t ra n s fe r  reac tio n  (3).

T he photo lysis o f  c y c lo p en tan e , cyclohexane an d  th e ir  m ix tu re s  yields 
m ain ly  hydrogen  an d  cycloalkenes (Table I). T he p h o to a b so rp tio n  coefficient 
o f cyclohexane is a p p ro x im a te ly  tw ice th a t  o f cy c lo p en tan e  a t  163 n m  [20].

Table I

Quantum yields observed during photolysis of cyclopentane-cyclohexane mixtures

Cyclohexane, M — 0 .25 0 .2 6 0 .3 3 9 .25

Hydrogen 0 .9 6 a 0 .9 7 0 .9 7 0 .9 9 1.0
Cyclopentene 0 .9 2 0 .87 0.88 0 .8 5 —
Cyclohexene — 0 .05 0 .0 6 4 0 .0 6 7 0 .93

Bicyclopentane 0 .0 4 0 .0 4 0 .0 4 0 .0 4 5 —
Cyclopentylcyclohexane —- - 0 .0 0 2 3 0 .0 0 3 7 0 .0 0 2 8 —
Bicyclohexane — 5 x  1 0 - 1 4 x  1 0 - 4 6 x l 0 - 4 0 .07

Cyclopenteneu corr.b 0.88 0 .8 7 0.88 0 .8 5

CyclohexeneUi corr.b — 0.01 0.02 0.01 0.86

a Some C—C bond rupture product formation was also observed
b Unimolecular cycloalkene formation, corrected for direct photon absorption in cyclo

hexane
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I f  w e m ake a co rrec tion  fo r th e  h ig h er ra te  of p ro d u c tio n  o f ex c ited  cyclo
h e x a n e  m olecules, i t  c an  be conc luded  th a t  d u ring  p h o to ly s is  th e re  is on ly  a 
v e ry  lim ited  i f  an y  tra n s fe r  re a c tio n  lead ing  to  en h an ced  un im o lecu la r cyclo
h ex en e  form ation .

A t th is  po in t w e m a y  conclude th a t  th e  tra n s fe r  re a c tio n  fo u n d  d u ring  
rad io ly s is  is sim ilar to  t h a t  observed  fo rm erly  [17] w hen  po sitiv e  charge  accep
to r s  w ere dissolved in  cy c lo p en tan e . T h is idea gains s u p p o r t from  th e  decrease 
o f  th e  G[(c-CsHg)u] an d  G[(c-C6H 10)u]-values in  th e  p resence  o f 20 an d  50 mM 
b ip h e n y l (ec_ceH12 =  0.1) since th is  ad d itiv e  c ap tu re s  som e o f th e  e lectrons 
a n d  positive  ions p ro d u c e d  d u rin g  rad io lysis in  th e  sy s tem  (F ig . 2). T h e  recom 
b in a tio n  of charged  e n tit ie s  w ith  b ip h en y l ca tions a n d  an ions m ay  lead  to  
d iss ip a tio n  of th e  en e rg y  lib e ra te d  up o n  reco m b in a tio n  an d , consequen tly , 
does n o t  resu lt in  th e  fo rm a tio n  o f  ex c ited  cycloalkane su ita b le  fo r un im olecu lar 
H 2 e lim ination .

Radiolysis and photolysis o f  n-hexane-cyclohexane mixtures

I f  th e  cyclohexane c o n te n t in  re-hexane-cyclohexane m ix tu re s  is increased  
th e  G-value of cyclohexene p ro d u ced  d u ring  rad io ly sis  rises m uch  m ore 
q u ick ly  th a n  in  th e  cy c lo p en tan e-cy c lo h ex an e  sy s tem  (F ig . 3). C alculations

Fig. 3. G-values of dehydrogenation products as a function of cyclohexane electron fraction 
in the radiolysis of n-hexane-cyclohexane mixtures
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s im ila r to  tho se  used  prev iously , ap p lied  to  th e  n -hexane—cyclohexane sy stem , 
show  th e  ex istence of sensitized  u n im olecu la r cyclohexene a n d  in h ib ite d  un i- 
m o lecu la r hexene fo rm atio n  (F ig. 4). (F o r th e  d isp ro p o rtio n a tio n  to  re c o m b in a 
tio n  r a t io  of h exy l rad ica ls , kd/kc — 1.08 [21] w as accep ted ). T he y ie ld s  of 
u n im o lecu la r and  atom ic  H 2 p ro d u c tio n s d u rin g  th e  pho to lysis  o f p u re  n -h ex an e  
liq u id  w ere  found  to  he 0.9 an d  0.1, re spec tive ly . On ad d in g  cyclohexane to

ес-с5н.г

Fig. 4. G-values of unimolecular hexene and cyclohexene formation in the radiolysis of n- 
hexane, cyclohexane and their mixtures as a function of cyclohexane electron fraction

n -h e x a n e  th e  y ields of p ro d u c ts  o f n -h ex an e  an d  cyclohexane decreased  or 
in c rea sed  non-linearly . As th e  p h o to a b so rp tio n  coefficien t o f cyclohexane is 
a b o u t 3.5  tim es h igher th a n  th a t  of n -h ex an e  in  th e  liq u id  p h ase  a t  7.6 eV
[22], a f te r  co rrec tion  fo r differences in  th e  absorbances, th e  sam e re su lt w as 
o b ta in e d  as in  th e  cy c lo p en tan e-cy c lo h ex an e  system : th e re  is p ra c tic a lly  no 
en e rg y  tra n s fe r  betw een  th e  com ponen ts invo lv in g  exc ited  s ta te s  p o p u la te d  
b y  7.6 eV pho tons.

Radiolysis and photolysis o f  cyclohexane-cyclooctane mixtures

P re v io u s ly  pub lished  resu lts  [23] show ed th a t  d u rin g  th e  ra d ia tio n -  
in d u ced  d eh y d ro g en a tio n  of cyclooctane  besides th e  u su a l p ro d u c ts  (cyclo- 
a lkene  a n d  b icycloalkane), a b rid g ed  s a tu ra te d  h y d ro carb o n  — p erh y d ro p en - 
ta le n e  (b icyclo [3 .3 .0 ]octane) — w as also fo und , w hich, accord ing  to  th e  
ra d ic a l scaveng ing  exp erim en ts , w as observed  to  be fo rm ed  v ia  an  u n i
m o lecu la r p a th . In  th e  m ix tu res  th e  y ields o f b o th  cyclooctene an d  p erh y d ro - 
p e n ta la n e  increased  s tro n g ly  w ith  th e  cyclooctane  co n ten t (F ig . 5). A fte r co rrec
tio n  fo r a lkene  fo rm atio n  via th e  ra d ic a l p a th , th e  resu lts  in  F igs 6 an d  7 
rev ea l sensitized  u n im olecu lar H 2 p ro d u c tio n  from  cyclooctane an d  in h ib ite d  
H 2 d e ta c h m e n t from  cyclohexane in  ra d io ly tic  as well as p h o to ly tic  e x p e ri
m en ts . (T he kd/kc ra tio  fo r cycloocty l rad ica ls  w as ta k e n  as 0.9 [23], th e  ra tio
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Fig. 5. G-values of dehydrogenation products as a function of cyclooctane electron fraction 
in the radiolysis of cyclohexane-cyclooctane mixtures (C8H14 stands for perhydropentalene)

Fig. 6. G-values of unimolecular cyclohexene, cyclooctene, perhydropentalene, and cyclo- 
octene +  perhydropentalene formation in the radiolysis of cyclohexane, cyclooctane and 
their mixtures as a function of cyclooctane electron fraction; ©  represents yields deter

mined in the presence of 20 mM biphenyl
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Fig. 7. Quantum yields of unimolecular dehydrogenation products in the photolysis of cyclo
hexane, cyclooctane and their mixtures as a function of cyclooctane concentration

of p h o to ab so rp tio n  coeffic ien ts o f cyclooctane  an d  cyclohexane w as accep ted  
as 1.6 [20]).

A s expec ted  from  th e  u su a l S tern -Y olm er analysis o f energy  tra n s fe r  
p rocesses th e  co n c e n tra tio n  dependences shou ld  obey th e  eq u a tio n s:

D °D
(13)

w here 
D  an d  °D

A  a n d  °A

c
x

C l  1
A  ° A x  °A C

are  th e  y ie ld s  of p ro d u c ts  of donor m olecules (here (c-CeH 10)u) 
form ed in  th e  m ix tu res  an d  e x tra p o la te d  to  th e  p u re  so lv en t; 
rep re sen t th e  a c tu a lly  m easured  an d  th e  e x tra p o la te d  m ax im u m  
yield  of p ro d u c ts  of accep to r m olecules (here (c-CgH 14)u an d  C8H 14) 
form ed as a consequence o f th e  tra n s fe r  reac tion ; 
is th e  co n cen tra tio n  o f accep to r m olecules (M);
is a r e a c tiv ity  p a ra m e te r  in  M -1  (x =  k tr, w here k t is th e  ra te  
c o n s tan t o f  th e  tra n s fe r  reac tio n  a n d  т is th e  life tim e of th e  ex c ited  
sta te ).

T h e  1 ID  or c /A -values p lo tte d  ag a in st co n cen tra tio n  c give s tra ig h t lines 
(F ig. 8), as expected  from  E q s (13) an d  (14). A least-squares t re a tm e n t o f th e  
in d iv id u a l lines y ields а -values n o t d iffering  v e ry  m uch from  each o th e r: 
x — 2.5 +  0.4 M -1 . T h is is in d ica tiv e  o f th e  fa c t th a t  th e  m echan ism  of th e  
tra n s fe r  re a c tio n  is th e  sam e d u rin g  rad io lysis  an d  photo lysis.

In  such  a large m olecule as cyclohexane th e  ex c ita tio n  levels are densely  
p o p u la te d  an d  th e re fo re  th e  in te rn a l conversion  betw een  th e  s ta te s  possessing
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Radiolysis Photolysis

Fig. 8. Stern—Volmer kinetic plots of dehydrogenation products formed in cyclohexane-
cyclooctane mixtures

th e  sam e m u ltip lic ity  to  th e  low est one (S \) is v e ry  fa s t  (10 -12—1 0 ~ u s [24]). 
C onsequen tly , t ra n s fe r  m ost p ro b ab ly  ta k e s  place from  th e  s ta te  o f cyclo
h ex an e . T he y ie ld s o f  un im olecu lar cyclohexene p ro d u c tio n  estab lish ed  in  th e  
S te rn —V olm er an a ly s is  applied  to  m ix tu re s  an d  fo u n d  in  n e a t cyclohexane 
coincide (°G =  1.12 a n d  1.26, °Ф =  0.85 a n d  0.86), an d  these  va lu es  are  n o t 
fa r  from  th e  o vera ll m ax im um  yield  o f  u n im o lecu la r cyclooctene an d  p e rh y d ro - 
p e n ta le n e  fo rm a tio n  ( °G =  1.16 an d  °Ф =  0.95). T hese find ings m a y  be tra c e d  
b a c k  to  th e  fa c t t h a t  every  S 1 ex c ited  cyclohexane m olecule can tra n s fe r  its  
en e rg y  to  cyclo o c tan e  and  the  p ro b ab ilitie s  of un im olecu lar H 2 e lim in a tio n  
fro m  th e  exc ited  s ta te s  o f cyclohexane a n d  cyclooctane are p rac tica lly  id en tica l, 
as fo u n d  in  th e  course  of th e  pho to lysis  o f  th e  pu re  liq u id s  (Ф =  0.86 a n d  0.89).

Nature o f the transfer reaction

As has been  show n above, d u rin g  th e  rad io lysis o f cy c lopen tane—cyclo
h e x an e , n -h ex an e-cy c lo h ex an e  a n d  cycloh ex an e-cy c lo o c tan e  sy stem s th e  
e x te n t  o f u n im o lecu la r H 2 d e tach m en t from  th e  f irs t  com ponen t is low er and  
t h a t  from  th e  second  one is h igher th a n  could  be ca lcu la ted  on th e  basis  of 
sim ple a d d itiv ity . In  th e  p h o to ly tic  ex p erim en ts  perfo rm ed  w ith  th e  f irs t  
tw o  m ix tu res , how ever, only a v e ry  s lig h t d ev ia tio n  from  th e  a d d it iv i ty  ru le
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can  be observed; th is  m eans th a t  th ere  is p ra c tic a lly  no energy  tra n sfe r  b e 
tw een  th e  com ponen ts. W h en  s tu d y in g  fluorescence in  h y d ro carb o n s, R othman 
et al. [7] d iscovered  th a t  th e  r a te  o f energy tra n s fe r  from  th e  fluorescing s ta te  
(in th e ir  opinion S x) is closely re la ted  to  th e  energy  difference betw een  th e  
fluorescence p e a k  en erg y  (characterized  b y  i ts  in te n s ity  m ax im um  an d  th e  
h a lfw id th ) of th e  tra n s fe rr in g  an d  th e  ab so rp tio n  onset o f th e  accepting  com 
pou n d . As th e  in te n s i ty  m ax im u m  of n -hexane fluorescence is a t  6.02 eV (h a lf
w id th  1.0 eV) an d  th e  a b so rp tio n  onset o f cyclohexane is a t  7.0 eV, th e  large  
d ifference m eans th a t  energy  tra n s fe r  from  th e  fluo resc ing  s ta te  is n o t to  be 
expected . The sam e reaso n in g  has to  hold fo r th e  cy c lo p en tan e—cyclohexane 
system .

T he ab so rp tio n  onse t o f liq u id  cyclooctane (6.93 eV) is ju s t  w ith in  th e  
fluorescence b an d  o f cyclohexane (m axim um  6.17, h a lfw ith  0.95 eV), p o in tin g  
to  th e  p o ssib ility  o f  energy  tra n s fe r  from  cyclohexane to  cyclooctane in  ag ree
m en t w ith  th e  ex p e rim en ta l find ings discussed above. T he v e ry  close re la tio n 
ship  betw een  th e  p re se n t p h o to ly tic  resu lts  a n d  th e  fluorescence experim en ts 
o f R othman et al. m a y  suggest th a t  th e  sam e ex c ited  s ta te  is responsible for 
fluorescence an d  H 2 d e tach m en t.

In  th e  cy c lo p en tan e—cyclohexane an d  n -h ex an e—cyclohexane system s 
we have seen th a t  tra n s fe r  c a n n o t be th e  re su lt o f energy  tra n sfe r  from  th e  
low energy  exc ited  s ta te s  (S x) o f th e  f irs t co m ponen ts. T herefo re , in  line w ith  
th e  experim en ts done in  th e  presence of b ip h en y l, th e  conclusion can be d raw n  
th a t  th e  tra n sfe r  is  s im ila r to  th a t  observed w hen  so-called  positive charge 
accep to rs are p re se n t in  a lkanes. The tra n sfe r  o p e ra tin g  in  th e  cyclohexane— 
cyclooctane system  h as an  energy  tran sfe r ty p e  c h a ra c te r  an d  n o t a charge 
tra n sfe r  or m ixed  c h a ra c te r . T h is find ing  m ay  be  ex p la ined  b y  th e  ion iza tion  
energies of th e  com pounds being  v e ry  close to  each  o th e r [25]. The presence 
of b ip h en y l causes in  t h a t  sy stem  also su b s ta n tia l red u c tio n  o f th e  un im olecu lar 
H 2 e lim ina tion  p ro d u c t y ie ld s, p o in tin g  to  a s im ila r p recu rso r o f th e  low energy  
excited  s ta te s  to  th a t  in  th e  o th e r tw o system s.

In  th e  p reced in g  p a ra g ra p h s  we have g iven  ev idence fo r th e  id en tica l 
p recurso rs of u n im o lecu la r H 2 d e tach m en t o bserved  d u rin g  th e  rad io lysis 
an d  pho to lysis  o f th e  a lk an es in v estig a ted . O n th is  acco u n t th e  G -value of 
th e  low  energy  ex c ited  s ta te s  o f n -hexane, c y c lo p en tan e , cyclohexane an d  
cyclooctane rad io lysis  can  be e s tim a ted  to  be 1.6 +  0.5, 1.8 +  0.5, 1.5 +  0.4 
and  2.2 +  0.5, re sp ec tiv e ly . T he G-value g iven  fo r cyclohexane agrees w ell 
w ith  th e  G -value o f th e  f ir s t  sing le t excited  s ta te  fo rm a tio n  (G =  1.4 — 1.7) 
e s tab lished  in  fluorescence m easu rem en ts b y  W alter  an d  Lipsk y  [3]. F u rth e r  
G -values o f th e  low  energy  ex c ited  s ta te s  for a la rge  n u m b e r of alkanes h av e  
been o b ta in ed  an d  th e  th e o re tic a l discussion o f th e  re su lts  is cu rren tly  u n d er 
p rep a ra tio n .

*
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Changes of the refractive index at 20 and 70 °C, specific volume, specific refrac- 
tivity, specific mean square dipole moment of tetrafluoroethylene oligomers with F and 
I end-groups, as well as changes of the specific mean square dipole moment with H 
end-groups, and that of the specific magnetic susceptibility of ethylene oxide oligomers 
were investigated as a function of the reciprocal molecular weight. In case of the re
fractive index measured at 20 °C, the specific volume, specific refractivity and specific 
magnetic susceptibility for both liquid and solid state members can be described — 
in spite of the existing linear relationship — by straight lines with different slopes and 
intercepts. With the refractive index measured at 70 °C, along with the specific dipole 
moment, differences in the physical state disappear and all points fall on the same line; 
this indicates the dependence of the effect upon the physical state. The dipole moment 
for the repeating unit —(CF2—CF2) — was found to be 0.64 D (2.13 X l0 ~30 Cm) in 
CC14 at 20 °C and 0.59 D (1.97 X 10-30 Cm) in benzene at 25 °C.

In tro d u c tio n

I t  has been  show n ea rlie r [1] th a t  for lin e a r  p o ly m er hom ologous 
o ligm eric com pounds rep re sen ted  b y  th e  general fo rm u la

X -  (M)„ -  Y

(w here X  and  Y  a re  id e n tic a l or d iffe ren t end-groups, M  is th e  rep ea tin g  u n it ,  
n th e  degree of p o ly m eriza tio n ) th e  follow ing general re la tio n sh ip  is v a lid , 
w h ich  can  also be v e rified  b y  d e d u c tio n :

a
'Psp - +  0  ( 1 )

w here  <psp is som e specific  p ro p e r ty  (e.g. specific re fra c tio n , specific vo lum e, 
etc.), M  is th e  m o lecu lar w eigh t, w hile  a an d  b are c o n s ta n ts . The fo rm er is

* Part XXXY.: Kolorisztikai Értesítő, 21, 134 (1979); Acta Polymerica, 30, 634 (1979). 
** Presented at the Meeting of the Macromolecular Committee, Hungarian Academy 

of Sciences, January 17, 1977.
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im p lic it ly  ch a rac te ris tic  o f  th e  end -g roups, th e  la t te r  ex p lic itly  of th e  u n its  
w ith in  th e  chain . L a te r  th e  v a lid ity  o f th e  e q u a tio n  w as e x te n d e d  to  specific

p ro p e rtie s  to  be d e te rm in e d  on ly  b y  in d ire c t m easu rem en ts  in  so lvents ( -—

— specific  m ean sq u are  d ipo le  m om en t [2—6]; [a] — specific ro ta t io n  [4, 7, 8]).
I t  is ch a rac te ris tic  o f  th e  stud ies ca rried  o u t so fa r  t h a t  w ith in  th e  po lym er 

hom ologous series in  th e  ran g e  in v e s tig a te d  th e  p h ysica l s ta te  o f th e  in d iv id u a l 
m em b ers  was c o n s ta n tly  id en tica l (a lread y  solid  from  th e  f i r s t  m em ber on 
o r  e.g. in  case of silicones th e  h ighest m o lecu la r w eight in v e s tig a te d  w as s till 
l iq u id ) .

Recent investigations

I n  th e  course o f o u r experim en ts  som e specific p ro p e rtie s  of oligo- 
( te tra flu o ro e th y len e ) hom ologues of genera l fo rm ula  F —(CF2— CF2)„— I (n — 2 
u p  to  5) were in v e s tig a te d  as a  fu n c tio n  o f th e  m olecu lar w eig h t.

T he firs t th re e  m em b ers  of th e  series in v es tig a ted  w ere liqu id , while 
th e  fo u r th  w as solid.

T able I  show s th e  m easu red  d a ta  fo r  th e  in d iv id u a l m em bers. Also th e  
m e a n  square  (Ji2) a n d  specific  m ean  sq u are  (Jl2jM )  dipole m o m en ts  — an d  th e  
v a lu e s  needed fo r th e ir  ca lcu la tio n  — are  g iven  in  th e  T ab le .

Table I

Measured data for oligomers of general formula F—(CF2—CF2) X—I calculated as a function of
the molecular weight

X M 20
n D

70
n D d\* 1 / M 1 /Л

n * - 1  1 

n «  + 2 d

2 345.9 1.3275 1.3058 2.0497 0.00289 0.4878 0.09884
3 445.9 1.3289 1.3091 2.0564 0.00224 0.4862 0.09890
4 546.0 1.3291 1.3110 2.0710 0.00183 0.4828 0.09829
5 646.0 1.33 1.3105 2.0913 0.00155 0.4784 0.09759

o o 1.376* 2.3* 0.4348

X a
ß Pt(co) Д** M* ]j}jM

2 0.0323 0.0030 34.14 63.428 1.19 1.41 0.00409
3 0.0392 0.0034 43.37 81.663 1.36 1.84 0.00413
4 0.0485 0.0038 52.72 99.915 1.50 2.25 0.00412
5 0.0524 0.0056 63.05 118.031 1.62 2.62 0.00406
o c

* See Ref. [10].
**D,  1 D =  3.336X 10- 30 Cm
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E xperim en ta l

The refractive index (nD) was measured by a Zeiss-Abbé type refractometer, the density 
(d|°) by means of a pycnometer. The dielectric constant (e) was determined using a RADEL- 
KISZ type “Universal Dielectrometer” at 20 °C in p.a. CC14. The dipole moment was deter
mined by the (so called) H e d estb a n d  method [9] (for the description of the method, c.f. Ref.
[6]). With the exeption of one series (n[)°) all measurements were carried out at 20 °C with 
FORAFAC oligomers (produced by Ugine Kuhlmann). We wish to express our thanks to the 
Firm Ugine Kuhlmann (France, Paris) for supplying the samples.

D iscussion

S im ila rly  to  o u r m ethod  app lied  ea rlie r on th e  b asis  of d a ta  g iven  in  
T able I ,  th e  re fra c tiv e  in d ex , specific vo lum e as w ell as th e  specific re fra c tio n  
ca lcu la ted  from  th e  tw o la t te r  are p lo tte d  as a fu n c tio n  o f th e  rec ip ro ca l 
m o lecu lar w e ig h t in  F igs 1, 2 and  3.

Fig. 1. Refractive index of oligo(tetrafluoroethylenes) at 20 °C as a function of the reciprocal
molecular weight

Fig. 2. Specific volume of oligo(tetrafluoroethylenes) as a function of the reciprocal molecular
weight
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1/M

Fig. 3. Specific refraction of oligo(tetrafluoroethylenes) as a function of the reciprocal mole
cular weight

I t  can  be seen th a t  th ese  m ay  be describ ed  — un like o u r fo rm er re su lts  — 
o n ly  b y  a  s tra ig h t line w hich b reak s  ab o v e  a ce rta in  m o lecu la r w eig h t (or 
be low  th e  co rrespond ing  v alue  of 1 /M ). T h is  d ev ia tion  occurs a ro u n d  th e  range  
w h ere  th e  p hysica l s ta te  of oligom ers tu r n s  in to  solid fro m  liq u id  w ith in  th e  
hom ologous series. In  case o f th e  oligom ers in v es tig a ted  th is  phenom enon  
o ccu rs  also w ith  specific  re frac tio n , th o u g h  in  m ost cases th e  va lu e  o f th is  is 
p ra c tic a lly  in d ep en d en t of th e  p h y sica l s ta te . T he phenom enon  in d ica te s  th a t ,  
w ith in  th e  po lym er hom ologous series, v a r ia tio n  of th e  p h y sica l s ta te  is accom 
p a n ie d  also b y  th e  change o f m o lecu la r s ta te . I t  is w ell know n th a t ,  o f  th e  
a d d itiv e  p ro p erties , th e  m olar m ag n e tic  su scep tib ility  is h ig h ly  sensitive  to  th e  
p h y s ic a l s ta te  [11]. I f  th e  b re a k  o f  th e  s tra ig h t  lines is due  to  th e  change of 
th e  p h y sica l s ta te , th e n  th e  p h en o m en o n  observed b y  us m u st ap p e a r also 
in  th e  specific m agnetic  su scep tib ility  o f  po lym er hom ologous com pounds.

F o r  th is  reason  we have p lo tte d  — using  th e  d a ta  o f B alta—Calle JA
[12] — th e  specific m agnetic  su sc e p tib ility  of p o ly e thy lene  oxides (d .p . =  
4 — 130) as a fu n c tio n  of th e  rec ip rocal m o lecu la r w eight. T he resu lts  are show n 
in  F ig . 4. I t  can  be seen th a t  fo r b o th  liq u id  and  solid  m em bers lines w ith  
d iffe re n t slope an d  in tre c e p t are v a lid .

F u rth e rm o re , we have d e te rm in ed  th e  re frac tiv e  in d e x  o f te tra f lu o ro -  
e th y le n e  oligom ers a t  70 °C since all o f  th e  com pounds exam ined  are  flu id  
a t  th is  te m p e ra tu re . D a ta  given in  T ab le  I ,  p lo tte d  as a fu n c tio n  of th e  rec ip 
ro ca l m olecu lar w eigh t are show n in  F ig . 5. I t  can  be seen th a t  th e  p o in ts  
th u s  o b ta in ed  are  on one single s tra ig h t  line , p rov ing  th a t  th e  effect observed  
can  be a t t r ib u te d  to  th e  change o f  th e  ph y sica l s ta te .
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Fig. 4. Specific magnetic susceptibility of poly(ethyleneoxides) as a function of the reciprocal
molecular weight

1.3100

13050

1.3000

Fig. 5. Refractive index of oligo(tetrafluoroethylenes) at 70 °C as a function of the reciprocal
molecular weight

1 / M

F in a lly , d ipo le  m om ents of th e  o ligom ers w ere d e te rm in ed  a t  20 °C 
in  p.a . CC14.

Since such  m easu rem en ts  are  c a rr ie d  o u t in  a so lv en t, th e  d ifference in  
p h y sica l s ta te  d isa p p e a rs  during  th e  course  o f m easu rem en ts . R esu lts  o b ta in e d  
on th e  basis of T ab le  I  are given in  F ig . 6.

H ere  th e  specific  m ean sq u are  d ipo le  m om en t (/t2/M ) is p lo tte d  as a 
fu n c tio n  o f th e  rec ip ro ca l m olecular w e ig h t (1 /M ). T he p o in ts  th u s  o b ta in e d  
again  fa ll onto  one single s tra ig h t line . R e a lity  o f v a lu e  of th e  in te rc e p t of 
th e  s tra ig h t line w as confirm ed b y  a d d itio n a l in v estig a tio n s.

I t  is w ell k n o w n  th a t  th is  v a lu e  is id en tica l fo r po lym er hom ologous 
series w here re p e a tin g  u n its  are th e  sam e an d  on ly  th e  end -g roups differ. T h e re 
fore, we d e te rm in ed , u sin g  th e  d a ta  o f  B ates an d  Stockmayer [13], th e  specific
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Fig. 6. Specific mean square dipole moment of oligo-F-(CF.,)„-I (o, full line) and H-(CF2)„-H(x, 
dotted line) as a function of the reciprocal molecular weight, at 20 °C in CC14 (o) and 25 °C

in benzene (x)j

m e a n  square  dipole m o m en t of oligom ers o f  general fo rm u la  H —(CF2)n— H  
(n  =  4 —10) as a fu n c tio n  of th e  m o lecu la r size. T he resu lts  o b ta in ed  a re  
show n  in  T able I I  a n d  F ig . 6.

I t  can  be seen t h a t  th e  in te rcep t o f  th e  s tra ig h t line  o b ta in ed  has on th e  
w ho le  th e  v e ry  sam e v a lu es . In  ad d itio n , i t  is ev iden t from  th e  re su lts  t h a t  
single m em bers of th e se  tw o  oligom er hom ologous series a re  p re sen t in  th e  fo rm  
o f ra n d o m  coils u n d e r  th e  given e x p e rim e n ta l cond itions an d  do n o t fo rm  a 
se c o n d a ry  s tru c tu re . T h e  dipole m om en t fo r  th e  rep ea tin g  u n it  —(CF2—CF2) — 

{Jx =  VbM0) is 0.64 D (2 .1 3 x l O -30 Cm) in  case of F  an d  I  te rm in a te d  o ligo
m ers , and  0.59 D (1.97 X 10-30 Cm) in  case o f H  end-groups. The sm all differ-

ТаЫе II

Dipole moment, mean square and specific mean square dipole moment of oligomers of general formula 
H—(CF2) x—H as a function of the molecular weight (25 °C in benzene)

X M <M!>* D* l/M ß ‘ J?/M

4 202 2.02 ±  0.01 0.00495 4.08 0.0202
6 302 2.12 ±  0.01 0.00331 4.49 0.0149
7 352 2.20 ±  0.02 0.00284 4.84 0.0137
8 402 2.19 ±  0.01 0.00249 4.80 0.0119

10 502 2.21 ±  0.02 0.00199 4.88 0.0097

* Data of Ref. [13] (c .f  remark of Table I)
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ence can  be a t t r ib u te d  to  th e  m easu rem en ts  ca rried  o u t in  d iffe ren t so lven ts 
an d  te m p e ra tu re s . T he resu lts  show  th a t  specific p ro p e rtie s  o f  th e  F —(CF2)„—I 
po lym er hom ologous series d ep en d  h ig h ly  upon  th e  p h y sica l s ta te  an d , a lth o u g h  
v a ry in g  lin ea rly  w ith  th e  rec ip ro ca l m olecular w eigh t, th e  b eh av io u r o f liq u id  
a n d  solid m em bers are  described  b y  s tra ig h t lines o f d iffe ren t slopes an d  
in te rc e p ts . The occurrence o f th is  phenom enon  is p re d ic ta b le  in  a ll cases w here 
m em bers of a p o lym er hom ologous series are so lid  above a g iven  m o lecu lar 
size an d  th e  a c tu a lly  in v e s tig a te d  ad d itiv e  p ro p e rty  depends a lre a d y  to  a 
non-neglig ib le e x te n t on th e  p h y sica l s ta te . A d d itio n a l in v es tig a tio n s  shou ld  
be ca rried  ou t in  o rde i to  d e te rm in e  th e  physica l m ean in g  o f th e  p a ra m e te rs  
o f th e  s tra ig h t lines ob ta in ed .

REFERENCES

[1] See e.g.: Géczy , I.: MTA Kém. Tud. Oszt. Közi., 23, 285 (1965), and references cited
therein

[2] Géczy , I.: Magy. Kém. Folyóirat, 71, 216 (1965); Acta Chim. Acad. Sei. Hung., 45, 131
(1965)

[3] Géczy , I.: Magy. Kém. Folyóirat, 71, 551 (1965); Polymer Reviews, 2, 556 (1966); J.
Pol. Sei., [С], 16, 2991 (1967)

[4] Géczy , I.: Kolor. Ért., 10, 237 (1968); Acta Chim. Acad. Sei. Hung., 66, 77 (1970)
[5] Géczy , I.: Magy. Kém. Folyóirat, 80, 237 (1974); Acta Chim. Acad. Sei. Hung., 84,

289 (1975)
[6] Géczy , I.: Magy. Kém. Folyóirat, 81, 177 (1975); Tenside, 14, 64 (1977)
[7] Géczy , I.: Kolor. Ért., 8, 221 (1966); Cellulose Chein. & Techn., 4, 245 (1970)
[8] Géczy , I.: Kolor. Ért., 21, 134 (1979); Acta Polymerica, 30, 634 (1979)
[9] H e d e s t r a n d , G.: Z. physik. Chem., B2, 428 (1929)

[10] H o n n , F. J.: in K ir k , R. E.—Ot h m e r , D. F.: Encyclopedia of Chemical Technology,
2nd ed., Yol. 11, p. 689. Interscience Publ. New York (1958)

[11] F a rqh u arso n , J.: Trans. Faraday Soc., 32, 219 (1936)
[12] B a ltá -Ca l l e ja , F. J.: Faserforsch, ü. Textiltechn., 15, 575 (1964)
[13] B a t e s , T. W., Sto ck m a y er , W. H.: Macromolecules, 1, 12 (1968)

I s tv á n  Géczy  „ „
-Г7- . .  } H -1054 B u d ap est, A lk o tm án y  u . 9 — 11
K a ta lin  Me d v e -S zabad  j 1 J

Acta Chim. Acad. Sei. Hung. 105, 1980





SOME OBSERVATIONS ON OSCILLATORY 
PHENOMENA IN ANODIC OXIDATION

M. N ovak and Cs. Y is y

(Institute of General and Physical Chemistry of Attila József University, Szeged)

Received November 2, 1979 

Accepted for publication December 7, 1979

Potential oscillations during galvanostatic oxidation of simple organic substances 
have been related to changes in the amount of strongly bound species. Relation regard
ing the necessary current range and desorption is discussed.

P o te n tia l  o sc illa tions occurring  in  th e  g a lv an o s ta tic  ox ida tio n  of o rganic  
com pounds h a v e  been  observed  for over f i f ty  years  [1]. S ince th e n  n u m ero u s 
p ap ers  h av e  b een  p u b lish ed  dealing  w ith  th is  phenom enon  (a su rvey  is g iven  
in  [2]). Co nw ay  ei al. [3] have  show n sev e ra l possib ilities giving rise  to  an  
a u to c a ta ly tic  e ffec t w hich  w as a re q u ire m e n t for th e  d ev e lopm en t o f oscilla
tio n . W ojtowicz’s [4] c o n trib u tio n  in c reased  these  possib ilities  b y  ta k in g  in to  
co n sid e ra tio n  th e  effect o f change of so rp tio n  o f s tro n g ly  bonded  species. 
R ecen tly  H o r á n y i [5] gave d a ta  a b o u t th e se  changes d u rin g  o x id a tio n  of 
glycol b y  a p p ly in g  ra d io tra c e r  m ethod .

The p re se n t-d a y  know ledge ab o u t th e  n a tu re  of th e  processes lead ing  
to  th e  decrease in  p o te n tia l  is still scarce p r im a rily  because  th e  ex p erim en ta l 
b ack g ro u n d  is n o t  su ffic ien t to  decide w h ich  system s m ig h t lead  to  th e  o ccu r
rence  of perio d ic  changes in  p o ten tia l [6, 7].

In  th is  p a p e r  som e resu lts  of ex p e rim en ts  are re p o rte d  w hich w ere c a r 
r ied  ou t in  co n n ec tio n  w ith  th e  s tu d y  o f th e  role o f s tro n g ly  bonded species 
in  th e  p o te n tia l  osc illa tion .
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E xperim en ta l

The equipment used was practically the same as previously described [8]. A bright 
Pt rotating disc electrode (0.7 cm in diam. and with a roughness factor of 5.71) was used. It 
was cleaned by anodic and cathodic potential impulses and was rotated by 1000 rpm. Hydrogen 
electrode in the same solution was used as a reference.

For the polarization a special instrument containing galvanostat as well as poten- 
tiostat was applied which was constructed in the electronic workshop of the Institute. Change 
in its mode of operation could be achieved automatically at previously set parameter of 
starting instrument i.e. galvanostat to potentiostat or potentiostat to galvanostat at preset 
potential or current, respectively. The working parameters of mode of operation following the 
switching could be set independently. The organic substances used were of analytical grade 
purity and were distilled on reduced pressure in N2 atmosphere then the purity was checked 
on a gas chromatograph. Suprapur grade (Merck) H2S04 and HC104 and triply distilled water 
were used, the third distillation was carried out by pyrolytic process proposed by Conway [9].
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R esults an d  D iscussion

1. The occurrence o f  potential oscillations

T h e possib ilities  o f occurence a n d  th e  beh av io u r o f p o te n tia l  osc illa tions 
w ere s tu d ied  in  th e  case o f m e th an o l, fo rm aldehyde , fo rm ic acid , e th a n o l, 
a ce ta ld eh y d e , 1 -p ropano l, 1 -b u tan o l, p ro p io n e  aldehyde, 2 -ch lo ro -e th an o l, 
2 ,2 ,2 -trich lo ro -e th an o l an d  2 ,2 ,2 -trifIuo ro -e thano l. B y  v a ry in g  th e  c o n c e n tra 
tio n  an d  th e  p o la riz in g  g a lv an o sta tic  c u rre n t d ensity  in  a b ro ad  range , th e  
g a lv a n o s ta tic  o x id a tio n  process led  to  o sc illa tion  only in  case o f su b stan ces  
c o n ta in in g  one ca rb o n  a to m  as w ell as th e  u n su b s titu te d  alcohols. T he o th e r  
co m p o u n d s d id  n o t e x h ib it such b eh av io u r. T he appearance  o f  p o te n tia l o scil
la t io n  is in  good ag reem en t w ith  th e  th e o re tic a l p red ic tio n  o f Clarke [10] 
since th e  ra te  o f o x id a tio n  and  th e  se n s it iv ity  to  p e r tu rb a tio n  o f th e  com pounds 
le a d in g  to  o scilla tion  is m uch h ig h er th a n  th a t  o f th e  o th ers  [11, 12].

T he change in  p o te n tia l  w as q u ite  c h a rac te ris tic  an d  w ith  th e  ex cep tio n  
o f fo rm ic  acid w ell rep ro d u cab le  (F ig . 1). In  case o f form ic ac id  th e  d ro p  in  
p o te n tia l  occurred  su d d en ly  w ith o u t a n y  re s t  as th e  p o te n tia l  reach ed  a (ce r
ta in )  c ritic a l v a lu e . In  case of fo rm ald eh y d e  th e  p o te n tia l changes w ere "well 
d e fin ed . As th e  p o te n tia l  a tta in e d  its  u p p e r  lim it th e  drop  w as n o t su d d en  b u t  
fo r  a sh o rt period  o f tim e  a sec tion  o f  la rg e r  c a p ac ity  could  be observed  w h ich  
cau sed  a  sm all p o te n tia l  s tep  on th e  E —t  cu rve . In  th e  case o f m e th a n o l th e  
tra n s i t io n  from  th e  increase  to  th e  decrease  o f p o te n tia l w as n o t sh a rp . W ith  
th e  increase  of n u m b e r o f C-atom s in  th e  m olecule th is  p a t te rn  rem ain ed  an d  
th e  freq u en cy  of osc illa tion  decreased . T h u s , i t  seems th a t  a tvell defined  t r a n 
s itio n  of p o te n tia l change ap p ears  going from  form ic acid  to  th e  alcohols 
c o n ta in in g  m ore th a n  one C -atom .

2. Changes in  coverage during potentia l oscillations

T he change in  th e  am o u n t of s tro n g ly  b o nded  species shou ld  be ta k e n  in to  
a c c o u n t am ong th e  p robab le  causes o f o scilla tions [4, 5]. T herefo re  m e a su re 
m e n ts  w ere ca rried  o u t concern ing  th e  coverage of e lec trode  an d  its  changes 
d u rin g  oscillations. H av in g  ensu red  th e  rep ro d u c ib ility  o f th e  phenom enon  th e  
a m o u n t of a d so rb a te  w as m easu red  w ith in  one cycle of th e  osc illa tion  a t  th e  
c h a ra c te ris tic  p o te n tia l  values in d ic a te d  in  F ig  1. The d e te rm in a tio n  o f c o v e r
age  w as carried  o u t in  d ifferen t la te r  cycles as well, to  ge t in fo rm a tio n  w h e th e r 
th e  coverage ch an g ed  in  th e  n e x t cycles. As i t  can  be seen in  T ab le  I  w ith in  
one cycle th e  change in  coverage w as n o t la rg e r th a n  A 0  0.1. T hus, a  v e ry  
sm a ll change on th e  surface can  p ro d u ce  an d  m a in ta in  th e  osc illa tions. T h e  
ab so lu te  v a lue  o f coverage is r a th e r  d iffe ren t for th e  v a rio u s  su b stan ces : fo r 
fo rm ic  acid an d  m e th an o l 0  0.1, fo r fo rm aldehyde  0  ^  0.5 — 0.65 a n d  fo r
e th a n o l or 1 -p ro p an o l 0  ^  0.25 — 0.4 v a lu es  w ere observed  d u rin g  th e  o sc illa 
tio n s . W ith  in c reasin g  n u m b er o f cycles th e  coverage decreases.
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Fig. 1. Parts of potential-time curves under galvanostatic conditions; c =  3 x  10 -* mol dm-3 , 
a — HCOOH; i =  0.17 mA cm“3, b — HCHO; i =  0.175 mA cm“ 3, c — CH3OH(MOH); 

i =  1.31 mA c m -3, d — C2HsOH(EtOH); i =  0.17 mA cm“ 3, e — C3H,OH(POH);
i — 5.91 X 10-3 mA cm-3

4 Acta Chim. Acad. Sei. Hung. 105, 1980
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Table I

n 0 coverage

Number MOH HCHO HCOOH EtOH POH
of cycle HC104 H2S04 HC104 HC104 H2S04

i =  1.31 i =  0.175 i =  0.17 i =  0.17 i =  5.91 •
• 10-2

mAcm - 2 mAcm-2 mAcm-2 mAcm-2 mAcm-2

l.a 0.08 0.39 0.36
c 0.02 0.29

2.a 0.07 0.35
b 0.33
c 0.31

3.a 0.33

5.a 0.64 0.02 0.36
c 0.635 0.00 0.27

6.a 0.63

10.a 0.33
c 0.265

15.a 0.325
c 0.26

20.a 0.32
c 0.26

25.a 0.58
b 0.565
c 0.55

3. The effect o f adsorbate on the oscillations

D ifferences o b serv ed  considering  e ith e r  th e  p o te n tia l- tim e  curves (i.e. 
th e  fo rm al c h a rac te ris tic s)  or th e  coverage  va lu es  call th e  a tte n tio n , t h a t  
w hile in  th e  case o f  form ic acid th e  su rface  s ta te  necessary  fo r th e  p o te n tia l 
b re a k  seems to  be a lread y  p re se n t, in  case of th e  o th e r com pounds som e 
“ organ iz ing”  p e rio d  s tro n g ly  a ffec ted  b y  th e  n u m b e r of G -atom s w as needed . 
T h is  period  of “ o rg an iza tio n ”  m ig h t be co n n ec ted  to  th e  tra n s fo rm a tio n  o f 
ad so rb ed  species. T o  ge t in fo rm atio n s on th a t  th e  follow ing m easu rem en ts w ere 
ca rr ied  ou t.

In  one series o f  th e  ex p erim en ts  w ith  p ro p an o l in  1 m ol d m -3  H 2S 0 4 
so lu tio n  th e  g a lv a n o s ta tic  p o la riza tio n  (5.83 • 10~ 2 m A /cm 2) w as s ta r te d  a fte r  
th e  p read so rp tio n  p e rio d  of 10 s a t  E  =  0.4 У. T he value of coverage w as th e n  
0 °  =  0.41. In  th is  case , oscillations o f  th re e  cycles w ere observed  a ro u n d  0.75 У  
a n d  a t  ab o u t 26 s, 36 s and  51 s a f te r  th e  sw itch ing  on th e  g a lv an o sta tic  po la r-
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Fig. 2. Potential-time curves with propanol; c =  3 X  10-2 mol dm-3 , i =  5.91 X 10 _ 2 mA cm-2, 
a — after t =  10 s preadsorption at E  =  0.4 V and switching to E =  0.75 V for t =  0.1 s, 

b — after t =  10 s preadsorption at E — 0.4 У

iza tio n  (Fig. 2/b). In  th e  o th e r series o f experim en ts th e  p o te n tia l w as sw itched  
to  E  — 0.75 У  a f te r  th e  sam e (10 s) p read so rp tio n  tim e  a t  E  =  0.4 V  a n d  th e  
g a lv an o sta tic  p o la riza tio n  s ta r te d  ju s t  a f te r  th e  sw itch ing . T his p o te n tia l step  
to  0.75 У for ab o u t 100 m s before sw itch ing  to  g a lv an o sta tic  p o la riza tio n  re su lt
ed in  tw o  cycles a t  20 s and  35 s. T h u s  th e  anodic p o te n tia l  im pulse reduced  
th e  tim e  of w aitin g  p e rio d  before th e  p o te n tia l drop an d  a t th e  sam e tim e  i t  
sh o rten ed  th e  to ta l  tim e  of osc illa tions (Fig. 2a).

4. The effect o f transformation o f adsorbed species on oscillations

To reveal th e  re la tio n  betw een  th e  oscillations a n d  th e  tra n sfo rm a tio n  
o f th e  p readso rbed  su b stan ces  a t  E  =  0.75 V, the  fo llow ing m eth o d  w as used: 
h av in g  form ed 0 °  =  0.41 coverage a t  E  =  0.4 V th e  p o te n tia l  w as sw itched  
to  E  =  0.75 V an d  w as k e p t th e re  fo r a period  th e n  th e  g a lv an o sta tic  p o la riza 
tio n  w as s ta rted . T he osc illa tion  re su lte d  showed d iffe ren t n u m b er of cycles 
(T able I I )  before th e  p o te n tia l  in creased  in to  th e  oxide reg ion . I t  m ig h t be seen 
t h a t  th e  n um ber o f cycles decreased  w ith  th e  increasing  tim e  of p o te n tio s ta tic  
p o la riza tio n  a t E  =  0.75 V  (tp: 0 .75). T he sum  of tim e  o f th e  p o te n tio s ta tic  
p o la riza tio n  (tp>0.75) a n d  th e  tim e  o f oscillation  (fg.osc.) p ro v ed  to  be c o n s ta n t:

E t  =  tp 0.75 tg'Osc. ^  40 s.

T h u s th e  increase in  p o te n tio s ta tic  p e rio d  p ro p o rtio n a lly  decreased  th e  overall 
p e rio d  of oscillations. A p p a re n tly , besides decreasing th e  am o u n t of so rb a te
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Table II

*р.075 V 
8

Number of cycles — *P#.7* +  *g,08C. 
8

0 .1 2 35

1 2 37

2 2 40

3 2 43

5 1 40

15 1 38

20 0

30 0

cap a b le  of lead ing  to  o sc illa tions, th e  p o te n tio s ta tic  period  co n tr ib u te s  to  th e  
sh o rte n in g  of th e  w a itin g  perio d  b y  accu m u la tin g  an d /o r p reo rgan iz ing  th e  
a d so rb a te  involved  in  th e  fa s t  reac tio n  trig g erin g  th e  p o te n tia l  change.

5. State o f oxidation o f  adsorbate (0 ° )  after transformation at 0.75 V

In  order to  see th e  s ta te  o f so rb a te , th e  charge Qox n eed ed  to  oxidize th e  
su rface  a fte r p re a d so rp tio n  a t  E  =  0.4 V (0 °  =  0.41) a n d  a f te r  sw itch ing  to
0 .75 V  w as d e te rm in ed . T h is w as ca rried  o u t b y  th e  m eans o f  anodic sw eeps

d E  
d t

20 V s - 1 a n d  th e  c u rre n t w as in te g ra te d  b e tw een  0.75 and  2.1 V.

In  F ig . 3a i t  can  be seen th a t  a f te r  sw itch ing  th e  p o te n tia l, f irs t a decrease 
in  coverage occurs w h ich  is follow ed b y  an  increase  w hile th e  charge of o x id a 
t io n  m onotonously  decreases. T h e  decrease in  coverage ta k e s  p lace in  t0 75 «=; 
^  40 s, w hich is close to  th e  tim e  period  o f occurrence o f  oscillations (£ t). 
T h u s , th e  phenom enon  is in  connection  w ith  th e  d im in u tio n  o f  coverage (see 
p a r t  4). The slope o f Qox — 0  cu rves (Fig. 3b) show s th a t  th e  so rb a te  a t 0.75 V 
re q u ire s  ^ 2  e /cen tre  to  oxidize w hile th e  so rb a te  a t  0.4 V (0°) req u ired  
1 e /cen tre .

T ak ing  in to  co n sid e ra tio n  th ese  observ a tio n s to g e th e r  w ith  th e  ex p eri
m e n ta l  findings in  [13], one m ig h t assum e th a t  a tra n s fo rm a tio n  of so rb a te  
ta k e s  place v ia  C — C bo n d  ru p tu re .

6. The current range o f  galvanostatic polarization leading to oscillations

I t  is well k n o w n  th a t  p o te n tia l oscillations occur o n ly  in  a defined cu rren t 
ra n g e . A lthough th e re  w as som e a tte m p ts  to  connect th is  range  w ith  o th e r 
p ro p e rtie s  of th e  sy s tem  s tu d ie d  (for exam ple  w ith  th e  p e a k  cu rren ts o f th e  
p o ten tio d y n am ic  cu rv es [14]) no  closer re la tio n sh ip  has b een  y e t given.
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Fig. 3. a — time dependence of charge of oxidation (Qox) and of coverage (0) at E =  0.75 V, 
0° =  0.41; b — Qox values plotted against 0 at E =  0.75 V, 0° =  0.41

I t  is  obv ious th a t  a t  re la tiv e ly  sm all c u rre n t densities th e  in crease  in  
p o te n tia l  d u rin g  th e  g a lv an o sta tic  charg ing  com es to  an  end and  a s ta t io n a ry  
p o te n tia l  a rises. I t  m ig h t m ean  th a t  th e  coverage to o , a rriv ed  to  a s ta t io n a ry  
v a lu e . T a k in g  th is  in to  considera tion , th e  increasing  charg ing  c u rre n t m ig h t 
give rise  to  a  decrease in  coverage. T h e  coverage a long  th e  p o te n tia l- tim e  
cu rve  a t  d iffe ren t g a lv an o sta tic  cu rren ts  w as de te rm in ed  in  3 • I 0 ~ 2 m ol d m -3  
so lu tio n  o f  p ro p an o l.

A fte r  c lean ing  th e  surface, g a lv an o s ta tic  p o la riza tio n s w ith  d iffe ren t 
c u rre n ts  w ere s ta r te d  an d  a t  p o ten tia ls  se t p rev io u sly  p o ten tio d y n am ic  o p e ra 
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t io n  w as sw itched a u to m a tic a lly  to  d e te rm in e  th e  coverage o f e lectrode. As 
i t  c an  be seen on F ig . 4 th e  coverage goes th ro u g h  a m ax im um  as a fu n c tio n  
o f p o te n tia l . This m ax im u m  is a t  E  <*** 0.68 Y. O scillations w ere observed  in  
i == 0.17 — 0.4 m A  c m -2  cu rre n t-d e n s ity  ran g e . T h is m eans t h a t  oscillations 
are  o bserved  only  in  cases w hen d eso rp tio n  ta k e s  place to  a re la tiv e ly  large 
e x te n t. T hus, i t  seem s th a t  e ith e r  th e  o x id a tiv e  desorp tion  leaves free sites 
cap ab le  o f supp ly ing  th e  necessary  zone for th e  c a ta ly tic  reac tio n , or th e  deso rp 
tio n  i ts e lf  tak es  p lace w ith  a ra te  su ffic ien t to  d ro p  th e  p o te n tia l. I f  th e  ra te  
o f e lec tro n  w ith d raw in g  is too  large , i t  m ig h t d rive  th e  p o te n tia l to  th e  oxide 
fo rm a tio n  w hich ends th e  oscillations a t  0.85 V  a t  a ll cu rren ts  used . A p p a ren tly  
th e  la rg e s t c u rren t y e t  p e rm ittin g  th e  p h en o m en o n  is th e  one a t  w hich  th e  
so rp tio n  is su ffic ien tly  large  below  0.68 Y  to  ensure  fa s t deso rp tion .

A n a p p a re n tly  im p o r ta n t  p a r t  o f th e  phenom enon  is th e  “ w a itin g ” 
p e rio d  before th e  p o te n tia l  d rop  occurs. I t  is zero  a t  form ic acid  an d  increases 
w ith  th e  hydrogen  c o n te n t an d  th e  C -atom s o f th e  m olecules. T herefo re  i t  is 
assu m ed  th a t  th e  o sc illa tion  m ig h t be in  co n n ec tio n  w ith  a one C -atom  group .

F ig .  4. Potential dependence of adsorption (0) in  propanol; c =  3 x l 0 ~ 2 mol d m -3 . (1) — 
i  =  0.12 mA cm -2 , (2) — i  =  0.17 mA cm -2 , (3) — i  =  0.19 mA cm -2 , (4) — i =  0.40 mA 

cm -2 , (5) — i  =  0.43 mA cm -2 , (6) — i  — 0.45 mA cm -2

T h e  p o te n tia l of th e  “ w a itin g ”  period  is c o n s ta n t or increases depend ing  on th e  
c u rre n t. I f  i t  is c o n s ta n t, th e  co rrespond ing  coverage is c o n s ta n t an d  i f  it  
increases, th e  co rrespond ing  coverage decreases. In  th is  second case th e  zone 
o f  reac tio n  of d eso rp tio n  involves new  areas  o f  th e  surface. T he decreasing  
p a r t  o f curves on F ig . 4 show s th a t  th e  coverage  is a lin ea r  fu n c tio n  o f th e  
p o te n tia l. I t  m eans t h a t  th e  deso rp tio n  is n o t d is tu rb e d  b y  oscilla tions b u t  fo r a
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sh o rt perio d  o f tim e  w hich is in  ag reem en t w ith  th e  m onotonous in crease  in  
p o te n tia l from  cycle to  cycle in  E —t cu rv e  in  F ig . 5.

Since th e  change in  th e  a m o u n t o f  a d so rb a te  is connected  to  th e  re a c tio n  
b e tw een  th e  w a te r  an d  th e  organic su b s ta n c e , one m igh t assum e th a t  d u rin g  
th e  “ w a itin g ”  period  an  accu m u la tio n  o f th e  species occurs. T he p o te n tia l  
v a lu e  o f th is  p rocess a t  a given c u rre n t depends on th e  zone of th e  re a c tio n

Fig. 5. E  — t curve in 3X 10-2 mol dm-s  propanol during galvanostatic polarization;
i =  0.19 mA cm -2

i.e. th e  coverage. Since th e  0 —E  re la tio n sh ip  is lin ea r  a t  th e  d e so rp tio n , i t  
seem s th a t  in  th e  reac tio n  a surface h e te ro g en e ity  effect appears an d  th e  
p o te n tia l  re q u ire d  to  ensure th e  sam e a m o u n t of species lead ing  to  th e  p o te n 
t ia l  d ro p , increases accordingly .

W o rk in g  w ith  various an ions o u r ex p erim en ts  show ed th a t  th e y  m ig h t 
effect th e  o sc illa tion  sim ilarly  as in  [3, 6, 7].

[Conclusion

O n th e  basis o f th e  observ a tio n s described  i t  m igh t be concluded  th a t  
th e  osc illa tions arise w ith  substances cap ab le  o f large ca ta ly tic  c u rre n t an d  
se n s itiv ity  to  p e rtu rb an ces . T he fo rm al ap p ea ran ce  o f th e  phenom enon  in  th e  
series o f th e  su b stan ces  suggests t h a t  in  th e  osc illa tions, species of one C -atom  
m ig h t p la y  a decisive role.

A p p a re n tly , th e  am o u n t p a r tic ip a tin g  in  th e  reac tio n  lead ing  to  th e  
p h enom enon  is v e ry  sm all invo lv in g  0  ^  0.1.

T h e  oscilla tions are closely re la te d  to  th e  o x ida tive  deso rp tion  o f  th e  
s tro n g ly  b o n d ed  species. T hey  occur on ly  i f  n ecessary  am o u n t of so rb a te  a ccu 
m u la te d . T he d ro p  in  p o te n tia l is due to  th e  fa s t  c a ta ly tic  reac tio n  occu rring  
on th e  su rface  zone freed  b y  deso rp tion  o r to  th e  fa s t deso rp tion . I t  is b e lieved  
th a t  in  case o f su b stan ces ox idized b y  d eh y d ro g en a tio n , th e  f irs t p o ssib ility  
is m ore p ro b ab le .
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The sorption phenomena of different polyacrylamides under dynamic condi
tions in non-consolidated porous media of silica sand have been studied. The amount of 
adsorbed polymer was found to decrease slightly with increasing average molecular 
mass of the polymer, and to a great extent with the increase of the degree of hydroly
sis. Dissolved inorganic salts, although to different extents, increase the adsorbed 
amount of hydrolyzed and unhydrolyzed polymers. The concentration of polymer 
beyond a critical concentration, also tends to increase the adsorbed amount. These 
phenomena have been traced back to the structures of the solution and the coil (gel 
concentration, coil density, coil diameter), noting that, owing to the simultaneity of 
sorption phenomena and mechanical polymer retention, it is very difficult to give an 
exact descritption of adsorption phenomena in natural porous systems under dynamic 
conditions.

Introduction

The im p ro v em en t of th e  a rea l a n d  v ertica l (vo lum etric) sweep e ffic iency  
o f  co n v en tiona l w aterflo o d in g  h as  a ce n tra l role in  en h an ced  oil recovery . 
O ne w idespread  an d  prom ising  m e th o d  fo r th e  above p u rp o se  is th e  m o b ility  
co n tro l b y  p o ly m er so lu tions, p r im a rily  b y  d ilu te aqueous so lu tions of d iffe ren t 
p o lyacry lam ides [1, 2]. A t th e  b eg in n in g  of th e  1960’s, som e au th o rs , in c lu d in g  
P y e  [3] an d  Sa ndifo rd  [4], w ho la id  dow n th e  fu n d a tio n s  of p o lym er flood ing , 
w ere of th e  op in ion  th a t  th e  increase  in  th e  sweep effic iency  of w a te rflo o d in g  
is  due co m p le te ly  to  th e  v iscosity  en h an c in g  effect o f ch a in  like  po lym ers an d  
to  th e  non -N ew to n ian  flow  of p o ly m er solutions. H ow ever, Mungan  [5, 6], 
Gogarty [7], an d  D a u ben  an d  Men zie  [8] have p o in te d  o u t th a t  so rp tio n  
p henom ena a re  also responsib le  fo r th e  decrease in  th e  m o b ility  of th e  p o lym er 
so lu tion  and  o f  th e  po lym er-free co n n a te  w a te rs  follow ing th is  so lu tion . T h e rea f
te r ,  th e  com prehensive  papers d ea lin g  w ith  po lym er f lo o d in g  an d  th e  flow  
p henom ena o f p o lym er so lu tions in  po ro u s m edia (e.g. Smith [9], Sarem  [10], 
Szabó [11 — 13] an d  Chauveteau  a n d  K ohler [14]) a ll deal w ith  th e  ad so rp 
tio n  of po lyacry lam id es on rock  m ed ia , an d  a ttr ib u te  a decisive role to  i t  in  
th e  d isp lacem en t m echanism .
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A lthough  th e  p a p e rs  c ited  above co n ta in  severa l v a lu ab le  d a ta  and  obser
v a tio n s  ap p ro p ria te  in  th e  g iven  case on so rp tio n  phen o m en a , th e re  is no w ork 
in  w h ich  th e  p o ly m er-ro ck  in te rac tio n  is in v e s tig a te d  in  fu ll d e ta il.

In  th e  P e tro leu m  E n g in ee rin g  R esearch  L a b o ra to ry  o f H a s  m uch a t te n 
t io n  h as  been d ev o ted  to  th e  s tu d y  of fac to rs  w hich  m ay  a ffec t th e  adsorp tion  
o f  po lym ers in  a ro c k /o il/w a te r  system  [2, 15, 16]. F o llow ing  th e  p ractice  of 
th e  d isp lacem ent o f  p e tro le u m  w ith  d ilu te  p o ly acry lam id e  so lu tions, the  f irs t 
p a r t  o f  our p ap er is c o n ce rn ed  w ith  th e  effect o f th e  average  m olecular m ass, 
th e  degree of h y d ro ly s is , th e  co n cen tra tio n  o f th e  p o ly m er an d  th e  q u a lity  
a n d  q u a n tity  of fo re ign  e lec tro ly tes  on th e  a m o u n t o f ad so rb ed  polym er.

Nature of polymer retention by porous media

T he adso rp tio n  p h en o m en a  of po lyacry lam id es u n d e r s ta tic  conditions 
w ere  s tu d ied  b y  Mu n g a n  [6], Smith [9], Schamp an d  H uylebroeck  [17], 
S zabó [12] and  D aw so n  a n d  Lantz [18]. T h e ir re su lts  can  be sum m arized  as 
fo llow s.

1) The so rp tion  p h en o m en a  can be described  b y  a L an g m u ir  ty p e  iso 
th e rm . In  these iso th e rm s  th e  adsorbed  a m o u n t h a rd ly  changes w ith  the  con
c e n tra tio n  of p o lym er ab o v e  100—200 ppm .

2) The so rp tio n  p h en o m e n a  are h ig h ly  irrev e rs ib le . A cco rd ing  to  Mic h a 
e l s  an d  Morelos [19], th e  m ain  role in  th e  ad so rp tio n  m echan ism  is p layed  
b y  hydrogen  bonds b e tw e e n  th e  positiv e ly  charged  am ide g roups and  some 
ro c k  zones of n eg a tiv e  charge . A ccording to  genera lly  accep ted  views, th e  
so rp tio n  phenom ena ca n  be  a ttr ib u te d  p rim a rily  to  th e  chem ical bonds betw een 
th e  carboxy l groups o f  h y d ro ly zed  po lyacry lam id es an d  th e  m u ltiv a le n t m etals 
(ca lc ium , m agnesium , etc.) on th e  pore surfaces o f th e  n a tu ra l  rock .

3) The am o u n t o f  ad so rb ed  po lym er m easu red  u n d e r s ta tic  conditions 
m a y  be sm aller b y  sev e ra l o rders of m ag n itu d es th a n  u n d e r d y n am ic  conditions.

The differences b e tw een  th e  d a ta  o b ta in e d  u n d e r s ta tic  an d  dynam ic 
co n d itio n s can be in te rp re te d  on th e  basis o f  vario u s fac to rs . O n one hand , th e  
specific  surface a reas  o f  conso lida ted  an d  n on-conso lida ted  m odels form ed 
fro m  adsorben ts id e n tic a l in  w eight and  g ra in  size are  d iffe ren t. On the  o th e r 
h a n d , th e  to ta l  su rface  o f  th e  porous m odel is n o t accessible fo r th e  polym er 
so lu tio n  [18]. F o r th e  f lo o d in g  of a given h y d ro ca rb o n  fie ld  i t  is preferable to  
choose a polym er fo r w h ich  th e  ra tio  o f th e  m ean  pore  d ia m e te r  of th e  rock  
a n d  th e  m ean e q u iv a le n t d iam ete r of th e  p o ly m er in  so lu tio n  is betw een 3 an d  
10 [20]. In  such a case th e  pore d is trib u tio n  curves o f th e  ro ck  an d  th e  re la tiv e  
m o lecu la r m ass o f th e  p o ly m er necessarily  overlap  to  som e e x te n t. The g rea te r 
th e  overlap  of th e  d is tr ib u tio n  curves, th e  g rea te r  th e  pore  vo lum e and  pore 
su rface  area inaccessib le  fo r th e  random  gel coils in  th e  so lu tio n .
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C onsequen tly , u n d e r rea l cond itions, d u rin g  th e  flood ing  o f porous m odels 
w ith  a po lym er so lu tio n , th e  so rp tio n  p henom ena are  accom pan ied  b y  a d y n a m 
ic an d  irreversib le  m echan ica l e n tra p m e n t o f th e  p o lym er. T he so rp tio n  an d  
m echan ical losses c a n n o t be sep a ra te d  ex ac tly  in  th e  g iven  case, an d  th u s  i t  is 
p ra c tic a l to  use th e  concep t o f specific po lym er re te n tio n  in s te a d  o f th e  specific  
a m o u n t of so rp tio n . M oreover ow ing to  th e  d ifficu lties in  de te rm in in g  th e  pore 
space and  pore  su rface  a rea  accessible for th e  p o ly m er so lu tion , th e  a u th o rs  
u su a lly  avoid  to  re fer th e  a m o u n t o f adsorbed  p o ly m er to  u n it  area.

In  our in v es tig a tio n s  we tr ie d  to  ap p ly  a co m p a tib le  po lym er-rock  sy s
te m  fo r w hich m ech an ica l p o ly m er re ten tio n  is n o t ch a rac te ris tic . T herefo re , 
th e  adsorbed  a m o u n t is re fe rred  to  u n it w eigh t o f th e  porous m odel. I t  is 
em phasized  how ever, t h a t  in  c e r ta in  cases, m a in ly  in  th e  s tu d y  of so lv en t-d e fi
c ien t solu tions w ith  h igh  po lym er co n cen tra tio n , th e  p o lym er loss occu rrin g  
in  th e  m odel is due  n o t on ly  to  so rp tion  b u t  to  m echan ica l re te n tio n  as well.

Experimental

As a result of a cooperation between this Laboratory and Nitrochemical Works, the 
laboratory measurement were carried out with polyacrylamides prepared experimentally for 
oil displacement purposes. The polymers were obtained in gel form with active contents of 
20 — 30%. The degrees of hydrolysis varied between 0 and 40%, and the average molecular 
mass were between 0.7 X  10® and 4.8 X  106. Partly as model and partly as reference, two poly
mers (Separan) of Dow Chemical were also studied.

The most important characteristics of the porous model prepared from natural silica 
sand, 100 — 200 /tm in grain size, were as follows:

Length of model 
Diameter 
Porosity 
Permeability 
Weight of adsorbent

213 mm 
49 mm
38-42%

1.7 -2 .0  fim2
610-620  g

Polymer solutions of appropriate compositions were prepared at 40 — 50 °C, under 
slow stirring. After one day of a standing the solutions were filtered through a G4 sintered 
glass filter. These solutions were passed through the porous system at a linear flow rate of 
150 cm/day. From the model 5 cm3 samples were taken, and the polymer concentrations were 
determined by turbidimetric methods after calibration. The mass of the polymer remaining on 
the model and adsorbed amounts were calculated from the saturation curves by planimetry.

The specific surface area of the sand used to prepare the model was 0.18 m2g -1 as 
calculated by the BET method from a krypton adsorption isotherm. Permeometric methods, 
for which the calculations were performed according to the Kozeny —Carman equation modi
fied by K um ar  and F att  [21]., gave a much smaller surface area, ca. 0.1 m2g-1. When a 
polymer solution was used instead of water as moving phase, even lower specific areas were 
obtained, and they varied as a function of the type of polymer.

Results and Discussion

D a ta  p u b lished  b y  Ma r t in  a n d  Sh er w o o d  [22] in d ic a te  th a t  th e  a m o u n t 
o f  adso rbed  p o ly m er decreases w ith  increasing  degree o f hydro lysis. O n th is  
basis  th e  au th o rs  assum ed  th a t  an  increase in  th e  average  m olecu lar m ass m u s t
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h a v e  th e  sam e effect. O f o u r ex p e rim en ta l re su lts , th ere fo re , th e  effect of th e  
re la t iv e  m olecular m ass a n d  th e  degree o f  hy d ro ly sis  w ill be p re se n te d  f ir s t  as 
th e  m o s t im p o rta n t fa c to rs  ch a rac te ris tic  o f th e  po lym er. T he m easu rem en ts  
w ere  ca rried  ou t w ith  p o ly m er so lu tions o f 0.5 g d m -3  c o n cen tra tio n , w hich, 
in  o rd e r  to  sim ulate  th e  ion ic  s tre n g th  of co n n a te  w aters, also co n ta in ed  sodium  
ch lo rid e  in  a co n cen tra tio n  o f 2 g d m - 3 . T hese so lu tions w ere in jec ted  in to  th e  
p o ro u s  m odel w ith  a lin e a r  v e lo c ity  o f 150 cm /d ay , w hich is close to  th e  average 
f lu id  r a te s  ch a rac te ris tic  o f  h y d ro ca rb o n  fie ld s. T he ad so rb ed  a m o u n t calcu
la te d  from  th e  sa tu ra tio n  curves w ere p lo tte d  against th e  average  m olecular 
m ass  a n d  the  degree o f  h y d ro ly sis  o f th e  po lym ers. T he curves are show n in 
F ig s  1 a n d  2.

I t  can  be seen fro m  F ig . 1 th a t  th e  a m o u n t of ad so rb ed  p o ly m er in  th e  
p o ro u s  m edium  sligh tly  decreases w ith  in c reasin g  average m o lecu lar m ass. The 
f ig u re  shows only th e  d a ta  o b ta in ed  fo r u n h y d ro ly zed  po ly acry lam id es and 
cop o ly m ers  (acry lam ide — acry lic  acid) h y d ro ly zed  to  a degree of 3 0 % . The 
sh ap es  o f  th e  tw o cu rv es a lread y  fo recast th e  conclusions p ro v ed  b y  F ig . 2,
i.e. th e  increase in  th e  degree o f hyd ro lysis  reduces po lym er a d so rp tio n  su b s ta n 
t ia l ly ,  even b y  an  o rd e r o f  m ag n itu d e . T he polym ers d id  n o t in c lude  sam ples 
id e n tic a l in  average m o lecu la r m ass and , w ith in  th is , s im ilar in  m olecu lar m ass 
d is tr ib u tio n  b u t d iffe ren t in  degree of hyd ro ly sis . T herefo re, th e  specific  d a ta  
o b ta in e d  for po lym ers w ith  th e  sam e degrees of hyd ro lysis  are  g iven  in  th e  
f ig u re  w ith  deviation  lim its . N evertheless, th e  m ean  values w ith in  th e  dev ia tion

M , io6

Fig. 1. Variation of the adsorbed amount of polyacrylamides having various degrees of hydrol
ysis with the average molecular mass
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Fig. 2. Variation of the adsorbed amount of polyacrylamides having various average molec
ular mass with the degree of hydrolysis

are  w ell f i t te d  on th e  cu rve. T h is m a y  be due to  th e  fa c t  th a t  th e  dev ia tio n s 
arising  from  differences in  m o lecu lar m ass are in s ig n ifican t (F ig. 1).

In  p rac tice  th e  a rea l floo d in g  is u sua lly  p e rfo rm ed  w ith  p o ly m er so lu 
tio n s  of 0.2 — 1.5 g d m -3  c o n cen tra tio n . T ak ing  in to  acco u n t th a t ,  accord ing  
to  th e  la b o ra to ry  m easu rem en ts , u n d e r  s ta tic  con d itio n s th e  adso rbed  am o u n t 
h a rd ly  depends on th e  co n c e n tra tio n  in  th e  range o f  0 .1 —0.2 g d m -3 , our 
ex p erim en ts  u n d er d y n am ic  co n d itio n s were p erfo rm ed  w ith  d istilled  w a te r  
so lu tions o f 0.1 — 2.0 g d m -3  c o n cen tra tio n  co n ta in in g  2 g d m -3  o f  sodium  
chloride.

The p o lym er ad so rp tio n  o f  tw o  polym ers re p re se n tin g  tw o lim itin g  cases,
i.e. a low  m olecu lar m ass u n h y d ro ly zed  an d  a h igh  m o lecu la r m ass h y d ro lyzed  
po lym er, is show n in  F igs. 3 a n d  4 as a fu nc tion  o f th e  p o ly m er co n cen tra tio n  
of th e  so lu tion .

D esp ite  a d ifference of a lm o st one o rder of m ag n itu d e  betw een  th e  a d so rb 
ed am o u n ts  o b ta in e d  fo r th e  tw o  po lym ers, i t  can  be fo u n d  th a t  th e  v a lu e  o f n 
increases w ith  increasing  p o ly m er co n cen tra tio n . W ith in  th is  general ten d en cy , 
how ever, th e re  is a s teep  increase  w ith  b o th  p o lym ers, b o th  in  ion-free and  
in  sa lt so lu tions, o n ly  above a c e r ta in  po lym er c o n c e n tra tio n . Below  th ese  
values sim ila rly  to  th e  s a tu ra tio n  sections of iso th e rm s m easu red  u n d e r  s ta tic  
cond itions, n h a rd ly  depends on th e  po lym er c o n c e n tra tio n  of th e  so lu tion . 
T he ch a rac te ris tic  c o n c e n tra tio n  a t  w hich th e  steep  change s ta r ts  is a b o u t 
tw ice as h igh  for low  m olecu la r m ass unhy d ro ly zed  p o ly ac ry lam id e  as fo r th e  
h igh  m olecular m ass h y d ro ly zed  po lym er.

I t  can  also be observed  th a t  fo r so lu tions also  c o n ta in in g  foreign  e lec tro 
ly te  th e  range  o f c o n c e n tra tio n  independence  is m u ch  w ider.
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Fig. 3. Variation of the adsorbed amount of different polyacrylamides with concentration
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Fig. 4. Variation of the adsorbed amount of different polyacrylamides with concentration
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A com parison  o f  th e  tw o  figu res show s th a t  so lu tions w h ich  also co n ta in  
sod ium  chloride h a v e  a h ig h er a d so rp tio n  a t  th e  sam e p o ly m er co n cen tra tio n  
th a n  in  the  absence o f  foreign  ions. T he v a r ia tio n  of ad so rb ed  am o u n t w ith  
e lec tro ly te  c o n c e n tra tio n  is c learly  p roved  b y  F ig . 5, in  w hich  th e  values of n 
o b ta in ed  for th e  tw o  po lym ers m en tio n ed  are  p lo tte d  as a fu n c tio n  of th e  
sod ium  chloride c o n c e n tra tio n  of th e  so lu tion .
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Fig. 5. Variation of the adsorbed amount of different polyacrylamides with salt concentration

A lthough  th e re  is a d ifference o f  one o rder o f m agn itu d e  b e tw een  th e  
r ig h t an d  le ft o rd in a te s  of th e  fig u re , th e  scale is th e  sam e. T herefore, in  a d d i
tio n  to  re flec tin g  th e  d irection  o f th e  n vs. cNaC] co rre la tio n , th e  fig u re  also 
show s th a t  th e  specific  adso rp tio n  of u n h y d ro ly zed  po lyacry lam ide  dep en d s 
m uch  less on th e  co n cen tra tio n  o f  s a lt th a n  of th e  hyd ro ly zed  p o ly m er: th e  
change is 1.2 fo r th e  fo rm er and  1.45 fo r  th e  la tte r .

A com prehensive  in te rp re ta tio n  o f th e  ex p e rim en ta l d a ta  p re se n te d  is 
possible on ly  th ro u g h  th e  s tru c tu re s  o f  so lu tions, on a m olecular basis, ta k in g  
in to  acco u n t gel c o n c e n tra tio n , th e  d e n s ity  and  size o f ran d o m  coils, th e  in te r a c 
tions o f ran d o m  coils, an d  th e  rev ersib le  changes th e re o f  u n d e r th e  g iven  co n 
d itions.

Such a t te m p ts  w ere pub lished  b y  W illhite a n d  D ominguez [23, 24], 
b u t  th e se  p ap ers  a t ta c h  im p o rtan ce  o n ly  to  th e  associa tion  phenom ena w h ich  
p lay  a role in  th e  m ech an ica l po lym er re te n tio n  b y  th e  po rous m edium .

F rom  d y n am ic  in v e tig a tio n s  on a large n u m b er o f polym ers i t  ap p e a rs  
th a t  th e re  is a co rre la tio n  betw een  ad so rp tio n  an d  v isco sity , p a r tic u la r ly  th e  
in tr in s ic  v isco sity  o f  th e  solu tion . L e t us assum e th a t  fo r d ilu te  p o ly m er so lu 
tions n o t th e  p o ly m er ch a in  b u t th e  s ta tis t ic a l  or ra n d o m  m olecular coil, f ree ly  
f lo a tin g  in  th e  so lu tio n , tak es  p a r t  in  th e  adso rp tio n . T herefo re , as a f ir s t  s te p , 
a co rre la tio n  is se t u p  betw een  th e  adso rbed  a m o u n t an d  in trin sic  v isco s ity  
and  th e  e q u iv a len t coil d iam ete r ca lcu la ted  from  m olecu la r m ass a n d  coil 
d en sity . P lo tt in g  th e  n  ag a in st e q u iv a le n t coil d ia m e te r  an d  coil d e n s ity , re-
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Fig. 6. Variation of the adsorbed amount of the polymer with the equivalent diameter of
random coils

Fig. 7. Variation of the adsorbed amount of different polyacrylamides with coil density
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spec tiv e ly , F igs 6 a n d  7 can  be o b ta in ed . In c id en ta lly , i t  is n o te d  th a t  in  th e  
so lu tions p rep ared  fro m  ca. 20 d iffe ren t po lym ers, gel c o n c e n tra tio n  v a ried  
b e tw een  15 an d  5 0 % , i.e. th e  p o ly m er so lu tions h ad  s u b s ta n tia l  am o u n ts  of 
free so lven t in  excess.

T he eq u iv a len t coil d ia m e te r  of p o lym er m olecules m easu red  in  so lu tion  
is p ro p o rtio n a l to  th e  cub ic  ro o t of in trin s ic  v iscosity  a n d  average  m olecu lar 
m ass. H ow ever, th e  coil d e n s ity  changes in  an  opposite  w ay : th e  d iso rder 
(tang le) of th e  m olecule a n d  th e re fo re  th e  coil d en sity  decreases s lig h tly  w ith  
re la tiv e  m olecular m ass a n d  su b s ta n tia lly  w ith  th e  degree o f h y d ro lysis . A ccord
in g  to  o u r ca lcu la tio n s, th e re  is a lm o st one o rder o f m ag n itu d e  difference 
be tw een  th e  coil d en sitie s  o f po lym ers w ith  equal m o lecu la r m ass b u t  w ith  
hy d ro ly sis  degrees o f 0 a n d  30% . As a re su lt o f th e  increase  in  re la tiv e  m olecu
la r  m ass an d  degree o f h y d ro ly sis , th e  am o u n t of th e  p o ly m er re ta in e d  b y  th e  
porous m odel and  th u s  th e  a d so rp tio n  decreases since th e  vo lum e of ran d o m  
coils increases, w hich  is  also accom pan ied  b y  a s u b s ta n tia l  decrease in  coil 
d en sity . Since th e  coil d e n s ity  is d e te rm in ed  p rim arily  b y  th e  n u m b e r o f n eg a 
tiv e ly  charged  ca rb o x y  g ro u p s, i t  is c lear th a t  adsorbed  a m o u n t depends b as i
ca lly  on th e  degree o f h y d ro ly s is , an d  th e  average re la tiv e  m olecu lar m ass of 
th e  p o ly m er p lay s on ly  a  seco n d ary  role (Figs 1 and  2).

In  o rder to  i l lu s tra te  th e  effect of po lym er co n cen tra tio n , d a ta  are  given 
fo r tw o  d iffe ren t ty p e s  o f  po ly m er. T he ch a rac te ris tic  changes c a n n o t be in te r 
p re te d  in  te rm s of coil d e n s ity  an d  th e  vo lum e or size o f  th e  m olecule, since 
th e se  fac to rs  h a rd ly  ch an g e  w ith  p o lym er co n cen tra tio n . (A ccording to  our 
m easu rem en ts , th e  e q u iv a le n t coil d iam e te r decreased  in  som e cases to  a n eg 
lig ib le e x te n t w ith  in c reas in g  p o ly m er con cen tra tio n .) T h ere  are , how ever, 
m uch  s tro n g er changes in  th e  s tru c tu re  of so lu tion ; w ith  increasin g  p o lym er 
c o n cen tra tio n  m uch la rg e r  p o rtio n s  o f th e  so lven t can  be reg a rd ed  as p a r t  o f 
th e  coil. A ccording to  th e  cu rves show n in  Fig. 8, th e  c ritic a l po lym er concen
tr a t io n  above w hich  th e  so lu tion  can  a lread y  be reg a rd ed  as so lv en t defic ien t, 
is 0.57 g d m -3  fo r u n h y d ro ly z e d  p o lyacry lam ide  an d  0.14 g d m -3  fo r th e  
h y d ro ly zed  po lym er in  d is tilled  w a te r  so lu tion . Owing to  th e  c o n tra c tin g  effect 
o f foreign  e lec tro ly tes th e se  d a ta  change to  2 an d  0.95 g d m -3  in  saline w a te r.

R eferring  in  p a r t  to  u n p u b lish ed  d a ta , W illhite an d  D ominguez [23] 
s ta te  t h a t  above th e se  co n c e n tra tio n s  th e  in te rac tio n s  b e tw een  th e  so lu te  m ole
cules a lread y  can n o t be n eg lec ted , i.e. aggregates s ta r t  to  fo rm . N ear an d  above 
th e  c ritic a l po lym er c o n c e n tra tio n  th e re  is no so lu tion  in  th e  co n v en tio n a l sense, 
th e  w hole system  can  be  reg a rd ed  as a gel, in  w hich th e  m o lecu lar coils are 
n o t sep a ra ted  from  one a n o th e r. In  a d so rp tio n  s tud ies ca rr ied  o u t in  porous 
m ed ia  u n d e r dynam ic  co n d itio n s , th e se  fac ts  have th e  fo llow ing consequences. 
In  th e  ad so rp tio n  on ro c k  su rfaces m olecu lar aggregates, r a th e r  th a n  coils, 
ta k e  p a r t ,  th e  pore vo lu m e or pore surface availab le  fo r th e  p o ly m er decreases 
ow ing to  th e  increasin g  size o f th e  species, an d  th e  d y n am ic  an d  irreversib le
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Cpolymer, 9 dm 3

Fig. 8. Variation of gel concentration with polymer concentration

p o ly m er re ten tio n  or f i l te r in g  sets in . T he decrease in  accessib le pore vo lum e is 
f a r  overcom pensated  b y  th e  effect o f th e  tw o  o th e r fa c to rs , p rim arily  b y  th e  
m ech an ica l e n tra p m e n t an d  re te n tio n  of th e  p o lym er, w h ich  is also p roved  b y  
th e  s te a d y  increase in  th e  p ressu re  g rad ien t m easu red  on th e  porous m odel. 
C onsequen tly , th e  s te e p  increase in  th e  adso rbed  a m o u n t vs. po lym er concen
t r a t io n  curve occurs in  th e  v ic in ity  of th e  c ritica l p o ly m er co n cen tra tio n , and  
i t  c a n  be traced  b a c k  basica lly  to  m echan ical re te n tio n  an d  n o t to  so rp tion  
phenom ena .

In  connection  w ith  th e  s tru c tu re  of th e  ad so rp tio n  la y e r, m an y  au th o rs  
[12, 25, 26] are o f th e  op in ion  th a t  i t  is u su a lly  m onom olecu lar, no ting  th a t  th e  
ca lc u la ted  coverage is  genera lly  h ig h er th a n  u n ity . I t  h as  been show n b y  
Gr e e n e  [27] on m e th a c ry la te s  t h a t  th is  coverage arises from  th e  fac t th a t  
th e  ca lcu la ted  vo lum e o f th e  m o lecu lar coil is la rg e r th a n  th e  tru e  v a lue , an d  
m u tu a l  chain p e n e tra tio n  o f ne ighb o u rin g  coils m ay  also occur.

W e should ad d  to  th is  reason ing  th a t  in  a porous sy stem , even if  h ig h ly  
co m p atib le , c e rta in  degree of m echan ical re te n tio n  c a n n o t be excluded, and  
th is  also co n tribu tes to  th e  increase of coverage. F o r th e  a p p ro x im a te ly  lin ea r  
sec tions of th e  cu rves in  F ig . 4, we have  ca lcu la ted  th e  v a lu es  of coverage on 
th e  basis of th e  specific  surface a rea  m easu red  b y  p e rm eo m etry , an d  th e y  
w ere  found  to  be 2.21 fo r  th e  u n h y d ro ly zed  p o lym er an d  1.98 for hyd ro lyzed  
po lyacry lam ide , in  c o n s tra s t  w ith  th e  l i te ra tu re  d a ta  c ited . T hese values show
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a s lig h t increase  w ith  po lym er c o n c e n tra tio n , an d  a steep  increase  s ta r t in g  
a t  th e  c ritic a l concen tra tio n .

T he fo rm a tio n  o f an  ad so rp tio n  m u ltila y e r, w hich  is m ore a p p ro p ria te ly  
ch a rac te rized  b y  segm ent d en sity  acco rd ing  to  Silberberg  [28], can  be e x p la in 
ed n o t on ly  b y  th e  adso rp tion  o f m o lecu la r aggregates. A ccording to  th e  con
v incing  ex p erim en ts  o f Thomas [26] in  glass cap illaries, fu r th e r  lay e rs  can  be 
b u ilt  on th e  po lym er m onolayer w hen  th e  ra tio  o f th e  d iam ete r o f c a p illa ry  
an d  th e  ran d o m  coil is sm aller th a n  4. In  th e se  cap illa ries or pores th e  m o tio n  
o f th e  liq u id  slows dow n, and  i f  a su ffic ien tly  long  c o n ta c t tim e  is ava ilab le , 
th e  free ly  f lo a tin g  coil is bound  v ia  chain  p e n e tra tio n  on th e  f irs t  lay e r.

Since fo r th e  flooding  o f n a tu ra l  h y d ro ca rb o n -co n ta in in g  po rous m ed ia  
i t  is p re fe rab le  to  ap p ly  a p o lym er so lu tio n  in  w hich th e  average coil size is 
close to  th e  average  pore size (ra tio  ca. 10), i t  shou ld  be ta k e n  in to  acco u n t 
th a t  th e  m a jo r p a r t  o f pore surface is covered  b y  a p o lym er m u ltila y e r in  th e  
f irs t p lace , i.e. l i te ra tu re  d a ta  suggesting  m onom olecu lar coverage u n d e r n a tu 
ra l co n d itio n s should  be accep ted  w ith  critic ism . C onsequently , ad so rp tio n  
m odels (e.g. H irasaki and  P ope [29]) t h a t  ca lcu la te  th e  p e rm eab ility  ag a in s t 
w a te r  from  th e  flow  cross-section red u c in g  effect o f th e  m onom olecu lar la y e r  
shou ld  be m odified , or th e ir  v a lid ity  re s tr ic te d .

T he effects o f inorganic  sa lt in  n a tu ra l  co n n a te  w ate rs on p o ly m er a d so rp 
tio n  w ere in v es tig a ted  b y  several a u th o rs  [9 —1 1 ,13 , 30]. T hey  h av e  u n a m b ig 
uously  estab lish ed  th a t  adsorbed  a m o u n t increases w ith  th e  co n c e n tra tio n  of 
foreign e lec tro ly tes. W e have fo u n d  [31] th a t  in  th e  presence of m ono- or 
d iv a len t sa lts  th e  dissociation  o f p o ly e lec tro ly tes  is suppressed , an d  th u s  th e  
c o n trac tio n  o f ran d o m  coils is responsib le  fo r th e  adverse changes in  th e  rh eo 
logical p ro p e rtie s  o f po lym er so lu tions (e.g. v iscosity ).

F igu res 9 an d  10 show th e  v a r ia tio n  o f th e  coil d iam eters an d  d ensities 
o f th e  tw o  d iffe ren t po lym ers in v es tig a ted  as a fu n c tio n  of th e  sodium  ch lo ride 
co n cen tra tio n  o f th e  solu tion . I t  can  be seen from  th e  figures th a t  th e  eq u iv 
a len t coil d iam e te r  an d  coil d en sity  change a t  f irs t a b ru p tly  w ith  sa lt co n 
c e n tra tio n , an d  th e n , from  ca. 2 g d m -3  c o n cen tra tio n , th e  s tru c tu re  o f th e  
so lu tion  h a rd ly  changes. A com parison  o f th e  va lu e  also shows th a t  desp ite  
th e  n e a rly  id en tica l re la tiv e  changes, th e  sa lt co n cen tra tio n  has a m u ch  la rg e r 
effect on th e  s tru c tu re  of th e  so lu tion  o f h y d ro ly zed  p o lyacry lam ide  th a n  on 
th a t  o f th e  u n h y d ro ly zed  low m olecu lar m ass po lym er. This is easy  to  u n d e r
s ta n d  i f  i t  is ta k e n  in to  account th a t  in  th e  fo rm er case th e  size o f th e  m ole
cule in  so lu tio n  is affected  n o t on ly  b y  th e  m o lecu lar m ass b u t also b y  th e  
degree o f  hyd ro ly sis . (In  th e  e lectron  m icro g rap h s of H err  an d  R outson [32], 
th e  rig id  chains o f hyd ro lyzed  p o ly ac ry lam id e  in  ion-free so lu tions are  w ell 
observab le , w hereas in  a so lu tion  c o n ta in in g  0.5 M  sodium  chloride, th e  sp h e ri
cal coil is th e  d o m in an t species.) T he changes in  th e  d en sity  an d  size o f ra n d o m  
coil th u s  ex p la in  th e  phenom enon  show n in  F ig . 5, n am ely  th a t  specific adso rp -
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F ig . 9 . Variation of the equivalent diameter and density of random coils with the sodium
chloride concentration

t io n  varies m ore s tro n g ly  w ith  sa lt co n c e n tra tio n  for hyd ro lyzed  th a n  fo r 
u n h y d ro ly zed  po ly acry lam id es.

O n th is  basis, how ever, i t  is d iff ic u lt to  ex p la in  w h y  th e  tw o  cu rves 
show n in  F ig . 5 s till in crease  above a s a lt co n c e n tra tio n  of 2 g d m -3 , a lth o u g h  
acco rd in g  to  Figs 9 a n d  10, th e  s tru c tu re  o f  th e  so lu tion  h a rd ly  changes above 
th is  io n  co n cen tra tio n . I t  should  be n o ted , how ever, th a t  th e  shape o f th e  cu rves 
in  th e  region o f low  s a lt  con cen tra tio n s is d e te rm in ed  p resu m ab ly  n o t o n ly  
b y  ad so rp tio n  p h en o m en a  b u t  also b y  th e  decrease o f th e  e lec trok ine tic  p o te n 
t ia l  o f  q u a rtz  an d  m ech an ica l re te n tio n  as w ell. Since we s tu d ied  p o ly m er 
so lu tio n s of 0.5 g d m -3  co n cen tra tio n , th e  v a lu e  o f n a t  th e  orig in  o f th e  cu rves 
co rresponds u n am b ig u o u sly  to  a p o ly m er so lu tio n  in  th e  gel s ta te  w ith  th e  
h y d ro ly zed  p o lym er (m ore th a n  th ree  tim es  h ig h er th a n  th e  c ritica l p o lym er 
co n cen tra tio n ), an d  i t  is close to  th e  c ritic a l s ta te  w ith  th e  u n h y d ro ly zed  p o ly 
m er. T he m ag n itu d e  o f  th e  excess loss a ris in g  from  dynam ic an d  irrev ersib le  
p o ly m er re te n tio n  c a n n o t he dete rm in ed  u n d e r  th e  given cond itions, b u t  i t  
h a s  been  found b y  Szabó [13] th a t  th e se  tw o  fac to rs, s im ilarly  to  specific  
so rp tio n , g rea tly  d ep en d  on the  sa lt co n cen tra tio n .

F ro m  th e  asp ec ts  o f sorp tion , th e  n a tu re  o f e lec tro ly tes is also re le v a n t. 
T h e  sa lts  of m u ltiv a le n t m etals c o n tra c t th e  coils b y  10—30%  m ore th a n  th e  
sa lts  of a lkali m e ta ls  [31]. Therefore, in  th e  p resence o f di- an d  m u ltiv a le n t 
c a tio n s , adsorbed  a m o u n t increases w ith  decreasing  valence n u m b er o f  th e  
ca tio n .

Acta Chim. Acad. Sei. Hung. 105, 1980



LAKATOS, LAKATOS-SZABÓ: POLYACRYLAMIDES IN POROUS MEDIA 69

C NaCI , 9 dm3

Fig. 10. Variation of the equivalent diameter and density of random coil with the sodium
chloride concentration

T he so-called  sa lt effect as a  w hole has an  adverse in fluence on  th e  
m echan ism  o f p o lym er d isp lacem en t, an d  th e re fo re  on th e  econom y o f th e  
process b ased  th e reo n . I t  increases th e  a d so rp tio n  an d  m echanical losses on 
th e  porous m ed iu m , decreases th e  v isco s ity  o f th e  so lu tion  and  increases th e  
risk  o f in  situ  b a r r ie r  fo rm ation . T he m ax im u m  sa lt co n cen tra tio n  of co n n a te  
w a te r a t  w h ich  th e  process is s till ap p licab le  is u su a lly  e s tim a ted  as 2 0 —25 g 
d m - 3 . I f  c o n n a te  w a te r  is p a r tic u la r ly  rich  in  calcium  an d  m agnesium  sa lts , 
th is  c o n c e n tra tio n  m ay  n o t exceed lO g d m - 3 . T he p resence of salts has, h o w 
ever, a c e r ta in  s tab iliz ing  effect as w ell. T h is arises from  th e  fac t th a t  th e  s a lt  
co n cen tra tio n  o f con n a te  w a te r is ra re ly  less th a n  1 —2 g d m -3 , w h ich  is 
usually  enough  to  decrease th e  gel c o n c e n tra tio n  o f th e  solu tion  below  100% . 
I t  is there fo re  possib le to  ca rry  o u t th e  flood ing  w ith  non-gellified so lu tio n , 
except for th e  h ead -fro n t o f slug w ith  p ro g ram m ed  co n cen tra tio n  p ro file , in  
w hich th e  p o ly m er co n cen tra tio n  is g en era lly  1 —1.5 g  d m - 3 . This is a p re c o n 
d ition  of c o m p a tib ility , an d  also o f th e  s itu a tio n  in  w hich  th e  in te ra c tio n  o f 
th e  rock  an d  th e  free ly  f lo a tin g  ran d o m  coils is th e  d o m in an t fac to r in  p o ly m er 
re ten tio n  b y  th e  porous system .

T he e x p e rim e n ta l d a ta  an d  th e  above considera tions show  th a t  in  n a tu ra l ,  
conso lidated  po rous system s so rp tion  p h en o m en a  m ay  n ev er tak e  place alone. 
L e t us ta k e  fo r in s ta n c e  th e  s tru c tu re  o f  a porous ro ck  from  C songrád-South  
(H ungary ) a rea . T h e  po re  size d is tr ib u tio n  (d e te rm in ed  b y  m ercu ry  p o rosim etry ) 
of th e  rock  w ith  th e  re la tiv e ly  low  b u t  n o t uncom m on p erm eab ility  o f ca.
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Fig. 11. The pore size distribution of a rock of low permeability, from Algyő, as a function 
of percent specific surface area (as) and pore volume ( Vp) (shaded areas include the data for

three samples)

3.0 X 1 0 ~ 2 jinn2 as a fu n c tio n  o f pore vo lum e a n d  specific surface a rea  is show n 
in  F ig . 11. I t  can be seen  th a t  80%  o f th e  p o re  volum e is rep resen ted  b y  pores 
g re a te r  th a n  10я n m  in  rad iu s  w hereas 8 0 %  o f th e  specific su rface area  o f ca. 
7 X 1 0 3 c m 2g _1 arises fro m  pores sm aller th a n  102 nm  in rad ius. T h is pore su r
face  is inaccessible ev en  fo r th e  coils o f th e  unhydro lyzed  p o ly m er w ith  low  
re la tiv e  m olecular m ass. A lthough  th e  f lu id  flow s alm ost exclusively  in  th e  
la rg e  pores, due to  th e  f ilte r in g  effect o f  th e  sm aller pores rep re sen tin g  on ly  
2 0 % , so m uch p o ly m er m ay  be re ta in e d  in  th e  system  th a t  th e  p o lym er loss 
in  th e  m odel a p p a re n tly  corresponds to  m u ltila y e r  adso rp tion  w hen  re fe rred  
to  specific  surface a re a , an d  i t  su b s ta n tia lly  changes th e  p a ra m e te rs  of flow  
(res is tan ce  fac to r, re s id u a l resistance fa c to r , etc.).

A  consequence o f  th e  s im u ltaneous processes m en tioned  is th a t  fo r th e  
p o ly acry lam id es u sed  in  oil d isp lacem en t th e  ex ac t descrip tion  o f th e  a d so rp 
t io n  phenom ena in  po rous system s u n d e r  dynam ic  cond itions is genera lly  
im possib le  or possib le on ly  to  a lim ited  e x te n t.

Conclusions

In v es tig a tin g  th e  so rp tion  p h en o m en a  o f  d ifferen t p o ly acry lam id es u n d e r 
d y n am ic  cond itions in  porous m edia m ad e  o f  silica sand  we h av e  found  th a t

a) th e  ad so rb ed  am o u n t sligh tly  decreases w ith  increasing  re la tiv e  m olec
u la r  m ass of th e  p o ly m er and  s tro n g ly  decreases w ith  in creasin g  degree of 
hyd ro lysis;

b) th e  effect o f  th e  m olecular m ass a n d  degree of hy d ro lysis  can  be tra c e d  
b a c k  to  v a ria tio n s  in  den sity , acco m p an y in g  th e  changes in  th e  ran d o m  coil size;
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c) up  to  th e  c ritic a l p o lym er co n cen tra tio n  th e  am o u n t o f adso rbed  
po lym er is p ra c tic a lly  in d e p e n d e n t o f th e  p o lym er c o n cen tra tio n , an d  above 
th is  co n cen tra tio n  i t  sh a rp ly  increases owing to  m echan ica l po lym er re te n tio n  
b y  th e  porous m ed ium ;

d) w ith  in creasin g  c o n cen tra tio n  of dissolved ino rg an ic  sa lts  th e  adso rbed  
am o u n t also increases, due to  increasing  coil d en sity ;

e) th e  a d so rp tio n  b e h av io u r o f hyd ro lyzed  po lym ers, due to  th e  s tru c tu ra l 
differences betw een  th e  so lu tion  an d  th e  coil, depend  on  th e  sa lt co n cen tra tio n  
to  a g rea te r e x te n t th a n  th e  b eh av io u r o f u n y h o d ro ly zed  polym ers;

f) in  po lym er flood ing  u n d e r a p p ro x im a te ly  co m p atib le  cond itions w ith  
u su a l po lym er an d  sa lt co n cen tra tio n s , th e  in te ra c tio n  o f th e  rock  an d  th e  
free ly  f lo a tin g  p o ly m er coil is d o m in an t in  th e  so rp tio n  phenom ena, b u t  th e  
ca lcu la ted  coverage is a lw ays g re a te r  th a n  u n ity ;

g) in  p ro g ram m ed  floo d in g  or in  th e  case of low  pore  size/coil size ra tio , 
th e  adsorbed  p o lym er film  is a m u ltilay e r, w hich can  be a t t r ib u te d  to  th e  s im u l
ta n e o u s  effect o f th e  ad so rp tio n  o f coil aggregates, ch a in  p e n e tra tio n  of r a n 
dom  coils an d  m ech an ica l po lym er re te n tio n ; and

h) in  th e  flood ing  o f n a tu ra l ,  conso lida ted  po rous rocks th e  ca lcu la ted  
m u ltila y e r ad so rp tio n  is due p rim a rily  to  th e  overlap  b e tw een  th e  d is tr ib u tio n  
curves o f pore size an d  m o lecu lar m ass an d  to  m echan ical po lym er re te n tio n , 
o f  filte rin g , arising  th e re fro m .

D ue to  th e  s im u ltan eo u s n a tu re  o f so rp tio n  p h en o m en a  an d  m echan ical 
p o ly m er re ten tio n , th e  e x a c t d esc rip tio n  of ad so rp tio n  processes in  n a tu ra l  
po ro u s rocks u n d er d y n am ic  co n d itions is a t  p resen t v e ry  com plicated .
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The adsorption of hydrogen on partly dehydrogenated, dried Raney nickel has 
been studied by magnetic and dynamic microcalorimetric methods. It has been found 
that the high hydrogen content of Raney nickel in comparison with other nickel catal
ysts is stabilized by the liquid, primarily water, covering the catalyst. On dry catalyst, 
upon repeated hydrogen adsorption, one order of magnitude less gas is bound, but 
with high bond strength. Hydrogen determined by thermodesorption (detectable with 
certainty up to 500 K) is desorbed from the catalyst and does not arise from the possible 
water-metal reactions.

O ur in v es tig a tio n s  on th is  spec ia l c a ta ly s t ty p e  b y  severa l m eth o d s h a v e  
been  rep o rted  in  a series of p u b lic a tio n s  [1 — 9].

T hese m easu rem en ts were c a rr ie d  o u t to  clarify  how  th e  s tru c tu re , a c t iv 
i ty  a n d  hydro g en  co n ten t of th e  ac tiv e  c a ta ly s t are in te rre la te d  a n d  how  
th ese  p ro p erties  can  b y  in fluenced  b y  th e  m ethods o f c a ta ly s t p re p a ra tio n  
an d  p rom otion .

As a conclusion on th e  h y d ro g en  c o n te n t of th e  c a ta ly s ts , we have  e s ta b 
lish ed  th a t  th e re  is a dynam ic in te ra c tio n  betw een  th e  v a rio u s ty p es  of h y d ro 
gen b o u n d  on R a n e y  nickel. A m a jo r  p a r t  o f hyd rogen  is re leased  from  th e  
c a ta ly s t  a lread y  a t  low er te m p e ra tu re s , up o n  flu sh ing  w ith  in e r t gas. B y  
co m p arin g  th e  th erm o d eso rp tio n  b e h a v io u r  o f d ry  ca ta ly s ts  an d  those flu sh e d  
w ith  argon  a t room  tem p era tu re  fo r  a couple  of 10 hours we have  fo u n d  th a t  
d u rin g  th is  t r e a tm e n t, while the  c a ta ly s ts  becom e d ry , th e ir  hyd rogen  c o n te n t 
is lo s t. A ccording to  o u r assum ptions, R a n e y  nickel, un like  o th e r c a ta ly s ts , is 
ab le to  re ta in  h y d ro g en  in  am oun ts g re a te r  b y  one o rder of m ag n itu d e  o n ly  i f  
covered  w ith  w a te r, an d  hydrogen is also  released  s im u ltaneously  w ith  d ry in g  
w hen  th e  c a ta ly s t is f lu sh ed  w ith  a rg o n .

T he rep ea ted  m easu rem en t o f  th e  hyd rogen  so rp tio n  c a p ac ity  o f th e  
d ried  c a ta ly s t , w hich  w as released m o s t o f i ts  hydrogen  co n te n t, m ay  u n a m b ig 
u o u sly  p ro v e  th e  co rrec tness of th e  ab o v e  assum ption : i f  i t  is s u b s ta n t ia l ly  
low er th a n  th e  orig inal, ou r assu m p tio n  is co rrec t. R e-m oistened  R an ey  n icke l 
is ag a in  ab le  to  adso rb  h igher am o u n ts  o f hyd rogen . T his is, how ever, in su ffi
c ien t fo r p rov ing  th a t  th e  presence o f  a liq u id  shell is n ecessary  for b in d in g
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la rg e r am o u n ts  o f h y d ro g e n , since in  th e  h y d ro g e n a tio n  of d ry  c a ta ly s ts  th e  
a m o u n t o f rep ea ted ly  ad so rb ed  hydrogen is u n k n o w n . T his c an n o t he d e te r
m ined  b y  th e rm o d eso rp tio n , since during  th e  rep lacem en t o f hydrogen  w ith  
argon , th e re  is a p a r tia l  d e so rp tio n  and th u s  th e  a m o u n t o f re p e a te d ly  adsorbed  
h y d ro g en  can n o t be m e sa u re d  accura tely . G as ad so rp tio n  can  he m easured  
rep ro d u c ib ly  b y  v o lu m e tric  or g rav im etric  m e th o d s  if  th e  sam ple  is tre a te d  in  
v a c u u m  fo r a su ffic ien tly  long  tim e a t h ig h  te m p e ra tu re  (> 4 2 3  K ). H ow ever, 
in  th e  case of R an ey  n ick e l th is  would in v o lv e  a change in  s tru c tu re  an d  th e re 
fore th e  in fo rm ation  o b ta in e d  would n o t re f le c t th e  orig inal s ta te .

A ccordingly , th e  re p e a te d  adsorp tion  o f h y d ro g en  w as s tu d ied  by  m ag n e t
ic a n d  m icrocalo rim etric  m ethods [10], in  o rd er to  o b ta in  a t  least in d irec t 
d a ta  on th e  q u a n tity  a n d  q u a lity  of a d so rb ed  hydrogen .

E xperim en ta l

Raney nickel catalysts were prepared by a special method [11] from an alloy containing 
50 wt.% of Ni and 50 wt.% of Al. The catalyst was washed to neutral and stored under dis
tilled water.

Magnetization was measured on a Faraday type apparatus [7].
The dynamic microcalorimetric measurements were performed on a DuPont 990 

Thermal analyzer.

R esults

T o determ ine  th e  th e rm o m ag n e tic  c u rv e , m ag n e tiza tio n  w as m easu red  as 
a fu n c tio n  of te m p e ra tu re , in  argon a t  a h e a tin g  ra te  o f  10°/m in, an d  th e n , 
w ith  th e  ca ta ly s t h e a t  tre a te d  a t th e  m a x im u m  te m p e ra tu re  (673 K ), th e  
m easu rem en t w as c o n tin u e d  a t decreasing  te m p e ra tu re s . T he curve is show n 
in  F ig . 1.

Fig. 1. Thermomagnetic curve of Raney nickel in argon
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T he fu r th e r  th e rm o m ag n e tic  cu rves, m ore p recisely  th e ir  p a r ts  co rre 
sp o n d in g  to  rising  te m p e ra tu re , w ere o b ta in ed  in  argon u n d e r  th e  cond itions 
g iven  in  T ab le  I . The p a ram e te rs  v a rie d  w ere th e  te m p e ra tu re  o f d ry in g  u n d e r 
arg o n  (373 an d  403 K ), th e  tim e  o f d ry in g  (1200—3600 s), th e  te m p e ra tu re  
(298—323 K ) an d  tim e  (3600—5400 s) o f hyd ro g en a tio n  an d  th e  tim e  an d  te m 
p e ra tu re  of h e a t t re a tm e n t in  argon .

A s can  he seen from  th e  d a ta  o f  T ab le  I  (colum ns 2 —6), d u rin g  d ry in g  
a t  373 К  a su b s ta n tia l am o u n t o f h y d ro g en  is desorbed (zJcr2gi =  3 —6 em u 
g -1 c m -3 , an d  on ly  a frac tio n  o f th is  a m o u n t can be reso rbed  b y  th e  c a ta ly s t 
in  a re p e a te d  h y d ro g en a tio n  (Acr250 =  0 .6 —2). (1 em u =  103/4тг A m -1 ).

O n flu sh in g  th e  c a ta ly s t w ith  argon  (Table I, co lum n 6) a t  323 K , th e  
m a g n e tiza tio n  reaches th a t  o f th e  c a ta ly s ts  tre a te d  a t  h ig h er te m p e ra tu re s  
w ith in  2 hrs.

T he sam ples d ried  a t  373 К  fo r 1 h r  (colum ns 4, 5) have  h ig h er m a g n e t
iz a tio n  a fte r  h e a t t re a tm e n t th a n  th o se  d ried  for sh o rte r tim es (colum ns 
1, 2, 3), i.e. co n ta in in g  m ore w a te r.

T h e  tim e  an d  te m p e ra tu re  o f h e a t t re a tm e n t a t  h igher te m p e ra tu re  h av e  
less in fluence  on th e  m ag n e tiza tio n  o f th e  ca ta ly s t m easu red  a fte r  a h ea t, 
t r e a tm e n t  a t  298 К  th a n  does th e  tim e  o f d ry ing  a t  373 K .

In  th e  dynam ic  m icroca lo rim etric  m easurem ents th e  c a ta ly s t  sam ple 
w as h e a te d  u n d e r an  argon flow  o f 25 cm 3/h  a t  a ra te  o f 10°/m in, an d  th e  
th e rm a l effect w as recorded  (F ig. 2). A t th e  beg inning  o f m easu rem en t, up  to  
373 K , a s tro n g  th e rm a l effect can  be observed , w hich co rresponds to  th e , 
re lease  o f w a te r. B etw een  373 an d  673 К  a f la t , d raw n -o u t ex o th e rm ic  effect 
ap p ears  (its  p resum ab le  shape is in d ic a te d  b y  th e  dashed  line in  th e  figu re  
w ith  a m ax im u m  a t  493 — 503 K . O n th is  exo therm ic  signal, a sh a rp  en d o th e r-

Fig. 2. Microcalorimetric curve of Raney nickel
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Table I

Magnetization of Raney nickel on drying, hydrogenation and heat treatment in argon

Conditions of measurement Conditions of measurement

T(°C) Gas (//min) a
(emu g_1cm,) T(° C) Gas (i/min) <r

(emu g - Jcm8)

25 Ar 26.9 25 Ar 26.9
130 * 0 26.7 100 0 26.0

,20 27.5 .30 27.6
50 H2 90 30.3 25 — 30.7
50 Ar 0 30.9 25 H„ 0 28.8

20 31.5 60 28.8
130 0 28.0 230 Ar 0 21.7

20 28.5 50 23.8
220 0 18.6 300 Ar 0 7.2

30 20.1 10 8.4
350 0 8.5

10 7.0
400 0 2.3

10 2.4

25 40.4 25 41.1
25 — 26.9 25 Ar — 26.9

100 Ar 0 23.6 100 Ar 0 24.1
2 24.3 2 24.3
5 27.1 >,60 28.1

10 28.5 25 Ar 31.1
20 29.0 25 H2 60 30.5
30 29.9 25 Ar 0 30.6

,60 31.2 2__ 30.6
25 33.0 40 31.1
25 31.1 100 0 28.1
25 Ar 0 31.5 2 28.3

10 31.9 40 28.7
30 32.5 200 0 23.8
60 32.6 2 23.8

100 0 29.1 20 24.1
20 29.5 250 0 18.7
30 29.8 2 18.7

200 0 23.2 20 19.6
20 24.1 300 0 12.7

250 0 18.9 2 14.0
20 19.9 20 14.6

300 0 13.2 350 0 7.1
20 13.7 2 7.2

350 0 6.3 20 7.0
20 7.4

25 44.2 25 43.3

Conditions of measurement

Г("С) Gas (//min) <r(emu g-1cm3)

25 Ar — 26.9
100 1 0 26.3

-j.20 27.3
25 H2 60 28.0
25 Ar 120 29.9

115 Ar 0 26.6
20 27.4

175 0 21.4
25 22.3

230 0 16.7
30 18.6

290 0 11.3
20 12.0

365 0 1.5
15 2.4

290 Ar 14.3
230 23.5
175 29.4
115 37.1
25 40.1
25 Ar 1 — 26.9

100 Ar i.60 30.6
50 Ar — 36.5
50 H2 60 34.7
50 Ar 5 34.7

10 34.9
20 36.4
45 40.1
60 41.5

120 42.0

25 42.7

* Data marked with arrow refer to drying 
(1 emu =  103/4 л А т -1)
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m ic p eak  is superim posed  a t 523 K . T h is  is th e  th e rm a l effect o f a lu m in a  p re 
sen t in  th e  fo rm  o f hyd rarg illite  in  th e  c a ta ly s t  [12].

On a d m ittin g  hydrogen to  th e  sam p le  d ried  a t  373 К  u n d er argon  flow  
an  exo therm ic  p e a k , ind ica ting  a d so rp tio n , can  be observed . W hen h y d ro g en  
is rep laced  b y  a rg o n , a m ore p ro lo n g ed  en d o th e rm ic  process tak es  p laces. B y  
exchang ing  th e  gases several tim e s , th is  effect can  be rep roduced . A fte r  c a li
b ra tin g  th e  in s tru m e n t, th e  m a g n itu d e  o f th e  exo th erm ic  peak  can  be 
d e te rm in ed  from  th e  in teg ra ted  a re a  o f  th e  peak .

T he th e rm a l effect of a d so rp tio n  w as fo u n d  to  be a ro u n d  12.6 m j/m g . 
R eg ard in g  th e  h e a t  o f adso rp tion  o f h y d ro g en  on n ickel as 105 х Ю 3 J /m o l
[13], th e  above e ffec t corresponds to  a h y d ro g en  a m o u n t o f 3 cm 3/g c a ta ly s t .

D iscussion

A ccording to  o u r in v estiga tions re p o r te d  in  prev ious pub lica tions [2, 7], 
w ith  th e  so-called h ig h ly  active R a n e y  n ick e l c a ta ly s ts  th e  am o u n t of h y d ro g en  
desorbed  a t  low er te m p era tu res  ( < 3 7 3  K ) is 2 0 —40 cm 3/g, an d  th e  increase  
in  B o h r m agnetons on desortp ion is b e tw een  0.2 an d  0.3. T he d a ta  of T ab le  I  
show  th a t  upon  d ry in g  a t  373 K , th is  ty p e  o f  hyd ro g en  is m o st p ro b ab ly  com 
p le te ly  released , b u t ,  as estim ated  from  m icroca lo rim etric  m easu rem en ts, in  
a re p e a te d  t r e a tm e n t w ith  hydrogen  o n ly  one te n th  o f th is  am o u n t is reso rbed .

T he decrease in  B o h r m agnetons cau sed  b y  th e  ad so rp tio n  of one h y d ro 
gen a to m  is 0.5 —1.5. A ccordingly, th is  ty p e  o f hyd ro g en  in te ra c ts  w ith  n ick e l 
m ore stro n g ly , i.e. i t  behaves as th e  second  ty p e  o f h y d rogen  de te rm ined  b y  
th e rm o d eso rp tio n .

I t  is c lear fro m  th e  results t h a t  th e  d ry  c a ta ly s t adso rbs su b s ta n tia lly  
less hyd rogen .

In  ag reem en t w ith  the  re su lt o f  th e rm o d eso rp tio n  m easu rem en ts, on 
flu sh ing  w ith  argon , th e  ca ta ly s t re leases i ts  h y d ro g en  c o n te n t a lm ost co m p le te 
ly  w ith in  2 h rs, since i ts  m agnetiza tion  ap p ro ach es  th a t  o f th e  ca ta ly s ts  h e a t 
tre a te d  a t  h igher te m p e ra tu re s . This also  p ro v es th a t  a large p a r t  o f hyd rogen  
d e tec ted  b y  th e rm o d eso rp tio n  is so rb ed  on th e  c a ta ly s t, an d  does n o t arise 
from  a reac tio n  b e tw een  w a te r bonded  in  a lu m in iu m  h y drox ides and  th e  a lu 
m in ium  an d  nickel m e ta l co n ten t of th e  u n leach ed  alloy. As hydrox ides re lease 
th e ir  w a te r  c o n te n t o n ly  above 473 K , th e  w a te r  -)- A l reac tio n  becom es 
possible on ly  above th is  tem p era tu re .

O n th e  o th e r h a n d , th e  a lum in iu m  a n d  n ickel m e ta l co n ten t o f th e  
c a ta ly s t m ay  reac t a t  h ig h e r te m p e ra tu re s  w ith  th e  w a te r  p re sen t, since th e  
m ag n e tiza tio n  m easu red  a fte r h ea t t r e a tm e n t  o f sam ples d ried  for sh o rte r 
tim es a t  373 К  is low er th a n  th a t  of th e  sam p les  su b jec ted  to  m ore prolonged 
drying.
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C onsequently , m ag n e tic  and  dynam ic  m icrocalo rim etric  m easu rem en ts  
on d rie d  ca ta ly s t sam ples su p p o rt ou r p rev io u s hypo thesis , accord ing  to  w hich , 
th e  h ig h  hydrogen  c o n te n t o f R an ey  n ickel is s tab ilized  b y  th e  liq u id  covering  
th e  c a ta ly s t ,  and  on d ry  c a ta ly s ts  th e  a m o u n t of gas bonded  d u rin g  re p e a te d  
h y d ro g en  adso rp tion  is one order of m a g n itu d e  low er, b u t  i ts  bond  s tre n g th  
is h ig h er.

H ydrogen  d e te c te d  b y  th e rm o d eso rp tio n  d e tec tab le  w ith  c e r ta in ty  u p  
to  500 К  is sorbed on th e  c a ta ly s t, and  does n o t  arise from  th e  possible w a te r-  
m e ta l  reactions.
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The f ir s t  p a p e r  on th e  in v es tig a tio n  o f s ila tran es  (R S i(O C H 2CH2)3N ) 
b y  29Si N M R spectroscopy  w as pub lished  in  1977 [1]. In  com m unications 
pub lished  since t h a t  tim e [2— 5] th e  29Si N M R  sp e c tra  o f  36 various s ila tran es  
a n d  fu r th e r  8 r in g  su b s titu te d  s ila tran es  h av e  been  re p o rte d . To s tu d y  th e  
b o n d  s tru c tu re  o f  sila tranes, we d e te rm in ed  th e  29Si chem ical sh ifts for severa l 
s ila tranes an d  trie th o x y silan e  m olecules. T he d a ta  o f  o u r m easu rem en ts t o 
g e th e r w ith  d a ta  m easured  b y  o th e r  au th o rs  fo r th e  in v e s tig a te d  com pounds 
a re  sum m arized  in  T ab le  I.

The sp e c tra  w ere recorded  on a  W P  60 D S (R ru ck er) in s tru m e n t in  
CDC13 so lu tions; TM S was used  as reference m a te ria l. T h e  29Si frequency  w as 
11.919 M Hz, th e  rep ro d u c ib ility  o f  d a ta  was ^ 0 .1  p pm .

As can be  seen from  T ab le  I ,  ou r d a ta  a re  in  good ag reem en t w ith  th e  
re su lts  of o th e r a u th o rs . The d a ta  o f  a ry lo x y sila tran es  in d ic a te  th a t  th e  effect 
o f  su b s titu e n t in  p a ra  position  on  th e  29Si chem ical sh if t can  be p rac tica lly  
neg lected . In  T ab le  I I  th e  29Si chem ical sh ifts o f s ila tran es  a n d  trie th o x y silan es  
w ith  iden tica l su b s titu e n ts  are co m p ared .

In  each case th e  <529Si value is s ign ifican tly  m ore n e g a tiv e  in  th e  sila tran e  
d e riv a tiv e  th a n  in  th e  co rrespond ing  trie th o x y silan e . T h is m ark ed  difference 
also supports  th e  ex istence  of an  Si ч— N  d a tiv e  b o n d  in  s ila tran es . F o r th e  
m e th y l and  p h e n y l d eriva tives, w here  th e  m olecules c o n ta in  Si— C bonds, th e  
/Iő29Si value is ap p ro x im a te ly  21 p p m ; in  th e  case o f a lk o x y  a n d  a ry loxy  d e riv 
a tiv e s  con ta in ing  S i-0  bonds th e  zlő29Si value is a b o u t 12 p p m . This fin d in g  
is su p p o rted  b y  d a ta  in  [5], w here a  s tu d y  fo r 10 p a irs  o f  com pounds w ith  Si-C 
b o n d s p rov ided  22.2 p p m  for th e  m ean  value o f Zl<529Si.

T he difference in  zlő29Si va lu es  can  be exp la ined  b y  th e  d ifferen t Si-<—N 
d is tan ces  and  b o n d  s tren g th s . In  th e  m e th y l- an d  p h en y ls ila tran es  th e  Si-<—N 
d is tan ce  is sh o rt, a  s tro n g  d a tiv e  b o n d  is form ed, th e  e n v iro n m e n t o f th e  silicon 
a to m  is changed , th u s  th e  /I<S29Si v a lu e  w ill be la rge . In  th e  a lk o x y  an d  a ro x y
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Table I

29Si Chemical Shifts of Silatranes and Triethoxy silanes (in ppm)

Compounds This
work [5] [41 [i] [3]

I---------------- 1
C H 3S i(O C H 2C H 2)3N — 6 5 .1 — 6 5 .7 — 6 4 .8 — 6 5 .7 — 6 5 .7

CeH sS i ( 0  C H 2C H 2)3N — 8 0 .3 — 80 .5 — 8 1 .7

I---------------------- 1
C2H 5O S i(  0  C H 2C H 2)3N — 9 4 .7 — 9 4 .7

1 1
CeH 5O S i(O C H 2C H 2)3N — 9 8 .4 — 9 9 .3

I---------------- 1
4-C lC 6H 4O S i(O C H 2C H 2) 3N — 9 8 .6 — 9 9 .7

t 1
4 - N 0 2CliH 40 S i ( 0 C H 2C H 2)3N — 9 8 .6 — 9 9 .6

t 1
4 -F C 6H 4S i(O C H 2C H 2)2(O C O C H 2)N — 8 4 .2

i 1
3 -C F 3C6H 4S i(O C H 2C H 2)2(O C O C H 2)N — 8 6 .3

C6H 5O S i(O C 2H 5)3 —86.6

4-C lC 6H 4O S i(O C 2H 5)3 — 8 6 .7

Table II

Comparison о /29Si Chemical Shifts of Silatranes and Triethoxysilanes (ő29Si, ppm)

R i 1
RSi(OCH,CH,),N RSi(OC,H,), Já"Si

CH3 —65.1 —44.21 [6] 20.9
C6H5 —80.3 —58.4 [4] 21.9
c 2H5o —94.7 —82.40 [6] 12.3
C6H50 —98.4 — 86.6 11.8
4-ClC6H40 —98.6 —86.7 11.9

d e riv a tiv e s  th e  bond  len g th s  can  be  assum ed  to  be la rg e r, re su ltin g  in  sm aller 
zd<529Si values.

To draw  fu r th e r  conclusions concern ing  th e  bond  s tru c tu re  o f th e  inves
t ig a te d  com pounds, th e  d e te rm in a tio n  o f  m olecular geom etries b y  X -ra y  d if
f ra c tio n  is necessary . In  th e  know ledge o f these d a ta  th e  con n ec tio n  betw een  
th e  29Si chem ical sh ifts  an d  b o n d  d is tan ces  (p a rtic u la rly  S i-N  b o n d  len g th )
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could  be in v e s tig a te d  an d  q u an tu m ch em ica l c a lc u la tio n  could be carried  o u t. 
Since only a few  X -ra y  d iffrac tio n  d a ta  are a v a ilab le , a  m ore d e ta iled  e v a l
u a tio n  of our f in d in g s  can be ca rr ied  ou t la te r .

The authors wish, to express their thanks to L. B ih á t s i (Budapest) and E. P o po w sk i 
(Rostock) for the preparation of the investigated compounds.
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Crystals. Growth, Properties, and Application. Vol. 1. 

Crystals fo r  Magnetic Applications  C. J .  M. R o o ijm a n s , 

Springer-Verlag, Berlin —Heidelberg—New York 1978

Lately, increasing interest has been focused on studies that deal with the preparation, 
formation and nature of crystals. Several features on crystals, allowed to rest in obscurity up 
to now% and only briedly mentioned in some earlier books on mineralogy or crystallography 
have been brought into the foreground. Research and electronice industry, laser techniques 
and crystal optics require a variety of crystals whose production is responsible for evolution 
of a new branch of science. In view of these developments, Springer Verlag started a new series 
of books entitled “Crystals. Growth, Properties, and Application.”

Well known representatives of the various fields were invited to from the editorial com
mittee partly from Universities, partly from industrial R & D departments, thus harmony 
between pure and applied aspects of the subject has been provided for.

The introduction to this series clearly states its aim, which is to offer a critical survey 
of recent progress in the field. It is intended to describe the theory and practice of the growing 
of crystals and to discuss the relevant studies.

The first volume in this series carries the title “Crystals for Magnetic Applications” 
and contains five papers on the production and growth of magnetic garnets.

The introductory paper in one by W. T o l k sd o r f , and F. W e l z , entitled “Crystal Growth 
of Magnetic Garnets from High-Temperature Solutions”. 52 pages are assigned to this topic. 
First the history of the discovery of magnetic garnets is described, then the crystallographic 
characteristics of the yttrium-iron garnets Y3Fe60 12 are discussed. A treatment of the phase- 
diagram is followed by a critical evaluation of the properties of the lead oxide bath. Subse
quently a detailed description of the way of how to grow these crystals, of the apparatus, of 
the material and shape of the crucible, of the optimization of agitation, of the temperature 
of the formation of crystal nuclei is given.

Three melting experiments are discussed. In the first a 250 g garnet was obtained from 
3 kg the raw material; a single crystal of 605 g formed from an 8 kg batch of the raw materials 
in the second experiment; in the third a seed-crystal was also used and thus the demand of 
energy for spontaneous formation of a nucleus was diminished substantially. Among the 
impurities in the crystals lead (0.042 wt.%) and fluorine (0.042 wt.%) were prominent. The 
amount of Fe11 was between 0.04 and 0.08 wt.%.

Defective growth was studied separately. The faces of the (111) form show up on (211) 
planes in a disoriented state and this causes magnetic anisotropy.

Other garnets could also produced by this method.
Very thorough and well-founded considerations form the basis of the experiments 

done by these authors: good quality garnets in good yields were the result. It is well to point 
out that 120 references to the literature are given. The date of the receipt of this paper is June 
9, 1978, and on January 11, 1979 this book was already in Hungary!

F. J. B r u n i : Gadolinium Gallium Garnet (GGG). This is the most satisfactory mono
crystal substance used the world over. In the 17 pages paper the crystallographic data of the 
garnet with the composition Gd3Ga50 ,2 are noted by way of introduction; then the methods 
of growing are mentioned. The furnace designed by Czo ch ralsk i is used; the garnet crystal 
is drawn from the melt by means of slow rotation because rapid turning leads to faulty crystals. 
A great proportion of the crystal defects in the garnets is due to the material of the iridium 
crucible, inclusions of the size of 0.2 to 20 microns of this substance are found within the 
crystal lattice.

Most of the crystal defects develop in the course of crystal growth and are due to the 
incorporation of iridium, which settles on surfaces and separates the layers from one another.
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Further lattice defects result from faulty seed crystals, leading to dislocations of 
various types. Also fibrillar structures may develop in the course of crystal growth because also 
here the (211) form is evident besides the faces characteristic of garnet crystals.

49 references are added, among these several personal communications.
M. H. R a n d l e s : Liquid Phase Epitaxial Growth of Magnetic Garnets. This 25 pages 

essay deals with the method of how to grow garnet films needed for bubble memory. The 
development and the first results of the liquid phase epitaxy (LPE) technique are described 
by way of introduction. Initially, thin slices of magnetic garnets were used in bubble memories 
in 1970 epitaxial growth was introduced as the regular course of preparation. The chemistry 
of rare-earth garnets is discussed, then the features of growth baths of PbO — B20 3 are explained. 
Data on the composition of magnetic garnet films and their lattice constants are given.

The furnace allowing a fluctuation of the temperature within not more than ± 1  °C, 
was suitable for isothermal growth. Growing was effected upon GGG which was carefully 
purified first in order to prevent the occurrence of lattice defects. The growing of quite satis
factory garnet films is reported. The final chapter deals with the kinetics of crystal growth.

The paper is complete with 103 references.
N. L. P e m i a n e t s : Hydrothermal Crystallization of Magnetic Oxides. The hydrothermal 

method of the preparation of metal oxides is reviewed here in a 25 page paper. First the Fe20 3 
group is discussed: the conditions of the formation of haematite and of goethite are described 
together with the possibilities of transformation of these into magnetite. Then the properties 
and the conditions of the production of orthoferrite (YFe03) are explained; also the properties 
of ferrite garnets. In the second part, the characteristics of the Mn02 group dealt with, though 
only too briefly. The third part is devoted to the Ti02 group. The method of the epitaxial growth 
of magnetic garnets completes this paper: the conclusion is that the hydrothermal method is 
quite suitable for the preparation of oxides as well as for epitaxial growing.

74 references complete this paper.
“Magnetic Spinel Single Crystals by Bridgman Technique”, by Mitsuo Sugim o to , is 

the concluding paper in this volume. The phase equilibrium of the Fe —Ni - О ternary system 
and the thermal dissociation of Fe20 3 are discussed in this 13 pages survey. A description of 
the furnace used in this Bridgman method and the results of crystallization are included.

In summary, the reviewer feels that, first of all, one should welcome the fact that crystal 
growth and properties of crystals have found a new forum, and one of such high standard. 
The papers present from all over the world careful experimental work undertaken after pro
found theoretical considerations.

The time of printing of this book \\ as extremely short. Production, illustrations, quality 
of printing praise the usual, careful workmanship of Springer-Verlag. The next volume in this 
series is eagerly awaited.

G. BlDLÓ

J. C. J o h n so n : Emulsifiers and Emulsifying Techniques (p. 447)

Noyes Data Corp., Park Ridge, New Jersey, 1979

The study of emulsions as that of crude dispersed systems is generally coeval with the 
chemistry of colloids, and particularly with the steadily spreading practical utilization of 
knowledge gained by colloid chemistry.

This propagation of the use of natural and anciently known emulsions like milk, lates, 
as well as that of other partly or wholly artificial ones, rests upon the realization that hetero
geneous systems of mutually insoluble components: one being water or an aqueous solution, 
the other being an apolar or only slightly polar liquid, can be united, under certain circum
stances, into a “homogeneous” medium that carries the useful propreties of both phases.

A fundamental task, from the scientific point of view, was the elucidation of the dis
persion process, and of the roles played by the most important factors in the maintenance of 
the dispersed state. In recent decades Soviet, British, American, and other schools have shown 
that the efficient performance of dispersing as well as the stabilizing of the dispersed state 
are decisively affected by the technique (apparatus) used for dispersing itself on the one hand, 
and by the emulsifier, mostly surfactant, additives which help the formation and the stability 
of emulsions, on the other. Especially informative research done in the Soviet Union helped 
to understand correlations between the structure of the adsorption layer at phase boundaries 
and the stability of the emulsion.
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Fundamental research has furnished important directives concerning the preparation 
of emulsions, nevertheless the preparation of a certain emulsion for a specific purpose is still 
a matter of trial and error. At the same time, emulsions rapidly tend to become ubiquitous 
in practice, from pharmaceuticals through food industry to paper manufacture, to give but 
a scanty enumeration.

Considering all this it is no wonder that there exists a substantial body of patent litera
ture on emulsions, besides the scientific literature proper in this domain.

The author of this book undertook the descriptive compilation of U.S.A. patents con
cerning emulsions, beginning with 1973; this already implies the high professional level of this 
work.

It is more than a collection according to some system, of patent specifications. The avail
able literature has been elaborated b y  J. C. J o h n s o n  in such a way that the most important 
technological information is given prominence, and the pitfalls of patent terminology are skil
fully evaded. As the author points out in the preface to his book: many patents from among 
the ones here mentioned have been realized in industrial practice and the ones successfully 
applied furnish a groundwork for further development.

The first chapter deals with the preparation of emulsifiers, and mostly with that of 
the less known ones, e.g. borane derivatives, or various derivatives of iso-cyanic acid.

The second part is about emulsifiers used in the production of margarine and similar 
products, with special reference to low-calorie, and soft or liquid varieties.

In a separate part, other emulsions in connexion with milk products are dealt with; 
also with those used in cheese manufacture, and in that of various whipped cream types and 
foods by freezing techniques.

The next part, about various types of emulsions used in the preparation of goods 
processed by baking, is especially noteworthy from the point of view of food production.

Valuable information is offered, in the chapter on other emulsions involved in food 
technologies, about emulsifiers applicable in the preparation of mayonnaise and other dressings 
with similar consistency, in the dispersing of flavouring substances, and in the manufacture 
of special food porducts.

In a relatively comprehensive part emulsions which contain chemicals, and emulsions 
for cosmetical of pharmaceutical purposes are discussed. The descriptions of the not easily 
realizable preparation of hydrazine emulsions, interesting from the point of view of rocketry, 
and those of a concentrated emulsions of bromine applicable in chemical analyses and synthe
ses, are most interesting. Among the products to be used in cosmetics, the poly-amino acids, 
in the role of emulsifiers are worth noticing, but so are the emulsifier mixtures for the processing 
of di-organo-siloxanes, and the emulsions of alcohols with petroleum products.

The preparation of the emulsions of hydrocarbons, vitamins, and vaccines is described 
in the part which treats of relevant pharmaceutical products.

The practical importance of the chapters about emulsion-polymerization and polymer 
emulsions is greater than made to appear through the prescriptions published.

The author offers a detailed discussion of macromolecular and other types of emulsi
fiers applicable in the process of emulsion-polymerization. In this part about polymer emul
sions we find how to make thermosetting polyester emulsions, W/O type, cross-linked emul
sions suitable for coatings, and various other types, e.g. elastomeric latexes applicable as top- 
dressings on road surfaces.

The next chapter discusses emulsions suitable for the cleaning, burnishing of surfaces, 
for purposes of the paper- and textile industries; then bituminous and asphaltic emulsions in 
the building and kindred industries are discussed.

The last three parts of this book deal with the production of emulsion for well-boring, 
petroleum industries, and of some for peculiar uses. Among the emulsions for the petroleum 
industry special mention is made of bio-degradable varieties which are very important from 
the point of view' both of economic and environmental aspects.

M. N a g y

Andor H ajó s: Complex Hydrides and related reducing Agents in  Organic Synthesis

Akadémiai Kiadó, Budapest, 1979

Complex hydrides as reducing agents have been applied for about 100 years. Their 
importance is so great today that they are no longer curious laboratory reagents, even the 
number of commercially available reducing agents of this type is so great now that proper
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choice of the reducing agent for a given task is not at all easy, as the author states in the pre
face. One main objective of the book is to provide help in choice of reagents.

This purpose is reflected in the way of discussing the individual hydrides and hydride 
families. After reviewing the physical and chemical properties, the field of application is 
demonstrated on several functional groups, compound types and examples systematically, 
and the most important characteristics of operations are described (Chapter 11 also treats 
the processing of reaction mixtures).

The book consists of the following chapters.

1. Introduction
2. Alkali metal and alkaline earth metal hydrides (2 pages),
3. Boranes and their derivatives (9 pages),
4. Aluminium hydride and its derivatives (5 pages),
5. Metal borobydrides (42 pages),
6. Metal aluminium hydrides (84 pages),
7. Silanes (34 pages),
8. Organotin hydrides (30 pages),
9. Hydrides of transition metals (39 pages),

10. Analysis of complex hydrides (5 pages),
11. Technique of selective reductions with complex hydrides (11 pages),
12. Mechanism of reduction with complex hydrides (26 pages).

The book includes an Appendix, Authors List and Subject Index; the total volume is 
370 pages.

At the end of each chapter ample references can be found, including the data published 
until the end of 1977.

In this topic, a comprehensive work has not been published in the last 20 years and, 
since development has greatly accelerated, much information waited for systematic discussion. 
In this respect, the book satisfies the needs. It gives an excellent review of the field and pro
vides a great help for experts dealing with hydride reductions.

J . P etró

Advances in  Polymer Science, 32

(Fortschritte der Hochpolymeren-Forschung) Yol. 32 Springer-Verlag, Berlin —Heidelberg—
New York, 1979, 158 pages

The volume contains three review articles, discussed separately below.
S. Ce s c a , A. P r i o l a  a n d  M. B r u z z o n e : S y n t h e s i s  a n d  m o d i f i c a t i o n  o f  p o l y m e r s  c o n ta in 

i n g  a  s y s te m  o f  c o n ja g a te d  d o u b le  b o n d s
The paper of 67 pages is written in English. It contains 34 figures, 26 tables and 97 

references.
EPDM rubbers, prepared by random terpolymerization of ethylene, propylene and 

an unconjugated diene, have found important applications especially where resistance to 
oxygen and ozone is required. However, blends of diene based — either natural or synthetic — 
elastomers and (low unsaturated) EPDM rubbers were not covulcanizable so far, owing to 
the large difference in their double bond concentrations and thus in reactivity.

Recently a new type of hydrocarbon monomers has been synthesized, which is character
ized by the presence of a double bond suitable for copolymerization or terpolymerization, 
and of a system of multi-conjugated double bonds, the reactivity of which makes them compet
itive with conventional diene rubbers in sulfur vulcanization, despite their low concentration.

A similar situation exists in the case of copolymerization of iso-olefins with suitable 
trienes. The results permit to compare the behaviour of these two classes of copolymers which 
display several analogies.

The whole field is still in rapid development, and there has been no up-to date sum
mary of the investigations in this area.

The aim of the review is to fill this gap and to get acquainted the reader with recent 
developments in this field.
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EPDM terpolymers can be obtained by means of coordination catalysts displaying 
low acidity, while cationic catalysts are used for the synthesis of triene — isobutene copolymers.

The polymers thus obtained posses a reactivity which is qualitatively and quantitative
ly different from that of the corresponding polymers containing only one single double bond.

The diene double bonds can have different structures.
Conjugated diene systems in these polymers display considerable reactivity not only 

in sulfur vulcanization, but also toward free radicals, oxygen, chlorinating agents, e tc .  In the 
latter case the reaction takes place mainly through 1,4-addition. The refore, the resulting poly
mer which contains very reactive chloride atoms in allylic positions, is suitable for curing 
processes.

The presence of the conjugated double bond system makes thus possible several post
modification reactions, which widely extend the classes of these synthetic elastomers; thereby 
new polymers and materials can be made for useful and specific applications.

Y.T. S t a n n e t t , W .  J. K ö r ö s , D .  R .  P a u l , H. K . L o n d s d a l e  a n d  R .  W .  B a k e r : 
R e c e n t  a d v a n c e s  in  m e m b r a n e  s c ie n c e  a n d  te c h n o lo g y

The paper of 53 pages is written in English. It containes 18 figures, 12 tables and 210 
references.

A membrane is — as defined by the authors — any medium which acts as a barrier 
to transport into or out of a region, providing selective transfer of one species over another, 
regulating the transport of a material to its environment at a controlled rate.

Membranes are high polymers. Their common usage includes many fields such as ultra
filtration (UF), gas separation, microfiltration (MF), reverse osmosis, the application of hydro- 
phobic liquid membranes with outstanding permselective properties which can be taylored, 
controlled release of chemicals, removal of volatile residual monomers from polymers such as 
PYC and PAN, e tc .

The search for polymeric materials with favourable transport properties has been entire
ly empirical in the past. Two materials are mainly in use today: cellulose acetate, with a 
degree of acetylation 2.5—2.8, and aromatic polyamides.

The migration of small molecules in high polymers has been successfully exploited for 
gas separations, water purification and controlled release. In the latter use a drug concentration 
may be maintained constant at the optimal level for prolonged periods. This is useful in the 
field of medicine (e.g., the release of pilocarpine to control glaucoma, or of progesterone to 
effect birth control) and in agriculture ( e .g .  controlled release of pesticides, fertilizers and herbi
cides in microcapsules with less environmental side effects; release of pheromones: sex attrac- 
tants for insects); other uses are in antifouling coatings for ships, etc .

Examples of the applications which can be accomplished by UF are the separation of 
oil from emulsified oil wastes, recovery of paint from electro-coat paint rinse tanks, and con
centration of whey, a by-product of cheese making.

The most important utilization of MP is sterile filtration. Bacteria can be removed from 
drinking water, solutions for intravenous or parenteral injection, from heat-sensitive liquid 
food, e tc .

G. H e n r i c i -O l iv é  and S. O l i v e : M o l e c u l a r  i n t e r a c t io n s  a n d  m a c r o s c o p ic  p r o p e r t i e s  o f  
p o l y a c r y l o n i t r i l e  a n d  m o d e l  s u b s ta n c e s

The paper of 30 pages is in English. It contains 9 figures, 8 tables and 104 references.
At present acrylic fibres have a market share of about 20% in the production of synthet

ic fibres. Despite the large volume production of these fibres, much of their chemistry and 
physics is still far from being fully understood.

In the review article an attempt is made to collect, and interpret on a molecular basis 
what is known thus far about the interactions of polyacrylonitrile molecules with each other 
and with other molecules, and to relate these interactions to macroscopic properties of polymer 
and fibre.

For the interactions of PAN the polar nitrile groups are responsible. All characteristic 
properties of the polymer and of fibres therefrom, such as the high polymerization rate constant 
in water, the dissolution of the polymer in concentrated inorganic salt solutions, the high 
melting point, the depression of melting point and glass transition temperature by water, the 
plasticization by polar additives, e tc .,  can be traced back to such interactions.

These can be divided in dipole-dipole interactions, hydrogen bonding and EDA-complex 
formation. The effect of these factors are discussed separately. The electrostatic forces play the 
predominant part in dipole-dipole interactions, hydrogen bonding and weak to medium ÉDA- 
complexes. In the case of transition metal complexes, also charge transfer has a dominant 
role in non-covalent bonding.
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To facilitate an easier survey, a cumulative author index of the volumes published so 
far (1 — 32) has been added to the volume.

To sum up the 32nd volume of “Advances in Polymer Science” contains three reviews 
the topics of which are at present in the foreground of reaserach. The authors of the compila
tions are scientists of international reputation in their special fields. The editing of the book 
is careful, misprints are very rare, and the typography of the figures and tables is also unob
jectionable. The volume is a valuable contribution to the literature of high polymer chemistry.

I . G é c z y

Topics in Current Chemistry 

M anag. E d .: F . L . B o s c h k e

Vol. 81: Large Amplitude M otion in  Molecules I  (p. 180) 

Vol. 82: Large Amplitude M otion in  Molecules I I  (p. 184)

Springer-Verlag, Berlin—Heidelberg—New York, 1979

It is increasingly realized that the intramolecular motion is a very important part of 
the molecular structure especially when the molecules undergo large-amplitude motion. Modern 
experimental and theoretical tools are utilized in the investigation of large-amplitude motion 
of non-rigid molecules and outstanding scientists address themselves to these problems. The 
area is quickly developing and the series Topics in Current Chemistry has proved once again 
its timeliness with the appearance of the two volumes reviewed here. There are altogether 
four papers in the two volumes presenting four subareas of the studies of large-amplitude 
motion using very different approaches. The four papers are as follows:

Part I  (Volume 81)

H . F r e i , A. B a u d e r , H s . H . G ü n t h a r d : The Isometric Group of Nonrigid Molecules 
(pp 1 -9 7 )

O. B a s t i a n s e n , K .  K v e s e t h , H. M 0L L E N D A L : Structure of Molecules with Large 
Amplitude Motion as Determined from Electron-Diffraction Studies in the Gas Phase (pp 
99-1 7 2 )

Part I I  (Volume 82)

L. A. Ca r r e i r a , R.C. L o r d , T. В. M a l l o y , Jr.: Low-Frequency Vibrations in Small 
Ring Molecules (pp 1 — 95)

G. 0. S o r e n s e n : A New Approach to the Hamiltonian of Nonrigid Molecules (pp 
99-175 )

The paper by F r e i  el al. presents a rigorous mathematical method devised by the 
authors to treat the molecular structure or rather the nuclear configuration of non-rigid mole
cules. The description of the isometric group is followed by a presentation for semirigid nuclear 
configurations. The relation between the isometric groups and the permutation-inversion 
groups is discussed. Next the application of isometric groups is shown to large-amplitude 
internal motion and examples related to stereochemical problems are given.

B a s t i a n s e n  et al. collected a large body of electron diffrection results referring mainly 
to conformational analysis with some emphasis on rotational barrier determinations. Electron 
diffraction clearly emerges as a powerful tool of studying large-amplitude motion and further 
extension of its scope may he expected as its up-to-date techniques provide more and finer 
information than was thought possible earlier.

The possibilities of spectroscopy is demonstrated in the investigation of large-amplitude 
motion of small ring molecules by Ca r r e i r a  et al. Ear and mid infrared spectroscopy, Raman 
spectroscopy and microwave spectroscopy are covered.
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In the concluding paper S 0 r e n s e n  summarises some theoretical studies on large- 
amplitude motion aiming at the standardization of the treatment of non-rigid molecules simi
larly to that of rigid molecules.

The contribution by F r e i  et al. is an original investigation in itself rather than a review 
and no immediate proliferation of their not-easy-to-digest treatment is anticipated. The other 
theoretical study by S0R EN SEN  seems to be more related to the recent experimental develop
ment of the field of the large-amplitude motion by non-rigid molecules. The achievements of 
experimental techniques as well as the interpretation of the experimental data are well demon
strated by the reviews on the electron diffraction and spectroscopic results.

Although the four papers cannot be considered as fully composing a comprehensive 
picture, they convey an adequate impression of the state of art of the large-amplitude motion 
studies. As comprehensive reviews let alone monographs have been lacking on the subject, 
the two volumes mark an important step in the direction of establishing the necessary litera
ture for this very important field.

I . H a h g itt a i

J .  S. R o b in s o n : Corrosion Inhibitors, Recent Developments (p. 305) 

Noyes Data Corp., Park Ridge, New Yersey; 1979

This book gives short expositions of all the patent specifications on corrosion inhibitors 
accepted by the U.S.A. Patent Office since July 1976. The patents granted in this field before 
this date are dealt with in a work: Corrosion Inhibitors, Manufacture and Technology, published 
in 1976. Within the domain of corrosion inhibitors, the 290 expositions treat of the following 
applications of corrosion inhibitors: application in water supply (cooling, boiler feed water, 
descaling and other acid treatments, heat exchange, communal supplies), in oil-drilling and 
-refining (mud flushes, exploitation of secondary production wells, pipelines and tank parks, 
degassing plant, petroleum refinery), in building and construction (cement, concrete, gypsum; 
primers, pigments, resins, and rust converters; electric contacts; marine projects), in fuels and 
lubricants (motor fuels, hydraulic fluids, lubricating oils and greases), in the treatment of 
metal surfaces with inorganic substances, and inorganic coating materials (phosphatation, 
pickling, anodic and other electrochemical treatment, coatings on zinc basis, chromate treat
ment, silicon-containing coating, other inorganic treatments and coatings), in the treatment 
of metal surfaces with organic substances, in organic coatings (tannic acid treatment of alu
minium, amines, organis acids, rubbers and polymers, other organic treatments and coatings), 
in other fields of application (detection and determination of corrosion processes; protection 
during transport and storage, chlorinated hydrocarbons; reactors and other apparatus for 
chemical technologies; pipelines for the transport of gases and of coal-washings or -sludges; 
detergents; tooth-pastes). This matter is completed by lists, respectively, of patentees, inven
tors, and the patents themselves.

The expositions of the patents are short and lucid: they contain the necessary informa
tion on technological aspects, and happily eschew the jargon proper to patent specifications. 
This is a useful book also because it communicates data very often not published in journals, 
and because it discusses situations which had existed before relevant patents were issued. In 
a number of instances the patents deal with problems previously solved, but of which those 
solutions became unacceptable or impracticable owing to environmental effects or other risks 
involved.

This book lists the patents without selection and without criticism, and does not take 
into account whether or not they have been realized in practice; thus no responsibility is assum
ed in regard to the applicability of the methods and substances described.

This compilation is a useful book in the hands of professionals charged with develop
ment work and technologies, since it may engender perhaps similar yet novel idea or may 
point toward novel fields of application; besides this it is a source of information useful for 
those who might contemplate the acquisition o f a licence. No fundamental research data or 
theoretical considerations are included, but even without these this book might be full of 
seminal ideas to be utilized by the expert.

J .  DÉVAY
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J . C. J o h n so n : Im m obilized Enzym es, Preparation and Engineering

Recent Advances

Chemical Technology Review No. 133.

Noyes Data Corporation, Park Ridge, New Jersey, USA, 1979. 383 -j- XII pages

The information offered in this book is based solely on U.S. patents, issued since July 
1974, that deal with immobilized enzymes. The book can he used as a guide to the U.S. patent 
literature, which is a large collection of technical information in the West. However, it is far 
from being complete, as indicated by the fact that of the 89 patent owner companies in this 
field only 40 are American, the others being Japanese, French, West-German, English, Swiss- 
Swedish, Dutch, Israelian, Danish, Czechoslovakian and Hungarian. Consequently, the infor, 
mation contained in this book is limited.

It is true that the patent literature covers a substantial amount of information not 
available in the journal literature. However, the opposite applies even more, and this book 
presents very little material from the scientific literature, either from journals or books.

The topics covered are: immobilization of enzymes by adsorption, by ionic and metal 
bonding, entrapment, cross-linking, polymerizing and copolymerizing, as well as by covalent 
bonding to inorganic supports, to proteins, carbohydrates or to synthetic polymers. The book 
deals with the application of immobilized enzymes for affinity chromatography, analytical 
processes, in sugar production, chemical processes, or for pharmacological uses, for food and 
feed uses, and for detergent action.

The book contains a company index, an inventor index and a U.S. patent number 
index. No subject index is included which makes the use of the book practically impossible in 
some respect. The reader may be interested e.g., to find a possibility of immobilizing penicillin- 
amidase or glucose oxidase, or to learn which enzymes can be immobilized by covalent bond
ing on Sepharose, but it is very much less likely that somebody is interested to known which 
patent exists under the number 3 966 580. In the foreword the author states that the table of 
contents is organized in such a way as to serve as a subject index, but the reviewer cannot 
agree with this. The table of contents is only a simple, usual, traditional one.

Despite these insufficiencies, the book contains a great deal of useful information and 
it is a prime source of basic, commercially utilizable data. It can serve to avoid duplication 
in research work, and as a source of new ideas in related fields. The most important merit of 
the book is that it eliminates legal jargon and juristic phraseology thus rendering the practical 
and scientific contents of the patents comprehensible and utilizable.

T. K e l e t i

Application o f  Zeolites in  Catalysis

Herausgegeben von G. K. B oreskov  und Kh. M. Min a c h e v  Akadémiai Kiadó, Budapest,
1979, 179 Seiten

Zeolithe haben in den letzten zwei Jahrzehnten als Katalysatoren eine außerordentlich 
große technische und wissenschaftliche Bedeutung erlangt und — nicht zuletzt wegen ihrer 
durch die Kristallstruktur bedingten Formselektivität — vor allem auf dem Gebiet der kata
lytischen Kohlenwasserstoff-Umwandlungen neue Wege erschlossen. Das schnell angewachsene 
Interesse and den katalytischen, aber auch anderen Eigenschaften der Zeolithe (Adsorption, 
Ionenaustausch) hat mit sich gebracht, daß — vor allem in den letzten 5 Jahren — eine 
Reihe von sich mit dieser Thematik befassenden nationalen und internationalen Kongressen 
und ähnlichen Veranstaltungen abgehalten wurden. Das zu rezensierende Buch enthält die 
auf der vom 22 .-25 . März 1976 in Novosibirsk veranstalteten 1. Allunions-Konferenz über 
’’Molekularsiebe in der Katalyse” von namhaften sowjetischen Zeolithforschern gehaltenen 
Plenarvorträge in englischer Übersetzung.

Im ersten Beitrag gibt Kh. M. M in a c h e v  eine Übersicht über die mit zeolithischen 
Katalysatoren ausführbaren Reaktionen von Kohlenwasserstoffen. Es ist dem Verfasser sehr 
gut gelungen, ein so weites Gebiet unter Berücksichtigung der wichtigsten Literatur in einem

Acta Chim. Acad. Sei. Hung. 105, 1980



RECENSIONES 91

verhältnismäßig engen Rahmen zusammenzufassen. Zugleich vermittelt der Vortrag ein ziem
lich komplettes Bild über die von der Schule des Autors geleisteten Beiträge zum seinerzeiti
gen Wissensstand auf dem behandelten Fachgebiet.

Im zweiten, von Y. M. Mir sk y  u . Mitarb. verfaßten Beitrag werden die katalytischen 
Eigenschaften der in der Sowjetunion im industriellen Maßstab zur Krackung von Erdöl
fraktionen eingesetzten zeolith-haltigen Katalysatoren eingehend beschrieben.

Im dritten Beitrag faßt К. V. T o p c h ie v a  Untersuchungen ihrer Schule über kataly
tische und Säure-Basen-Eigenschaften von Zeolith-Trägerkatalysatoren zusammen. Zunächst 
werden die Ionenaustauscheigenschaften des Katalysators sowie die der Matrix und der 
zeolithischen Komponente und der Übergang von Kationen zwischen Zeolith- und Matrix
phase bei thermischer und hydrothermaler Einwirkung behandelt. Im weiteren wird auf 
Beziehungen zwischen Aktivität und Selektivität bei verschiedenen Kohlenwasserstoffen, der 
Acidität und der chemischen Zusammensetzung der Zeolith-Katalysatoren eingegangen.

A. Z. D o r o g o c h in sk i u . Mitarb. zeigen — in erster Linie an Hand eigener Arbeiten — 
die Faktoren auf (chemische Zusammensetzung und Kristallinität der Zeolithphase, Poren
struktur des Trägers), die Aktivität und Selektivität von zeolithischen Katalysatoren für die 
Krackung von Kohlenwasserstoffen bestimmen.

K. G. I o n e  u. Mitarb. vermitteln eine umfassende Übersicht über die seinerzeit bekann
ten Wechselwirkungen zwischen Molekülen und durch Ionenaustausch in Zeolithe eingebrachte 
Übergangsmetallionen und die sich daraus für katalytische Kohlenwasserstoff-Reaktionen 
(Oxydation, Hydrierung, Hydrokrackung) ergebenden Folgerungen.

Daran schließt sich eine zusammenfassende Darstellung eigener Untersuchungen von 
V. F . An u f r ie n k o  u . Mitarb. aus der gleichen Schule (Katalyseinstitut der Sibirischen Abteil
ung der Akademie der Wissenschaften der UdSSR) an, in der die Untersuchung des Koordi
nationszustandes von Ni- und Cu-Ionen in Zeolithen durch spektroskopische Methoden behan
delt wird.

In einem weiteren Beitrag berichten Kh. M. M in a c h e v  u . Mitarb. über Untersuchungen 
des Bindungs- und Valenzzustandes von Ni-, Co- und Cr-Ionen in Zeolithen mittels Röntgen- 
Elektronenspektroskopie.

Im letzten Beitrag schließlich wird von M. M. D u b in in  die Theorie der Diffusion in 
biporösen Systemen, wozu im allgemeinen Zeolith-Katalysatoren zu zählen sind, dargelegt 
und an Hand einiger Beispiele deren Anwendung auf katalytische Probleme aufgezeigt.

Die einzelnen Beiträge vermitteln den Lesern einen guten Überblick über das jeweils 
behandelte Gebiet. Aus der Fülle von Veröffentlichungen sind im allgemeinen die wichtigsten 
Publikationen berücksichtigt worden. Es ist — da es sich ja nicht um Monographien, sondern 
um Plenarvorträge einer sowjetischen Tagung handelt — nur natürlich, ja in einigen Fällen 
war es sogar beabsichtigt, daß den eigenen Arbeiten der Autoren und ihrer Schulen, darübe r 
hinaus aber auch den sonstigen in der sowjetischen Fachliteratur erschienenen Publikationen 
ein größeres Gewicht gegeben wurde. Aber gerade darin dürften viele Leser — nämlich dieje
nigen, denen die sowjetische Fachliteratur aus sprachlichen Gründen nicht oder nur schwer 
zugänglich ist, aber auch die, die sich speziell über die sowjetischen Beiträge zum Wissen
stand eines engeren Fachgebietes informieren möchten — einen weiteren Vorteil dieses Buches 
sehen.

In den im zu rezensierenden Buch wiedergegebenen, im März 1976 gehaltenen Plenar- 
vorträgen ist natürlich nur die bis 1975 erschienene Literature aufgearbeitet. Man kann zwar 
nicht sagen, daß damit der Inhalt des Buches ’’veraltet” sei, aber man muß sich doch dessen 
bewußt sein, daß der Wissensstand von vor 5 Jahren widergespiegelt wird. Es ist jedenfalls zu 
bedauern, daß dieses Buch nicht — sagen wir — 1 Jahr nach der Konferenz im Frühjahr 
1977, sondern erst im Herbst 1979 erschienen ist.

Der Umstand, daß in dem Buch Vorträge einer thematisch auf das ziemlich enge Gebiet 
der Zeolith-Katalyse eingeschränkten Konferenz wiedergegeben sind, bringt natürlich mit 
sich, daß auch der daran interessierte Leserkreis begrenzt ist. Das Buch sollte aber nicht nur 
für die Fachleute im engeren Sinne, sondern auch für all diejenigen, die sich vom wissen
schaftlichen oder technischen Standpunkt aus mit der heterogenen Katalyse oder unter anderen 
Gesichtspunkten mit der Chemie und den Eigenschaften der Zeolithe befassen, von Interesse 
und Nutzen sein.

H . K . B e y e r
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SUBSTITUENTENEFFEKTE IN DEN 
13C-NMR-SPEKTREN YON DIASTEREOMEREN 

CHALKONDIHALOGENIDEN, IP
U N T E R S U C H U N G E N  A N  D I A S T E R E O M E R E N  C H A L K O N D I C H L O R I D E N

R. Ra d e g l ia 1 und F . G. W e b e r 2**

( 1Zentralinstitut für physikalische Chemie der AdW  der DDR und 
2Sektion Chemie der Humboldt-Universität zu Berlin)

E in g e g a n g e n  a m  2 0 . A p r il 1 9 7 9  

R e v id ie r t  a m  2 1 . A u g u s t  1 9 7 9  

Z u r  V e r ö f fe n t l ic h u n g  a n g e n o m m e n  a m  2 5 . S e p te m b e r  197 9

E s  w e r d e n  F o u r ie r -T r a n s fo r m -13C -N M R -S p e k tr e n  D ia s te r e o m e r e n p a a r e n  so w ie  
v o n  e in z e ln e n  I s o m e r e n  d er  C h a lk o n d ih a lo g e n id e  1  b e sc h r e ib e n . A u f  d e r  B a s is  d er  
c h e m is c h e n  V e r s c h ie b u n g e n  Ca u n d  Cß  k a n n  d ie  K o n f ig u r a t io n  s o w o h l b e i d e n  D ia s t e r e o 
m e r e n p a a r e n  a ls  a u c h  b e i e in z e ln e n  I s o m e r e n  e in d e u t ig  b e s t im m t  w e r d e n . E in e  U n t e r 
s c h e id u n g  z w is c h e n  v e r s c h ie d e n e n  D ih a lo g e n id e n  e r fo lg t  a u f  d e r  g le ic h e n  G ru n d la g e .

In  F o r tfü h ru n g  u nserer U n te rsu ch u n g en  an  d iaste reo m eren  C halkond i
halogenide [1] h a b e n  w ir v e rg le ichende  U n te rsu ch u n g en  an  D iaste reo m eren 
p a a re n  von  C halkond ich lo riden  1 bezüglich  ih re r  13C -N M R -spezifischen U n te r
schiede v o rgenom m en . In  Ü b e re in s tim m u n g  m it den  B efunden  bei an d eren  
C halkond ihalogen iden  (2, 3) [1] ze ig te  sich, d aß  sich  erythro- (e-1) u n d  threo- 
V erb indungen  (i-1) in  ih rem  sp ek tro sk o p isch en  V erh a lten  so d eu tlich  v o n e in an 
d er un te rsch e id en , d a ß  eine e in d eu tig e  K o n fig u ra tio n szu o rd n u n g  m öglich w ird .

R
V
H

erythro Ihre <>

1: X =  Y =  CI 2: X =  Y =  Bl- 3: X  =  Br: Y =  CI

(Ri und 1 í 2 siehe Tabelle 1)

* I .  M itt. v g l .  1 . c .  [1 ]
**  M e in e m  v e r e h r t e n  L e h r er  P r o f . D r . L . R e ic h e l  z u m  80. G e b u r ts ta g  g e w id m e t

1 Acta Chim. Acad. Sei. Hung. 105, 1980
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Konfigurationszuordming mittels 13C-AMR-Verschiebung

D ie in  Tabelle I  au fg e fü h rte n  S ignale des C arbony lkoh lensto ffes u n d  d er 
S u b s titu e n te n  u n d  R 2 an  den  R in g en  A u n d  В (gü ltig  fü r  CH3, C2H 5 u n d  
CHgO) liegen in  c h a ra k te ris tisc h e n  B ere ichen  [2]. W egen d er geringen  V er
sch iebungsd ifferenzen  zw ischen den  S ignalen  der K h o len sto ffa to m e  Ca u n d  
Cß i s t  d e ren  Z u o rd n u n g  m itte ls  ü b lich e r In k re m e n tsy s te m e  [2] n ich t e indeu tig . 
E r s t  eine verg leichende B e tra c h tu n g  d er S u b stitu en ten e ffek te , die w e ite r u n te n  
b esch rieb en  w ird, e rg ab  zw eifelsfrei, d a ß  dem  S ignal von  die g rößere che
m isch e  V ersch iebung  gegenüber Ca zu k o m m t (T abelle  I).

V erg leich t m a n  die versch ied en en  D ias te reo m eren p aare  der 1 m ite in 
a n d e r , so wird e rs ich tlich , daß  infolge eines w ahrschein lich  u n te rsch ied lich en  
»steric  com pression sh ift«  die e-1 sich  d u rch  s ig n ifik an t geringere chem ische 
V ersch iebung  sow ohl des Ca —  als au ch  des C^-Signales v o n  den t/ireo-Isom eren 
u n te rsch e id en . D a n a c h  liegen die 13C-Signale d er t-1 bei Ca um  3,7 p p m  und  
b e i Cß um  3,5 p p m  tie ffe ld  gegenüber den  en tsp rech en d en  S ignalen  d er e-1 
v e rsch o b en . E s is t  fo lg lich  ebenso w ie bei den  2 u n d  3 [1] eine K o n fig u ra tio n s
z u o rd n u n g  allein a u f  d er Basis d er Ca- u n d  C^-Signale m öglich , w obei h ie r fü r 
fo lgende  R ich tw erte  ge lten :

erythro-1: Ca: 56,9 p p m  C^: 60,0 ppm
threo-1: Ca : 60,5 p p m  C^: 63,2 ppm

(inclusive  einer B a n d b re ite  v o n  ^ 0 , 5  bis 0,6 ppm )

Substituenteneinfliisse

Die S u b s titu e n te n a b h ä n g ig k e ite n  der 13C -V erschiebungen v o n  CO, Ca 
u n d  Cß gesta lten  sich  bei den e-1 g ru n d sä tz lich  so w ie in  l.c. [1] fü r  die e ry th ro - 
Iso m eren  der 2 u n d  3 d a rg es te llt. W ie d o rt fü h r t  ein  E lek tro n en zu g  von  R x 
b e i den  e-1 u n d  t-1 zu  einer p a ra m a g n e tisch e n  V ersch iebung  d er S ignale von  
CO u n d  Ca, ab e r zu  e iner d iam ag n e tisch en  V ersch iebung  des C^-Signales. Im  
G egensatz  dazu  b e w irk t ein e lek tro n en z ieh en d er S u b s titu e n t R 2 eine H och
fe ldversch iebung  a lle r d rei R esonanzsignale  d er e-1. A naloge E rgebn isse  w urden  
allerd ings auch  be i den  p -s u b s titu ie r te n  A lky lbenzenen  gefunden  [3], [4].

M it H ilfe d ieser S u b s titu en ten e in flü sse  is t es ab er prinz ip ie ll m öglich, 
eine eindeu tige Z u o rd n u n g  d er S ignale v o n  Ca u n d  C  ̂ v o rzu n eh m en . D azu  
w ird  n u r der E in f lu ß  des S u b s titu e n te n  R 2 am  В -R ing  a u f  die S ignallagen 
v o n  C„ und  Cß in  den  V erb in d u n g sre ih en  e-1, e-2 u n d  e-3 b e tra c h te t .  D a die 
Z u ordnung  d e r Ca- u n d  C^-Signale in  der R eihe e-3 w egen X  =̂= Y  e indeu tig  
a u f  der G ru n d lag e  v o n  In k re m e n tsy s te m e n  [2] m öglich is t [1], k a n n  fü r  diese 
V erb in d u n g sre ih e  d er S u b s titu e n te n e in flu ß  g e tre n n t fü r  Ca u n d  C  ̂ m it Л =  
=  <5(R2) —  <5(H) b e s tim m t w erden . E s is t zu e rw arten , d aß  die en tsp rech en d en

Acta Chim. Acad. Sei. Hung. 105, 1980
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Tabelle I

uC-NMR-VerSchiebungen diastereomerer Chalkondichloride 1  ( in  p p m )

Nr. R, Ra Konf. всо 4 S ЙО—I' Ĉ— *' вс—I' вс—1' äc— 1 ЙС-* Лс~* Ĉ—4

la H H e 191 ,2 5 6 ,9 6 0 ,0 1 3 4 ,5 128  9 128  9 134 ,2 13 6  9 128 ,2 1 2 8 ,7 129 ,2

lb F II e 189 ,7 5 6 ,9 6 0 ,0 1 3 1 ,0 131 ,7 116 ,2 1 6 6 ,3 1 3 6 ,8 1 2 8 ,2 128 ,7 1 2 9 ,3 “

lc Cl H e 190 ,1 5 6 ,9 5 9 ,9 1 3 2 ,8 1 3 0 ,3 129 ,3 140 ,8 1 3 6 ,7 128 ,2 1 2 8 ,7 1 2 9 ,3

Id B r H e 190 ,3 5 6 ,9 5 9 ,9 1 3 3 ,3 130 ,3 1 3 2 ,3 1 2 9 ,6 1 3 6 ,7 128 ,2 128 ,8 129 ,3

B r II t 1 9 0 ,6 6 0 ,6 6 3 ,4 1 3 2 ,9 1 3 0 ,0 132 ,1 129 ,5 137,1 1 2 7 ,8 128 ,8 1 2 9 ,2

le C H 3 II c 190 ,8 5 6 ,9 60 ,1 1 3 2 ,0 1 2 9 ,9 1 2 9 ,6 1 4 5 ,4 137 ,1 1 2 8 ,2 128 ,7 1 2 9 ,2Ь

C H 3 II t 191 ,0 6 0 ,6 6 3 ,7 1 3 1 ,6 1 2 8 ,7 129 ,5 145 ,2 1 3 7 ,4 1 2 7 ,8 128 ,7 1 2 9 ,0 ”

If C2H 6 II e 1 9 0 ,8 5 6 ,9 60 ,1 1 3 2 ,3 1 2 9 ,2 128 ,5 151 ,5 137 ,1 128 ,2 1 2 8 ,7 1 2 9 ,2d

C2H 5 H t 191 ,0 6 0 ,6 6 3 ,7 1 3 1 ,8 1 2 8 ,7 128 ,5 151 ,3 1 3 7 ,4 127 ,8 1 2 8 ,8 1 2 9 ,0 ”

l g C H 30 11 e 189 ,6 5 6 ,8 6 0 ,2 1 2 7 ,4 1 3 1 ,4 114 ,2 1 6 4 ,4 1 3 1 ,7 128 ,2 1 2 8 ,6 1 2 9 ,2 '

C H 30 H t 189 ,0 6 0 ,5 6 3 ,8 1 2 7 ,0 1 3 1 ,0 1 1 4 ,0 164 ,2 1 3 7 ,4 127 ,8 1 2 8 ,7 129,0*

lh N O , H e 190 ,0 5 7 ,5 5 9 ,9 139 ,2 1 3 0 ,0 124 ,1 1 5 0 ,9 1 3 6 ,4 128 ,3 1 2 8 ,9 1 2 9 ,5

l i H Cl e 191 ,0 5 6 ,9 5 9 ,3 1 3 4 ,6 129 ,0 1 2 9 ,0 1 3 4 ,3 1 3 5 ,7 129 ,7 129 ,0 1 3 5 ,2

lk H B r t 191,1 6 0 ,3 6 2 ,6 133 ,8 128 ,5 1 2 8 ,8 1 3 4 ,2 136 ,3 129 ,5 1 3 1 ,9 123 ,1

11 H C H 3 e 191 ,3 5 6 ,9 6 0 ,0 1 3 4 ,6 1 2 8 ,9 1 2 8 ,9 134 ,2 1 3 4 ,0 128 ,1 1 2 9 ,4 1 3 9 ,3h

H C H 3 t 1 9 1 ,4 6 0 ,6 6 3 ,5 134 ,1 1 2 8 ,5 128 ,7 1 3 3 ,9 1 3 4 ,2 1 2 7 ,6 1 2 9 ,4 1 3 9 ,0 1

lin H C H 30 e 191 ,4 57 ,1 60 ,1 1 3 4 ,6 1 2 8 ,9 1 2 8 ,9 1 3 4 ,2 1 2 8 ,9 129 ,5 114 ,1 1 6 0 ,2k

In H n o 2 e 1 9 0 ,4 5 6 ,4 5 8 ,3 134 ,1 1 2 9 ,0 129 ,0 1 3 4 ,5 1 4 3 ,8 1 2 9 ,5 1 2 3 ,9 1 4 8 ,2

lo B r Cl c 189 ,7 56 ,1 — 133 ,1 1 3 0 ,3 1 3 2 ,3 1 2 9 ,7

Mо

Cl e 189 ,7 5 7 ,2 5 9 ,0 1 3 8 ,9 1 3 0 ,0 124 ,1 1 5 0 ,8 1 3 4 ,9 1 2 9 ,6 129 ,1 1 3 5 ,3

a ' J CF =  2 5 7 ,2  H z , 2J Cf  =  2 1 ,8  H z , 3J CF =  9 ,5  H z ;  b C H 3 =  2 1 ,7  p p m ; 0 C H 3 =  2 1 ,7  p p m ; d C H 2 =  2 9 ,0  p p m , C H 3 =  1 5 ,0  p p m ; •  C H 2 =  
=  2 8 ,9  p p m , C H 3 =  1 4 ,9  p p m ; * O C H 3 =  5 5 ,5  p p m ; * O C H 3 =  5 5 ,5  p p m ; h C H 3 =  21 ,1  p p m ; 1 C H 3 =  2 1 ,0  p p m ; k O C H 3 =  5 5 ,2  p p m
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A -W e rte  fü r  Cp in  den  V e rb in d u n g sre ih en  1 u n d  3 (m it Y  =  CI) bzw . fü r Ca 
in  d e n  2 u n d  3 (m it X  =  B r) m ite in a n d e r n ah ezu  id e n tisc h  sin d . N u r w enn 
d ie  S ignale  von  Ca u n d  in  e-1 u n d  e-2 r ich tig  zu g eo rd n e t w o rd en  sind, b e 
k o m m t m an  bei A u ftra g u n g  v o n  A (l, Cß) gegen zl(3, Cß) bzw . v o n  Zl(2, Ca) 
gegen  A (3, Сд) eine G erad e , d ie  d u rch  den K o o rd in a te n u rsp ru n g  geht und  
d en  A n ste ig  E ins b e s itz t, w as B ild  1 b e s tä tig t.

Bild 1. Auftragung der R2-substituenteninduzierten Verschiebungen A (in ppm): (1) C^-Signal 
von e-1; (2) Ca-Signal von e-1; (3) C„-Signal von e-2; (4) C^-Signal von e-2, gegen die entspre
chenden d-Werte von e-3 zur Bestätigung der Zuordnung der Ca- und Co-Signale in den Ver

bindungsreihen e-1 und e-2

Struktur- und Konfigurationszuordnung von Chalkondihalogeniden

D ie K en n tn is  d e r L age d e r Ca- u n d  C^-Signale v o n  C halkond ihalogen i
d e n  g e s ta tte t  neben  d e r schon  beschriebenen  B estim m u n g  d e r K o n fig u ra tio n  
zug le ich  aber auch  die e in d eu tig e  Z uordnung  einer v erm essen en  V erb indung  
z u r  jew eiligen V erb in d u n g sk lasse  1, 2 oder 3:

c a Cß
e-1: 56,9 ppm 60,0 ppm
f-1: 60,5 ppm 63,2 p p m

e-2: 46,8 ppm 49,7 ppm [1]
t-2: 51,3 ppm 54,9 ppm [1]
e-3: 47,4 ppm 59,8 ppm [1]
i-3: 51,0 ppm 63,6 ppm [1]
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W ie B ild 2 d e u tlic h  zeigt, la ssen  sich som it au ch  solche F ra g e n  wie die n ach  
dem  V orliegen re in e r  In te rh a lo g e n a d d u k te  3 oder äq u im o la re r, isom orph  k r is ta l
lis ierender G em ische von  1 u n d  2, wie sie von  uns g leichfalls b e o b ach te t w u rd en
[5] , e indeu tig  en tsche iden .

A bschließend  k an n  fe s tg e s te llt  w erden , d aß  d er V o rte il d e r e indeu tigen , 
m it einer M essung erfo lgenden K o n fig u ra tio n sb es tim m u n g  v o n  einzelnen Chal- 
k o nd iha logen iden  v e rm itte ls  d e r  13C -N M R -Spektroskopie  gegenüber der b ish er 
g eü b ten  P rax is a u f  der Basis v o n  1H -N M R - u n d  D ip o lm o m en tu n te rsu ch u n g en
[6] zw ar au f d er H a n d  lieg t, le tz te re  jedoch  bezüglich  d e r B estim m ung  d er 
vorliegenden  V o rzu g sk o n fo rm atio n  dennoch  n ich t ü b erflü ss ig  erscheinen lä ß t. 
D as w ird  besonders d an n  d e u tlic h , w enn m an  zu  d en  so g en an n ten  »n ich t
klassischen« C halkond iha logen iden  m it X  =  Cl, B r, I  u n d  Y  =  F  oder X  =  CI 
u n d  Y  =  B r bzw . zu  den C h a lk o n h a lo g en h y d rin en  (X  =  O H , Y  =  Cl, F ) 
ü b e rg e h t [7]. Ü b e r  U n te rsu ch u n g en  an  diesen V erb in d u n g en  w erden  w ir 
d em n äch t b e rich ten .

Bild. 2. 13C-chemische Verschiebungen von CK und Cß verschiedener diastereomerer Chalkon-
dihalogenide

E xperim en te lle r Teil

Die 13C-NMR-Spektren der 1 [8] wurden unter 'H-Breitbandentkopplung mit einem 
JNM-PFT-100-Spektrometersystem der Fa. JEOL (Japan) bei 25,15 MHz nach dem Fourier- 
Transform-Prinzip bei Zimmertemperatur (Pulslänge 12 fis, Pulsabstand 3s, 8K-Speicher, 
Spektralbereich 6 kHz) gemessen.

Zur Untersuchung gelangten gesättigte Lösungen in CDC13 (D-Lock). Hexamethyl- 
disiloxan diente als innerer Standard, die chemischen Verschiebungen wurden auf TMS um
gerechnet.
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Mono- and bis-trichloromethanesulfenylated derivatives of aryl dithiocarba- 
mates have been prepared. It has been found that the resulting trithiopercarbamates 
are unstable, and are converted in air by desulfuration into carbamates, particularly 
during chromatographic purification. The structure of the iminomethane derivatives 
obtained by sulfenylation has been verified by IR and 13C-NMR spectroscopy.

In  an  earlie r w ork  [1] th e  s tab le  disulfides l a ,  b, c  a n d  th e  b is-su lfen y la ted  
im inom ethane  d e riv a tiv e s  2a, b, c h av e  been p re p a re d  b y  th e  trich lo rom etha*  
nesu lfen y la tio n  o f am m onium  d ith io ca rb am a tes  (S chem e 1).*

//
K—NH—(

\
S2CCh

1 2

a R =  Pll a R = R1 = H

b R =  p-chlorophenyl b R = Cl R1 =  H

c R p-tolyl c R = Me R1 =  H

d R benzyl d R = ll R1 -  Me

e R --- MeO R1 =  H

f R Ft О R1 -  H

Scheme 1

As a co n tin u a tio n  o f  th is  w ork , th e  com pounds 2d, e, f  have now  b een  
p rep a red . H ow ever, th e  b is-su lfen y la ted  deriv a tiv es  co rrespond ing  to  Id , e 
cou ld  no t be o b ta in ed , as i t  is to  be  ex p ec ted  in  th e  case o f  le .

* Part XI: J. P in t y e , G. St á je r , E. V in k l e r : Acta Chim. Acad. Sei. Hung., 95 , 
307 (1977)
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s

1c

W h e n  am m onium  b e n z y ld ith io c a rb a m a te  is allow ed to  re a c t w ith  2 m oles of 
tr ic h lo ro m e th a n e su lfen y l ch lo rid e , or th e  fu r th e r  su lfen y la tio n  o f  Id  is a t te m p t
ed, b e n z y l iso tio cy an a te  is  o b ta in ed . T he fo rm a tio n  o f iso th io c y a n a te  has 
b een  a lre a d y  observed  in  su lfen y la tio n  [1]. I t  shou ld  be n o te d  t h a t  th e  p re p a 
r a t io n  o f  th e  1 d e riv a tiv e s  co rrespond ing  to  com pounds 2e, f  rem ain ed  also 
u n su ccessfu l, and  on ly  th e  b is-su lfen y la ted  p ro d u c ts  could be  iso la ted .

O n  th e  o th e r h a n d , w hen  th e  co lum n ch ro m ato g rap h ic  p u r if ic a tio n  of 
th e  re a c tio n  p ro d u c t o b ta in e d  in  th e  p re p a ra tio n  of l e  w as a t te m p te d , 3b 
w as o b ta in e d  (Schem e 2). S im ila rly , th e  th io c a rb a m a te  e ste r (3a) w as iso la ted  
as th e  m a in  p ro d u c t, b esides a sm all q u a n t i ty  o f 2e, on a t te m p te d  ch ro m ato 
g ra p h ic  p u rifica tio n  o f  th is  la t te r  com pound . Such  d esu lfu ra tio n  reac tio n s  are 
k n o w n  in  th e  l i te ra tu re  [2, 3 ]; a lip h a tic , a ro m a tic  and  h e te rocyc lic  th io k e to n es 
a re  u n s ta b le  w hen  ex p o sed  to  a tm o sp h eric  oxygen  an d  lig h t, a n d  in  d ilu te  
(10-2 — 10-3  m olar) so lu tio n  a re  ra p id ly  co n v e rted  in to  k e to n es .

4a 4c

Schem e 3
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T h u s, w ith  tr ith io p e rc a rb a m a te s  d e su lfu ra tio n  m u s t also be ta k e n  in to  
co n sid e ra tio n , w hich red u ces  th e  s ta b il i ty  of co m p o u n d s o f ty p e  2. I n  c e r ta in  
cases, such  as in  th e  a t te m p te d  fu r th e r  su lfen y la tio n  o f com pound  l a  (Schem e 
3), d e su lfu ra tio n  is a c tu a lly  th e  m ain  ro u te  o f th e  reac tio n .

T hese reac tio n s w ere p e rfo rm ed  in  o rd e r to  p ro v e  th e  s tru c tu re  o f com 
pounds of ty p e  2. If, n a m e ly , th e  “ m ix ed ”  fu r th e r  su lfen y la tio n  of l a  a n d  4a

Schem e 4

w ere successful, b o th  su lfen y la tio n s w ould  y ield  4c. H ow ever, in s tead  o f th e  
desired  b is-su lfen y la ted  co m p o u n d , 4b w as o b ta in e d  from  l a ,  w hereas 4a 
failed  to  re a c t w ith  th e  su lfen y l ch loride.

The s tru c tu re  of co m pounds o f ty p e  2 is p ro v ed  b y  th e  IR  sp ec tra , in  
w hich  N H  b a n d s  are  a b se n t, b u t  in ten s iv e  b an d s  co rrespond ing  to  r C = N  
v ib ra tio n s  coup led  w ith  a ro m a tic  ske le ta l v ib ra tio n s  a p p e a r  a t  a h igher fre 
quency  as co m p ared  to  co m pounds 1. As fu r th e r  ev idence , th e  C-2 signal, 
ch a rac te ris tic  o f  com pound l a  an d  ap p ea rin g  w ith  a v e ry  h igh  sh ift (183.4 
p p m ), is ab sen t in  th e  13C -N M R  sp ec tru m  o f 2a (Schem e 4), an d  th is  signal 
is rep laced  b y  a line of sm alle r sh ift a t  153.7 p p m , co rresp o n d in g  to  C = N . 
T he re la tiv e  in te n s i ty  of th e  C -l signal a t  99.5 p p m  is d o u b led , in d ica tin g  th e  
presence o f th e  new  CC13 g ro u p . T he co n ju g a tio n  o f  C =  N  an d  th e  p h en y l 
rin g  is re flec ted  p a r t ly  b y  th e  increase  in  sh if t (137.2 147.0 ppm ) o f th e
signal o f th e  s u b s ti tu te d  a ro m a tic  ca rb o n  (C-3), an d  p a r t ly  b y  th e  d im in ish ing  
o f  th e  chem ical sh if t o f th e  ortho (C-4, C-8) an d  para  (C-6) ca rb o n  signals. 
T he la t te r  signals fo r  l a  are 127.4 and  122.3 p p m , an d  fo r 2a 125.6 and  119.5 
p p m , respective ly .

E xp erim en ta l

I R  sp e c tr a  w e r e  reco r d e d  in  K B r  p i l ls  w i t h  a S p e c tr o m o m  2 0 0 0  s p e c tr o m e te r , a n d  
I3C -N M R  sp e c tr a  w i t h  a B R U K E R  S p e c t r o s p in  in s t r u m e n t  a t  2 2 .6 3  M H z  in  CDC13 a t  r o o m  
te m p e r a tu r e .

Sulfenylation

M e th o d  A .  A  s u s p e n s io n  o f  0 .0 2  m o le  o f  t h e  a m m o n iu m  a r y l  d i th io c a r b a m a te  [4 , 5 ]  
w a s  p r e p a r e d  in  50  m l o f  d r y  e th e r , a n d  a  s o lu t io n  o f  3 .4  g  (0 .0 2  m o le )  o f  tr ic h lo r o m e th a n e -  
s u lf e n y l  ch lo r id e  in  10  m l o f  e th e r  w a s  a d d e d  d r o p w ise , w h ile  s t ir r in g  a n d  c o o l in g . A fte r  30  m in  
o f  s t ir r in g  t h e  so lid  m a te r ia l  w a s  f i lt e r e d  o f f ,  a n d  t h e  s o lv e n t  w a s  e v a p o r a t e d  fr o m  t h e  f i lt r a t e  
in  v a c u u m . T h e  r e s id u e  c r y s ta l l iz e d  o n  t h e  a d d it io n  o f  p e tr o le u m  e th e r . T h e  s o lv e n t  o f  r e c r y s 
t a l l iz a t io n  w a s  a  1 : 1 m ix tu r e  o f  b e n z e n e  a n d  p e tr o le u m  e th e r .

M e th o d  B .  A m m o n iu m  J V -a r y ld ith io c a r b a m a te  (0 .0 2  m o le )  w a s  s u l f e n y la te d  in  th e  
p r e s e n c e  o f  2 g  (0 .0 2  m o le )  o f  t r ie th y la m in e  w it h  6 .8  g  (0 .0 4  m o le )  o f  t r ic h lo r o m e th a n e s u lf e n y l  
c h lo r id e  a s d e sc r ib ed  u n d e r  A .
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F lu o r o d ic h lo r o m e th y l tr it liio p e r c a r b a n ilid a te  ( 4 a )

A m m o n iu m  d ith io c a r b a n il id a te  (3 .7  g ;  0 .0 2  m o le )  w a s  a llo w e d  t o  r e a c t  a c c o r d in g  t o  
M e t h o d  A  w it h  3 .4  g  o f  f lu o r o d ic h lo r o m e th a n e s u lfe n y l  c h lo r id e  [6 ] . T h e  y ie ld  o f  p a le  y e l lo w  
c r y s t a l s ,  m .p . 6 1 — 6 3  °  C, w a s  1 .8  g  (3 0 % ).

C8H 6NC12F S 3 ( 3 0 2 .2 4 ) .  C a lcd . C 3 1 .7 9 ;  H  2 .0 0 ;  N  4 .6 3 . F o u n d  C 3 1 .9 5 ;  H  2 .0 8 ;  N  4 .8 3 % .  
I R :  v N H  3 2 2 0 ;  i>N H — C =  S  1 5 2 0 , 1 4 9 0  1 3 9 0 ;  v C — C l +  v C — F  8 3 0 , 8 1 0 , 7 6 0 ;  y C ^ H  +  

+  уС дгС дг  7 0 5 , 6 9 0  c m -  x.

S -T r ic h lo r o m e th y l d ith io p e r c a r b a n ilid a te  ( 4 b )

l a  (6 .3 7  g ; 0 .0 2  m o le )  [1 ]  w a s  a l lo w e d  t o  r e a c t  in  t h e  p r e s e n c e  o f  2 g  (0 .0 2  m o le )  o f  
t r ie t h y la m in e  w it h  3 .4  g  (0 .0 2  m o le )  o f  f lu o r o d ic h lo r o m e th a n e s u lfe n y l  c h lo r id e  a s  d e sc r ib e d  
a b o v e  u n d e r  ( A ) ,  t o  o b ta in  y e l lo w  c r y s ta ls  (4 .3  g ;  7 1 % ) , m .p . 9 4 — 95  °C .

C8H 6NC130 S 2 ( 3 0 2 .6 3 ) .  C a lcd . C 3 1 .7 5 ;  H  2 .0 0 ;  N  4 .6 3 . F o u n d  C 3 1 .5 5 ;  H  2 .1 3 ;  N  4 .5 0 % .  
I R :  t>NH 3 2 5 0  (? );  v N H — C = 0  1 7 2 0 — 1 6 0 0 ;  vC— Cl 7 5 0 , 7 3 5 ;  y C A rH  +  y C ArCAr 

7 0 0  c m -  *.

S -T r ic h lo r o m e th y lb e n z y l tr ith io p e r c a r b a m a te  ( I d )

A m m o n iu m  b e n z y ld ith io c a r b a m a te  (4 .0  g ;  0 .0 2  m o le )  w a s  s u l f e n y la te d  a s  a b o v e ,  to  
o b t a in  c o lo u r le s s  n e e d le s  (1 .9  g ;  2 9 % ) ,  m .p .  8 2 — 8 3  °C .

C9H 8NC13S 8 (3 3 2 .7 2 ) .  C a lcd . C 3 2 .4 9 ;  H  2 .4 2 ;  N  4 .2 1 . F o u n d  C 3 2 .7 8 ;  H  2 .3 6 ;  N  4 .2 5 % .  
I R :  v N H  3 2 5 0 ;  t > N H - C = S  1 5 1 0 ;  t-C— Cl 7 9 0 , 7 6 0 , 7 5 0 ; y C ArH  +  ^ 0 ^ 0 ^ 7 0 5  c m " 1. 
I f  s u lf e n y la t io n  w a s  ca rr ied  o u t  a c c o r d in g  t o  M e th o d  B ,  b e n z y l  i s o t h io c y a n a t e  w a s  

o b t a in e d ,  w h ic h  w a s  f r a c t io n a t e d  in  v a c u u m .

S -T r ic h lo r o m e th y lp ip e r id y l tr ith io p e r c a r b a m a te  ( l e )

A m m o n iu m  p ip e r id y ld ith io c a r b a m a te  [7 ]  (3 .6  g ;  0 .0 2  m o le )  w a s  s u l f e n y la te d  a c c o r d in g  
t o  ( A ) .  T h e  y ie ld  o f  c o lo u r le s s  n e e d le s ,  m .p .  1 0 0 — 1 0 2  °C , w a s  1 .4  g  ( 2 2 % ) .

C ,H 10NC13S 3 ( 3 1 0 .7 1 ) .  C a lcd . C 2 7 .0 6 ;  H  3 .2 4 ;  N  4 .5 0 . F o u n d  C 2 6 .8 3 ;  H  3 .1 0 ;  N  4 .8 0 % .  
I R :  v N — C = S  1 4 8 0 , 1 4 3 0 ; vC — Cl 7 9 0 , 7 8 0 — 7 2 0  c m - * .

S -T r ic h lo r o m e th y l p ip e r id y ld ith io p e r c a r b a m a te  ( 3 b )

T h e  r e a c t io n  m ix tu r e  fr o m  t h e  s u l f e n y la t io n ,  a s  a b o v e , o f  3 .6  g  (0 .0 2  m o le )  o f  a m m o n iu m  
p ip e r id y ld it h io c a r b a m a t e  w a s  w a s h e d  w i t h  w a t e r ,  d r ie d , a n d  t h e  r e s id u e  o b ta in e d  o n  t h e  
e v a p o r a t io n  o f  e th e r  w a s  e lu t e d  f r o m  a  s i l ic a  g e l  c o lu m n  w it h  a  1 : 2 m ix tu r e  o f  b e n z e n e -  
-p e tr o le u m  e th e r . R e c r y s t a l l iz a t io n  fr o m  b e n z e n e -p e tr o le u m  e th e r  g a v e  c o lo u r le s s  c r y s ta ls  
( 2  g ;  3 3 .5 % )  o f  3 b , m .p . 8 2 — 8 4  °C .

C ,H 10NC13O S 2 (2 9 4 .6 5 ) .  C a lcd . C 2 8 .5 4 ;  H  3 .4 2 ;  N  4 .7 5 . F o u n d  C 2 8 .4 0 ;  H  3 .7 0 ;  N
4 .7 4 % .

I R :  v C = 0  1 6 8 0 ; vC— Cl 7 9 0 , 7 5 0 , 7 3 5  c m “ ».

B is ( t r ic h lo r o m e th y ld i t h io ) - lV - ( p -m e t h o x y p h e n y l) - im in o m e t h a n e  ( 2 e )

A m m o n iu m  p - m e t h o x y p h e n y ld i t h io c a r b a m a t e  (4 .3  g; 0 .0 2  m o le )  w a s  s u l f e n y la te d  
a c c o r d in g  t o  ( B ) ,  t o  o b ta in  p a le  y e l lo w  n e e d le s  (2 .8  g ; 2 8 % ) , m .p .  8 0 — 81  °C .

C10H ,N C 1 6O S 1 (4 9 8 .1 5 ) .  C a lcd . C 2 4 .1 1 ;  H  1 .4 2 ;  N  2 .8 1 . F o u n d  C 2 4 .3 2 ;  H  1 .6 0 ;  N
2 .7 9 % .

I R :  r C = N  +  уСд г Сд ,. 1 6 0 0 ;  yC A rH  ( p -d i)  8 1 5 ; vC— C l 7 0 0 — 7 9 0  c m - 1.

S -T r ic h lo r o m e th y l- jV - (p -m e th o x y p h e n y l)  d ith io p e r c a r b a m a te  ( 3 a )

T h e  r e a c t io n  m ix tu r e  fr o m  t h e  p r e v io u s  e x p e r im e n t  w a s  w a s h e d  w i t h  w a te r , d r ie d  o v e r  
N a 2S 0 4 a n d  t h e  e th e r  w a s  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s su r e . T h e  r e s id u e  w a s  d is s o lv e d  in  
b e n z e n e , fe d  o n to  a s i l ic a  g e l  c o lu m n , a n d  f r a c t io n a lly  e lu t e d  f i r s t  w it h  p e tr o le u m  e th e r .
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then with a 1 : 1 mixture of benzene-petroleum ether. The colourless fractions from the evapo
ration residues of the eluate were combined and recrystallized from benzene to obtain 3a 
(2.1 g; 32%), m.p. 120—122 °C.

C9H8NC130 2S2 (332.66). Calcd. C 32.50; H 2.42; N 4.21. Found C 32,85; H 2.67; N4.57%. 
IR: j-NH 3220; vNH—C = 0  1670; yCArH (p-di) 825; rC—Cl 780, 760—700 c m '1.

Bis(trichloromethyldithio)-JV-(p-ethoxyphenyl)-iininomethane (2f)

Ammonium p-ethoxyphenyldithiocarbamate (4.6 g; 0.02 mole) was sulfenylated accord
ing to (B ). The product consisted of pale yellow crystals (3.1 g; 30%), m.p. 76—77 °C.

Cn H9NCl6OS4 (512.17). Calcd. C 25.80; H 1.77; N 2.74. Found C 26.03; H 1.6; N 2.92%. 
IR: vC=N +  гСАгСАг 1620; yCArH (p-di) 835; vC—Cl 810, 800—740 cm-1 .

Bis(trichloromethyIdithio)-iY>(m-tolyl)-iminomethane (2d)

Ammonium m-tolyldithiocarbamate (4.0 g; 0.02 mole) was sulfenylated as above to 
obtain colourless crystals of 2d (1.2 g; 12.5%), m.p. 82—83 °C.

C10H,NCleS4 (482.146). Calcd. C 24.91; H 1.46; N 2.9. Found C 25.20; H 1.62; N 2.99%. 
IR: vC=N +  rCArCAr 1580; rC—Cl 700—800 (770, 730) c m '1.
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S tru c tu re  1 is to d a y  g en era lly  accep ted  fo r th io lsu lfo n a tes  (cf. [1— 9 ]), 
as th is  has b een  con firm ed  b y  th e  sp ec tra l d a ta  o f a n u m b e r o f rep re sen ta tiv es  
belonging to  th is  group o f  com pounds. E a rlie r  we p ro v ed  also b y  syn theses 
[10] th e  co rrec tn ess  of s tru c tu re  1 fo r severa l th io lsu lfo n a te s . F o rm erly , s tru c 
tu re  2 was co nsidered  a c c e p tab le  b y  m an y  resea rch ers; obv iously , th is  has b een  
show n to  be erroneous. Y e t in  a recen t rev iew  [11] th e  c o n s titu tio n  of th io l
su lfonates is s till  ju d g ed  to  b e  d isp u ta b le ; th e  s tru c tu re s  o f  som e o f th e  m em 
bers of th is  fa m ily  have  n o t b een  e lu c id a ted  a t  all.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 105 (2), pp. 105—108 (1980)

R— S 0 2- S — R' R —SO—SO—R'

1 2

a : R = R = OH2X

b: R — CHjX; R - Me

c : R = —CHjX; R = n-b

H ilditch [12], for in s ta n c e , syn th esized  th re e  o p tica lly  ac tiv e  co-D- 
-cam pho rth io lsu lfo n ic  esters (a, b , c) and  supposed  th a t  tw o  o f th e m , a  and  c, 
h a d  th e  d isulfoxide s tru c tu re  2, o n  th e  basis o f m o lecu la r ro ta tio n  d a ta . W e 
h av e  rep ea ted  th e  sy n th es is  o f  th e se  com pounds in  o rd e r to  e luc ida te  th e ir  
s tru c tu re , i.e. to  a sc e r ta in  t h a t  th e ir  c o n s titu tio n  is a c tu a lly  1.

* To whom correspondence should be addressed.
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I n  th e  rep ro d u c tio n  o f H ilditch’s ex p erim en ts  we o b ta in e d  com pounds 
a  a n d  b  as described, how ever, th e  n -b u ty l d e riv a tiv e  c w as n o t a  w ax-like, 
c ry s ta llin e  substance , b u t  an  oil. T his com pound  could n o t be  c ry sta llized  
ev en  a f te r  p u rifica tio n  b y  co lum n c h ro m a to g rap h y , y e t, acco rd ing  to  TLC 
a n d  sp ec tro sco p y , i t  w as a hom ogeneous sub stan ce . I ts  o p tica l ro ta tio n  d a ta  
s ig n if ic a n tly  d ev ia ted  from  tho se  g iven  in  th e  lite ra tu re . U sing K l iv e n y i’s 
m e th o d  [13] we sy n th esized  th is  co m p o u n d  also from  co-D -cam phoryl-sulfinic 
ac id  a n d  n -b u tan esu lfen y l ch loride; th is  y ie lded  th e  sam e p ro d u c t. H ence we 
co n c lu d e  th a t  th e  m a te r ia l iso la ted  b y  H ilditch  w as n o t co-D-cam phoryl-n- 
-b u ty lth io l su lfonate , b u t  som e o th e r com pound . This is su p p o rte d  b y  th e  fac t 
t h a t  co-D -cam phoryl-ethyl- an d  -p ro p y lth io l su lfonates are  also oils [2].

S tru c tu re  1 fo r com pounds a — c w as unequ ivocally  p ro v ed  b y  th e ir  IR  
a n d  *H N M R  sp ec tra  (T able I). T he I R  sp e c tra  h ad  in ten siv e  pasS 0 2 an d  r sS 0 2 
b a n d s  a t  ab o u t 1310 a n d  1110 cm - 1 , ch a ra c te ris tic  o f su lfone g roups, w hereas 
fo r su lfox ides only one b a n d , a t  a b o u t 1050 cm - 1 , is to  be ex p ec ted .

T h e  H R -ty p e  m u ltip le t o f th e  S 0 2C H 2 group and  th e  signal o f th e  SCH 2 
g ro u p  ap p ea r se p a ra te ly  in  th e  *H N M R  spectrum .

D ue to  th e  a sy m m etric  s tru c tu re  o f  these  com pounds s tru c tu re  2 can n o t 
be  exc luded  on th e  basis  o f  chem ical nonequ iva lence  o f th e  tw o  m eth y len e  groups

Table I

IR and lH NMR spectral data of compounds la ,  lb  and lc  
(IR spectra were recorded on a Perkin Elmer 577 grating spectrometer in KBr pellet, 41 NMR: 
spectra were obtained on a Jeol 60-HL instrument at 60 MHz in CDC13 solution, at room tem

perature, using TMS as internal standard)

Com
pound

IR (cm -1) »H NMR (Ö =  0 pprn*)

vC=0
band

ragSO,
band

►sS03
band

dSO.CH, 
mx (2 x 1H)

dSCH,
(2H)

óCHj(camphor) 
2 x e (2 x 3H)°

dCH,
(3H)

l a 1720 1310 1120 3.25
3.90 ~3.3 + 0.90 0.95 

1.10 1.15 —

lb 1720 1320
1300 1120 3.28

3.83 — 0.90
1.10 2.75#

lc 1725 1320 1120 3.28
3.83 3.20* 0.90

1.10 0.95*

* The overlapping multiplets of the methylene and methine protons of the camphor 
part appear in the range 70—170 Hz; in the case of l a  overlapped also with the signal of the two 
“inner” methylenes of the n-butyl group: thus the total intensity is 11H for la ,  and 7H for lb  
and lc. 1 AB  multiplet ( J a b  — 15 Hz). +AB  multiplet, overlapped with the two lines of the 
AB  multiplet of the S02CH2 group. ° In the case of la , 4 X a (4 X 3H). •  n-Butyl group,! ( J  =  7 Hz). 
Ф SCH3 group, s.

how ever th e  s ig n ifican t p a ra m a g n e tic  sh ift o f one o f th e  m eth y len e  p ro to n - 
signals in  th e  case o f  one (and  o n ly  one) m ethy lene  g roup  suggests stro n g ly  
d iffe ren t n e ig h b o u rin g  groups, a n d  h ereb y  th e  1 -ty p e  s tru c tu re . T hus i t  has
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been p ro v ed  th a t  th e  s tru c tu re s  o f th e  th ree  co m p o u n d s are  l a ,  l b  a n d  lc ,  
re spec tive ly , in  c o n tra s t to  th e  d isu lfox ide s tru c tu re s  2a  an d  2c fo rm erly  p ro 
posed  for co m pounds l a  an d  lc .

I t  is to  n o te  th a t  we h a v e  now  also su p p o rted  th e  1 -type  s tru c tu re  of 
th e  th io lsu lfo n a te  o b ta in ed  on th e  p e race tic  acid o x id a tio n  of cy stin e , as well 
as th a t  o f i ts  a c e ty l and  benzoy l d e riv a tiv es  b y  JH  N M R  spectro scopy . T his 
s tru c tu re  w as p ro v e d  earlie r [1, 15], excluding  th e  o rig in a lly  suggested  [14] 
d isulfoxide s tru c tu re  2. A lso in  th e se  cases th e  1 -ty p e  s tru c tu re  can be deduced  
from  th e  ap p e a ra n ce  of th e  rasS 0 2 an d  tsS0 2 IR  b an d s  as w ell as from  th e  chem 
ica l sh ifts of th e  — CH2-—S 0 2— S— CH2—  group in  th e  1H  N M R sp ec tru m , 
being  v e ry  s im ila r re la tiv e  to  th e  correspond ing  d a ta  o f  com pounds l a — c.

E xperim en ta l

n-Butyl-co-D-camphorthiolsulfonate, l c

(o) [12] Sodium tu-D-camphorthiolsulfonate [12] (27.34 g; 0.1 mole) was warmed and 
stirred in n-butanol (50 ml) with n-butyl iodide (20.24 g; 0.1 mole +  10%) at 60 °C for 24 h. 
The reaction mixture was evaporated to dryness under reduced pressure, the residue taken 
up in benzene, washed with water, and dried over anhydrous Na2S04. After the evaporation of 
the solvent, the residual oil was taken in a mixture of petroleum ether and benzene, and 
this solution was transferred on to a silica gel column (Merck Kieselgel 40; 0.062—0.20 mm) 
and chromatographed by eluting first with petroleum ether and then with benzene. The 
fractions were checked by TLC, using Merck Kieselgel-G adsorbent and a solvent mixture of 
petroleum ether and benzene (60 : 40) an alkaline solution of potassium permanganate was 
used for detection of the spots.

A fter repeated purifica tion  by m eans of column chrom atography, the pure n -buty l 
oj-D-camphorthiolsulfonate was isolated from  the benzene fraction, to  ob tain  13.7 g (45.4%) 
of th e  product, nff'5 =  1.5215; a[> +30.15; Mff =  +90.61.

C14H240 3S2 (300.47). Calcd. C 55.96; H 8.05; S 21.34. Found C 55.72; H 7.68; S 21.02%.
(6) [13] co-D-camphorsulfinic acid [12] (21.6 g; 0.1 mole) was dissolved in dry ether 

(100 ml). To this solution butylsulfenyl chloride was added dropwise at 0 °C, which had been 
prepared from dibutyl-disulfide (9.98 g; 0.05 mole +  10%) and a calculated amount of chlo
rine at — 10 °C in carbon tetrachloride (50 ml). On warming to room temperature, the reaction 
mixture became colourless, with the vigorous evolution of hydrogen chloride. After stirring 
for 6 h the mixture was washed 5% Na2C03 solution, then with water, and dried (Na2S04). 
Evaporation of the solvent gave an oil which was dissolved in a mixture of petroleum ether 
and benzene, and purified as described before under (o).

The yield was 17.5 g (58.2%). The product was identical with that described under 
(a), according to the IR spectra and physical constants.

*

The authors thank Mrs. Zs. B iró , Mr. A. F ü r jes  and Mr. M. V örös for technical 
assistance.
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V\

The electron-impact-induced fragmentations of four IV-alkyl-substituted pheno- 
thiazine-S-oxides have been investigated. The decomposition pathways show that the 
tetravalent sulfur atom is the main reaction center in the molecular ions of these com
pounds and SO, О and OH eliminations represent the main primary decomposition routes. 
As demonstrated by using the deuterium labelling technique, the abundant (M—OH) + 
ions are formed by transannular reactions between the substituents of the S and N 
atoms in the hetero ring, in accordance with an earlier assumption (Ref. [8]).

In tro d u c tio n

T he im p o rta n c e  an d  w idespread  u se  o f  d iffe ren t p h en o th iaz in e  d e r iv a 
tiv es  in  m edical p ra c tic e  gave rise to  a  co n tin u o u s  in te re s t in  th e ir  m ass sp ec tra l 
b ehav iou r, re su ltin g  in  a w ell-docum ented  m ass sp e c tro m e try  o f these  com 
p ounds (see e.g. [1— 12]). H ow ever, th e  sam e is n o t t ru e  fo r phen o th iaz in e- 
S -oxides an d  — ,S,S-dioxides (i.e. fo r cyclic su lfox ides an d  sulfones), a lth o u g h  
th e  significance o f  th e se  deriv a tiv és  is now  also ev id en t: th e  m etabo lic  o x id a 
tio n  o f p h en o th iaz in e  d rugs to  cyclic S -oxides h as  b een  p o s tu la te d  re p ea ted ly  
[13, 14] an d  th e  fo rm a tio n  of su lfone d e riv a tiv e s  from  ch lo rp rom azine  an d  
peraz in e  has been  sh o w n  recen tly  in  m a n  [15].

These fac ts  p ro m p te d  us to  s tu d y  th e  d e ta ils  o f th e  e lec tro n -im p ac t- 
induced  f ra g m e n ta tio n  o f  som e p h en o th iaz in e  su lfox ide an d  sulfone deriv a tiv es .

This p ap e r dea ls  w ith  th e  m ass sp e c tra l b e h av io u r o f  th e  pheno th iaz in e  
sulfoxides I —V:
T his s tu d y  is a c o n tin u a tio n , su p p o rtin g  ea rlie r in v es tig a tio n s  on  10-m ethyl- 
an d  1 0 -b u ty l-pheno th iaz ine-S -ox ides [8].

* To whom correspondence should be addressed.
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к IV IV'

I —CH:i Cl j \0 3

11 —CHs—OHj C] NO.

III —CDi—CDs Cl n o 2

IV —CH4—CHs—CH3 Cl NO*

V —CH»—CH=CHf2 H H

R e s u lts

T he 70 eV m ass sp ec tra  o f co m p o u n d s  I —V are show n as line d iag ram s 
in  F igs 1— 4. T h e  f ra g m e n ta tio n  p a th w a y s , i.e. th e  orig in  o f ions, e lu c id a ted  
b y  using h igh  reso lu tio n  m ass m e a su re m e n ts , as well as b y  observ in g  th e

Fig. 1. 70 eV mass spectrum of JV(10)-methyl-3-nitro-7-chlorophenothiazine-S-oxide (I)

f irs t  and  second  fie ld  free m e ta s ta b le s , are  p resen ted  fo r s ign ifican t ions, show 
in g  th e  n e u tra l  p a r t(s )  lost d u rin g  th e  fo rm atio n  of th ese  ions. C om m on fra g 
m e n ta tio n  p rocesses and  suggested  s tru c tu re s  o f th e  m ain  frag m en t ions fo r 
I ,  I I  and  IV  a re  show n in  Schem e 1. A nalogous schem es are  va lid  fo r  П1 and  
V, as w ell as fo r 1 0 -m eth y lpheno th iaz ine-S -ox ide  an d  10-bu ty l-3 -n itro -7 - 
-ch lo ropheno th iazine-S -ox ide  [8].
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F ro m  th e  re su lt o b ta in e d , som e conclusions concern ing  th e  m a in  ch a rac 
te r is tic s  o f  th e  fra g m e n ta tio n  o f these  com pounds can  be d raw n .

T h e  m olecu lar ions o f  I— V are  o f  m ed iu m  s ta b ility . T he m ain  p rim a ry  
fra g m e n ta tio n  processes a re  th e  loss o f  O H  o r SO groups, or th e  e lim in a tio n  
o f  an  0  a to m , in  c o m p e tin g  ro u tes .

m / e

Fig. 2a, b. 70 eV mass spectra of Ar(10)-ethyl-3-nitro-7-chlorophenothiazine-S-oxide (II) and
its ethyl-d6 analogue (Ш)

A nalogously  to  th e  m ass sp e c tru m  o f 1 0 -m ethy lpheno th iaz ine-S -ox ide  
[8], th e  base p e a k  in  th e  sp ec tru m  o f I  (F ig . 1) is y ie lded  via  e lim in a tio n  o f 
th e  SO group from  th e  m o lecu lar ion. C om peting  loss o f  an  O H  group  leads to  
(M —O H )+ ions, w ith  an  ab u n d an ce  o f  85% .

In  th e  m ass sp e c tra  o f I I —У (F igs 2a— 4) th e  base  p eak s co rrespond  to  
O H  elim ination  (for I I I  an  OD g roup  is lost) from  th e  m o lecu la r ions, as it  
w as also found  in  cases o f 1 0 -n -b u ty l-3 ,7 -d in itro p h en o th iaz in e-S -o x id e  and
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Fig. 3. 70 eV mass spectrum of !V(10)-n-propyl-3-nitro-7-chlorophenothiazine-S-oxide (IV)

m / e

Fig. 4. 70 eV mass spectrum of V(10)-allyl-phenothiazine-S-oxide (V)

1 0 -n -b u ty l-3 -n itro -7 -ch lo ro p h en o th iaz in e-S -o x id e  [8]. These o b se rv a tio n s in d i
ca te  th a t  O H  e lim in a tio n  is a n io re  fa v o u re d  p rocess w hen R  >  C H 3. T he com 
p e tin g  SO e lim in a tio n  in  the  cases o f  I I — V lead s to  ions w ith  an  a b u n d an ce  
n o t exceed ing  3 0 % . F o r  V, loss o f  th e  N (10) su b s titu e n t from  th e  m o lecu lar 
ion  also ta k e s  p lace  (allylic effect).

E lim in a tio n  o f  a n  0  atom  fro m  th e  m o lecu la r ions resu lted  in  low  a b u n 
d a n t ( M —0 ) + p eak s.

In  genera l, th e  fu r th e r  f ra g m e n ta tio n s  o f  com pounds I—IV  (F igs 1— 3) 
are v e ry  close to  t h a t  o f 1 0 -n -b u ty l-3 -n itro -7 -ch lo ropheno th iaz ine-S -ox ide , 
and  th e  sam e app lies to  th a t  o f У (F ig . 4) an d  10 -m eth y lp h en o th iaz in e  oxide 
[8]. I n  th is  re sp ec t i t  is no ted  t h a t  a lth o u g h  (M —0 ) + ions a p p ea r as w eak
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peak s in  th e  m ass s p e c tra  o f  I — V th e ir  m a in  fu r th e r  frag m en ta tio n , consist
ing  o f  th e  loss of th e  N (10) su b s titu e n t, leads to  a b u n d a n t (M —0  —R ) + 
p eak s. T h is phenom enon  ca n  be due to  th e  h ig h  s ta b il i ty  o f  th e  p ro d u c t ions 
o f h e te ro a ro m atic  s t ru c tu re  (Schem e 1).

In te re s tin g ly , th e  m ass sp ec tra l b e h a v io u r o f  IV (10)-alky l-substitu ted  
su lfox ides is very  d iss im ila r  to  th a t  o f  p h en o th iaz in e  su lfox ide ( R = H )  [5]. 
W ith  th is  com pound O H  elim in a tio n  is in s ig n if ican t, an d  s im ila rly  to  th ia n th re n e  
su lfox ide  an d  p h e n a th io x y  sulfoxide [16], i t  has v e ry  s tab le  m olecular ions, 
th e  m a in  fra g m e n ta tio n  p a th w a y s  being  ex p u ls io n  o f  SO an d  CO in  com peting  
p rocesses. The la t te r  r o u te  involves a  re a rra n g e m e n t o f  th e  — S—  group to  
an  — S— 0 — bridge [17]. ^

a- an d  /З-bond c leavages in  th e  lV (10)-substituen t (R ), as well as f ra g 
m e n ta tio n  o f th e  o th e r  su b s titu e n ts  (R ', R") are  s ig n ifican t only  as seco n d ary  
p rocesses, in  c o n tra s t  to  analogous p h en o tliiaz in es , fo r w hich these  reac tio n s 
occu r as th e  m ain  p r im a ry  decom position  p a th w ay s .

T he above m e n tio n e d  facts in d ic a te  t h a t  th e  m a in  reac tio n  c e n te r  in  
th e  m olecu lar ions o f  iV (10)-sub titu ted  p h en o th iaz in e  sulfoxides is th e  SO 
g ro u p  con ta in ing  a co m p ara tiv e ly  u n s ta b le , te t r a v a le n t  su lfur a to m ; th e  
o b serv ed  processes le a d  to  th e  fo rm a tio n  o f  m ore s tab le  ionic s tru c tu re s . T h e  
m o st in te re s tin g  re a c tio n  is in  th is  re sp ec t th e  O H  g roup  e lim ination  from  th e  
m o lecu la r ion, re p re se n tin g  one of th e  m o st s ig n ifican t rou tes of s tab iliz a tio n  
fo r  I ,  I I , IV  and V. A n y  fu r th e r  fra g m e n ta tio n  o f th e  (M —0 H ) + ions has been  
fo u n d  alm ost n eg lig ib le . OD elim ination  in s te a d  o f O H  loss in  th e  case o f  I I I ,  
to g e th e r  w ith  th e  h ig h  abundance  o f ( M — 0 H ) + ions in  th e  sp ec tru m  o f V 
(w ith  no o th e r o x y g en  atom s) in d ica te  t h a t  th is  O H  group  is form ed from  th e  
oxygen  atom  o f th e  SO group an d  a H  a to m  o f th e  iV (10)-substitucn t, as 
assum ed  fo rm erly  [8]. I t  follows th a t  th is  s ig n ifican t O H  elim ination  p rocess 
rep resen ts  a re a c tio n  betw een  th e  s u b s titu e n ts  o f th e  tw o h e te ro a to m s (S and  
N ) w hich are in  tra n s a n n u la r  positions o f th e  h e te ro  ring.

N o tab ly , t r a n s a n n u la r  H -rea rran g em en ts  h a v e  also been p roposed  for 
th e  ketene  e lim in a tio n  reac tio n  o f iV (10)-acety lphenoth iazine-S -oxide, fo l
low ed b y  O H  loss [5], and  tra n sa n n u la r  e lim in a tio n  reactions w ere in d ic a te d  
fo r some tr im e th y ls ily la te d  b en zh y d ry l e th e rs  [18].

The h ig h er re la tiv e  frequency  o f  O H  e lim in a tio n  for com pounds, w ith  
R  >  CH3 can  be  in te rp re te d

(a) by  assu m in g  th a t  th e  ra tio  o f  th e  “ in te rn a l”  an d  “ e x te rn a l”  co n figu 
ra tio n s  of R  a t  th e  N (10) atom  are  d ife ren t in  th e  m olecules exam ined  d ep en d 
ing  on R [8]; or

(b) b y  su p p o sin g  a com p lem en ta ry  fo rm a tio n  o f su lfonium  ions invo lv in g  
th e  ethy lene (o r su b s ti tu te d  e th y len e) b ridge  b e tw een  th e  tw o h e te ro a to m s 
o f th e  ring , as a  co n tr ib u tin g  effect.
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F o r a su re  decision b e tw een  th e se  a lte rn a tiv e s , fu r th e r  s tu d ies  w ith  
com pounds p a r tia lly  D -labelled  in  th e  iV-alkyl g roup  (C H 2CD3 an d /o r CD2C H 3) 
seem  to  be n ecessary  and  a re  p la n n e d .

C oncern ing  th e  f irs t a s su m p tio n , i t  is reaso n ab le  to  suppose t h a t  for 
I I— У, h av in g  large R  s u b s titu e n ts , th e  “ e x te rn a l”  co n fig u ra tio n  m a y  be 
p re d o m in a n t, favouring  OH e lim in a tio n . F o r com pound  I  th e  low a b u n d an ce  
o f th e  (M —O H )+ peak  can  be  ra tio n a liz e d  b y  assum ing  th e  p o ss ib ility  of 
b o th  “ e x te rn a l”  an d  “ in te rn a l”  co n fig u ra tio n s, w hen  on ly  th e  “ e x te rn a l”  
co n fig u ra tio n  allow s OH e lim in a tio n .

In  th e  case o f R = H ,  th e  “ in te rn a l”  co n fig u ra tio n  m a y  be p red o m in an t*  
resu ltin g  in  a v e ry  w eak (M —O H )+ p e a k  [5].

Experimental

T h e  m a ss  s p e c tr a  o f  th e  sa m p le s  w e r e  t a k e n  b y  a n  A E I  M S -9 0 2  d o u b le  fo c u s s in g  in s t r u 
m e n t  (B u d a p e s t  la b o r a to r y ) ,  u s in g  t h e  d ir e c t  in l e t  s y s t e m . T h e  a p p lie d  io n iz in g  e le c tr o n  energy- 
w a s  7 0  eV  a n d  t h e  te m p e r a tu r e  o f  t h e  io n iz a t io n  c h a m b e r  w a s  m a in ta in e d  a t  17 0  °C . T h e  
a c c e le r a t in g  v o l t a g e  w a s  8 k V .

H ig h  r e s o lu t io n  m e a su r e m e n ts  w e r e  e f f e c te d ,  w it h  a n  a c c u r a c y  o f  3 p p m . F o r  d e t e c t in g  
th e  f ir s t  f ie ld  f r e e  m e ta s ta b le s ,  b o th  m e t h o d s ,  a lte r in g  t h e  E S A  v o l t a g e  a n d  c h a n g e  o f  t h e  
a c c e le r a t in g  p o t e n t ia l ,  w ere  u se d .
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The fragmentation processes of seven phenothiazine sulfones have been investi
gated. The molecular ions were found to be more stable than those of the corresponding 
sulfoxides. The main decomposition routes consist of losses of small neutrals such as 
0 , OH, SO, S 0 2 groups and/or fragments of the lV(10)-substituent, resulting in hetero- 
aromatization or extension of the л-conjugations in the skeleton. For iV-ethyl deriva
tives subsequent eliminations of two OH radicals were observed as significant processes. 
Deuterium labelling experiments evidenced that both H atoms lost in these reactions 
originate from the iV(10)-alkyl group, as assumed earlier for a 2V(10)-propylphenothia- 
zine sulfone derivative (Ref. [1]).

In tro d u c tio n

In  sp ite  o f  re c e n t in te re s t a tta c h e d  to  cyclic su lfone deriv a tiv es  o f  
p h en o th iaz ine  d ru g s  as p roduc ts in  th e  m etab o lism  o f th e se  d rugs, no sy s te m a tic  
s tu d ies  have  b een  p u b lished  on th e ir  m ass sp e c tra l b eh av io u r. In  an  ea rlie r 
p a p e r  [1], a v e ry  in te re s tin g  e lec tro n -im p ac t-in d u ced  fra g m e n t, (M —H 20 2)+ , 
w as observed in  th e  m ass spec trum  o f 10-re-propyl-3-am ino-7 ,8-dichloropheno- 
th iaz in e -S ,S -d io x id e ; i t  was p roposed  to  h av e  a risen  b y  th e  loss o f tw o O H  
rad ica ls  from  th e  m o lecu la r ion, s im ila rly  to  th e  e lim in a tio n  o f  one O H  rad ica l 
from  th a t  o f th e  co rrespond ing  su lfox ides [1, 2 ]. To e lu c id a te  th e  d e ta ils  o f  
th ese  su rp rising  O H  elim ination  reac tio n s , to g e th e r  w ith  o th e r  ch a rac te ris tic  
decom position  m odes occurring  u n d e r  e lec tro n  im p a c t, th e  p heno th iaz ine- 
-S ,S -d ioxides I — V II h a v e  been s tu d ie d .

R esults an d  discussion

T he 70 eV m ass  sp ec tra  o f com pounds I — V II are  p re sen ted  in  F igs
1— 6. In  e luc ida ting  th e  origins of ions, h ig h -reso lu tio n  m ass m easu rem en ts, as 
well as observations o f  f i r s t  and  second fie ld  free m e ta s ta b le s  w ere ex tensively  
app lied .

* To whom correspondence should be addressed.
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T he m olecu lar ions o f all s tu d ie d  p h en o th iaz in e  sulfones fo rm  th e  base  
p e a k  o f  th e  sp ec tru m  an d  decom pose in  com peting  ro u te s . I n  th e  case of 
p h en o th iaz in e -S ,S -d io x id e  (I) ,(F ig . 1, S chem e 1 and  R ef. [1]) m o lecu lar io n  u n 
dergoes a w ell-know n rea rra n g em e n t [4, 5 , 6 ], th e  fo rm atio n  o f  а  С— О b o n d . 
S u b se q u e n t e lim in a tio n  of SO from  th is  ion  yields th e  ion  a t  m/e 183, from  
w h ich  th e  ions m/e 182 an d  m/e 154 a rise  b y  successive loss o f h y d ro g en  an d  
CO. E x p u ls io n  o f S 0 2 from  th e  m o lecu la r io n  of I  leads to  th e  ion  a t  m/e 167, 
w h ile  loss o f an  О an d  a H  a to m  in  a  one- or tw o-step  re a c tio n  gives rise  to  
th e  ion  m/e 214. T h is la t te r  decom poses, on  th e  one h a n d , b y  e lim in a tio n  o f

Fig. 1. 70 eV mass spectrum of phenothiazine-S,S-dioxide (I)
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SO to  give th e  ion  m/e 166 and , on th e  o th e r h a n d , b y  loss o f  CO (via  re a rra n 
gem ent) th e  ion  m/e 186, th e  la t te r  being  th e  second  a b u n d a n t p e a k  in  th e  m ass 
sp ec tru m . The H  a to m  lo s t in  th e  above m en tio n ed  H  e lim in a tio n  reac tions 
o rig inates from  th e  N (10) positio n  of I, as e s tab lish ed  from  th e  m ass sp ec tru m  
o f th e  d e u te ra te d  analogue.

R a th e r  su rp ris in g ly , th e  m ass sp ec tru m  o f 10-m ethy lpheno tliiaz ine- 
S ,S -d iox ide(II) (F ig . 2 an d  Schem e 2) ex h ib ited  a  v e ry  in ten se  p eak  (30.4% ) 
a t  m/e 198. This ion  ap p ea red  also in  th e  m ass sp e c tra  o f I I I  to  У an d  was 
sh ifted  to  m/e 277 in  th e  sp ec tra  of VI and  V II. H ere  i t  should  be n o ted  th a t  
A u d ie r  et al. [7] o b serv ed  a p eak  a t  m/e 198 in  th e  m ass sp ec tru m  o f oxom e- 
m azine, b u t  its  o rig in  h as  n o t been explained .

T he peak  a t  m/e 186 also appears in  th e  m ass sp ec tru m  o f I I ,  as well 
as in  th e  sp ec tra  o f  I I I ,  IV  and  V, b u t  its  in te n s ity  is low er th a n  in  th e  case o f I.
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Fig. 2. 70 eV mass spectrum of iV(10)-methylphenothiazine-S,S-dioxide (П)
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E x a c t m ass m easu rem en ts  h av e  revealed  t h a t  th e  m/e 198 io n  has a 
chem ical co m p o sitio n  of C12H gN S , i.e. i t  can  be  d ed u ced  from  th e  m olecu lar 
ion  o f I I  b y  loss o f  C H 30 2. A p p lic a tio n  of th e  defocussing  tech n iq u e  h as  show n 
th a t  a p a th w a y  lead ing  to  th is  io n  from  I I  is th e  successive E lim in a tio n  of 
tw o  oxygen a to m s , followed b y  t h a t  o f a m e th y l g roup  in  a v e ry  fa s t  process* 
giv ing rise to  v e ry  s tab le  h e te ro a ro m a tic  s tru c tu re  o f  th e  p ro d u c t io n  (Schem e 
2). In te rs tin g ly , in  th e  m ass sp e c tru m  of I I  th e re  is no  p eak  co rresp o n d in g  to  
th e  p rim ary  loss o f  a CH3 g ro u p , an d , a t  th e  sam e tim e , th e  ab u n d an ce  of 
th e  (M —0 ) + an d  ( M —0 2)+ ions is a lm o st a t  ^n  u n d e te c ta b le  level. T h is “ pheno- 
th iaz in iu m  io n ”  w as also o b serv ed  in  th e  case o f  th e  su lfox ide analogues [2].

T he e lem en ta l com position  o f  th e  m/e l'jj'6 ion ' w as found  to  be C11H 8NS,
i.e. i t  is deducib le  fro m  th e  m o lecu la r ion  of I I  b y  su b s tra c tin g  C2H 30 2. A p os
sible ro u te  to  th is  io n , as d e te c te d  b y  th e  defocussing tech n iq u e , invo lves th e  
sp littin g  off of an  О a tom  fo llow ed  b y  a v e ry  fa c t  e lim in a tio n  o f th e  C H 3 
group  and  a CO m olecule.** T h u s , s im ila rly  to  th e  case o f th e  ion  a t  m/e 198 
also here  only th e  en d -p ro d u c t o f  a  series of re a c tio n  s]teps has a s tru c tu re  
s tab le  enough fo r d e tec tio n  as a n  a b u n d a n t p eak  in  th e  n o rm al sp ec tru m .

The o th e r p ro n o u n ced  fe a tu re  o f  th e  m ass sp e c tru m  o f I I  is th e  e lim in a
tio n  of an  S 0 2 m olecule  from  th e  m o lecu la r ion an d  fo rm a tio n  of th e  io n  m/e 
181, from  w hich an  io n  m/e 180 a rises  b y  th e  loss o f  a h y d ro g en  a to m , g iv ing 
th e  second a b u n d a n t p eak  (40% ) in  th e  m ass sp ec tru m . B o th  tra n s itio n s  are 
co n firm ed  b y  m e ta s ta b le  peaks. F o rm a tio n  of th e  io n  m/e 180 also occurs 
(as d isp layed  b y  th e  m e ta s tab le  p e a k )  from  th e  io n  o f  m/e 244 (M —H )+ b y  
lo ss  o f S 0 2. T he la t t e r  tra n s it io n  w as observed  in  th e  m ass sp e c tru m  of 
oxom em azine  [7], to o .

T he e lim in a tio n  o f  a m e th y l g ro u p  (/9-fission a t  th e  N(10) a to m ) an d  
fo rm a tio n  o f th e  (M —C H 3)+ ion is th e  m o st p ronounced  p r im a ry  fra g m e n ta tio n

* Correspondingly, the following first field free metastable transitions were observed: 
a one-step processes

245 - ~ °  > 229 
229 ~ °  > 213 
213 ~ CH*> 198

b multi-step processes:

245
245
229

- 2  0

- 2  0 - C H ,  

- O  -C H ,

213
198
198

E/E0 =  0,935; 
E/E0 =  0,930; 
E/E0 =  0.930;

Е/Ей =  0.870; 
E/E0 =  0.808; 
£/£„ =  0.865;

m* =  214.0 
m* : 198.1 
m* ■ 184.1

m* =  185.2 
m* =  160.0
m* =  171.2

** The observed first field free metastables:

229
214
229
245

-C H ,

-CO
-C H .-C O

214
186
186

- q - c f u - c o  186

E/E0 =  0.935; 
E/E0 =  0.870; 
E/E0 =  0.812; 
E/E„ =  0.760;

m *  =  200.0 
m* =  161.7 
m* =  151.1 
m* =  141.2
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process for 1 0 -e th y lp h en o th iaz in e-S ,S -d io x id e  (III), (m/e 244 in  Fig. 3 a n d  
Schem e 3), as well as fo r 1 0 -e thy l-3 -n itro -7 -ch lo ropheno th iaz ine-S , S-dioxide (VI) 
(m/e 323 in  Fig. 6a) a n d  10-ethyl(ds)-3 -n itro -7 -ch lo ropheno th iaz ine-S ,S -d iox ide  
(V II) (m/e 325 in  F ig . 6b). A ll these  cleavages w ere co n firm ed  b y  m e ta s tab le  
peaks.

W hile th e  m ass sp e c tra  o f I  an d  I I  ex h ib it in s ig n ifican t e lim ination  o f  
a n  O H  rad ical fro m  th e  m olecu lar ion an d  no peak  for loss o f tw o OH g roups, 
in  th e  mass sp e c tru m  o f I I I  (F ig . 3) th e  ions a t  m/e 242 a n d  m/e 225 correspond  
to  sign ifican t e lim in a tio n  o f  one and  tw o O H  groups from  th e  m olecular ion , 
respectively . T h e  m ass sp ec tru m  of VI show s th e  sam e b eh av io u r as t h a t  o f  
I I I  (see peaks a t  m /e 321 an d  m/e 304 in  F ig . 6a). T he fo rm atio n  of th e  io n  
( M —2 O H )+ b y  successive e lim ination  o f  tw o  O H  rad ica ls  was su p p o rted  b y
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Fig. 3. 70 eV mass spectrum of JV(10)-ethylphenothiazine-S,S-dioxide (III)

d e tec tin g  th e  a p p ro p ria te  f i r s t  f ie ld  free  reg ion  m e ta s ta b le s . F u rth e rm o re , th e  
fa c t th a t  b o th  H  a to m s lo s t o rig in a ted  from  th e  JV (10)-substituent, as i t  had  
a lre a d y  been  assum ed  [1], w as con firm ed  b y  th e  m ass sp ec tru m  o f V II, in 
w hich  only  (M — 2 O D )+ ions w ere observab le , in s tead  o f (M —2 O H )+ . The 
m ass sp ec tra  o f  I —IV  an d  VI ex h ib ited  well d e tec tab le  peaks co rrespond ing  
to  (M —O H )+ ions, an d  analogously , th a t  o f V II show ed an  (M —O D )+ peak , 
to o . T heir fo rm a tio n  from  th e  m olecu lar ion  b y  e lim in a tio n  o f an  O H (O D ) 
ra d ic a l was su p p o rte d  b y  correspond ing  m etastab les .

The m ass sp ec tru m  o f V (F ig. 5) is v e ry  in te re s tin g : no peaks e ith e r  for

Fig. 4. 70eV mass spectrum of iV(10)-ally]phenothiazine-S,S-dioxide (IV)
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Fig. 5. 70 eV mass spectrum of JV(10)-l-propynyl-phenothiazine-S,S-dioxide (V)

one or for tw o O H  e lim in a tio n s w ere d e tec ted  a t  all. T he reaso n  for th a t  m u st 
be th e  large d istance  in  th is  case betw een  th e  C H 3 group o f th e  rig id  R  su b 
s t i tu e n t  a t  th e  N (10) a to m  a n d  th e  oxygen a to m s.

T he above o b se rv a tio n s  an d  th e  absence o f th e  ( M —2 O H ) + p eak  in  
th e  m ass sp ec tra  o f I  an d  I I  suggest th a t  th e  hyd rogens a tta c h e d  orig inally  
to  th e  a  and  ß ca rb o n  a to m s o f th e  JLO-alkyl s u b s ti tu e n t are  lo st in  th ese  O H  
elim in a tio n  reac tio n s. T he absence o f th e  (M —2 O H )+ p e a k  in  th e  sp ec tru m  
o f IV  (Fig. 4) is a n o th e r  su p p o rt for th is . E lim in a tio n  o f th e  second O H  rad ica l 
w ould  involve th e  a b s tra c tio n  of v iny l h y d ro g en , w hich seem s to  be an  u n 
fav o u red  process.

The loss o f tw o  O H  rad ica ls  from  th e  m o lecu lar ion  o f  10-ethylphenq-, 
th iaz in e-S ,S -d io x id es , as w ell as from  th e  m o lecu la r ion  o f lO -n-propyl-3- i 
am ino-7 ,8 -d ich lo ropheno th iaz ine-S ,S -d iox ide , s tu d ied  ea rlie r [1], m ay  be 
connected  w ith  th e  “ e x te rn a l”  co n figu ra tion  o f these  lV (10)-alkyl su b s titu e n ts  
[8], s im ilarly  to  th e  O H  loss in  th e  analogous sulfoxides [1, 2].

In  sum m ing u p  th e  fra g m e n ta tio n  b eh av io u rs  o f th e  sulfones exam ined , 
i t  can  be concluded th a t ,  resem bling  th e  cases o f  th e  analogous p h en o th iaz ines 
an d  p h en o th iaz ine  su lfox ide , th e  observed  decom position  processes lead  to  
s tab le  ionic s tru c tu re s  (a )  via h e te ro a ro m atiza tio n , or (b) b y  ex tension  o f th e  
гг-con juga tion  in  th e  skele ton .

E xperim en ta l

The mass spectra were recorded on an AEI MS-902 mass spectrometer (Budapest 
aboratory). The samples were introduced via direct inlet system. The temperature of the 
onization chamber was maintained at 170 °C; 70 eV ionizing electron energy and 8 kV acceler
ating voltage were used.
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Fig. 6a, b. 70 eV mass spectra of iV(10)-ethyl-3-nitro-7-chlorophenothiazine-S,S-dioxide (V I)
and its ethyl-c/5 analogue (V II)

Exact mass measurements were performed at a resolving power of 10,000 with hepta- 
cosafluorotributylamine to provide reference masses. Defocussing experiments were carried 
out by both increasing the accelerating potential and decreasing the ESA voltage.
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The Vilsmeier-Haack reaction of 5-aminopyrazole derivatives 1 was investigated 
in view of contradictory literature reports. Structure 2 of the products was proved 
both chemically and spectroscopically. The mechanism of the reaction was postulated 
on the basis of isolated intermediates 7 and 8. 5-Acylaminopyrazoles 9, 10 and 11 
were found to give also 2 (and 7) under the Vilsmeier conditions by an acyl splitting 
reaction, proceeding probably via diacylamino derivatives 12. Compounds 2 provided 
a simple route to pyrazolo [3,4-d]pyrimidine derivatives 13 and 14 as well as to azo- 
methine compounds 15—18.

T he V ilsm eier— H aack  re a c tio n  is a w ell-know n p re p a ra tiv e  m e th o d  for 
th e  syn thesis  o f c e r ta in  a ldehyde d e riv a tiv e s , b ased  on  e lectrophilic  su b s ti tu 
tio n  o f d ifferen t su b s tra te s  [1, 2] in c lu d in g  1 -su b s titu te d  pyrazoles [3], pyrazol- 
5-ones [4, 5] an d  5-am inopyrazo les [6— 9]. F o r th e  V ilsm eier fo rm y la tio n  of 
com pounds 1 all a u th o rs  rep o rted  a doub le  su b s titu tio n , b u t  d iffe ren t s tru c tu 
res, 2 [6, 7] an d  3 [8] w ere p o s tu la te d  fo r th e  p ro d u c ts  o b ta in ed . N o s tru c tu ra l 
p ro o f  was g iven fo r 2 an d  s tru c tu re  3 w as claim ed on th e  basis of som e sp ec tro 
scopic and  p re p a ra tiv e  evidence [8].

In  o rder to  e lu c id a te  th e  above s tru c tu ra l p rob lem  we re in v es tig a ted  th e  
V ilsm eier— H aack  re a c tio n  o f d iffe ren tly  su b s titu te d  5-am inopyrazo les l a —к  
w ith  d im eth y lfo rm am id e—phosphory l-ch lo ride  (D M F — PO Cl3) or IV-formyl- 
p ip e rid in e -p h o sp h o ry l-ch lo rid e  (N F P  —  P0C13) as reag en ts .

T he UV, IR  a n d  XH -N M R  spectro scop ic  in v es tig a tio n s  p roved  th e  analo 
gous s tru c tu re  o f th e  reac tio n  p ro d u c ts  (cf. T ab le  I) , in d ep en d en tly  o f sub 
s ti tu e n ts  R 1 an d  R 2 in  1, th e  co m position  of th e  re a g e n t an d  th e  reac tio n  
tech n iq u e  used (cf. E x p e rim en ta l) . T h e  spectroscopic  d a ta , p a r t ly  show n in  
T ab le  I ,  su p p o rt s tru c tu re  2 ra th e r  t h a n  3, b u t  for an  u n eq u iv o ca l decision  we 
h av e  e lab o ra ted  a p re p a ra tiv e  ro u te  b a sed  on th e  d ifference in  th e  fu n c tio n a l 
groups.

In  th e  reac tio n  o f  2 (or 3) c an d  d w ith  cyc lo p en tad ien e  in  th e  presence 
o f a basic  c a ta ly s t th e  fu lvene d e riv a tiv e s  4c, d w ere o b ta in ed . A lkaline

* Part of A. Simay’s Dr. Techn. Thesis, Budapest, 1978. Presented at the Vlth Inter
national Symposium on the Chemistry of Heterocyclic Compounds, Brno, 1978.
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T a b le  I

Some physical and spectral data of compounds 2

No.
Yield
(%)

M . p .
from

Formula® 
Mol. weight uv

IR Ш-NMR (TFA)

C = 0 C=N С Я О N=CH—N

2ab 84 177—80 dec. C13H15N4C10 not measured not measured not measured
EtOAc—ЕЮП (1 : 1) 278.74

2b 83 125—27 Cl9Hi8N40 251 (4.49) 1670s 1616m 10.06s 8.60s
EtOII 318.36 335 (3.74) (1H) (1H)

2c 70 79—82 c14h 16n 4o 252 (4.39) 1665s 1616s 9.99s 8.46s
C6Hl2 256.30 338 (3.64) (1H) (1H)

2d 70 138—40 C13H13N4C10 258 (4.43) 1683s 1618m 9.93s 8.5“
EtOH 276.72 330 (3.82) (1H)

2c 99 179—80 C19H17N4C10 258 (4.48) 1670s 1624s 9.97s 8.64s
n-BuOH 352.83 338 (3.82) (1H) (1H)

2f 71 144—46 C14H16N4C10 260 (4.42) 1660s 1628s, br d 8.62s
EtOH 290.75 338 (3.69) (1H)

2g 92 200—03 c13h 13n5o 3 240“ 1675s 1612s d 8.7c
AcOH 287.27 305

2h 99 200—03 c19h 17n 5o 3 246“ 1667s 1626ms d 8.77s
MeCN 363.37 312 (1H)

2i 80 203—05 c14h 16n 5o3 243“ 1664s 1630s d 8.65s
MeCN 301.30 309 (1H)

2j 91 180—83 254 (4.46) 1675s 1625s 9.97s 8.61s
EtOH 332.39 335 (3.76) (III) (1H)

2k 74 147—50 C20H20N4O2 252 (4.43) 1655s 1622s d 8.63s
EtOII 348.39 340 (3.82) (1H)

21 96 102—04 c,6h 18n 4o 252 (4.39) 1675s 1618s not measured
EtOH 282.33 330 (3.85)

2in 76 84—86 c10i i ,7n 4cio 258 (4.44) 1668s 1612s 10.15s 8.50s
CeHi2 316.79 333 (3.88) (III) (1H)

a Based on C, H, N, Cl analyses accurate within 0.40%; b Isolated as HC1 salt only; c Overlapping with 3-CÍTsignal; 4 Obscured by the signal 
of TFA; 0 Due to insufficient solubility, lg e coidd not be measured
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, 6 ,  9 — 1 8 R 1 H * 2 — 4 , 7 , 8 (R),

a H H а (C H  3)2

b H Ph b ( C H s ) ,

с H M e 0 (С Н з)а

d C I H d < С Н з)г

e CI Ph e (C H j)a

f CI M e f (C H  3)2

S xo* H g (C H  3)2

h NO t Ph l i ( C H  3)2

i NO, M e i ( C H j ) i

j M e Ph j (C H  3)2
к McO Ph к (CH 3)3

11 II 1 (C H  2)*

CI II m ( ( •I I . )»

Scheme 1
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h y d ro ly s is  o f 4c, d led  to  com pounds 5c, d, w hich  could  also be syn thesised  
b y  co n d u c tin g  th e  re a c tio n  v ia  th e  know n  6c [8, 9] an d  d (Schem e 1). As 
3 c o n ta in s  no su itab le  fu n c tio n a l g roups to  give com pound  4, th e  la t te r  could 
o n ly  h a v e  been fo rm ed  fro m  s tru c tu re  2 [10, 11]. T his sequence o f reac tio n s, 
s u p p o r te d  b y  th e  sp ec tro scop ic  d a ta ,  p roves th a t  th e  V ilsm eier— H aack  re a c 
tio n  o f  5-am inopyrazoles 1 re su lts  exclusively  in  th e  fo rm a tio n  o f  com pounds 2.

C oncerning th e  p rocess 1 —> 2, m ech an is tic  s tud ies w ere also perform ed. 
N ew  in te rm ed ia tes  7 a n d  8 could  be iso leted  b y  m o d ifica tio n  o f  th e  reac tio n  
c o n d itio n s  and  th e  w o rk -u p  p ro ced u re  (cf. E x p e rim e n ta l an d  T ab le  I I ) . T he 
re a c tio n  p a th w ay  in fe rred  from  o u r observa tions (see Schem e 2) is d ifferen t 
fro m  th a t  repo rted  p rev io u sly  [8].

Table II

Some physical and spectral data of compounds 7

No. Yield
(%)

M.p.
from

Formula*
Mol. weight uv IR

C=N
*H-NMR (TFA)

N=CH—N 4-СЯ

7a 89 68—70 Gi2H14N4 250 (4.15) 1640s, br 8.62s 7.14d
C„H12 214.26 284 (4.15) (1H) (1H)

7b 70 118—20 272 (4.54) 1650s, br 8.19s 6.54s
EtOH 290.35 (1H) (1H)

7cb 79 98—100 255 (4.18) 1648s, br 8.58s 6.90s
CeH12 228.29 280 (4.17) (1H) (1H)

7d° 68 100—03 C12H13NjC1 255 (4.27) 1632s, br 8.59s 7.10d
C6H12 248.71 290 (4.18) (1H) (1H)

7e 87 120—02 C18H17N4Cl 273 (4.49) 1632s, br 8.60s 7.25s
C6H12 324.81 (1H) (1H)

7g 75 195—98 285d 1630s, br 8.60s 7.04d
MeCN 259.26 350 ( Ш ) (1H)

7h 75 217—20 270 (4.30) 1630s, br 8.65s 7.26s
MeCN 335.36 339 (4.23) (1H) (1H)

7i 57 143—46 287 (4.22) 1632s, br 8.62s 6.94s
MeCN 273.29 325 (4.19) (1H) (1H)

7m 40 115—17 Cl5H„N4Cl 254 (4.19) 1622s, br 8.55s 7.lid
C„H12 288.78 290 (4.10) (1H) (1H)

* Based on C, H, N, Cl analysis accurate within 0.40%; ь HC1 salt, m.p. 160—2 °C (from 
EtOH); °HC1 salt m.p. 207—9 °C (from EtOH); d Due to insufficient solubility, lg e could not 
be measured

Com pounds o f  ty p e  3 could  n o t be o b ta in ed  in  th e  V ilsm eier— H a a c k  
reac tio n  of 5 -acy lam in o p y razo les  9, 10 an d  11, e ith e r. E v e n  in  these  cases
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R'
Scheme 2

com pounds 2 were o b ta in e d  and  7 co u ld  be iso la ted  as in te rm e d ia te s . F o rm a 
tio n  o f  th e  la t te r  p ro ceed s p ro b ab ly  via  N ,N -diacyl d e riv a tiv e s  12 b y  s p littin g  
o f  th e  orig inal acy l-g ro u p  (Schem e 3).

T he acyl g roup  sp lit  o ff could be  d e tec ted  by  es te rif ic a tio n  follow ed b y  
gas-ch ro m ato g rap h ic  analy sis  ( cf. E x p e rim en ta l) . These in v estig a tio n s p ro v ed  
th a t  th e  acyl s p littin g  tak es  place v e ry  easily  even  a t  room  te m p e ra tu re  
w ith o u t an y  h y d ro ly tic  effect.

O u r observ a tio n s show  th a t  in  th e  Y ilsm eier— H a a c k  reac tio n  —  in  
c o n tra s t  to  o th e r e lec troph ilic  su b s titu tio n s  o f am inopyrazo les [12] —  p ro te c 
tio n  o f  th e  5-am ino g ro u p  generally  c a n n o t be ach ieved  b y  acy la tion . I n  th e  
case o f  com pounds 10, how ever, b y -p ro d u c ts  form ed w ith o u t acy l s p littin g  
could  also be iso la ted  in  low  yields. T h e ir  s tru c tu re s  a n d  som e chem ical t r a n s 
fo rm atio n s  w ill be re p o r te d  elsew here [13].

C om pounds 2 a re  p ro p e r  s ta r tin g  m a te ria ls  for a sim p le  new sy n th es is
[14] o f  py razo lo [3 ,4 -d ]py rim id ine  d e r iv a tiv e s  13 an d  14, b y  reac tin g  w ith  
am m onium  sa lts an d  h y d ro x y am m o n iu m  sa lts , re sp ec tiv e ly . In  th e  absence 
o f  acid , how ever, co n d en sa tio n  reactions invo lv ing  only  th e  a ldehyde fu n c tio n  
ta k e  p lace , re su ltin g  in  azom eth ine  d e r iv a tiv e s  15— 18 (Schem e 4).
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Н Л ,  У9 
-N—CH—X

Н,С

E xperim en ta l

The melting points are uncorrected. All new materials have satisfactory microanalyses.
IR spectra were obtained on a Zeiss UR 20 spectrometer in KBr pellets and UV spectra 

on a Unicam SP 800A spectrometer in 96% ethanol solutions. The UV data are given as 
ДтахОё e) *n nm> the IR data as vmax in cm-  *. 1H-NMR spectra were recorded on a Perkin- 
Elmer R  12 (60 MHz) instrument. The chemical shifts are given in parts per million (Ő) down- 
field from TMS as internal standard.

Gas-chromatographic analyses were performed on a Packard 7839 type instrument, 
using a 2 m column (Chromosorb W  60—80, 5% Apiezon, L, at 53 °C, carrier gas N2 (35 ml/min), 
FID ).

1,3-Disuhstituted 5-amino-pyrazoles (1)

la  [15] and Id  [16] were prepared by methods described by Schmidt and Druey  [15], 
and Alberti and T ir o n i [16], respectively.
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CH=N—NH—R 

C'Hj
N=CH—NC

Gib

IG R =  Ph

17 R =  GO— NHj

18 R -  (’S — XHj 

Scheme 4

ld  [16] and lg  [16] were prepared by a modification of the above method [16].
0.1 mol of l-(4-chlorophenyl)- or l-(4-nitrophenyl)-5-aminopyrazole-4-carbonitrile [17] 

was refluxed for 5 hrs in 5 JV hydrochloric acid (80) ml). After purifying with charcoal, the 
solution was allowed to cool. The crystalline product was dissolved in water and neutralized 
to give 65% ld  (m.p. 83—5 °C) or 63% lg  (m.p. 145—7 °C).

lb  [18], le  and lh  were synthesised by the following modification of the method de
scribed by Grandberg et al. [18].

0.1 mol of 4-substituted phenylhydrazine and 0.1 mol of benzoylacetonitrile [19] were 
refluxed for 3 hrs in a mixture of EtOH (70 ml) and AcOH (3 ml). On cooling, 90% lb  (m.p. 
130—3 °C), 47% le  (m.p. 142—4 °C, from EtOH) or 53% lh  (m.p. 192—4 °C from MeCN) 
were obtained.

lj  (m.p. 145—8 °C, from EtOH) and lk  (m.p. 160—3 °C, from EtOH) were prepared as 
follows.

To a suspension of 0.11 mol of 4-substituted phenylhydrazinium chloride in 96% EtOH 
(50 ml), 10% NaOH solution was added at room temperature until dissolution. After addition 
of 0.1 mol of benzoylacetonitrile and stirring the mixture for 5 hrs at room temperature, the 
precipitated product was filtered and recrystallized.

lc  [18] (m.p. 113—5 °C), If [20] (m .p. 110—3 °C) and l i  [16] (m .p. 161—4 °C) were 
prepared by a m odification of the m ethod of Alberti and T iron i [20].

4-Substituted phenylhydrazine and diacetonitrile [21] (0.1 mol of each) were refluxed 
for 3 hrs in a mixture of EtOH (50 ml) and AcOH (3 ml). After cooling, the crystalline products 
were filtered and recrystallized.

l,3-Disubstituted-5-disubstituted-aminomethvlene-aminopyrazole-4-carbaldehydes (2)

Literature methods (see Refs. 6, 7, 8) gave the very same products (2c, d, h) in the 
Vilsmeier—Haack reaction of lc , d, h, as did our improved method applied to prepare all 
compounds 2 listed in Table I.

To 10 mmol of compound 1, dissolved in 30 mmol of DMF or NFP, 30 mmol of POCl3 
was added in small portions at 15—20 °C while shaking and cooling. The mixture was then 
warmed for 3 hrs on a water bath (60—70 °C) and poured into ice-water (50 g each). The solu
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tion* formed was neutralized with solid Na2C03, the precipitated product filtered off, washed 
with water and recrystallized (see Table I).

l,3-Disubstituted-5-aminopyrazole-4-carbaldehydes (6)

7,5 g (29 mmol) of 2c or d was refluxed for 1.5 hrs in a mixture of EtOH (75 ml) and 
40% NaOH (7.5 ml), then poured into 400 ml of water. The precipitated product was filtered 
off, washed, dried and recrystallized.

6c: yield 59%; m..p 92—5 °C (CC14). Lit. [9] m.p. 97 °C.
!H-NMR (CDC13): 9.64 (s, 1H, CHO), 7.48 (s, 5H, ArH), 6.1 (bs, 2H, NH2, exchangeable 

with D20), 2.36 (s, 3H, CH3).
6d: yield 58%; m.p. 153—5 °C (EtOH).
UV: 253 (4.26).
IR: 3420ms, 3315m, 3080w, 1618ms (NH2), 1662s (C = 0).
'H-NMR (CDCl3-DMSO-de): 9.75 (s, 1H, CHO), 7.85 (s, 1H, 3-СЯ), 7.58 (s, 4H, ArH), 

6.9 (bs, 2H, NHj).

l,3-Disubstituted-5-dimethylaminomethyleneamino-4-(6-fulvenyl)-pyrazoles (4)

To 1.36 g (5 mmol) of 2c or d, dissolved in EtOH (7 ml), 0.75 ml (0.60 g; 9 mmol) of 
freshly distilled cyclopentadiene was added, followed by a NaOEt solution prepared from 
0.12 g (5 mg atom) of Na in 3 ml EtOH. After standing for 1 hr at room temperature and 
cooling overnight, the product was filtered and recrystallized.

4c: yield 70%; m.p. 116—7 °C (MeOH).
UV: 225 (4.24), 255 (4.19), 285 (4.26), 364 (4.18).
IR: 2925w (C-H), 1640s (C=N).
>H-NMR (DMSO-d6): 7.9—7.1 (m, 6H, ArH +  N =C H —N), 7.00 (s, 1H, fulvenyl-CH), 

6.53 (t, 2H, fulvenyl-CH), 6.34 (t, 2H, fulvenyl-CH), 3.03, 2.95 (2s, 6H, N(CH3)2), 2.34 (s, 3H. 
3-CH3).

4d: yield 93%; m.p. 147—8 °C (EtOH).
UV: 228 (4.20), 258 (4.21), 292 (4.26), 365 (4.42).
IR: 2940w (С—H), 1632s (C =  N).
Ш-NMR (DMSO-de): 8.15 (s, 1H, 3-CH), 7.88 (s, N =C H —iV), 7.92, 7.53 (2d (J =  9Hz), 

ArH), 6.87 (bs, 2H, fulvenyl-CH), 6.56 (d(J =  5Hz), 1H, fulvenyl-CH), 6.37 (t, 2H, fulvenyl- 
CH), 3.14, 3.07 (2s, 6H, N(CH3)2).]

1,3-Disubstituted 5-amino-4-(6-fulvenyl)pyrazoles (5)

Compounds 5c and 5d were prepared in 66 and 60% yield, respectively, in the reaction 
of 6c and d with cyclopentadiene, carried out as given for compounds 4. The same products 
(5c and d) were obtained by alkaline hydrolysis of 4c and d by the method given for compounde 
6, in 67 and 84% yield, respectively.

5c: m.p. 98—100 °C (C6H12).
UV: 244 (4.10), 303 (3.76), 368 (4.23).
IR: 3428w, 3300w, 3140w, br, 1618s (NH2).
*H-NMR (DMSO-d6): 7.7—7.35 (m, 5H, ArH), 7.27 (s, 1H, fulvenyl-CH), 6.62 (bd, 

2H, fulvenyl-CH), 6.37 (t, 2H, fulvenyl-CH), 6.09 (bs, 2H, NH2, exchangeable with D20), 
2.33 (s, 3H, 3-CH3).

5d: m.p. 166—7 °C (EtOH or PhH).
UV: 249 (4.10). 286 (3.88), 368 (4.35).
IR: 3455w, 3380w, 3310w, 3180mw, br, 1615s (NH2).
’H-NMR (DMSO-d6): 8.08 (s, 1H, 3-CH), 7.65 (s, 4H, ArH), 7.35 (s, 1H, fulvenyl- 

CH), 6.86 (d(J =  5Hz), 1H, fulvenyl-CH), 6.56 (bs, 3H, fulvenyl-CH +  NH2; after addition 
of D20: (d(J =  5Hz), 1H), 6.32 (d, 2H, fulvenyl-CH).

* Compounds 2g, 2h and 2j precipitated also in acidic medium.
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1,3-Disubstituted 5-disubstituted aininomethylene-aminopyrazoles (7)

To 10 mmol of 1 10 mmol of DMF or NFP was added followed by enough benzene to 
form a clear solution (5—40 ml is required). 10 mmol of P0C13 was then added gradually while 
stirring and cooling at room temperature. After stirring for further 6 hrs at room temperature, 
the mixture was poured into ice-water (20 g each), the water phase purified with charcoal 
and neutralized with solid Na2C03. The precipitated product was filtered, washed with water, 
dried and recrystallized (see Table II).

Alkaline hydrolysis of 7c and 7d, carried out as given for the preparation of compounds 
6, gave lc  and Id in 75 and 62% yield, respectively. Vilsmeier formylation of 7b, c and d, 
carried out at 60—70 °C, however, afforded 2b, c and d in 85, 78 and 72% yield, respectively.

l-(4-Chloro-phenyl)-5-dimsthylaminomethyleneainino-4-dimethyliminomethylenepyrazole
perchlorate (8d)

To 1.95 g (10 mmol) of Id, dissolved in 1.6 ml (1.51 g; 20.7 mmol) of DMF, 1.6 ml 
(2.68 g; 17.5 mmol) of POCl3 was added gradually at 15—20 °C while shaking. The mixture 
was warmed for 3 hrs on a water-bath. The resulting oil was dissolved in EtOH (50 ml) and 
1 ml of 70% aqueous perchloric acid was added. On cooling, 1.45 g (29%) of 8d-hydrogen- 
perchlorate crystallized, which on recrystallization from abs. EtOH gave 0.95 g of 8d.

8d-hydrogen-perchlorate: m.p. 264—-6 °C (dec)..
UV: 259 (3.80), 330sh (4.34).
IR: 1715ms, 1685 ms (C=N+), 1635mw (C=N).
8d: m.p. 204—7 °C (EtOH).
UV: 259 (3.77), 330sh (4.31).
IR: 1672s (C=N+), 1635s (C=N).
XH-NMR (TFA): 8.75 (s, 1H, C H =N + or N =  CH—N), 8.68 (s, 1H, N =C H —N or 

CH=JV+), 8.12 (s, 1H, 3-CH), 7.62 (s, 4H, ArH), 3.95, 3.91 (2s, 6H, —N+(CH3)2), 3.44, 3.40 
(2s, 6H, —N(CH3)2).

1,3-Disubstituted 5-acylaminopyrazoles ( 9 —11)

Formylation and acetylation of 1 was carried out at room temperature with excess 
formyl acetate or Ac20 , respectively, as described earlier [22] for 10a. Benzoylation was per
formed with benzoyl chloride in acetone K„C03 at reflux temperature by a modification of & 
lit. method [23] (с/. Table III).

Vilsmeier—Hiack reactions of compounds 9, 19 and 11J

(а) To 10 mmol of 9, 10 or 11 dissolved or suspended in 30 mmol of DMF, 40 mmol of 
P0C13 was gradually added and the mixture was warmed on a water-bath for 3 hrs. After 
pouring into ice-water (50 g each) the insoluble was filtered off and the solution neutralized 
with solid NaäC03 to yield 67—36% of crude 2, which after recrystallization were identical 
with the respective compounds listed in Table I.

(б) 10 mmol of 9, 10 or 11 was dissolved in 50 ml of Ьепгепэ containing 10 mmol of 
DMF. While stirring, 10 mmol of P0G13 was added dropwise into the mixture at room temper
ature and stirring was continued for an additional 6 hrs. During this time a dark, thick oil 
separated from the mixture. The liquid supernatant was poured into EtOH (20 ml) and after 
standing for 1 hr at room temperature, the solution was gas-chromatographed. Ethyl formate, 
acetate and benzoate, respectively, were identified by comparison with authentic samples. 
Their amount was found to be 85—95% of the theoretical. The thick oil, separated from the 
reaction mixture was dissolved in 1 N  HC1, the solution purified with charcoal and neutralized 
with solid Na2C03 to give 58—76% of crude 7, which after recrystallization were identical 
with the respective compounds listed in Table II.

1,3-Disubstituted pyrazolo[3,4-d]pyrimidine-5-oxides (14) _

To 10 mmol of 2 dissolved in warm EtOH (30 ml) 2.1 g (30 mmol) of HO—NH2 • HG1 
was added and the mixture refluxed for 15 min. The products crystallized on cooling (see 
Table TV).
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Table Ш
Some physical and spectral data of compounds 9—11

ooO)

No. Yield
(%)

M. I». 
from

Formula* 
Mol. weight

IR Ш-NMR

amide I amide II Solvent 4-CH N H R

9c 49 135—38'1 C„HuN30 1669s 1560s DMSO-d6 6.45s 10.4—10.8hr 8.28s
C A 201.22 (111) (1H) (HI)

9d 89 105 C10H8N3ClO not measured not measured
C A 221.64

10a 81 90 93° CuHnN30 1672s 1550s CDC13 6.53d 8.22s, hr 1.94s
EtOAc 201.22 (1H) (1H) (3H)

10b 81 154—56d c17h 18n 3o 1679s 1550s CDCI3 6.85s 7.7—8.1hr 1.92s
C A 277.31 (1H) (1H) (1H)

10c 78 115—18e 1675s 1548s CDCI3 6.36s 8.0s, br 1.96s
C7H8 215.24 (1H) (1H) (3H)

lOd 75 144—46 CnlI10N3ClO not measured not measured
C A 235.67

10c 79 180 C17H14N3C10 1715ms 1555vs DMSOA 6.95s 10.2s, br 2.07s
EtOAc 311.76 (111) (1H) (3H)

lOg 72 197 c„ h 10n 4o 3 1680s 1550vs8 DMSO-dG 6.54d 10.4—ll.Obr 2.08s
EtOH 246.22 (1H) (1H) (3H)

lOh 94 217—20 cI7h ,4n 4o3 1712s 1553s8 DMSO-d„ 7.06s 10.5s, br 2.12s
MeOII 322.31 (1H) (III) (311)

lOi 59 230—32 c12h I2n 4o3 1685s 1540vs8 DMSO-d„ 6.33s 10.3—10.9br 2.08s
EtOH 260.25 (1H) (1H) (3H)

11a 65 112—15 C16H13N30 1665s 1530s CDC13 6.70d 8.6s, br 7.2—8.9mb
EtOH 263.28 (1H) (1H)

lib 89 176 c22h 17n 3o 1663s 1540s DMSO-dB 7.08s 11.08s 7.3—8.9mh
EtOH 339.38 (1H) (1H)

11c 51 И З 7 c17h 15n 3o 1682s 1550s CDC13 6.68s 8.2br 7.3—8.1mh
CC14 277.31 (III) (1H)

l l i 67 209—11 1669s 1533s8 DMSO-d6 6.50s 10.8s, br 7.6—8.6mh
EtOAc 322.31 (III) ( Ш )

a Based on C, H, N, Cl analyses accurate within 0.40%; b Reported [24] m.p. 135 °C; 0 Reported [22] m.p. 91—93 °C; d Reported [24] m.p. 
149 °C; * Reported [24] m.p. 110 °C; 1 Reported [24] m.p. 113 °C; 8 Overlapping with the vas N 02 signal; h l -АгЯ signals included
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Table TV

Some physical and spectral data of compounds 13, 14

No. Yield % M.p. Formula®
irv IR 1H-NMR (TFA)

Method from Mol. weight aromatic 4-CHb 6 -CHb

13b 87(A) 152—54 c17h 12n 4 247 (4.36) 1585s, 1565m 9.35s 9.68s
95 (B) n-BuOII 272.30 330 (3.72) 1508s (1H) (1H)

13c 90 (A) 80—3° ^12^10^ 5 245 (4.31) 1598s, br 9.30s 9.65s
97 (B) 
75(C)

i-Pr20 210.23 265 (3.79) 
308 (3.27)

1566m 
1512s, br

(1H) (1H)

13d 95(A) 162—65 CuH7N4C1 248 (4.48) 1600s, 1560m 9.42s 9.81s
84 (B) 
48 (C)

EtOH or 
MeOH

230.64 270 (3.97) 
304 (3.35)

1508vs (1H) (1H)

14b 88 215—18
EtOH

C1 7 H 1 2 N 4 O
288.30

260 (4.17) 
291 (4.30) 
384 (3.66)

1598, 1550w 
1508s
1720m (N—O)

9.20d
(1H)

9.73d
(1H)

14c 73 216 dec. 
EtOH

c12h 10n 4o
226.23

235 (3.77) 
270 (3.85) 
299 (3.94) 
368 (3.44)

1600m, br 
1555m, 1515s 
1245m, br

(N—O)

9.32d
(1H)

9.75d
(1H)

14d 75 248—50 
re-BuOH 
or MeOH

CnH7N4C10
246.66

235 (3.97) 
285 (4.38) 
360 (3.43)

1600w, 1540m 
1508s
1270m (N—O)

9.32d
(1H)

9.76d
(1H)

a Based on C, H, N, Cl analyses accurate within 0.40%; bThe assignation is arbitrary, 
though based on literature analogues [25]; “Reported [9] m.p. 84 °C (from i-PrOH)

1,3-Disubstituted pyrazolo[3,4-d]pyrimidines (13)

Method A: 5 mmol of 2 and 0.7 g (13 mmol) of NH4C1 were refluxed in EtOH (40 ml), 
for 3 hrs. The products 13 crystallized on cooling.

Method B: To 0.7 g (6.8 mmol) of (NH4)2C03, dissolved in AcOH (10 ml), 5 mmol of 2 
was added and the mixture refluxed for 3 hrs. Dilution with water (20 ml) and cooling resulted 
in crystalline products 13.

Method C: 2 mmol of 14 and 1.0 ml (1.57 g; 11.5 mmol) of PCI3, suspended in CHC13 
(20 ml), were warmed on a water-bath for 12 hrs. The solution formed was poured into water 
(80 ml), the CHC13 phase separated, dried and evaporated in vacuum. The residue crystallized 
under water. It was filtered and crystallized (Table IV).

l-(4-Chlorophenyl)-5-dimethyIaminomethyleneamino-4-phenyl-iminomethylenepyrazole (15 d)

A solution of 2.8 g (10 mmol) of 2d and 1.0 ml (11 mmol) of aniline in 20 ml of EtOH 
was refluxed for 5 hrs. The product crystallized on cooling was filtered and recrystallis ed. 

15d: yield 63%; m.p. 132—4 °C (EtOH).
UV: 264 (4.31), 325 (3.95).
IR: 1640s (C=N), 1608s (C=N).
1H-NMR (CDC13): 8.77 (s, 1H, N =  CH—N), 8.34 (s, 1H, CH=N), 8.08 (s, 1H, 3CH), 

7.1—8.2 (m, 9H, ArH).
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Table V

Some physical and spectral data of compounds 16—lft

So

No.
Yield
(%)

M. p.
from

Formula® 
Mol. weight uv IR

4I-NMR (DMSO-rf,)

CH=N NH R

i 6<i 86 128—30 c19h „n «ci 250 (4.31) 3312w 1634s not measured
EtOH 366.85 284 (4.39)

341 (4.19)
16ib 51 175—78 c.,0h .,,n7o„ 225 (4.25) 3312m 1626s 7.80s c 6.7—7.5m

EtOH 391.43 284 (4.27) (III) (5H)
301 (4.29)
342 (4.41)

17c 63 124—27 c15h ,»n 7o not measured not measured not measured
EtOAc 313.36

17d 83 212—15 CHH,„N,C10 273 (4.50) 3455m 1642s 8.1sd lO.Obr б.ЗЬг
n-BuOH 333.79 305 (4.22) 3420m (III) (2H)

3275w
3175m, hr

17 56 223—25 C,»HleN80 3 255' 3530w 1645s not measured
MeCN 358.37 301 3470w

335 3415w
« 3120w, hr

18b 55 191—93 c20h „ n 7s 280 (4.36) 3445w 1640s,hr not measured
re-BuOH 391.50 320 (4.11) 3330vw

3170vw
18c 66 133—35 C|*H,»N,S 283 (4.43) 3310m 1640s,br not measured

MeCN 329.42 323 (4.45) 3145m, hr
18d 82 210—12 CuHleN7ClS 286 (4.49) 3430m 1642s,br 8.03s ll.lb r 8.0br

MeCN 349.85 327 (4.43) 3248m (III) (1H) (211)
3140m, hr

a Based on C, H, N, Cl, S analyses accurate within 0.50%; b PMR spectrum was obtained in acetone-d6; c Not detected; d Overlapping 
with the N =CH —N signal; • Due to insufficient solubility lg e cannot be given
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1,3-Disubstituted 5-dimethylaminomethyleneamino-4-pyrazolecarbaldehyde 
hydrazone derivatives 16—18

To 10 mmol of 2, dissolved in EtOH (20 ml, in the case of 2h 50 ml), 10.5 mmol of 
hydrazine derivative (phenylhydrazine, semicarbazide or thiosemicarbazide) was added and 
the mixture refluxed for 3 hrs. The products crystallized on cooling were recrystallized (Table V).

*

The authors are indebted to Dr. I. R emport for the microanalyses, Mr.B. H egedűs 
for GC investigations, Mrs. K. V iglási-H ódi and Mr. L. T óth for technical assistance.
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M ethyl 3,6-diamino-2,3,6-trideoxy-/?-D-rifco-hexopyranoside (I), a struc
tural isom er of m ethyl nebrosam inide [1] (m ethyl tobrosam inide, m ethyl 
2,6-diam ino-2,3,6-trideoxy-D-r£6o-hexopyranoside), has been synthesized from  
m ethyl 3-azido-4-0-benzoyl-6-brom o-2,3,6-trideoxy-/3-D-ribo-hexopyranoside  
(II). The latter com pound (II) w as used as a key interm ediate in the synthesis
[2] o f Z)-ristosamine and its derivatives (Fig. 1).

O -D ebenzoylation o f I I  according to Zem plén’s m ethod gave I I I  [2], 
w hich was treated w ith  sodium  azide in iV,iV-dimethylformamide at 120 °C 
to  obtain m ethyl 3,6-diazido-2,3,6-trideoxy-/3-D-ri6o-hexopyranoside (IV) in 
92%  yield. I t  is to  be noted th a t the displacem ent o f  th e  bromine atom  o f  
the 4-O-benzoate (II) w ith  azide under similar conditions could only be achiev
ed in  m oderate (< 5 0 % ) y ields.

Ill R =  H ”

I
Fig. 1. Synthesis o f m eth y l 3,6-diam ino-2,3,6-trideoxy-jf?-D-r»6o-hexopyranoside
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H y d ro g en a tio n  o f  IY  in  th e  presence o f p a llad iu m -o n -carb o n  or R aney  
n ick e l c a ta ly s ts  fa iled  to  g ive a hom ogeneous p ro d u c t. H ow ever, TLC exam i
n a tio n s  show ed th a t  IV  re a d ily  tran sfo rm ed  in to  th e  desired  m e th y l 3,6- 
d iam ino-2 ,3 ,6-trideoxy-/?-D -ribo-hexopyranoside (I) on red u c tio n  w ith  lith ium  
a lu m in iu m  hydride.

A ccording to  th e  1H -N M R  sp ec tra , th e  *C4 (d ) co n fo rm atio n  is s tro n g ly  fa 
v o u re d  fo r bo th  I  an d  IV  (T able I).

Table I

1H-NMR spectral data of I and IV

Com- Chemical shifts (Ő)
pound

H-l H-2e H-2a H-3 H-4 I H-5 H-6 H-6’ Others

I» 4.77 1.86 1.64 3.26 3.44 3.64 2.98 2.75 3.40 OCH3
IV 4.67 2.17 1.80 4.09 3.49 -  3.60

1
— 3.90 -  3.51 OCH3

Com- Spin-spin coupling constant J g  jj Hz
pound Jl, 2b Ji, ia Jie,* Jt a, s Jib, га 1 J», 4 Л.. J... ds, 2' J«,•'

I» 1.9 8.7 3.8 4.0 13.7 3.8 8.7 3.8 6.9 13.4
IVb 2.5 9.2 3.7 3.2 14.0 3.5 — — —

“ Recorded in CD3OD 
b Recorded in CDC13

R ecently H o rto n  et al. [3] synthesized the ot-anomer o f I  by the reduc
tio n  o f m ethyl 3-am ino-6-azido-2,3,6-trideoxy-a-D-ri6o-hexopyranoside.

Experimental

M.p.’s were determined on a Kofler hot-stage apparatus and are uncorrected. 'H-NMR 
spectra were recorded at 100 MHz with a Jeol MH-100 instrument (tetramethylsilane internal 
standard). Evaporations were carried out under diminished pressure at 35—40 °C.

Methyl 3,6-diazido-2,3,6-trideoxy-/3-D-ri6o-hexopyranoside (IV)

To a solution of III (1.4 g) in abs. iV,iV-dimethylformamide (8 ml) sodium azide (1.4 g) 
was added, and the mixture was heated at 120 °C for 10 h. During this period the starting 
III disappeared (TLC in benzene-ethanol 99 : 1) and IV appeared. After cooling, the mixture 
was diluted with water (30 ml) and extracted with ether 3x10  ml. The combined organic 
layer was washed with water (2 X10 ml), dried over MgS04 and concentrated to give colourless, 
crystalline IV (1.1 g; 91.6%), m.p. 78—79.5 °C, [a]b5 —53.3° (c =  0.6, chloroform).

IR (KBr): 2120 cm" 1 (vc-N azide); 3410 cm" 1 (OH).
C7H12N60 3 (228.22). Calcd. C 36.83; H 5.30; N 36.83. Found C 37.04; H 5.32; N 36.95%.

Methyl 3,6-diamino-2,3,6-trideoxy-/S-D-ribo-hexopyranoside (I)

To a cold solution of IV (320 mg; 1.4 mmole) in abs. ether (20 ml) lithium aluminum 
hydride (225 mg; 5.91 mmoles) was added and the mixture was refluxed for 2 h under anhyd
rous conditions. The reaction mixture was cooled to 0 °C and dropwise treated with 5% aqueous
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sodium hydroxide solution (2.8 ml) with stirring. Stirring was continued for additional 10 min 
at room temperature. The mixture was diluted with dichloromethane (20 ml), the organic 
layer was separated, dried over MgS04 and concentrated. The syrupy residue was treated with 
abs, ether to obtain extremely hygroscopic, crystalline I (164 mg; 66.4%), m.p. 103—104 °C; 
[oc]b5 —26.8° (c =  1, methanol), [a]b5 —44.1° (c =  1.5, chloroform).

C7HI6N20 3 (176.22). Calcd. C 47.71; H 9.15; N 15.90. Found C 47.63; H 9.13; N 15.83%.

*

The authors thank the Hungarian Academy of Sciences for support of this work and 
Dr. László Szilágyi for the 'H-NMR spectra.
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MASSENSPEKTREN ALICYCLISCHER 
VERRINDUNGEN, YIIP

írans-l-BR0M-2-HYDR0XYCYCL0ALKANE UND irans-l-BROM-2- 
METHOXYCYCLOALKANE

H .  R e m a n e  und  G .  H a u f e

(Sektion Chemie der Karl-Marx-Universität Leipzig, DDR)

Eingegangen am 13. September 1979 

Zur Veröffentlichung angenommen am 15. Dezember 1979

Die massenspektrometrische Fragmentierung der tr<ms-l-Brom-2-hydroxy- 
cycloalkane und der tnins-l- В rom-2-methoxycycloalkane der Ringgrößen C5 bis C8 
und C12 wird diskutiert und mit der Fragmentierung der Bromcycloalkane, der Hydröxy- 
cycloalkane bzw. der Methoxycycloalkane gleicher Ringgröße verglichen.

Die dominierenden Zerfallsreaktionen sind einmal die Abspaltung der funk
tionellen Gruppen unter Bildung der Fragmente M—H2CPt, M —HOCH31t  bzw. 
M-Br1+. Zum anderen der Abbau des Rings unter Bildung der Fragmente C3H4X 1 + 
(X =B r, OH, OCH3).

Die Intensitäten der wichtigsten Fragmente zeigen eine deutliche Abhängigkeit 
von der Ringgröße.

Die Unterschiede in den Intensitäten von cis- und von írans-l-Brom-2-hydroxy- 
cyclododecan sowie von cis- und von iraus-l-Brom-2-methoxycyclododecan erlauben 
die prinzipielle Unterscheidung der Isomeren an Hand ihrer Massenspektren.

Aus dem Vergleich der Fragmentierung der bifunktionellen l-Brom-2-hydroxy- 
cycloalkane bzw. der l-Brom-2-methoxycycloalkane mit der Fragmentierung der 
monofunktionellen Verbindungen kann der Schluß gezogen werden, daß sich die funk
tioneilen Gruppen beim massenspektrometrischen Abbau beeinflussen.

D er m assen sp ek tro m etrisch e  A b b au  v o n  B rom cyclohexan , [2] d er Cyclo- 
a lkano le  (C. b is C6) [3] u n d  der M ethoxycycloalkane  (C5 bis C8) [4, 5] is t  g u t 
u n te rsu c h t.

D em gegenüber g ib t es zum  F ra g m e n tie ru n g sv e rh a lte n  d er hom ologen  
V e rtre te r  d ieser V erb indungsk lassen  sowie v o n  gem ischt b ifun k tio n e llen  Cyclo- 
a lk an en  wie den  l-B ro m -2 -h y d ro x y cy c lo a lk an en  u n d  den  l-B ro m -2 -m eth o x y - 
cy c lo a lk an en  k a u m  A rbeiten  [6].

W ir h a b e n  d ah e r die M assenspek tren  der m onofunk tione llen  Cyclo- 
a lkano le , der B rom - u n d  der M ethoxycyc loa lkane  6 bis 10 sowie d er b ifu n k tio 
ne llen  tran s-l-B ro m -2 -h y d ro x y cy c lo a lk an e  l a  bis 5a u n d  tran s-l-B ro m -2 - 
m e tlio x y cy c lo a lk an e  lb  bis 5b au fgenom m en  u n d  d isk u tie rt.

D ab e i in te re ss ie rten  neben  dem  p rinz ip ie llen  m assen sp ek tro m etrisch en  
A b b a u  U n te rsch ied e  u n d  G em einsam keiten  im  F ra g m en tie ru n g sv e rh a lten  d er 
V erb in d u n g en  1 b is 5 im V ergleich zu den  V erb indungen  6 bis 10. W eite rh in

* VII. Mit.; vgl. [1].
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1 n  =  3 6
2 n  =  4 7

3 n  =  5 8
4 n  —  0 9

5 (cis +  I r a n s ) 71 =  10 10

a: X = Olt

b: X = OC'Hj

с: X Br

so llte  die A b h än g ig k e it d er m assen sp ek tro m etrisch en  F rag m en tie ru n g  v o n  
d er R inggröße u n te r s u c h t  w erden. Im  F a lle n  d e r Z w ölfringverb indungen  5a 
u n d  5b in te re ss ie rten  U n tersch ied e  in  d e r F ra g m e n tie ru n g  der jew eiligen cis- 
u n d  trans-Isom eren . A u ß e rd em  sollte  g e p rü ft w erden , ob aus dem  m assen sp ek 
tro m e trisc h e n  A b b au  R ücksch lüsse  a u f  eine gegenseitige B eeinflussung  d er 
b e id en  fu n k tio n e llen  G ru p p en  gezogen w erden  können .

A bbildung  1 ze ig t als Beispiel die 70 eV — M assenspek tren  der u n te rsu c h 
te n  C y c lo h ep tan -D eriv a te  3 und  8. In  d e r A bb ild u n g  2 sind die 70 eV —  
M assenspek tren  d e r C yclo o c tan -D eriv ate  4 u n d  9 d arg este llt. D ie m it H ilfe  
d e r 12 eV —  S p e k tre n  au sgew äh lten  H a u p tfra g m e n tie ru n g e n  sind in  die ab g e 
b ild e te n  S p ek tren  e in g e trag en  w orden. M eta s tab ile  Ü bergänge w urden  durch*  
gekennzeichnet.

E ine  verg le ich en d e  B e tra c h tu n g  zu r F ra g m e n tie ru n g  d er b ifu n k tio n e llen  
V erb in d u n g en  fr< m s-l-B ro m -2 -h y d ro x y cy c lo h ep tan  3a u n d  tran s-l-B ro m -2 - 
m e th o x y cy c lo h ep ten  3b m it dem  A b b au  C yclohep tano l 8a, v o n  M ethoxy- 
cy c lochep tan  8b u n d  v o n  B rom cyclohep tan  8c fü h r t  zu folgenden E rgenn issen :

Die In te n s itä ts w e r te  fü r die M olekü lionenpeaks von  3a (0 ,04% , alle 
% -A ngaben  sind  a u f  %.ZV9 bezogen) u n d  v o n  3b (0 ,2% ) liegen zw ischen den  
W e rte n  fü r die m on o fu n k tio n e llen  V erb in d u n g en  8a (0 ,4% ), 8b (0 ,01% ) und  
8c (1 .3% ). In  d en  S p e k tre n  der u n te rsu c h te n  b ifunk tione llen  V erb in d u n g en  
beein flussen  also b e id e  funk tione llen  G ru p p en  die M o lek ü lionenstab ilitä t.

Sowohl in  d en  S p ek tren  der V e rb in d u n g en  3 als auch 8 sind  die do m in ie 
ren d en  P rim ärze rfa lls reak tio n en  e in m al die A b sp a ltu n g  der fu n k tio n e llen  
G ruppen  und  zum  a n d e ren  die B ildung  d e r F rag m en te  СзН4Х 1 + . D er A b b au  
d e r fu n k tio n e llen  G ru p p e  erfo lg t im  S p e k tru m  von  C ycloheptanol 8a  fa s t 
aussch ließ lich  d u rc h  E lim in ierung  v o n  H 20  u n d  im  S p ek tru m  von  M ethoxy-
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c y c lo h ep tan  8b d u rc h  E lim in ie ru n g  v o n  C H 3O H . Im  S p ek tru m  v o n  B rom - 
cy c lo h ep tan  8c t r i t t  dagegen die H B r-E lim in ie ru n g  zugunsten  d er B ro m 
ra d ik a la b sp a ltu n g  zu rü ck . D ie In te n s i tä te n  d er geb ilde ten  B ru ch s tü ck e  b e 
tra g e n  4 .3 %  (M — H 20 1t  in  8a), 4 .0 %  (M — C H 3O I T t  in  8b), 0 .4%  (M —  Н В г П  
in  8c) u n d  24 .7%  (M — B r1+ in  8c). D ie B ro m rad ik a lab sp a ltu n g  is t  g eg en ü b er 
der H 20 -  u n d  g egenüber d er C H 3O H -E lim in ie ru n g  s ta rk  beg ü n stig t. D ie grös
seren  In te n s i tä ts w e r te  d e r F ra g m e n te  M — B r1+ (2 .5%  bzw . 2 .1%  im  V erg leich  
zu M — H 20 1t  (jew eils 0 ,05% ) bzw . M — C H jO I P t  (jeweils 0 ,03% ) in  den 
S p e k tre n  der b ifu n k tio n e llen  V erb in d u n g en  3a bzw . 3b b estä tig en , d aß  auch  
h ie r d iese T endenz e rh a lte n  b le ib t. In  den  S p e k tre n  beider b ifu n k tio n e lle r 
V erb in d u n g en  3a u n d  3b h a t  jew eils das F ra g m e n t 95 die größ te  In te n s i tä t .  
E s e n ts te h t  d u rch  sch rittw e isen  A b b au  d er fu n k tio n e llen  G ruppen  a u f  fo l
genden  W egen u n d  h a t  C y c lo h ep ten y l-S tru k tu r:

D ie  g rößeren  In te n s itä ts w e r te  d er M — B r1 + -F rag m en te  gegenüber den  
M — H X nt-B ru c h s tü c k e n  in  den  S p e k tre n  v o n  3a u n d  3b w eisen d a ra u f  h in , 
daß  d e r W eg I  b e v o rz u g t w ird .

I n  d en  S p ek tren  v o n  8a u n d  8b h a t  das B asisfrag m en t die Z u sam m en 
se tzu n g  C3H 4X 1+ u n d  e n ts te h t  in  A nalogie zum  A bb au  der v e rg le ich b aren  
S ech srin g v erb in d u n g en , vgl. [7], in  fo lgender W eise: A uch das S p ek tru m  v o n  
B ro m cy c lo h ep tan  8c e n th ä lt  die v e rg le ich b a ren  F rag m en te  (MZ 119 u n d  
121), a lle rd ings m it geringer In te n s i tä t .  D er B asispeak  lieg t h ier bei d er M as
senzah l 55 u n d  w ird  d u rc h  das K o h len w asse rs to ff-B ru ch stü ck  C4H 71 + b e leg t. 
A us A b b ild u n g  1 is t e rs ich tlich , d aß  auch  in  den  S p e k tre n  der b ifu n k tio n e llen

"C H Brl •
/

(CH.),

CHX

Weg I . 
II r" *

W cl'  1 I-------- ►IIX

C v H u x T
- h x |

C 7 H u 1 ! i ]  •
-  B r

За: X OH 

3b: X . OCHj

95

8a: X OH 

8b: X =  OCHa 

8c:  X =  Br

MZ 57 (26,8)

MZ 71 (21,8)

MZ I 19/121 (0,1/0,1)
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V erb in d u n g en  За u n d  3b die  B ru ch stü ck e  C3H 4X 1 + v o rh an d en  s in d . D ie 
In te n s itä tsw e r te , vgl. au c h  T abelle  I ,  liegen in  d e r gleichen G rößen o rd n u n g  
wie in  d en  e n tsp rech en d en  m o n o fu n k tio n e llen  V erb indungen .

D ie F ra g m e n tie ru n g  d e r  u n te rsu c h te n  H om ologen  m it 5, 6, 8, vg l. au ch  
A bb. 2 , u n d  12 C -A tom en im  R ing  erfo lg te  in  p rinz ip ie ll gleicher W eise wie 
bei d en  v o rg este llten  V e r tre te rn  der S ieben ring re ihe . U ntersch iede  b es teh en  
e inm al in  d e r In te n s i tä te n  d e r  c h a ra k te ris tisch e n  B ru ch stü ck e  u n d  zum  an d eren  
e rw artu n g sg em äß  in  d e r Z un ah m e d er K o h len w asse rs to ff-B ru ch s tü ck e  m it 
zu n eh m en d er C-Zahl. I n  d e r  T abelle I  s ind  die In te n s itä tsw e rte  fü r  M t  u n d  
einige w ich tige  F rag m e n tp e a k s  zu sam m en g este llt. F a s t  alle angegebenen  W erte  
n eh m en  m it s te igender R inggröße  ab , z. B . M + . F ra g m e n t 57 u n d  M — H B rnt  
in  d en  l-B ro m -2 -h y d ro x y cy c lo a lk an en  l a  b is 5a, oder b leiben  k o n s ta n t  w ie 
M — H O C H g^t und  M — H B rnt  in  den  l-B ro m -2 -m e th o x y cy c lo a lk an en  lb  bis 
5b u n d  die F rag m en te  119/121 in  a llen  B ro m verb indungen . A u sn ah m en  
b ild en  led ig lich  die F ra g m e n te  M — H 20 1t  in  d en  C ycloalkanolen  6a bis 10a, 
M — H O C H g^t in  den  M eth o x y cy c lo a lk an en  6b bis 10b u n d  M — H B rnt  in  
den  B ro m cy c lo a lk an en  6c bis 10c.

Z u r K lä ru n g  d er F rag e  n ach  den  U n te rsch ied en  im  F rag m en tie ru n g sv er- 
h a lte n  v o n  cis- u n d  v o n  tran s-l-B ro m -2 -h y d ro x y cy c lo d o d ecan  5a sowie von  
cis- u n d  v o n  íran s-l-B ro m -2 -m e th o x y cy c lo d o d ecan  5b w urden  die S p ek tren  
d ieser V erb in d u n g en  e in e r verg le ichenden  B e tra c h tu n g  u n te rzogen .

Abb. 3. 70 eV — Massenspektren von trans- und von cis-l-Brom-2-hydroxycyclododecan 5a

I n  der A b b ild u n g  3 sind  als B eisp iel die 70 eV —  M assen sp ek tren  von  
cis- u n d  von  ir«m s-l-B rom -2-hydroxycyc lododecan  5a d a rg e s te llt, in  d er 
A b b ild u n g  4 w erden  die en tsp rech en d en  70 eV —  M assenspek tren  v o n  cis- 
u n d  v o n  íran s-l-B ro m -2 -m eth o x y cy c lo co d ecan  5b gezeigt.
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Tabelle I
Massenzahlen und Intensitäten (bez. auf % U39) wichtiger Peaks in den 70 eV  — Massenspektren der Verbindungen 1 bis 10

V erb indungen P eak
V erb in d u n g  6 bzw. 

V e rb in d u n g  1
V e rb in d u n g  7  bzw . 

V erb in d u n g  2
V erb in d u n g  8 bzw . 

V erb in d u n g  3
V erb indung  9  bzw . 

V erb in d u n g  4
V erb in d u n g  10 bzw.

V erb . 5 (cis) V erb . 5  (Irans)

6a—10a M t 86 (4,5) 100 (0,4) 114 (0.4) 128 (0.2) 184 (0.01)
6b 10b M t 100 (5,0) 114 (4,6) 128 (1.3) 142 (0.3) 198 (0.04)
6c—10c M t 148 (0.3) 162 (0,4) 176 (0,003) 190 — 246

150 (0,3) 164 (0,4) 178 (0,003) 192 — 248
la  5a M t 164 (3,3) 178 (0,5) 192 (0,02) 206 (0,05) 262 — 262 —

166 (3,3) 180 (0,5) 194 (0,02) 208 (0,05) 264 — 264 —

lb  5b M t 178 (3,0) 192 ( U ) 206 (0,1) 220 (0,05) 276 (0,2) 276 (0,3)
180 (3,0) 194 (1,7) 208 (0Д) 222 (0,05) 278 (0,2) 278 (0,3)

6c— 10c M —Br1 + 69 (47,4) 83 (27,4) 97 (24,7) 111 (22,2) 167 (0,5)
la — 5a M— Br1 + 85 (6.5) 99 (8,8) 113 (2,5) 127 (0,45) 183 (0,1) 183 (0,1)
lb  5b M— Br1 + 99 (0,6) 113 (1,5) 127 (2,1) 141 — 197 (0,2) 197 (0,1)
6a— 10a M—Н2ОП 68 (3,3) 82 (1,8) 96 (4,3) 110 (2,1) 166 (0,5)
6b 10b M— HOCH31t 68 (1,8) 82 (6,3) 96 (4,0) 110 (6,1) 166 (1,8)
6c—10c M— НВг'Ч' 68 (3,6) 82 (0,8) 96 (0,4) 110 (0,6) 166 (2,6)
la — 5a M—HoCPt 146 (0,5) 160 (0,1) 174 (0,05) 188 (0,3) 244 (0,5) 244 (0,5)

148 (0,5) 162 (0,1) 176 (0,05) 190 (0,3) 246 (0,5) 246 (0,6)
la — 5a M—HBr1t 84 (0,7) 98 (0,4) 112 (0,4) 126 (0,7) 182 (0,1) 182 (0,1)
lb 5b M— HOCH,1! 146 (0,2) 160 (0Д) 174 (0,03) 188 (0,4) 244 (0,7) 244 (0,6)

148 (0,2) 162 (0,1) 176 (0,03) 190 (0,4) 246 (0,7) 246 (0,6)
lb— 5b M— HBrif 98 (0,2) 112 (0,1) 126 (0,1) 140 — 196 (0,2) 196 (0Д)
la — 5a M—Br—H20 4 67 (8,3) 81 (28,1) 95 (24,4) 109 (4,4) 165 (0,6) 165 (0,5)
lb— 5b M — Br—HOCH31t 67 (9,2) 81 (21,0) 95 (26,0) 109 (17,8) 165 (1,9) 165 (1Д)
6a—10a 57 (50,7) (38,3) (26,8) (18,4) (6,5)
la — 5a 57 (38,0) (21,4) (19,9) (1,9) (5,5) (7,1)
6b—10b 71 (36,5) (38,2) (21,8) (30,2) (4Д)
lb— 5b 71 (43,2) (26,5) (24,1) — (15,0) (11,2)
6a—10a 119 (0Д) (0Д) (0Д) (0Д) (0Д)

121 (0,1) (0Д) (0,1) (0,1) (0,1)
la — 5a 119 (0,2) (0,1) (0Д) — (0,1) (0Д)

121 (0,2) (0Д) (0,1) — (0,1) (0,1)
lb 5b 119 (0,3) (0Д) (0,1) (0,3) (0,1) (0,1)

121 (0,3) (0,1) (0,1) (0,3) (0Д) (0,1)
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Abb. 4 .  70  eV  —  M a s s e n s p e k tr e n  v o n  Ira n s-  u n d  v o n  e is - l - B r o m - 2 - m e t h o x y c y c lo d o d e c a n  5b

E s lä ß t sich e rk en n en , d aß  in  den  b e leg ten  M assenzahlen  k a u m  U n te r
sch ied e  zw ischen den  S p e k tre n  d er jew eiligen  cis- u n d  Irans-V erb indungen  
b e s te h e n . D em gegenüber u n te rsch e id en  sich  die In te n s i tä te n  d e r m eisten  
P e a k s . D adurch  is t es p rinz ip ie ll m öglich (w enn Y erg le ich ssp ek tren  vorliegen), 
d ie cis- und  die trans- Iso m eren  m it H ilfe ih re r  M assen sp ek tren  zu  u n te r 
sch e id en .

E in  V ergleich d e r M assen sp ek tren  d er b ifu n k tio n e llen  V erb indungen  
1 b is 5 m it den M assen sp ek tren  d e r m o n o fu n k tio n e llen  V erb in d u n g en  6 bis 10 
z e ig t, d aß  beim  A b b au  v o n  1 b is 5 sich  die fu n k tio n e llen  G ru p p en  deu tlich  
b ee in flu ssen . So liegen beispielsw eise die In te n s itä ts w e r te  v o n  M t  in  1 bis 
5 zw ischen  denen fü r  die m o n o fu n k tio n e llen  V erb in d u n g en  6 b is 10. W eite rh in  
s in d  die In te n s itä te n  fü r  M — H 2( U t ,  M — H O C H j^ t u n d  M — B r1+ in den 
S p e k tre n  der b ifu n k tio n e llen  V erb in d u n g en  k le iner als in  den  S p ek tren  der 
m o n o fu n k tio n e llen  V e r tre te r  gleicher R inggröße, vgl. auch  T ab e lle  I .  D ie sonst 
c h a ra k te ris tisch e n  B ru ch s tü ck e  C3H 4X 1+ (M assenzahl 57, 71 bzw . 119/121) 
s in d  dagegen n ich t re p rä se n ta tiv .

Aus unseren  U n te rsu ch u n g en  lassen  sich fo lgende Schlüsse ziehen:
Im  m assen sp ek tro m etrisch en  A b b au  der u n te rsu c h te n  b ifu nk tione llen  

l-B ro m -2 -h y d ro x y cy c lo a lk an e  l a  b is 5a und  l-B ro m -2 -m eth o x y cy c lo alk an e  
l b  b is 5b spiegelt sich  die F ra g m e n tie ru n g  be ider m o n o fu n k tio n e lle r V erb in 
d u n g e n  w ider.

D ie U n tersch iede  in  den  In te n s i tä te n  v o n  M t  u n d  v o n  c h a rak te ris tisch en  
F ra g m e n tp e a k s  w ie z. В . M — H X ^ t u n d  M —X 1+ w eisen a u f  eine gegenseitige 
B eein flussung  der fu n k tio n e llen  G ru p p en  im  V erlau f des m assen sp ek tro m e tri
sch en  A bbaus h in .
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Die u n te rsu c h te n  cis-trans-isom eren Z w ölfring-V erb indungen  5a bzw . 
5b lassen sich  m it H ilfe ih re r  M assenspek tren  u n te rsch e id en . Beim  m assen- 
sp ek tro m e trisch en  A bbau  sow ohl der m onofu n k tio n e llen  V erb indungen  6 bis 
10 als auch  d e r b ifu n k tio n e llen  V e rtre te r  1 bis 5 is t eine deu tliche  A bhän g ig 
k e it der I n te n s i tä t  c h a ra k te ris tisch e r B ru ch stü ck e  v o n  d er R inggröße n a c h 
w eisbar.

E xperim en te ller Teil

Die irems-l-Brom-2-hydroxycycloalkane la  bis 5a und die trans-l-Brom-2-methoxy- 
cycloalkane lb bis 5b wurden durch Hydroxybromierung bzw. durch Methoxybromierung der 
entsprechenden Cycloalkene mit IV-Bromsuccinimid in wäßrigem Dioxan bzw., in absolutem 
Methanol dargestellt [8, 9]. Die Cycloalkanole 6a bis 10a standen als Handelsprodukte zur 
Verfügung oder wurden aus Cycloalkanonen durch Reduktion erhalten. Die Methoxycyclo- 
alkane 6b bis 10b sind durch Reduktion entsprechender l-Brom-2-methoxycyeloalkane mit 
Natrium in flüssigem Ammoniak dargestellt worden.

Die Bromcycloalkane 6c bis 10c waren durch Addition von HBr and die Cycloalkene 
bzw. durch Umsetzen der Cycloalkanole mit HBr oder PBr3 zugänglich.

Die Struktur der dargestellten Verbindungen wurde durch Vergleich mit Literaturdaten 
sowie an Hand ihrer IR- und ihrer NMR-Spektren gesichert. Die Werte für die Mikroanalysen 
(C, H, Br) stimmten mit den berechneten überein.

Die Aufnahme der Massenspektren erfolgte mit einem Massenspektrometer der Firma 
varian MAT (CH-6) bei 70 eV und bei 12 eV. Ionenquelle IXE 5, Temperetur 200 °C, Emis
sionsstrom 30 у А. Kathode Re-Draht, indirekt Einlaß.

*

Wir danken Herrn Chem.-Ing. L. Goetz für die Aufnahme der Massenspektren.
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Chlorination of thiols in alkali carbonate media yielded symmetrically sub
stituted alkyl- and arylsulfonic acid thiol esters (thiosulfonates). The procedure is simple, 
intermediates need not be isolated.

S ym m etric  th io lsu lfo n a te s  are  u sua lly  p re p a re d  b y  th e  ox ida tio n  of 
disulfides or b y  th e  su lfen y la tio n  of a sulfinic acid [1, 2, 3]. Besides these  th e  
D ouglass— Farah  m ethod  [4, 5] has been w idely app lied  in  p rac tice , consist
ing  in  th e  ch lo rin a tio n  of th io ls  and  disulfides in  aqueous ace tic  acid to  o b ta in  
th io lsu lfonates. J u s t  recen tly  a p rocedure  su itab le  fo r th e  d irec t p rep a ra tio n  
o f th io lsu lfonates from  th io ls  has been described , in  w hich  th e  ox idation  of 
th io ls  is effected  b y  m eans o f  n itro g en  te tro x id e  [6]. T hese p rocedures involve 
a t  least tw o s tep s , th ere  are in te rm e d ia te s  form ed d u rin g  th e  ox ida tion , th e  
p ro d u c t requires c h ro m a to g rap h ic  p u rific a tio n , or th e  p rocess is slow.

In  th e  p re se n t w ork, a lip h a tic  an d  a ro m atic  th io ls  h av e  been converted  
in to  sy m m etrica lly  su b s ti tu te d  th io lsu lfo n a tes  in  p e tro leu m  e th e r so lu tions, 
in  alkaline m ed ia  co n ta in in g  sod ium  ca rb o n a te , b y  th e  in tro d u c tio n  of th e  
ca lcu la ted  a m o u n t o f  chlorine (2 m oles) a t  room  te m p e ra tu re ; th e  yields are 
be tw een  70 an d  98% . T he p ro ced u re  requ ires sim ple re a c tio n  conditions. 
Iso la tio n  of th e  in te rm e d ia te s  is u n n ecessary ; in  m ost cases th e  th io lsu lfona te  
can  be sep ara ted  b y  f iltra tio n .

In  respect o f  th e  m echan ism , i t  can  be assum ed  th a t  chlorine oxidizes 
th e  th io l (I) to  th e  d isu lfide (II) th is  is fu r th e r  co n v erted  in to  su lfeny l chloride 
(HI) [7], as in d ic a te d  b y  th e  o ran g e  colour o f th e  p e tro le u m  e th e r  phase. The 
co lour g rad u a lly  becom es p a le r, since th e  sulfenic acid  (IV) form ed by  th e  
hydro lysis of III is su lfen y la ted  b y  th e  su lfenyl ch loride to  y ie ld  sulfinic acid 
th io l este r (V) (it is possible th a t  V is fo rm ed from  2 m oles o f IV [8, 9]). The 
in te rm ed ia tes  II an d  V can be d e te c te d  in  th e  reac tio n  m ix tu re  b y  th in -la y e r

* Part XII: G. St á je r , J. R eisch  and A. E. Szabó: Acta Chim. Acad. Sei. Hung. 
105, 99 (1980)
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Acta Chim. Acad. Sei. Hung. 105, 1980



156 PINTYE, STÁJER: SULFENYL CHLORIDES, X III

c h ro m a to g ra p h y . S u b seq u en t nucleoph ilic  a t ta c k  b y  th e  O H ~  io n  [10] a t  
th e  p o sitiv e ly  po larized  su lfiny l su lfu r a to m  o f V gives su lfin ic  ac id  (VI). This 
is su lfen y la ted  to  th io su lfo n a te  (V II), w hile th e  leav ing  th io la te  an io n  is con
v e r te d  b y  I I I  in to  th e  d isu lfide (II), w hich  tak es  p a r t  ag a in  in  th e  process.

ci.. ci2
2 K—SH  -------- *- RS—8К ---------- *-

-2 H C I

1 II

OH®
— *- RS—SR ---------- ► R—S02H +

II
О

V VI

a R =  Ph 

b R = />■<'ICVH4 

e R =  />-СНзСоН4 

d R =  CH2ObH5

(Ж® К-Sri
2 K— S C I ---------- <- I R— SOHJ -------1 -HCI

III IV

Q 2U-SC1
RS® ----------► R— SOíS— R +  RS—SR

VII II

e R =  /;-CH:iOC(;II I 

f R =  p AcXIICsH., 

g К =  n -15 u

T he am o u n t o f  ch lorine req u ired  was de te rm ined  ex p e rim en ta lly  by  TLC 
e x am in a tio n s  o f sam ples w ich w as d raw n  from  th e  re a c tio n  m ix tu re  period i
ca lly . O ptim um  y ie ld  w as a t ta in e d  a t  th e  ra tio  1 m ole o f  th io l : 2 m oles of 
ch lo rin e ; in  th is  case su lfochloride d id  n o t ap p ear in  th e  re a c tio n  m ix tu re . 
W h en  using  a th io l: ch lorine ra tio  o f  2 : 1, only th e  d isu lfide  w as o b ta in ed . 
T h e  reac tio n  on a 0.05 m ole scale req u ires  ab o u t 30 m in . In  th e  m a jo rity  o f 
cases (lb —f) th e  th io lsu lfo n a te  can  be iso la ted  sim ply  b y  f i l tra tio n  from  th e  
heterogeneous re a c tio n  m ix tu re . W h en  th is  is n o t th e  case, th e  p e tro leu m  e th e r 
p h ase  is sep a ra ted  an d  th e  residue  recry sta llized  a f te r  e v a p o ra tio n  to  dryness 
(V ila , g). The th io lsu lfo n a tes  o b ta in e d  w ere com pared  w ith  a u th e n tic  sam ples
[3] an d  id en tified  b y  m eans o f  m .p ., IR , TLC an d  e lem en ta l analy sis  d a ta . In  
a ll cases, th e  re a c tio n  p ro d u c t also co n ta ined  v a rious am o u n ts  o f d isu lfide 
(И ), accom pany ing  V II. T he so lu b ility  o f th e  fo rm er is, how ever, s ig n ifican tly  
h ig h er, th u s  i t  rem ain s in  th e  p e tro leu m  e th e r phase . I n  th e  case of V ila , g, 
th e  m a jo rity  o f th e  d isu lfide can  be rem oved b y  suck ing  o ff from  th e  c ry s ta l
line residue.

E xperim en ta l

Preparation of thiosulfonates

A solution of the thiol (0.05 mole) in petroleum ether (50 cm3) was mixed with 20% 
sodium carbonate solution (50 cm3). Chlorine gas (7 g; 0.1 mole), condensed in a vessel cooled 
by a mixture of carbon dioxide and acetone, was introduced into the reaction mixture at room
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temperature, with stirring. In the case of compounds VHb—f, the separated solid was filtered 
30 min later, dried and recrystallized. In the preparation of Vila, g. the petroleum ether 
phase was separated, dried over Na2S04 and evaporated to dryness. The crystalline residue 
was then recrystallized. The experimental data are given in Table I.

Table I

Preparation of thiosulfonates

Thiol
(I)

0.05 mole 
(g)

Recrystallization M. p.,
°c

Yield of thiosulfonate
(VU)

g %

a 5.5 Petroleum ether-EtOH (9 : 1) 44— 45 5.5 88

b 7.2 MeOH 133—134 7.7 96

C 6.2 MeOH 76— 77 5.0 72

d 6.2 MeOH-benzene (8 : 2) 107—108 6.8 98

e 7.0 MeOH 94— 95 7.0 90

f 8.35 EtOH 223—224 6.4 70

g 4.5 Petroleum ether-EtOH (8 : 2) 126—127 4.5 86

Thin-layer chromatography

Layer: Kieselgel G (Stahl); developing mixture; benzene-petroleum ether (1 : 1); 
detection with KMn04 containing sodium carbonate. The order of distances of the spots from 
the start was, e.g., in the case of p-chlorothiophenol (compound, Rf): Vb 0.27; Vllb 0.56; lib  0.88.
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R . C. E l io t : Boiler Fuel Additives fo r  Pollution Reduction and Energy Saving

Energy Technology Review  N o. 33.
Pollution Technology Review  N o. 53.
Chemical Technology Review  N o. 120.

Noyes Data Corporation, Park Ridge 1978, 230 pages

Problems of incomplete cembustion, soot deposition and sludge formation are common 
to most hydrocarbon fuel oils. Thus, boiler fuel additives can be effective means of reducing 
emissions and, at the same time, increasing overall boiler efficiency.

Various kinds of compounds have shown merit as combustion improvers, including 
surfactants, organometallics and low molecular weight polymers. Alkaline earth and transition 
metal additives in concentrations of 20 to 50 ppm of metal in the fuel oil were effective in 
reducing particulate emissions. For added versatility the organometallic compound is usually 
blended with dispersants and other ingredients to make a multipurpose product.

The first chapter of the book is based on a report written for the Environmental Protec
tion Agency (EPA) of the TJ.S.A. and published in January 1977. This chapter is a state-of-the- 
art review and has the title “Additives for Pollution Control’1 The reader is given a concise 
introduction to the

— different kinds of pollutants,
— the mechanism of pollutant formation in combustion process,
— possibilities of controlling combustion-generated emissions by additives,
— scope of experimental investigation (three summary tables showing the quantitative 

data found in the technical literature for combustion additives),
— effects of the additives on particulate emissions and smoke, on polycyclic organic 

matter, on sulfur oxides and on nitrogen oxides.
The information reviewed in this chapter was taken from 103 papers, congress proceed

ings, reports and patents published all over the world.
The longest and perhaps most important chapter in the book is the second one, having 

the title “Experimental Evaluation of Additives” . It is also based on another report written for 
the Enviromental Protection Agency and the Federal Energy Administration, summarizing 
the results of an extensive experimental program carried out by the B attelle— Columbus 
Laboratories and published in January 1977. The experimental program was conducted in 
a commercial fire-tube packaged boiler of 500 kW capacity, generating up to 680 kg/hr of 
steam at 103 kN/m2 (15 psig). A total of 24 fuel additives of representative fuels were evaluated 
when firing residual oils at a continuous rate. Eleven of the additive types were also evaluated 
when firing distillate oil. In addition, some additives were evaluated under cyclic operation, 
variable load, and with a detuned burner so that the effectiveness of additives could be assessed 
as a function of these operating conditions.

A previous EPA program involved tests of numerous commercial additives used with 
distillate heating oil in a residential oil burner. In general, the additives were found to have 
a minor effect compare to the opportunity for emission control by proper adjustment and oper
ation of the burner. However, the additives containing manganese, iron or cobalt did reduce 
the particulate emissions. None of the additives were found to be effective in reducing sulfur 
oxide emissions or for nitrogen oxides.

This investigation extended the program to larger combustion systems. Of particular 
interest was the determination of additive effectiveness in reducing smoke and particulate 
emissions including polycyclic organic matter.

In the second chapter the plan of experimental investigations with description of the 
experimental facility, experimental procedures, fuel and additive specifications, the experi
mental results and interpretation of the results are given. It is difficult to summarize the results 
of such an extensive investigation in a few sentences, but it can be stated that the use of addi
tives with distillate oil firing would allow boilers to be operated at lower excess air levels and
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thereby, increase efficiency. In this case, sophisticated controls or manual attention would be 
required to control the air to fuel ratio precisely, as any slight change in boiler operation could 
cause a drastic change in the excess air level and the emission of particulates, CO, and un
burned hydrocarbons. Only in the largest boilers would these controls be economically feasibe 
and the larger oil-fired boilers generally are fired with residual oil.

With residual fuels, barium naphthenate was most effective in reducing both smoke 
and particulate emissions.

In addition to the experimental results and their discussion, the second chapter con
tains also subchapters on the economics of additive utilization, on the possible mechanisms by 
which additives affect particulate emissions, on the perspective on fuel additives and a short 
review of the different types of fuel handling additives. The second chapter is followed by 
100 references.

The last three chapters of the book are based entirely on the U.S. patent literature 
and consist of the detailed and clear description of 52 U.S. Patents issued between January 
1970 and 1978. The additives are grouped according to their functions.

Thus, the third chapter is devoted to fuel handling additives. Patents referring to addi
tives for increasing fuel stability, dispersants, flow improvers and pour depressants, corrosion 
inhibitors and other additives are reviewed.

In the fourth chapter, combustion additives are dealt with. Different types of combus
tion efficiency improvers, smoke suppresants and additives preventing arsenic sublimation 
on combustion are described.

The last, short chapter has the title “Post-flame treatment additives”. Here different 
additives and compositions for the reduction of slag build-up, prevention of soot deposition, 
stabilization of metallic fuel additives, and for prevention of corrosion and ash deposition are 
reviewed.

In the last three chapters, the patents are simply reviewed but not evaluated hi com
parison with each other. Nevertheless, the reader gets a good picture of the different types 
of additives, the possible domain of their applications and their effectiveness.

At the end of the volume, the primary sources on which the book is based, are listed: 
the two U.S. government reports (chapters one and two) and 52 U.S. patents (chapters 3—5) 
indexed by company, inventor and patent number.

G. SzÉCHY

M. Sittig: Hazardous and Toxic Effects o f Industrial Chemicals 

Noyes Data Corp., 1979. p. 460

In the book about 250 entries deal with toxic organic and inorganic substances, start
ing from acetaldehyde through Portlandcement to zirconium compounds. In fact, far more 
compounds are dealt with, since the individual groups of compounds appear under one entry, 
thus, e.g., acetates comprise the properties of 10 acetic acid esters.

The author and the publishing house recommend the work primarily to the attention 
of industrial hygienic experts, but in the reviewer’s opinion, this could be interesting for all 
researchers and industrial chemical engineers. The reader can get a picture of not only the 
hazards connected with chemicals known up to now, but the non-confirmed potential harmful 
effects are also indicated.

The compounds discussed are arranged in alphabetic order and each section has the 
same structure. D e s c r i p t i o n  of the compound consists of the molecular formula, a short sum
mary of the physical properties and eventually the way of production, too.

After listing the s y n o n y m s , there is a summary of syntheses, manufacturing processes, 
users and application fields, where workers can come into contact with the given compound. 
The a llo w a b le  e x p o s i t i o n  l i m i t s  are values accepted in the USA, given in mg/m3 and ppm units. 
The w a y s  o f  e n te r i n g  th e  o r g a n is m  (Route of Entry) are followed by a detailed discussion of 
the toxic effects of the compounds: local and systematic harmful effects and eventual muta
genic and carcionogenic effects are listed, together with the potential hazards.

In the section Medical Surveillance, the necessary periodic medical examinations are 
prescribed, the s p e c i a l  t e s t s  are related with special medical-laboratory examinations. In a 
separate chapter the p e r s o n a l  p r o te c t io n  m e th o d s  are discussed.

The minimum one-page entry is finished with a b ib l io g r a p h y .

L. F en ic h e l
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н  an s-Werner K emmer und K urt Sch w a be: Einführung in die statistische
Therm odynam ik

Akademie-Verlag, Berlin 1979. p. 150

Die klassische Thermodynamik liefert in ihrem geschlossenen und strengen System 
sichere Informationen über die wichtigsten Eigenschaften der in der Natur verlaufenden 
Vorgänge. Im allgemeinen kann sie jedoch experimentelle Daten nicht entbehren, und die 
Bestimmung dieser Daten ist — besonders in komplizierten Systemen — keine einfache Auf
gabe. Die statistische Thermodynamik gibt uns Mittel, womit die Gesetze der mikroskopischen 
Welt untereinander verbunden werden können. Zur Zeit stützen sich immer mehr und mehr 
technische und Hochschulveröffentlichungen auf due Verfahren der statistischen Thermo
dynamik, und die zunehmende Anzahl der Ergebnisse bestätigt, daß die statistische Thermo
dynamik bei weitem nicht praxisentfernt ist.

Um das Buch zu-verstehen, sind Kenntnisse über die klassische Thermodynamik sowie 
elementare Kenntnisse der klassischen und Quantenmechanik nötig. Die Einteilung ist folgende:

Wahrscheinlichkeit und Kombinatorik 10 Seiten
Statistische Beschreibung makroskopischer Systeme 25 Seiten
Gase 49 Seiten
Die spezifische Wärme idealer Kristalle 8 Seiten
Flüssigkeiten 40 Seiten
Anhang 9 Seiten

Das Buch enthält 20 Abbildungen.
Im Abschnitt Statistische Beschreibung makroskopischer Systeme werden folgende Prob

leme behandelt: Makro-und Mikrozustände, statistische Verteilungen, Phasenraum und mikro
kanonische Ensemble kanonische und großkanonische Ensemble, Entropie und Temperatur, 
thermodynamische Potentiale und Verteilungsfunktionen. Der Abschnitt Gase behandelt das 
ideale Gas, die Maxwell-Boltzmannsche Statistik, die kanonische Ensemble, das Fermi- und 
Bose-Gas, reale Gase, zwischenmolekulare Kräfte, Unordnung und Verteilungsfunktion, 
Wirkung des Druckes, die Virialgleichung und die Berechnung der Virialkoeffizienten; im 
Abschnitt Spezifische Wärme idealer Kristalle werden das Einsteinsche Modell und das Debye- 
sche Modell erörtert; der Abschnitt Flüssigkeiten befaßt sich mit reinen Flüssigkeiten, mit der 
Zellen-, Löcher- und Tunneltheorie, der Berechnung molekularer Verteilungsfunktionen, mit 
Störumgstheorien, Mischungen von Nichtelektrolyten, mit regulären Gemischen und der 
Zellentheorie, mit Lösungen starker Elektrolyte, mit der Debye-Hückelschen Theorie und 
der Bogoljubows Theorie.

Der Anhang behandelt das Liouville-Pinzip und die Rolle der Energie, Quantenstatistik, 
Zustandsfunktionen und Dichtematrix, sowie das Liouville-Prinzip der in Quantenstatistik.

Aus dem Inhalt und Umfang des Buches ist das Meßhalten der Verfasser ersichtlich: 
sie bschränken sich auf eine präzise und verständliche Darstellung der wesentlichsten Zusam
menhänge. Seit der ersten Ausgabe des Buches wurde besonders der Inhalt des Abschnittes 
über Flüssigkeiten erweitert, da die Forscher in den letzten Jahren auf diesem Gebiet viel 
neue und bedeutende Ergebnisse erreicht haben. Nach Meinung des Rezensenten hätten 
jedoch einige Beispiele den Wert des Buches erhöht und angegeben werden sollen, selbst wenn 
dadurch eine Vergrößerung des Umfangs notwendig geworden wäre. Da keine numerischen 
Beispiele enthalten sind, treten in den meisten Fällen keine Maßsystem-Probleme auf. Die 
Debye-Hückelsche Theorie ist jedoch noch mit den Formeln gemäß dem CGS-System dargestellt.

Von diesen wenigen Unzulänglichkeiten abgesehen ist das Buch eine äußerst nützliche 
Einleitung für Fachleute, welche die Methoden der statistischen Thermodynamik anzuwenden 
wünschen.

Gy. Va r sá n y i
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N M R : Basic Principles and Progress, Volume 16 
E d ito rs :  P . D ie h l , E . F l u c k , R . K o sfe l d  

31P  and ]3C -N M R  o f Transition M etal Phosphine Complexes

By Paul S. P regosin and Roland W. K unz (Eidgenössische Technische Hochschule, Zürich) 
Springer-Verlag Berlin—Heidelberg—New York, 1979. p. 156]

For several years, coordination chemists have used phosphorus as a ligand for the stabil
ization of transition metals in various oxidation states. In spite of this fact, interest has increas
ed towards these complexes; 31P-NMR has been employed as an analytical tool only in relativ
ely few laboratories and, beside 1H- and 13C-NMR, the 31P-NMR properties have hardly 
been studied at all. The socalled PFT-NMR spectroscopy has developed strongly, and this 
greatly altered the picture today. Coordination chemists understand the importance of applic
ation of the NMR method. For this reason, the authors tried to outline what knowledge is 
required for the ehmist for effective utilization of the method and they also provide a summary 
of application of the individual NMR parameters in solving given chemical problems.

The book is divided into two main parts. In the first and larger part (Chapters 1—4) 
31P-NMR, in the second part (Chapter 5) 13C-NMR studies of phoshporus-containing complexes 
are discussed. In the appendix a large number of measured data are given in a clear form.

In Chapter 1, the main data regarding 31P-NMR are summarized. Since the 31P is 
about 16 times less sensitive for NMR spectroscopy than the proton, the introduction of 
broad-band ^-decoupling and PFT-NMR technique, making possible rapid spectrum accu
mulation, was very important. It is very advantageous that 31P-NMR is usually very simple 
and covers about 200 ppm, furthermore, the chemical shift of the individual signals is strongly 
altered by slight changes in the chemical environment of the P-atom. Since, in view of the 
time of recording and chemical structure, relaxation is very important and informative, this 
problem is dealt with separately. In the process of relaxation the dipole-dipole mechanism 
is primarily predominating. It is very advantageous that in complex compounds, in accordance 
with the reduced mobility of the complex, the above mechanism becomes more emphasized 
and the relaxation time is significantly shortened. In view of the signal/noise ratio, that is, 
sensitivity, it is very important that the broad-band 'H-decoupling technique, resulting in 
the appearance of sharp 31P-NMR signals, is accompanied by a maximum increase of 124% 
in intensity (Nuclear Overhauser Effect), too.

In the second chapter the coupling between the various transition metals and phos
phorus atom attached to them and the coupling between two P-atoms attached to the metal 
are discussed.

In Chapter 3, chemical shift and the factors affecting it are treated. It is very interest
ing that beyond the electronegativity of the substituents attached to phosphorus the X-P-X  
angle also affects significantly the chemical shift, furthermore, similarly to 13C-NMR spectros
copy, substitution at the у position again the chemical shift 2—6 ppm. A linear correlation was 
found between the chemical shift characteristic of free phosphine and the change occurring 
on complex formation. The 31P chemical shift was found to be useful in the determination of 
the steric structure of complexes and in distinguishing cis and trans isomers.

In Chapter 4, the above statements are illustrated on actual examples and the effectiv- 
ity of the method is demonstrated. The dynamic NMR studies of the Du Pont group are 
particularly interesting and provide a picture of the kinetics of intramolecular transformations 
of pentacoordinated phosphorus compounds.

Although 31P-NMR spectroscopy seems for chemists to be the most direct method of 
studying metalphosphorus interactions, when the chemical changes occur relatively farther 
from the phosphorus atoms, 13C- and ‘H-NMR can be more suitable for monitoring them. 
Since several papers have been published on this topics, using 1II-NMR spectroscopy, in 
Chapter 5 the authors deal only with the 13C-NMR investigation of phosphorus-containing 
transitions metal complexes. This chapter is followed by the appendix and the tables, which 
contain the most important data required for understanding the above statements. The book 
contains 259 references covering the period 1970—1978.

The book presents the applicability of 31P- and 13C-NMR spectroscopy and their effec
tiveness in the investigation of phosphorus-containing complex at a very high level and 
still simply and clearly, thus it is strongly recommended the attention of chemists and biolo
gists engaged in this field, as well as of NMR specialists.

G. T ó th
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G. E . S ch ulz  and  R. H . S c h ir m e r : Principles o f  Protein Structure 

Springer-Verlag, New York, 1979. p. 314

In the last decades one of the most outstanding achievements of science was the deter
mination of the structure of proteins that provided the basis for the development of molecular 
biology. Today, the complete structure of nearly one hundred proteins is known, and on the 
basis of these informations the main lines of the general principles prevailing at the highest 
level of molecular organization of matter are being revealed. The pathway of the organization 
of matter into living leads through multimolecular systems of protein and nucleic acid mole
cules.

The main purpose of the present book is to reveal the principles of the organization of 
matter into structures of increasingly higher level of complexity manifested in the structure 
of proteins. It is an excellent summary of the knowledge about the structure of proteins avail
able at the present time. The authors, the one of whom is an expert in X-ray crystallography, 
the other is a biochemist, do not stop at registering the collected data, but searche primarily 
for a correlation between the structure and biological function of proteins. Thus the book 
can be characterised by the synthesis of structural-static and functional-dynamic aspects.

In accordance with its title, the book intends to present the fundamental principles, 
therefore, it can be regarded neither as a monograph, nor as an introductory text-book. The 
eleven chapters form separate units dealing with individual problems of the wide-spread topics 
and, according to the opinion of the authors, they can be read in optional order. None of the 
chapters is customary. Interesting notes related to the most recent results of protein chemistry 
can be found in connection with even the simplest problems, e.g. the structure of amino acids. 
The authors often only refer to the well known facts and discuss only the recent results in 
detail. The physico-chemical, organic chemical, biochemical and genetic aspects of the structure 
and function of proteins are fused into a common picture in every chapter. It is just this way 
of treatment that makes the book interesting for the somewhat informed readers, but can 
involve some drowbacks for those who want to get acquainted with the basic principles of 
protein chemistry from this book. However, it cannot be said that the book is intended for 
the specialists, since the emphasis is always on the integration of the wide-spread knowledge 
and on the comprehensive picture of the protein chemistry as a whole. Therefore, researchers 
working in different fields of protein chemistry or biochemistry can read this book with great 
benefit.

In processing the enormous amount of information, the authors attempt to extract 
general rules from the partial results collected up to now and to establish general principles, 
even if these are not entirely worked out or generally accepted. By organizing and systematiz
ing the knowledge, they provide an aid for the deeper understanding and a stimulus for further 
research.

The style of the book is rather concise, but the division of the text into many sub
chapters, the emphasis of the essence of these smaller units by bold-faced headings and the short 
summaries at the ends of the individual chapters facilitate the handling. The rich figures and 
the thorough explanations attached to them also serve better understanding. The appendix 
at the end of the book provides a deeper statistical mechanical treatment of conformational 
changes in protein molecules. A list of 805 references complete the book.

M. K a jt á r

Ch. S. S o d a n o : Water and Soil Repellents fo r  Fabrics;
Chemical Technology Review No. 134

Noyes Data Corp., Park Ridge, N. J. 1979. p. 395

Volume 134 of the Chemical Technology Review acquaints the reader with patent 
specifications relevant to the field named in its title, issued in the U.S.A. “Water and Soil 
Repellents for Fabrics” is a complete collection of such patents granted in the U.S.A., from 
1970 through 1978. Two volumes, published in 1970, and entitled, respectively. “Soil Resis
tant Textiles” and “Waterproofing Textiles” contain earlier U.S. patents of these two fields.
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The purpose of the book is to offer detailed information concerning the patents granted, 
to satisfy technological interest and to eliminate the difficulties, due to patent phraseology, in 
the way of understanding the originals.

A substantial amount of information, made available here, cannot be found in scientific 
of professional journals.

The table of contents is constructed so as to serve also as the subject index. The book 
is complete with lists of patent holders, inventors and patent numbers.

This volume is a source of information valuable for researchers of textile finishing also 
for organic chemists whose job is to search for, and to manufacture, auxiliary chemicals applic
able to fabrics.

The principal chapters are as follows.
— Fluorinated acrylic polymers (17), with nitrogen- or sulfur content; copolymers, 

graft polymers, and polymer compositions.
— Fluorinated polymers (23), with sulfur content, aminoplasts, nitrogen-containing 

and other polymers.
— Compositions with fluorinated polymers (14) with acrylic content, applicable for 

drycleaning other compositions for various purposes.
— Fluorinated compounds with silicon or sulfur (11); perfluoroalkylsilanes; fluorinated 

sulfates sulfonates, sulfonamides and sulfones.
— Fluorinated amines (15), pyridinium salts, other quaternary amines, adducts of 

melamine derivatives, tertiary amine esters.
— Fluorinated amides (13), examples of the preparation of these; aromatic fluorinated 

amide s.
-— Other fluorinated compounds (15) with phosphorus content; poly(fluorio-iso- 

alkoxy-alkvl-isocyanates); fluorinated tertiary alcohol intermediates, trimellitates, etc.
— Acrylic polymers (27), copolymers, acrylic mixtures with synergetic effects; the 

method of the application of these in textile finishing, dry cleaning and laundering; compositions.
— Aminoplasts (16), preparation, compositions and methods of applications.
— Silicon compounds (6), preparation and compositions.
-— Polyesters (8), preparation, compositions and methods of applications.
— Other compounds (51), metal containing ones, styrene, maleic acid and cellulose 

derivatives; compounds with sulfur and with nitrogen; polyols; cyclic imides, etc
The figures in breackets after the headwords indicate the number of patents referred to, 

214 altogether in this book. In some of these, surprisingly full particulars are revealed.

I. R u sz n á k

A. Y e h a s k e l : Industrial W asteivater: Cleanup Recent Developments

INoyes Data Corp., Park Ridge, N. J. 1979

This is a book written for experts and researchers active in the field of communal and 
industrial waste water treatment and in development work bound up with this.

The reader is made acquainted with the patents issued in the waste water treatment 
field, made available to the public in the U.S.A., in 1977 and 1978. The presentation is such 
that also readers not familiar with the style of patents will understand the matter easily. 
Where the specifications reveal characteristic data of relevant processes, these are also reported.

The Author lists fifteen reasons for which the technological information gathered from 
patents is considered most useful. Such information is concise yet sufficiently detailed to help 
realization by the expert, and is also commercially exploitable. Patent literature is a store
house of sound ideas: knowledge of these prevents duplication of research work already done 
elsewhere; knowledge, at the same time, of accomplishments not yet protected is important 
help in the elaboration of novel methods. An overall view of alternative methods — amply 
referred to in patent literature — widens technological choice. Besides all this, and due to 
efforts for the protection of intellectual property, new scientific results can sooner to be learned 
from patents than from scientific journals.

The book is structured according to the main titles as follows (these titles also describe 
the field covered).

A da Chim. Acad. Sei. Hung. 105, 1980



RECENSIONES 165

— Solid-liquid separation processes.
— Oil—water seperation processes.
— Metals.
—• Metal finishing. Pulp and paper.
— Coal, ore and sand processing.
— Chemical and biological treatment.
— Fluorine, phosphorus and polymers.
— Food and other natural products.
— Specific contaminant removal and other processes.
This division seems to be arbitrary in some respects as the headwords selected refer 

partly to technologies and partly to the origin of waste water. The table of contents, however, 
is well arranged, information is easily retrievable. The book is complete with the list of paten
tees and inventors. Patent number, and names of patentee and inventors, respectively, are 
given as references. This is sufficient if the purchase of licence rights is contemplated.

Among the methods described some are rather peculiar, for example the electrochemical 
treatment of fatty or oily emulsions, reverse osmosis, activater sludge treatment with active 
carbon addition, various ion exchange techniques, thermal and oxidative detoxification of 
various toxie waste waters from the chemical industries.

Of course, it cannot be known yet which of the methods described have proved to be 
efficient in practice because most of the patents are quite recent innovations. The Author does 
not comment in this respect, either. However, in our days, when the transfer of technological 
know-how and scientific-technical information is of paramount importance, the usefulness of 
this book can hardly be overestimated, even if we have to consider that the majority of these 
processes are realizable in industrially well developed countries only.

P . F arkas

Tibor K remmer and  László B oross: Gel Chromatography —  
Theory, Methodology, Applications

Akadémiai Kiadó, Budapest, 1979 
299 pages, 133 figures, 47 tables

Gel chromatography was introduced only around 1960, but it is полу a standard proce- 
ure in almost every biochemical laboratory and a known method in other chemical laborato
ries, too. The very rapid development of this liquid chromatographic technique shows the need 
for a separation method of this kind. Therefore, a critical review of the results in the field of 
gel chromatography is especially timely.

This book is the revised version of the original Hungarian “Gélkromatográfia” pub
lished by Műszaki Könyvkiadó, Budapest.

The book is divided into three main parts.
The topic of Part 1 is the fundamentals and theory of gel chromatography, including 

gel-forming substances and the structure of gels and the most recent kinetic and steric-volu- 
metric theories, based on the analogy with the non-miscible polymer solutions and the osmotic 
properties of gels. According to famous works (Andrew ’s investigations; Siegel and Monty’s 
investigations; the Determ ann  equations etc.) the correlation between molecular dimensions 
and the size of the gel pores as an important field of gel chromatography is demonstrated clearly 
and in detail by the authors. In sections of Part I the comparison of the empirical relation
ship between the volumetric parameters and the molecular weight of solutes in gel chromato
graphy with theoretical aspects also has an important place. There is a logical connection bet
ween the sections in this part. It helps to understand the laws of this fundamentally simple 
procedure.

Part II deals with the methods and techniques of gel chromatography. The sections of 
this part discuss all the practical techniques, preparation and treatment of various gels, equip
ment, the normal and special devices used in the column, thin-layer chromatography or batch 
procedures. In the sections the reader finds pieces of advice to choose the best method for a 
given separation problem. The discussion of the methods and techniques follows the logical 
sequence of practice.

Part III summarizes the applicability of gel chromatography in the investigation of 
natural and synthetic compounds as tvell as inorganic ions by means of typical examples. The
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laws and regularities of the gel chromatography of various proteins, nucleic acids, polysacchari
des, oligosaccharides are surveyed shortly, illustrating with examples the different applications 
of the technique. The sections of Part III demonstrate that the success of the gel chromato
graphic separation of natural compounds acted as a powerful stimulant for analyses in synthetic 
organic chemistry. The sections of Part III illustrate convincingly that gel chromatography is 
suitable also for the fractionation of small organic molecules (e.g. aliphatic and aromatic hydro
carbons, organic acids, alcohols, ethers, phenols, organic bases, etc.). Therefore, gel chromato
graphy becomes more and more known in various chemical laboratories.

The book is a very well written, outstanding work. It gives a full review of gel chromato
graphy with good illustrations and sufficient methodological detail. Bibliography is carefully 
edited and contains all the substantial references to gel chromatography. A subject index at 
the end of the book, as well as the detailed table of contents at the beginning make possible 
a rapid orientation in a given gel chromatographic problem.

The book greatly helps orientation in the large subject and will serve as an excellent 
guide for chemists, biochemists, physicians and others interested in the theory and practice 
of gel chromatography.

E . T y ih á k

M e l ’n ik o v , V. N . an d  B l in ic h e v a , J . В “Theoreticheskie Osnovy Tekhnologii 
Krasheniya Voloknistykh Materialov”

(Theoretical Principles of Dyeing Technology of Fibres) p. 303. (in Russian)
Izdat. Legkaya Industriya, Moscow, 1978

This volume offers a systematic review and evaluation of the results achieved in the 
fields of theory and practice of the dyeing of polar and of apolar fibre-forming polymers, with 
cellulose and polyethylene-terephthalate fibres as the models.

Kinetic and thermodynamic analyses of the dyeing processes in aqueous, non-aqueous 
solutions and in the solid phase serve as the foundation for the review of the roles of the most 
important factors in the dyeing process. Considering also dyeing processes carried out in orga
nic solvents and at higher temperatures, conclusions are drawn in respect of the elaboration 
of better and more rational dyeing technloogies.

In this monograph its Authors have ordered the subject matter in chapters as follows
— Fibres, as ones of the active participants in the dyeing process. (Characteristics of 

fibre-forming polymers, due to their molecular and submicroscopic structure. Connexions 
between these characteristics and the dye-bonding qualities, and the affecting of these.)

■— Properties of dye solutions. (Connexion between the chemical structure of colouring 
substances and the dyeing potency of these. The process of dissolution of dyes in water. Inter
actions of dyes and organic solvents. Advantageous modification of the state of dyes dissolved 
in water. The role of solubilization and hydrotropism in the aqueous dissolving of non-ionic 
dyestuffs.)

— Physical and chemical basis of the dyeing of natural and of synthetic fibres in aqueous 
media. (The normal affinity, enthalpy, and enthropy of dyeing. The role of the structure of 
the fibre and that of the dyestuff in the interactions as realized. The state and the distribution 
of the dyestuff within the fibrous materials.)

— Kinetics of dyeing processes. (The foundations of linear, non-equilibrium thermo
dynamics, and the application of it, in the study of dyeing processes. Kinetic models of dyeing 
processes.)

— Perspectives of dyeing techniques in aqueous media. (The role of liquid proportions in 
dyeing; the advantages of low liquid proportions. Activation of dyeing processes by higher 
temperatures. The effects of organic solvents and hydrotropic substances in the elaboration 
of dyeing processes.)

— Theoretical basis of dyeing in the vapour and in the solid phases. (Dyeing with vapor
ized dyestuffs: fixation mechanism in in the thermosol-dyeing and transfer-printing of fabrics 
from man-made fibres. Mechanism of thermal fixation for reactive dyestuffs on cellulose- 
based fibres. Progress of thermal fixation techniques for the colouring of textiles made from 
natural or synthesis fibres or from mixtures of these.)

— Thermodynamic and kinetic aspects of dyeing synthetic fibres in organic solvents. (Char
acterization of organic solvent applicable in textile dyeing. Distribution of dyestuff-concent-
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rations in the fibre and in the bath when dyeing in an organic solvent is carried out The diffu
sion and the fixation processes in dyeing and in printing with organic solvents.)

This book deserves attention from theorists and practical experts alike in dyeing and 
printing of fibres and yarns. It is a useful aid in graduation and in post-graduate studies for 
the acquisition of knowledge of theories as well as of practical applications relative to dyeing.

I . R u szn á k

Chemistry Reviews, Vol. 1 (1979)
Soviet Scientific Reviews, Section В

E d ite d  by M. E . V olpin

Published under licence and ditributed by Harwood academic publishers GmbH, Chur,
Schweiz, pp. IX +  277

This series of volumes has been started with the aim of making recent scientific advances 
in the USSR accessible to scientists who do not read Russian. The review papers on selected 
fields of physics (Section A) and chemistry (Section В) are scheduled to appear on a yearly 
basis, to be followed by volumes on other branches of science. This effort is coordinated by 
the Academy of Sciences of the USSR. The speed of publication is strongly emphasized.

Volume 1 of Chemistry Reviews consists of the following articles:
1) Effect of magnetic field on radical reactions in solution (Yu. N. M o lin , R. Z. Sa g d ee v  

and К. M. Sa l ik h o v ); p. 67, 98 references;
2) Molecular basis for heterogeneous catalysis by acids through the participation of 

Brönsted centers (V. K azanskii); p. 50, 21 references;
3) New developments in the reaction mechanisms of organometallic compounds (I. P. 

B e l e t s k a y a ); p. 86, 70 references;
4) General principles of enzymatic catalysis (I. V. B e r e z in , A. A. K lyosov  and Iv. 

Ma r t in é k ); p. 72, 125 references.
The first paper is a survey on the effect of magnetic field on radical reactions. As noted 

by the authors, attempts at demonstrating this effect experimentally have mostly yielded 
negative results. The situation has changed with the discovery of magnetic effects involving 
triplet excitation in solids and the chemical polarization of nuclei. The experimental results 
over the past few years concerning free radical reactions are treated together with the under
lying theory. Among other interesting features, the magnetic isotope effect is described and the 
likely future development of this new field is indicated.

The second paper is concerned with a field that has been extensively studied in connec
tion with heterogeneous catalysis on surfaces featuring Brönsted acid centers. The main 
investigative tool is IR spectroscopy utilizing hydroxy group bands in the 5000—10,000 cm-  1 
region. The authors show how spectral data of this type may be used to obtain the height 
and shape of the potential barrier for proton transfer in heterogeneous acid catalysis.

The title of the third paper seems to be too general. Present-day organometallic chem
istry is a very broad subject concerned with an unprecedented variety of compounds and 
reactions. The author concentrates on the substitution and redox reactions of organomercury 
and organotin compounds, revealing a number of interesting mechanistic patterns. A separate 
chapter is devoted to the reactivity of carbanions.

Enzymatic catalysis is the subject of the fourth paper. A factor determining enzymic 
activity is the sorption (binding) of the substrate to the enzyme so as to facilitate subsequent 
chemical reactions. Transition state theory is used to draw conclusions on enzyme-catalyzed 
reactions, altough the limitations of this approach are duly pointed out. Aspects of modelling 
natural enzymes are discussed.

This is a valuable book whose authors and editor have succeeded in demonstrating how 
the achievements of Soviet scientists are interconnected with the general advances in four 
selected fields of chemistry. The reviews are well written and translated, although the ever 
recurring problems of unified transliteration are still obvious: on p. 69 two names with the 
same ending are spelled differently. It is not desirable to translate journal names, as is done
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on p. 117 (Kinetics and Catalysis for Kinet. Ratal.) Printing is nice as are illustrations and 
figures.

The book, and further volumes in the series, will undoubtedly serve the purpose of 
surmounting the language barrier, as emphasized in the preface and foreword.

L. I. SlMANDI

Lecture Notes in Chemistry, Vol. 12 
The Permutation Group in  Physics and Chemistry

Springer-Verlag, Berlin—Heidelberg —New York 1979. p. 230

In July, 1978, a Symposium was organized at the Centre for Interdisciplinary Studies 
of the University of Bielefeld upon the subject of permutation symmetry groups. This volume 
contains thirteen contributions of the meeting. Permutation symmetry considerations are 
rapidly becoming important, in particular in molecular spectroscopy, due to new interest in 
large amplitude motions in molecules. The boost behind is the rapid advance of high resolu
tion spectroscopic techniques. The present book contains a set of previously uncorrelated ideas 
and mathematical techniques. In the following, short resumés of each chapter are given.

A. K erber : C ounting isom ers an d  such. On the basis of P olya’s paper in combinatorics, 
various developments in enumeration theory are described for defining and counting isomeric 
molecular structures. The author uses multigraphs appropriate for various bond orders. 
Chemists will need graph theoretical education to appreciate the work.

J . G. N ourse: A p p lic a tio n  o f  the p e rm u ta tio n  g rou p  to stereoisom er gen era tion  fo r  com 
p u te r  a ss is ted  structure e lu cida tion . The paper defines the configuration symmetry group based 
on graph theory for generating, classifying and enumerating stereoisomers of organic molecules 
of a given empirical formula. The example of tetramethyl-cyclobutane is used for illustration 
purposes. A limitation is that the method is not capable of taking conformational problems 
(se.g. internal rotation) into account. Again, for understanding, a thorough group theoretical 
knowledge is indispensable.

J. G. N ourse: A p p lic a tio n s  o f  the p e rm u ta tio n  g rou p  in  d yn a m ic  stereochem istry . Various 
intramolecular rearrangements, such as the Berry pseudorotation, can be described by permu
tation group concepts. The paper investigates the relationships among chemical concepts 
(isomerization modes, combined experiments with different effective symmetry groups, etc.) 
and group theoretical categories (cosets, subgroups, e tc .). Without group theoretical know-how, 
the average chemist is going to profit but little from this work.

P. R. Bunker : The s p in  doulbe grou ps o f  m olecular sym m etry  g rou ps. A theoretical classifi
cation paper for the electron-vibrational-rotational energy levels of molecules, for which electron 
spin double groups are required. The paper is clearly written, plentifully illustrated by energy- 
level diagrams, and is explicit enough to give a glimpse into the spectra of ionic species, e.g.: 
CH3BF2 + . Highly recommended paper for molecular spectroscopists on advanced levels.

J . D. Louck: R ela tio n sh ip  between the fea sib le  grou p  and the p o in t g ro u p  o f  a r ig id  molecule. 
An interesting work to elucidate the role of conventional point group symmetries for rigid 
molecules, and their relations to feasible permutation-inversion symmetry operations. Eckart 
conditions and the rovibrational Hamiltonian function are specifically dealt with. The conclu
sion is that for rigid molecules there appears to be no need for the introduction of symmetries 
higher than geometrical.

A. W. M. Dr e ss : Som e suggestions concerning a geom etric d e fin itio n  o f  the sym m etry  
g ro u p  o f  non-rigid m olecules. The paper indicates that geometrical symmetry approaches may 
exist for non-rigid molecules. This contribution is characterized by heavy mathematical 
presentation. The chemist who is able to absorb these concepts is lucky.

R. S. Ber ry : S y m m e try  an d  th erm odyn am ics fro m  stru ctu red m olecules to liq u id  drops. 
This is a beautiful and original paper whose main feature is correlations among rigid and non- 
rigid structures, illustrated copiously on simple three- and four-body problems. Non-rigid 
molecules are treated on equal footing to clusters of atoms, albeit they are found to lie fairly 
close to the rigid limit. This work is likely to be important for spectroscopists dealing with 
large-amplitude problems.

The following three papers are: L. C. B iederharn  and J . D. L ouck: R epresentations
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of the symmetric group as special cases of the boson polynomials in U(n); J. D. L ouck and 
L. C. B iederha rn : The permutation group and the coupling of n spin — 1/2 angular momenta; 
B. R. J ud d : The permutation group in atomic structure. These three contributions are rather 
specially aimed at the problems of spin and angular momentum couplings in molecules and 
atoms. The treatments are based on the classification of electronic wave functions using the 
symmetric group. All three papers use a rather advanced formalism for angular momentum 
algebra.

In the next two papers: T. H. Seligm an : Double cosets and the evaluation of matrix 
elements; J. S. F ra m e : Properties of double cosets with applications to theoretical chemistry, the 
authors deal with the applications of the symmetric group irreducible representations in cal
culations of the quantum mechanical matrix elements (e.g. configurational mixing matrix 
elements) for molecular spectroscopic problems. In F rame’s paper the infrared and Raman 
spectra of complexes are treated in particular; noteworthy for chemical spectroscopists inter
ested in ligand and skeletal motions.

Finally A. W. M. D ress in his paper: The chirality algebra describes the Ruch—Schön
hofer chirality theory for rigid and nonrigid molecules. This is a presentation for popularizing 
chirality algebra among mathematicians, and so it is not directly intended for the physico- 
chemist. Dress points out that the Ruch—Schönhofer theory is applicable for phase transitions 
in molecules as well.

As a conclusion we can state that Volume 12 of the Series helps research workers in 
the theoretical fields of chemistry and physics in their efforts to update their symmetry appa
ratus to meet modern structural and spectroscopic demands. The book contains many referen
ces, is nicely printed with few typographic errors.

L. N em e s
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SULFENYL CHLORIDES, XIV*
THE REACTION OF ARYLTHIOLSULFONATES WITH ARYLSULFENYL HALIDES

J. Lázár and E . V ink ler

(Institute of Pharmaceutical Chemistry, Medical University, Szeged)

Received April 9, 1979 
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Utilizing partial results published earlier [8], the sulfenylation reaction of 
aromatic thiolsulfonates was investigated. Aromatic thiolsulfonates rapidly react with 
sulfenyl bromide in acetonitrile solution, whereas with sulfenyl chloride the splitting 
of the thiolsulfonate bond proceeds only in dimethylformamide and under forceful 
conditions.

Sulfenyl ha lides, a c tin g  as su lfenyl ca tions, a re  know n in  th e  lite ra tu re  
as electrophilic  reag en ts  [1 — 3]. T h ey  have been  u sed  so fa r, only  in  a new 
cases fo r th e  sp littin g  o f th e  su lfu r-su lfu r bond . In  th e  case of disulfides, 
Moore an d  P orter [4] described  th e  sp littin g  o f  th e  su lfu r-su lfu r b o n d  and 
the  exchange o f a ry l groups. D ouglass [5], D ouglass an d  K oop [6] exam ined  
th e  reaction  o f m eth an e- an d  e thanesu lfeny l ch lo rides w ith  a lip h a tic  th io l
su lfona tes, an d  P in t y e , Stá jer  an d  V inkler [7] re p o rte d  on th e  conversion 
o f tr ich lo ro m eth an esu lfen y l ch loride w ith  a ro m a tic  th io lsu lfo n a tes . The 
reac tio n  of m e th an esu lfen y l ch loride w ith  m e th an e- an d  m eth an e-e th an e- 
-th io lsu lfonates w as f irs t  described  b y  D ouglass [5].

In  our earlie r co m m u n ica tio n  [8], dealing  w ith  th e  reac tio n  o f th io l
su lfonates w ith  sod ium  h alides in  d im eth y lfo rm am id e , severa l p a ra lle l and  
consecutive reac tio n s h av e  been  assum ed  lead ing  to  th e  e n d -p ro d u c t o b ta in ed . 
O f these , a decisive role w as a t tr ib u te d  to  th e  re a c tio n  o f j»-to luenesulfenyl 
chloride w ith  p -to lu en e th io lsu lfo n a te  (1).

A r - S - C l  +  A r—S 0 2— S —Ar =  A r - S - S - A r  +  A r - S 0 2 -  Cl (1)

In  sp ite  o f  th e  fa c t th a t  acco rd ing  to  P intye  et al. th is  reac tio n  d id  n o t 
occur e ith e r in  a p o la r g lacial ace tic  acid [7], or in  an  apo la r benzene [9] 
so lven t, in  our m odel ex p erim en ts  perfo rm ed  in  d im eth y lfo rm am id e  th e  as-

* Part X III: P in ty e , J., St á je r , G.: Acta Chim. Acad. Sei. Hung., 105, 155 (1980)
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su m ed  reac tio n  p a th w a y , th e  sp littin g  o f  th e  su lfu r-su lfu r b o n d  could  be  effected 
also  in  th e  case o f a ro m a tic  th io lsu lfo n a tes . T he course o f  th e  reac tio n  is 
d e p ic te d  b y  th e  follow ing schem e (2).

О
II

Ar—S— S—Ar +  Cl—S—Ar 
II 
О

o s—Ar
II в /  

A r-S — S 
Я V
О Ar

Cl"

О

Ar—S—Cl +  A r-S—S—Ar
II
О

( 2)

Since th is  reac tio n  h as  b een  described  so fa r  on ly  for a lip h a tic  com pounds 
[5], i t  seem ed in te re s tin g  to  s tu d y  th e  case o f  a few a ro m a tic  com pounds, 
a n d  to  in v estig a te  th e  e ffec t o f  th e  halogen  o f  th e  su lfenyl ha lid es  on th e  
cou rse  o f  th e  reac tio n . I t  w as fo u n d  th a t  th e  su b s titu e n ts  o f  th e  arom atic , 
r in g  d id  n o t affect th e  course  o f  th e  reac tio n  in  a p e rcep tib le  m easu re  b u t  suddes 
d iffe rence  was observed  i f  su lfeny l b rom ide w as used  in s te a d  o f  th e  chloride. 
W ith  su lfeny l chloride th e  re a c tio n  proceeded  v e ry  slow ly an d  gave a som ew hat 
p o o re r  y ield , w hereas in  th e  case o f su lfenyl b io m id e  i t  was v e ry  ra p id . W ith  
su lfen y l chloride, th e  re a c tio n  could  be effected  on ly  in  d im eth y lfo rm am id e , 
w h ile  su lfenyl b rom ide  re a d ily  re a c te d  also in  ace to n itrile . T he su lfony l chlo
r id e , p resu m ab ly  fo rm ed  d u rin g  th e  su lfeny la tion  in  d im eth y lfo rm am id e , could 
n o t  b e  iso la ted  because  i t  decom posed  in  th e  reac tio n  m ix tu re ; th ere fo re , th e  
su lfo n ic  acid form ed from  i t  w as ch a rac te rized  in th e  form  o f its  S-benzyl- 
iso th iu ro n iu m  sa lt. I n  th e  reac tio n  m ix tu re  o b ta in ed  in  a c e to n itr ile , th e  su l
fo n y l b rom ide w as c h a ra c te r iz e d  as su lfonam ide. T he d isu lfide fo rm ed  as th e  
e n d -p ro d u c t could be  co n tin u o u sly  d e tec ted  in  increasing  q u a n titie s  b y  th in - 
la y e r  c h ro m a to g ra p h y  in  b o th  reac tio n  m ix tu res .

Experimental

Reaction of arysulfenyl chlorides with arylthiolsulfonates in dimethylformamide solution

The arylthiolsulfonate 0.025 mole was dissolved in anhydrous dimethylformamide 
50 cm3, and on an oil bath at 115 °C +5°, under magnetic stirring, arylsulfenyl chloride, pre
pared from 0.0125 mole 10% of aryl disulfide with gaseous chlorine in 30 cm3 of carbon 
tetrachloride, was added to it dropwise during 16 h. The reaction mixture was heated for 
further 8 h, the dimethylformamide was evaporated in vacuum water pump, 100 cm3 of water 
was added and the mixture extracted with benzene. To the aqueous phase 10 g 0.05 mole of 
S-benzylisothiuronium hydrochloride dissolved in 50 cm3 of water was added, the solution 
was placed into a refrigerater, and the S-benzylisothiuronium arylsulfo acid salt which sepa
rated was filtered off, dried and weighed. The benzene phase was dried over sodium sulfate
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Table I

Sulfenyl
chloride Thiolsulfonate S-benzylisothiuronium

salt Disulfide Thiolsulfonate

Phenyl Phenyl 6.6 g 81.5%
M.p. 147—148 °C

4.83 g 88.7% 
M.p. 61—62 °C

0.51 g 8.2% 
M.p. 38—40 °C

p-Tolyl p-Tolyl 7.14 g 84.8% 
M.p. 180—182 °C

5.7 g 92.6% 
M.p. 44—45 °C

0.45 g 6.4% 
M.p. 76 °C

p-Chloro-
phenyl

p-Chloro-
phenyl

7.46 g 83.2% 
M.p. 174—175 °C

6.48 g 91.3% 
M.p. 71—72 °C

0.59 g 6.5% 
M.p. 133 °c

and, after evaporation of the solvent the aryl disulfide and unchanged thiolsulfonate were 
separated on a silica gel column by elution with petroleum ether and benzene, and weighed. 
The experimental results are summarized in Table I.

Reaction of arylsulfenyl bromides with arylthiolsulfonates in acetonitrile solution

The arylthiolsulfonate 0.025 moles was dissolved in 50 cm3 of acetonitrile, and on an oil 
bath at 75 °C +5°, under magnetic stirring, arylsulfenyl bromide, prepared from 0.025 mole +  
10% of aryl dilsulfide with 2.2 g 0.0125 mole +  10% of bromide in 30 cm3 of carbon tetrachlo
ride, was added to it dropwise during 1 h. The reaction mixture was heated for further 2 hrs, 
the solvent was evaporated in vacuum, the redisue dissolved in dry benzene and saturated 
with gaseous ammonia. The benzene was evaporated, petroleum ether was added, and the 
precipitate which separated was filtered off, washed thoroughly with petroleum ether, and 
dried on the filter. From the dry precipitate ammonium bromide was extracted with water, 
and the arylsulfonamide, remaining on the filter, was dried and weighed. The solution in petro
leum ether was chromatographed on silica gel with petroleum ether and benzene, in order to 
separate the aryl disulfide and unchanged thiolsulfonate, which were weighed. The experimental 
results are summarized in Table II.

The compounds obtained in the experiments were identified after repeated recrystalliza
tions, by determination of the m.p., m.m.p., by thin-layer chromatography (adsorbent: 
Kieselgel 60 G, Merck; solvent mixture; benzene-petroleum ether (5 : 5); detection with alka
line potassium permanganate) and by elementary analysis.

Table II

Sulfenyl
bromide

Thiol
sulfonate Sulfonamide Disulfide Thiolsulfonate

Phenyl Phenyl 2.94 g 74.8% 5.10 g 93.6% 0.37 g 6%
M.p. 153 °C M.p. 61—62 °C M.p. 38—40 °C

p-Tolyl p-Tolyl 3.26 g 76.9% 5.8 g 94.3% 0.35 g 5%
M.p. 139 °C M.p. 44—45 °C M.p. 76 °C

p-Chloro- p-Chloro- 3.66 g 78% 6.75 g 95.15% 0.44 g 5.6%
phenyl phenyl M.p. 144 °C M.p. 71—72 °C M.p. 133 °C
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The disulfide-thiolsulfonate mixtures were separated either by fractional crystallization 
from petroleum ether, or by column chromatography on silica gel (Kieselgel 40 for column 
chromatography; 0.062—0.20 mm; Merck), using petroleum ether and benzene as eluents.

M.p.’s were determined on a Boetius’ (Franz Küstner, Dredsen' micro melting point 
determining apparatus, and are uncorrected.
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The methods developed from procedures published earlier [1—3] make possible 
the synthesis of various 4-(alkylamino)-benzo [g]-l(2H)-phthalazinones. Method A 
(1 -  6, 7) is suitable for the incorporation of 1,2- or 1,3-aminoalcohols. When starting 
from .Y-/y-tosyloxyalkylnaphthalene-2,3-dicarboxylic imides (2; M: —) and 3-bromo- 
propylimides (3b), parent compounds 6 and the compounds containing methyl,
2-hydroxyethyl and 2-dietilaminoethyl substituents at the N(2) position (7) are formed 
in excellent and medium yield, respectively. A greater variety of derivatives can be 
synthesized by Method B, since coupling of 4-chlorobenzo[g]-l(2H)-phthalazinone (9) 
with aminoalcohols (9 —► 6a, 6f, 11, 12) is independent of the relative distance between 
the amino and hydroxy terminals, and the N-substitution (9 13, 14) of hydroxy-free
primary and secondary amines can also be achieved in ethylene glycol solutions.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 105 (3), pp. 175—188 (1980)

In  th e  p re se n t series, ta u to m e riz a tio n  s tu d ies  h av e  also been m ad e , in  
p a ra lle l to  sy n th e tic  w ork . T he re su lts  re q u ire d  th e  ex ten sio n  of m odels, th e re 
fore, benzene hom ologues have  b een  p re p a re d  s ta r t in g  from  n a p h th a len e - 
-2 ,3 -d icarboxy lic  a n h y d rid e  accord ing  to  th e  syn th esis  p rocedure e lab o ra ted  
p rev iously  [1 — 3].

Method A  [1] (F ig . 1; 1 —> 6, 1 ->■ 7).

T he 2- a n d  3 -h y d ro x y a lk y lim id e  d e riv a tiv e s  (1) o b ta in ab le  b y  fu sion  
of n ap h th a len e-2 ,3 -d ica rb o x y lic  a n h y d rid e  an d  am inoalcohols, u sua lly  in  8 0 — 
90%  y ield  (T able  I ) ,  a re  all new  com p o u n d s. T he to sy la tio n  reaction  l a — e -> 
—- 2a— e can be rea lized  in  90 100%  y ie ld  in  p y rid in e  m ed ium  (Table I I ) .  T h e
2-tosy l e s te r can  easily  be  c o n v e rted  in to  th e  oxazoline deriv a tiv e  5 (M : —) 
w ith  m ethano lic  p o tass iu m  h y d ro x id e , th e  p ro d u c t affords 6 w ith  h y d raz in e  
in  excellen t y ie ld  (T able I I I ) ,  w hile i t  is co n v erted  in to  7  w ith  iV-m onosub- 
s ti tu te d  h y d raz in es  (T able IV) in  sa tis fa c to ry  y ie ld . (The oxazoline in te r 
m ed ia tes 5 w ere n o t  iso la ted  ow ing to  th e  w ell-know n in s ta b ili ty  of analogous 
com pounds, b u t  th e ir  fo rm atio n  w as d e fin ite ly  v e rified  th ro u g h  fo rm a tio n  
o f  6 an d  7 as e n d -p ro d u c ts  [4, 5]).

* Part Y : Acta Chim. Acad. Sei. Hung. 102, 39 (1979)
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TsCl/Py KOH/MeOH
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2. melting
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2. Q-NHNHg

О

(M>

CH—Ks
I
OH

(1,2, 5, 6) K, R>2 R3 M (7) Q (7) У (7) У (*.d) X

a H H H — a g m a Cl
ь H H Me — b h n b Br
C Et H H — C

Me
i

— (CH»)2— OH
о

—  (CHsJj- -\ Et-
d Me Me H — d j P
e Me H Ph — e k q

f * H H H CH* f 1 r

* 2 f  is  u n k n o w n

Fig. 1

T he 2 -m ethy l d e riv a tiv es  7a— c an d  7e are iden tica l in  s tru c tu re , i r re 
sp ec tiv e  of the  fac t w h e th e r th e y  w ere p re p a re d  from  the  oxazoline in te rm ed ia te s  
5  w ith  m e th y lh y d raz in e  (5 7) or b y  m e th y la tio n  of com pounds 6 (6 ->  7).
D e riv a tiv e  7d w as a n  excep tion ; i t  w as o b ta in ed  in  tw o fo rm s (A an d  B ),
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depend ing  on th e  w ay o f p re p a ra tio n . C om pounds 7dA an d  7dB m elt a t  th e  
sam e te m p e ra tu re , b u t th e  I R  sp e c tra  reco rd ed  in  K B r pelle ts show  sign ifican t 
differences (T ab le  IY b). S ince com p o u n d  A an d  В do n o t tra n sfo rm  in to  
each o th e r on  rep ea ted  c ry s ta lliz a tio n  from  aqueous e th an o l, th e  possib ility  
o f c ry s ta llin e  d im orph ism  can  be re g a rd e d  as excluded , th e  substances d iffer 
in  th e ir  m o lecu la r s tru c tu re . I t  can  he  estab lish ed  from  th e  IR  sp ec tra  th a t  
in  th e  m e ta s ta b le  com pound 7dB, H -b rid g e in g  o f th e  N H  group is s tro n g e r, 
while in  th e  s ta b le  7dA th e  asso c ia tio n  o f  O H  p red o m in a tes .

In  th e  m e ta s ta b le  7dB o b ta in e d  b y  m e th y la tio n  in  a lkaline m ed ium , th e  
conversion В — у  A could be  ach ieved  on fusing  or in  chloroform  so lu tio n  a t  
room  te m p e ra tu re . The u n s ta b le  fo rm  В is well so luble in  ch loroform ; s tab le  
A of low er so lu b ility  p re c ip ita te s  from  th e  clear so lu tio n  on s tan d in g . S tud ies 
on th e  s tru c tu re  o f th e  tw o su b stan ces  w ill be re p o rte d  la te r .

T he p ro ced u re  described  above in  less su itab le  fo r th e  p re p a ra tio n  of
3 -h y d ro x y p ro p y lam in o  com pounds (6f, 7f, 71 an d  7r), since, s im ilarly  to  o th e r  
3 -hydroxypropy lim ides [1 ,6 ], th e  3 -h y d ro x y p ro p y ln ap h th a len e-2 ,3 -d ica rb o x y l- 
ic im ide (If) also  behaves an o m alo u sly  in  th e  to sy la tio n  reac tio n , an d  n o t  th e  
to sy l este r (2f) is form ed, b u t  3 -ch lor opr opy lim ide (3a) is o b ta in ed  in  m ed ium  
y ield  (47% ). T h e  la t te r  su b stan ce  is p re fe ra b ly  p rep a red  in  th e  re a c tio n  of 
h y d ro x y p ro p y lim id e  w ith  p h o sp h o ru s p en tach lo rid e . U n d er th e  effect o f 
bases, im ide 3a ra p id ly  opens, b u t  cyc liza tio n  4a -> 5f o f 3-ch lo ropropy lam ide  
is, on one h a n d , a v e ry  slow process (re flu x in g  for 15 hrs is req u ired  for o p tim u m  
fo rm ation  o f in te rm e d ia te  5f a n d  to  o b ta in  m ax im u m  y ie ld  in  th e  ra p id  f in a l 
reac tio n  (5f -> 6f, 7f, 71 and  7r), on th e  o th e r  h a n d , d u rin g  th e  p re p a ra tio n  
o f 6f, n ap h th a len e-2 ,3 -d ica rb o x y lic  h y d ra z id e  is form ed in  sign ifican t am o u n ts  
in  u n id en tified  side-reactions. I n  th e  sy n th es is  o f  7f an d  71, th e  b y -p ro d u c t 
is 3 -ch lo rop ropy lim ide  (3a). T he ap p e a ra n ce  o f  th e  la t te r  su b stan ce  in d ica tes  
th e  presence o f  a n  unknow n p recu rso r s ta b le  to w a rd  m o n o su b s titu te d  h y d ra 
zines in  th e  cou rse  o f h y d raz ino lysis , since b o th  im ide 3a an d  am ide ac id  4c 
read ily  y ield  IV(2) m e th y la ted  h y d raz id es  (8 ) w ith  m eth y lh y d raz in e .

T he p ro ced u re  s ta r tin g  from  3 -b ro m o p ro p y lim id e  (3b) is s ig n ifican tly  
fa s te r and  b e t te r ,  since th e  d ev e lo p m en t o f  th e  d ihydro-1 ,3 -oxazine  in te r 
m ed ia te  (3b -> 5f) can be re g a rd ed  as co m p le te  a lre a d y  on boiling  fo r 1 h r, 
an d  th e  sid e -reac tio n s are neglig ib le , th e  y ields o f  d e riv a tiv e s  6f, 7f, 71 an d  
7r being 8 4 % , 7 3 .1 % , 73.6%  a n d  8 3 % , resp ec tiv e ly .

О
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Method В  [2, 3] (F ig . 3).

W hile  Method A  described  above can  be  em ployed  to  a lim ited  e x te n t 
o n ly , ow ing to  th e  p resence  of cyclic in te rm e d ia te s  (5) (it is su itab le  on ly  for 
th e  p re p a ra tio n  o f e th an o lam in e  a n d  3 -am inopropano l d e riv a tiv es), chloro  
co m p o u n d  9 o b ta in ab le  from  n ap h th a len e-2 ,3 -d ica rb o x y lic  h y d raz id e  m akes 
possib le  th e  p re p a ra tio n  o f a g re a te r  v a r ie ty  o f de riv a tiv es . O w ing to  its  
v in y lh a lid e  s tru c tu re , 9 is re s is ta n t to  bases an d  am ines, s im ila rly  to  chloro- 
p b th a la z in o n e , b u t  i t  re ac ts  read ily  w ith  am inoalcohols. I t  seem s p ro b ab le  
t h a t  in  th e  case m en tio n ed  th e  su b s titu tio n  reac tio n  occurs th ro u g h  a re ac tiv e  
a lco h o l a d d u c t o f oc-chloroether ty p e  (1 0 a  [2]), as was a lre a d y  assum ed  fo r 
analogous reactions o f  ch lo ro p h th a laz in o n e.

T he conversion  is effected  in  9 5 %  a n d  82%  y ield  w ith  e th an o lam in e  
a n d  3 -am inopropano l, re sp ec tiv e ly ; coup ling  w as q u a n tita tiv e  w ith  6-am ino- 
h e x an o l an d  iV -2 -hydroxyethy lp iperazine .

о

1 0 К

a aminoalkyl-

b HO— (CH2 ) 2 -

(at formation of 13 and 14)

F ig .3
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iV -su b stitu tio n  o f  hydroxy-free am ines can be effec ted  in  e thy lene  glycol 
so lu tions; here  th e  analogous reactive  g lycol a d d u c t (10b [3]) m akes possib le  
th e  com pletion  o f  th e  reac tio n . In  th e  absence  o f  g lycol, IV -substitu tion  does 
n o t tak e  p lace. T h e re  are h a rd ly  any differences in  y ie ld  o f coupling as com 
p a re d  to  analogous reac tio n s o f ch lo ro p h th a laz in o n e.

E xperim en ta l

The melting points were determined with a Boetius type micro melting point device. 
The IR spectra were recorded in KBr pellets with UR-10 and an IR-75 (Zeiss, Jena) spectro
photometers.

Method A

N a p h th a le n e -2 ,3 -d ic a r b o x y lic  a n h y d r id e  (M. w. 198.2)

Naphthalene-2,3-dicarboxylic acid (21.6 g) prepared as suggested by F reund  and 
F leischer  [7] was fused at 250—260 °C (30 min). After recrystallization from glacial acetic 
acid (350 ml), 19.2 g of product (97%) was obtained. In vacuum the substance undergoes 
sublimation without melting, between 230 and 240 °C. (Lit. m.p. 246 °C).

IR (KBr): vCO 1835, 1772, 1759 cm"1.

2- Die thy laminocthy lhy drazine

Diethylaminoethyl chloride hydrochloride (43 g, 0.25 mol) dissolved in water (50 ml) 
was added dropwise to hydrazine hydrate (57 g of 98% hydrazine hydrate in 13 ml of water) 
under vigorous stirring in a flask equipped with a stirrer. First an emulsion was formed, which 
became clear on warming (1—1.5 hrs). The solution obtained was concentrated to half volume 
in vacuum, then the residue was mixed with sodium hydroxyde solution (9.8 g in 10 ml water) 
and ethanol (100 ml). The salt precipitated was filtered off, the filtrate was distilled in a rotary 
evaporator at 60 °C in vacuum (20 Torr). The mixture of two phases was separated, the upper 
layer was fractionated in vacuum. After repeated fractional separation diethylaminoethyl- 
hydrazine (14.2 g, 43.4%) was obtained. B.p.12 82—85 °C (lit. b.p.9 76—77 °C [8]; b.p.60 
111—113 °C [9]).

C6H17N3 (131.1). Calcd. N 32.0. Found N 32.4%.

S y n th e s is  o f  h y d r o x y a lk y lim id e s  ( 1 )  (Tables la, b)

An equimolar mixture of naphthalene-2,3-dicarboxylic anhydride and the amino- 
alcohol was fused in an open flask until cessation of water liberation. The cold, solidified melt 
was crystallized from the solvent given in Table la. The products are colourless crystalline 
substances.

T o s y la t io n  r e a c t io n  (1 2) (Tables Ila, lib )

The appropriate hydroxyalkylimide (1; 0.02 mol) was stirred with tosyl chloride (5.32 g, 
0.028 mol) in anhydrous pyridine (20 ml). A solution was rapidly formed; when dissolution 
was slow, the mixture was slightly heated. It was allowed to stand overnight in a sealed flask, 
then diluted with water to 800 ml. The raw tosyl ester separated as a solid or in the form of a 
rapidly solidifying oil. The crystalline product was filtered off, washed with water then re
crystallized from the solvent given in Table Ila. Colourless crystalline substances.
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Table la

Preparation of hydroxyalkyl*-naphthalene-2,3-dicarboxylic imides (1)

P ro d u c t
Y ie ld
(%)

C rystalliz  a tio n
M.p.
(°C)

M olecular A n aly sis

so lv en t
c ry s ta l
fo rm fo rm u la w e ig h t

Calcd.
N(%)

F o u n d
N(%)

la 92.5 EtOH needles 193-194 CmHuNO, 241.3 5.8 5.9
lb 84.9 EtOH— H20 needles 163—164 ^löHlsNOg 255.3 5.5 5.5
lc 82.5 E tO H -H 20 needles 116—118 ^leHlöNOg 269.3 5.2 5.3
Id 59.5 EtOH prisms 167—169 CleH16N 03 269.3 5.2 5.2
le 80.0 EtOH-H.O plates 140-142 CjlHjyNOg 331.4 4.2 4.1
If 90.2 EtOH—H20 plates 148—149 l̂ßHjgNOg 255.3 5.5 5.6

* Hydroxyalkyl groups:
la  2-hydroxyethyl-
lb  2-hydroxy-2-methylethyl-
l c  l-ethyl-2-hydroxyethyl-
ld  l,l-dimethyl-2-hydroxyethyl-
le  l-methyl-2-hydroxyphenethyl- (erythro)
I f  3-hydroxypropyl-

Tablelb

Main IR bands of hydroxy alkyl-naphthalene-2,3-dicarboxylic imides (1) in KBr

rO H t'CÔ de rC—0 1,2 d isu b s t. 
A t rin g

M onosubst. 
A r  r in g

la 3450 1751 1005 772 —

1690
lb 3422 1756 1036 767 —

1705
1692

lc 3438 1751 1050 768 —

3358 1705
1691

Id 3518 1757 1071 769 —
1689

le 3515 1755 1021 768 709
1691 768

If 3539 1753 1051 770 —
1702
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Table Ila

Preparation of tosyloxyalkyl*-naphthalene-2,3-dicarboxylic imides (2)

Product
Yield
(%)

Crystallization
M .p .
(°C)

Molecular Analysis

solvent
crystal
form formula weight Calcd.

S<%)
Found
S(%)

2a 98.2 EtOH needles 199-200 c21h 17n o 6s 395.5 8.1 8.0
2b 100.0 EtOH plates 206-207 c22n 19n o 6s 409.5 7.8 7.9
2c 92.8 EtOAc-

ligroine prisms 129—130 C23H21NOsS 423.5 7.6 7.6
2d 90.4 EtOH powder 156-157 c23h 21n o 6s 423.5 7.6 7.7
2e 90.7 benzene powder 164-165 c28h 23n o 5s 485.6 6.6 6.5

* Tosyloxyalkyl groups:
2a 2-tosyloxyethyl- 
2b 2-tosyloxy-2-methylethyl- 
2c l-ethyl-2-tosyloxyethyl- 
2d l,l-dimethyl-2-tosyloxyethyl- 
2e l-methyl-2-tosyloxyphenethyl- (erythro)

Table Ilb

Main IR bands of tosyloxyalkyl-naphthalene-2,3-dicarboxylic imides (2) in KB r

Product fCOjmide t-SOo dSOz 1,4 disubst. 
Ar ring

1 , 2  disubst. 
Ar ring

2a 1764 1362 as 574 818 770
1711 1179 sym 551

2b 1769 1365 as 555 816 771
1710 1178 sym 578

2c 1761 1361 as 553 811 770
1708 1179 sym 578

2d 1764 1333 as 553 810 769
1713 1175 sym 582

2e 1761 1368 as 550 810 768
1713 1171 sym 562
1704

Synthesis of 4-(2-hydroxyalkylamino)-benzo[g]-l(2H)-phthalazinones (6)
(Tables l i la  and IHb)

The tosyl ester (2; 0.01 mol) was refluxed with a methanolic (100 ml) solution of potas
sium hydroxyde (1.4 g, 0.025 mol) for 30 min. The solution was cooled in ice-water, then it 
was slightly acidified with concentrated hydrochloric acid in the presence of some drops of 
methyl orange indicator (overacidification is disadvantageous). After the addition of hydrazine
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Table lila

Synthesis of 4-(hydroxyalkylamino)*-benzo[g]-l(2H)-phthalazinones (6a—e)

Method Crystallization
Molecular
formula
(weight)

Analysis
Yield
(%) solvent

crystal
M.p.
(°C) Calcd. Found

form
C(%) H(%) N(%) C(%) H(%) N(%)

6a A
В

96.7
94.5

EtOH needles 2 8 2 -
284

Ci4H13N30 2
(255.3)

65.9 5.1 16.5 65.8 5.1 16.6

6b A 89.2 EtOH needles 250 -
252

^ 16^15^3^2
(269.3)

66.9 5.6 15.6 66.8 5.5 15.8

6c A 93.6 EtOH powder 2 6 0 -
262

ClfiHl 7N 3 0 2

(283.3)
67.8 6.0 14.8 67.9 6.1 14.8

6d A 93.6 EtOH powder 267—
268

C ieE ^ N gO g
(283.3)

67.8 6.0 14.8 67.8 6.2 15.0

6e A 63.8 EtOH needles
1

264-
266

^21^-19^3^2
(345.4)

73.0 5.5 12.2 73.2 5.6 12.3

* 4-(hydroxyalkylamino) groups:
6a 4-(2-hydroxyethylamino)-
6b 4-(2-hydroxy-2-methylethylamino)-
6c 4-(l-ethyl-2-hydroxyethylamino)-
6d 4-(l ,l-dimethyl-2-hydroxyethylamino)-
6e 4-(l-methyl-2-hydroxyphenethylamino)- (erythro)

Table ШЪ

Main IR bands of 4-(hydroxyalkylamino)-benzo[g]-l(2H)-phlhalazinones (6a—e) in KBr

t»NH (exocyclic)* 
vNHamIde, vOH vCOamide ÍNH vC—0

1 , 2  disubst. 
Ar ring

Monosubst. 
Ar ring

6a QQQO*
3500-2500

1640 1545 1071 756 —

6b 3250*
3450-2600

1640 1544 1086 745 —

6c 3340*
3500-2700

1642 1536 1039 742 —

6d
3450-2400

1662 1528 1054 741

6e 3300*
3600-2600

1646 1520 1033 748 698 
755 sh

hydrate (3 ml, 72% solution) the mixture was refluxed for 1 hr. The solution, which turned 
yellow, was diluted with water and concentrated in a rotary evaporator. The solid residue was 
suspended in water, neutralized with hydrochloric acid and filtered after standing. Purification 
of the product was effected by crystallization from the solvent given in Table Ilia . Bright 
yellow crystals, whose hydrochloric acid solutions are colourless.
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P r e p a r a tio n  o f  2 - m e t h y l - 4 - ( 2 - h y d r o x y a lk y la m in o ) - b e n z o [ g ] - l ( 2 H ) - p h t h a la z in o n e s  ( 7 a — e )
(Tables IVa and IVb)

a) (Cyclization with methylhydrazine)

As given above, the tosyl ester (2 ; 0.01 mol) was allowed to react with methanolic 
potassium hydroxide. The ice-cold solution was first acidified with hydrochloric acid, then 
mixed with methylhydrazine (0.92 g, 0.02 mol) and refluxed for 3 hrs. The intensely yellow 
solution was evaporated to dryness and powders of 7 a  and 7 b  were isolated by filtration, 
sticky substances 7 c  and 7 d  were recrystallized from aqueous ethanol, while compound 7 e  was 
washed with cold ethanol. For further purification, the individual substances were crystallized 
from the solvents given in Table IYa. Bright yellow crystals, whose solutions in hydrochloric 
acid are colourless.

b) (Methylation)

The parent compounds 6 (2 mmol) were dissolved in a mixture of Methyl Cellosolve 
(20 ml) and potassium hydroxide (1.12 g, 0.02 mol) under slight heating. Dimethyl sulfate 
(1.5 ml) was added dropwise to the cold solution under mechanical stirring. After standing for 
2 hrs, the solution was diluted with water to 200 ml, the precipitate was filtered off and crys
tallized from the solvent given in Table IVa. The structure of the products obtained in the two 
ways is identical, except for 7d.

Compound 7 d B  obtained on methylation is metastable. It remains unchanged on crys
tallization from aqueous alcohol, is well soluble in cold chloroform, but the precipitation of the 
stable 7 d A  from the solution starts soon. The IR spectrum of 7 d A  of reduced solubility recorded 
in KBr pellet is identical with that of the substance obtained on cyclization with methyl
hydrazine. The conversion 7 d B  - 7 d A  takes place on fusing, too.

P r e p a r a tio n  o f  2 - (2 - h y d r o x y e t h y l ) -  a n d  2 - (2 - d ie th y la m in o e th y l) -4 - ( 2 -h y d r o x y a lk y la m in o ) -  
- b e n z o f g ] - l ( 2 H ) - p h t h a la z in o n e s  ( 7 g — к a n d  7 m — q ) (Tables IVa and IVb)

As given for the preparation of the parent compounds (6 ) , the tosyl ester (2 , 0.01 mol) 
was refluxed with methanolic potassium hydroxide solution (1.4 g KOH in 100 ml of methanol) 
for 1 hr. After acidification and mixing with 2-hydroxyethylhydrazine (1.52 g, 0.02 mol) or 
2-diethylaminoethylhydrazine (1.96 g, 15 mmol), refluxing was continued for 3 hrs. The yellow 
solution obtained was evaporated to dryness in vacuum, the evaporation residue was mixed 
with water and made strongly alkaline with ammonium hydroxide. After standing, the solid 
product was filtered off ( 7 g — h  and 7 m — p ), the sticky 7 i  к  substances were crystallized from 
aqueous ethanol and compound 7 q  from ethyl acetate, respectively. Further purification of the 
raw products was effected from the solvents given in Table IVa. These are compounds of bright 
yellow colour and give colourless solutions in acids. Aqueous solutions of diethylaminoethyl 
derivatives 7 m — q are alkaline.

lV -3 -C h lo r o p r o p y ln a p h th a le n e -2 ,3 -d ic a r b o x y lic  im id e  ( 3 a )

a) 3-Hydroxypropylnaphthalene-2,3-dicarboxylic imide ( I f )  (1.28 g, 5 mmol) was allowed 
to react with tosyl chloride (1.42 g) in anhydrous pyridine (5 ml) under shaking at room tem
perature. A yellow solution was rapidly formed. Next day it was diluted with water and the 
substance separated was crystallized from ethanol (0.64 g, 46.8%). Colourless needles. M.p. 
163-165 °C.

b) In a flask equipped with a reflux condenser 3-hydroxypropylimide ( I f )  (2.55 g, 
0.01 mol) was refluxed with a mixture of phosphorus oxychloride (10 ml) and phophorus 
pentachloride (2.08 g) for 10 min. After pouring it onto ice, the solid product was filtered off 
and washed with water until free from acid (2.74 g, 100%). The raw product melted at 165— 
167 °C, colourless needles were obtained from ethanol. The melting point remained unchanged.

c) Compound 3 a  was formed during the preparation of 7 f  and 71 from 3-chloropropyl- 
naphthalene-2.3-dicarboxylic imide (see later) in 18.3% and 13.7% yields, respectively. M.p. 
165—167 °C from ethanol.

C,5H,2C1N02 (273.7) Calcd. Cl 13.0; Found Cl 13.1%.
IR (KBr): rCOjmjde 1761, 1707; 1,2-disubstituted Ar ring 768 cm -1.
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Table IVa

Synthesis of 2-substituted-4-( hydroxy alkylamino)* -benzo[g]-l(2H) -phthalazinones (7)

Crystallization
Molecular
formula
(weight)

Analysis

Prod
uct

Yield
(%) solvent

crystal
M .p .
(°C) Calcd. Found

form
c(%) 1H(%) N<%) q%) H(%) N(%)

7a 91.1
100**

EtOH needles 258—
260

^ 15^15^3^2
(269.3)

66.9 5.6 15.6 66.8 5.7 15.7

7b 84.3
100**

E tO H -
H20

needles 193
195

CleH„N30 2
(283.3)

67.8 6.0 14.8 67.6 6.1 14.8

7c 47.1
78.6**

E tO H -
H20

needles 214 -
215

Ci7H19N30 2
(297.4)

68.7 6.4 14.1 68.9 6.5 14.2

7dA
7dB

56.7
100**

EtO H -
H20

needles 2 3 9 -
240

^17^-19^3^2
(297.4)

68.7 6.4 14.1 68.8 6.5 14.1

7e 66.9
100**

EtOH powder 289—
290

c,2h „,n 3o2
(359.4)

73.5 5.9 11.7 73.6 6.0 11.7

7g 93.6 EtO H -
H20

needles 221-
223

CieHiTNgOg
(299.3)

64.2 5.7 14.0 64.2 5.8 14.2

7h 71.9 EtO H -
H20

prisms 186—
187

c17h ,9n 3o3
(313.4)

65.2 6.1 13.4 65.4 6.2 13.3

7i 74.9 E tO H -
H20

needles 169 -
171

^18^21^3^3
(327.4)

66.0 6.5 12.8 66.1 6.5 12.9

TÍ 52.0 EtOH
H,0

plates 202—
203

С,8Н21̂ зОз
(327.4)

66.0 6.5 12.8 66.2 6.4 12.8

7k 83.3 EtOAc prisms 209—
210

^23^23^3^3
(389.5)

70.9 6.0 10.8 71.0 6.1 10.9

7m 99.0 EtO H -
H20

needles,
prisms

165— 
166

^20^26^4^2
(354.5)

67.8 7.4 15.8 67.9 7.4 15.9

7n 76.0 E tO H -
H20

prisms 187—
189

^21^28^4^2
(368.5)

68.4 7.7 15.2 68.5 7.7 15.3

7o 90.2 EtOAc
EtOH—

H20

powder
plates

137—
139

C22H30N40 2
(382.5)

69.1 7.9 14.6 69.0 7.8 14.7

7p 84.4 EtOAc plates 152 — 
154

C22H30N4O2
(382.5)

69.1 7.9 14.6 69.2 7.9 14.7

7q 81.0 EtOAc prisms 201—
203

c 27h 32n 40 2
(444.6)

72.9 7.3 12.6 73.1 7.4 12.9

* 2-substituted 4-(hydroxyalkylamino) groups:
7a 2-methy]-4-(2-hydroxyethyIamino)-
7b 2-methyl-4-(2-hydroxy-2-methylethylamino)-
7c 2-methyl-4-(l-ethyl-2-hydroxyethylamino)-
7d 2 -methyl-4-(l,l-dimethyl-2-hydroxyethylamino)-
7e 2-methyl-4-(l-methyl-2-hydroxyphenethylamino)- (erythro)
7g 2-(2-hydroxyethyl)-4-(2-hydroxyethylamino)- 
7h 2-(2-hydroxyethyl)-4-(2-hydroxy-2-methylethylamino)- 
7i 2-(2-hydroxyethyl)-4-(l-ethyl-2-hydroxyethylamino)- 
7j 2-(2-hydroxyethyl)-4-(l,l-dimethyl-2-hydroxyethylamino)- 
7k 2-(2-hydroxyethyl)-4-(l-methyl-2-hydroxyphenethylamino)- (erythro)
7m 2-(2-diethylaminoethyl)-4-(2-hydroxyethylamino)- 
7n 2-(2-diethylaminoethyl)-4-(2-hydroxy-2-methylethylamino)- 
7o 2-(2-diethylaminoethyl)-4-(l-ethyl-2-hydroxyethylamino)- 
7p 2-(2-diethylaminoethyl)-4-(l,l-dimethyl-2-hydroxyethylamino)- 
7q 2-(2-diethylaminoethyl)-4-(l-methyl-2-hydroxyphenethylamino)- (erythro) 
** Yield of the product obtained on methylation
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T a b le  IV b

Main IR bands of 2-substituted-4-(hydroxyalkylamino)-benzo[g]-l(2H)-phthalazinones (7 )
in KBr

rNH
pOH v(CH2N) vCOamj(je dNH vC—0 1 , 2  disubst. 

Ar ring
Monosubst. 

Ar ring

7a 3350 (NH, OH) 1622 1535 1061 752
7b 3360 (NH, OH) — 1612 1548 1060 750 —

7c 3365 (NH, OH) — 1617 1522 1041 753 —

7dA 3380 (NH) 
3260 (OH)

— 1641 1534 1052 750 —

7dB 3365 (OH) 
3340 (NH)

— 1630 1538 1060 750 —

7e 3427 (NH) — 1622 1524 1017 758 696

7g
3296 (OH) 
3320 (NH) 
3264 (OH)

— 1619 1549 1053 750
758

7h 3380 (NH, OH) — 1610 1538 1077 766 —

7i 3345 (NH) 
3325

— 1624 1550 1049 747 —

3225
7j 3375 — 1618 1535 1063 742 —

3265 1052
7k 3440 (NH) — 1620 1530 1070 760 706

3400—3000 755 sh
(OH)

7m 3320 (NH) 
3275 (OH)

2820 1609 1542 1066 751 —

7n 3365 (NH, OH) 2802 1610 1545 1090 751 —

7o 3322 (NH) 
3250 (OH)

2796 1621 1546 1058 746 —

7p 3385 (NH, OH) 2802 1622 1538 1052 750 —
74 3447 (NH) 2792 1622 1529 1065 746 692

3270 (OH) 746

N a p h th a le n e -2 - (3 -c h I o r o p r o p y lc a r b a m o y l)-3 -c a r b o x y lic  a c id  ( 4 c )

3-Chloropropylnaphthalene-2,3-dicarboxylic imide (0.546 g, 2 mmol) was refluxed in 
methanolic (20 ml) potassium hydroxide (0.14 g, 2.5 mmol) solution for 20 min. Methanol was 
distilled and the evaporation residue was dissolved in water. A colourless substance separated 
on acidifying (0.53 g, 90.9%); it was soluble in ethanol. Colourless plates were obtained from 
aqueous ethanol. M.p. 161—162 °C.

C,5H 14C1N03 (291.8). Calcd. Cl 12.2; Found Cl 12.1%.
IR (KBr): yNH 3292; vOHcarboxy 3200—2200; vCOcarboxy 1695; vCOamide 1647; <5NH 

1548; 1,2-disubstituted Ar ring 754 cm ~K
Cyclization (4 c  * 3 a ):  On fusing the amide acid, 3-chloropropylimide, poorly soluble 

in ethanol, was obtained. It was identified on the basis of the IR spectrum.

lV -3 -B r o m o p r o p y ln a p h th a le n e -2 ,3 -d ic a r b o x y lic  im id e  ( 3 b )

In a flask equipped with a reflux condenser, 3-hydroxypropylimide ( I f )  (2.55 g, 0.01 
mol) was kept with phosphorus tribromide (1 ml) at 140 °C for 1 hr. After decomposition with 
ice-water, the solid product was filtered off (3 g), then crystallized from a large amount of 
ethanol (about 350 ml). Colourless needles were obtained (2.73 g, 85.8%). M.p. 168—169 °C.

C,5Hl2BrN02 (318.2). Calcd. Br 25.1; Found Br 25.2%.
IR (KBr): vCO;mjde 1762, 1708; 1,2-disubstituted Ar ring 762 cm-1 .
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4 - ( 3 - H y d r o x y p r o p y la n i in o ) - b c n z o [ g ] - l ( 2 / i ) - p h t h a I a z in o n e  ( 6 f )

aj In a solution of methanolic (15 ml) potassium hydroxide (0.14 g), 3-bromopropyl- 
naphthalene-2,3-dicarboxylic imide (3 b ) (0.318 g, 1 mmol) was refluxed for 1 hr. The solution 
was cooled to 0 °C and carefully acidified with hydrochloric acid in the presence of methyl 
orange indicator, then hydrazine hydrate (0.2 ml, 72% aqueous solution) was added to it and 
the solution was refluxed further 1 hr. On diluting with water, the raw product separated 
(0.226 g, 84%). M.p. 218—220 °C; it crystallized from ethanol in the form of a yellow powder. 
M.p. 2 2 3 -224  °C.

b) After the reaction given under a) of 3-chloropropylimide (3 a )  (1.092 g, 4 mmol) in 
methanolic (40 ml) potassium hydroxide (0.56 g, 0.01 mol) requiring refluxing for 15 hrs, 
a maximum of 0.708 g (65.8%) of 6f was obtained with hydrazine hydrate. After acidification, 
the hydrazine mother liquor yielded naphthalene-2,3-dicarboxylic hydrazide.

C,5H,6N30 2 (269.3). Calcd. 66.9, H 5.6, N 15.6; Found C 66.8, H 5.6, N 15.7%.
IR (KBr): jiNH, rOH 3295; vNHamide 3450—2700; vCOamide 1628; ŐNH 1528; v C -0  

1035; 1,2-disubstituted Ar ring. 743 cm->

2 - M e t h y l- 4 - (3 - h y d r o x y p r o p y la m in o ) - b e n z o [ g ] - l (2 i i ) -p h t h a I a z in o n e  ( 7 f )

aj In a methanolic (30 ml) potassium hydroxide (0.28 g, 5 mmol) solution, 3-bromo- 
propylimide (3 b ) (0.636 g, 2 mmol) was refluxed for 1 hr, then the solution was cooled in ice- 
water and slightly acidified with concentrated hydrochloric acid. After the addition of methyl- 
hydrazine (0.184 g, 4 mmol), the mixture was again heated to boil (2 hrs). The substance sep
arated on diluting with water (0.414 g, 73.1%, raw m.p. 197—199 °C) crystallized from ethanol 
in the form of yellow needles. M.p. 201—202 °C.

b) According to the above procedure a), 3-chloropropylimide (3 a )  (0.546 g, 2 mmol) 
was refluxed for 15 hrs and subsequently for 2 hrs, thus a mixture (0.304 g) was obtained, 
which consisted of 7 f  (0.204 g, 36%) and 3-chloropropylimide (3 a )  (0.100 g, 18.3%). They 
were separated by crystallization from ethanol or by a short refluxing (15 min) with methanolic 
(10 ml) potassium hydroxide (0.3 g) solution. In the latter case the water-insoluble evaporation 
residue was chemically homogeneous 7 f. M.p. 201 — 202 °C.

c) In a flask equipped with a stirrer, 4-(3-hydroxipropylamino)-benzo[g]-l(2H)-phthala- 
zinone (6f) (0.538 g, 2 mmol) was dissolved in a mixture of Methyl Cellosolve (20 ml) and 
potassium hydroxide (1.12 g) under slight heating. The solution was cooled and dimethyl sulfate 
(1.5 ml) was added to it under mechanical stirring. After standing for 2 hrs it was diluted 
with water and the solid product (0.462 g, 81.6%) was filtered off and crystallized from ethanol. 
M.p. 200—201.5 °C. According to the IR spectrum it was identical with the products of 
procedures a) and b).

C,eH,7N30 2 (283.3). Calcd. C 67.8, H 6.0, N 14.8; Found C 67.9, H 6.1, N 14.7%.
IR (KBr): vOH 3392, 3346; vCOamjde 1624; <5NH 1540; i>C—О 1609; 1,2-disubstituted 

Ar ring 748 cm-1.

2 - (2 - H y d r o x y e t h y l ) - 4 - ( 3 - h y d r o x y p r o p y la m in o ) - b e n z o [ g ] - l ( 2 i f ) - p h t h a la z in o n e  (71)

a) According to procedure a), given for the preparation of 7 f , starting from 3-bromo- 
propylimide (3b ) (0.636 g, 2 mmol) and using 2-hydroxyethylhydrazine (0.304 g, 4 mmol) 
reagent, 0.461 g of raw product (73.6%, m.p. 200—205 °C) can be prepared, which forms 
yellow needles from ethanol, melting at 204—205 °C.

b) According to procedure b), suggested for the preparation of 7 f ,  starting from 3- 
-chloropropylimide (3 a )  (0.546 g, 2 mmol), a mixture (0.329 g) was formed, which consisted of 
compound 71  (0.254 g, 40.6%) and 3-chloropropylimide (3 a )  (0.075 g, 13.7%).

C„H,9N30 3 (313.4). Calcd. C 65.2, H 6.1, N 13.4; Found C 65.3, H 6.2, N 13.5%.
IR (KBr): vNH 3320; j>OH 3262; vCOamide 1619; <5NH 1548; rC— О 1052; 1,2-di-sub- 

stituted Ar ring 750 cm-1 .

2 - ( 2 - D ie t h y la m in o e t h y l) - 4 - ( 3 -h y d r o x y p r o p y la in in o ) - b e n z o [g ] - l (2 H ) -p h t h a la z in o n e  (7 r )

The dihydro-1,3-oxazinecarboxylic acid derivative (5f) was prepared from 3-bromo- 
propylimide (3b) (0.636 g, 2 mmol) according to the procedure given for the preparation of 
derivative 7f (Procedure a)). The product was allowed to react with 2-diethylaminoethylhydra-
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zine (0.393 g, 3 mmol) by refluxing for 3 hrs. The solvent was removed in vacuum, the distil
lation residue was mixed with some water and it was made strongly alkaline with ammonium 
hydroxide. A rapidly solidifying yellow oil separated (0.612 g, 83%). Yellow needles were 
obtained from ethyl acetate. M.p. 135—136.5 °C.

C2lH28N40 2 (368.5). Calcd. C 68.4, H 7.7, N 15.2; Found C 68.5, H 7.7, N 15.4%.
IR (KBr): vNH, vOH 3310; r(CH2N) 2808; vCOamide 1609; <5NH 1538; vC—О 1032; 

1,2-disubstituted Ar ring 748 cm-1.

2-Methyl-benzo[g] -1(2H)-phthalazinone-4-ol (8)

Naphthalene-2,3-dicarboxylic anhydride (0.198 g, 1 mmol) or 3-chloropropylnaphtha- 
lene-2,3-dicarboxylic imide (3a, 0.273 g, 1 mmol) or the amide acid 4c (0.292 g, 1 mmol) was 
refluxed with methylhydrazine (0.5 ml) in methanol (25 ml) for 1 hr. The yellow solution was 
evaporated to dryness in a rotary evaporator and the distillation residue was dissolved in 
water. A yellow powder separated on acidifying the solution (0.186 g, 82.3%, when starting 
from the anhydride), which crystallized in the form of yellow needles from ethanol. M.p.: 
sublimation at 300—310 °C.

C43H ,0N20 2 (226,2). Calcd. C 69.0, H 4.5, N 12.4; Found C 69.2, H 4.4, N 12.5%.
IR (KBr): vOH 3100—1800; vCOamide, vC=N 1669, 1648, 1620; 1,2-disubstituted Ar 

ring 759 cm-1 .

Method В

4-Chloro-benzo[g] -1(27I)-plithalazinone (9)

Naphthalene-2,3-dicarboxylic hydrazide (10.6 g, 0.05 mol [10]) was chlorinated with 
phophorus pentachloride (25 g) in phosphorus oxychloride solution (100 ml) as suggested by 
H ill  and E hrlich  [11]. The solution obtained on refluxing (3 hrs) was evaporated to dryness 
in vacuum and the distillation residue was decomposed with ice. The raw dichloro compound 
obtained was hydrolyzed with 2% potassium hydroxide solution (1.5 1) by refluxing for 5 hrs. 
The monochloro compound (8.5 g, 73.9%) separated on acidifying from the solution filtered. 
The substance sublimed in vacuum (12 Torr, 260 °C) was crystallized from glacial acetic acid; 
colourless crystals were obtained. M.p.: partial melting at about 280 °C, crystallization into 
needles and sublimation between 310 and 320 °C.

C,2H7C1N20  (230.7). Calcd. Cl 15.4; Found Cl 15.4%.
IR (KBr): vNHamide 3100-2700; rCOamide 1680; vC=N 1621; 1,2-disubstituted Ar 

ring 771 cm-1.

4-(2-Hydroxyethylamino)-benzo[g]-l(2H)-phthalazinone (6a)

A mixture of 4-chloro-benzo[g]-l(2H)-phthalazinone (9; 0.231 g, 1 mmol) and ethanol- 
amine (3 ml) was refluxed (6 hrs). On dilution with water, halogen-free 6a (0.241 g, 94.5%) 
separated (Table III).

4-(3-Hydroxypropylamino)-benzo[g]-l(2H)-phthalazinone (6f)

By analogy, with 3-amino-l-propanol as reagent, 6f can be prepared (0.220 g, 81.8%)

4-(6-Hydroxyhexylamino)-benzo[g]-l(2//)-phlhalazinone (11)

Sublimed 4-chloro-benzo[g]-l(2H)-phthalazinone (0.231 g, 1 mmol) was heated with 
6-amino-l-hexanol (3 g) to 180 °C and kept at this temperature for 6 hrs. The excess amino- 
hexanol was distilled in vacuum, the residue suspended in water and neutralized with hydro
chloric acid (0.310 g, 100%). The halogen-free product crystallized from ethanol in the form 
of a yelow powder. M.p. 249—251 °C.

C,8H2,N30 2 (311.4). Calcd. C 69.4, H 6.8, N 13.5; Found C 69.5, H 6.8, N 13.6%.
IR (KBr): vOH 3358; rNH 3316; vNHamide 3300—2600; vCOamide 1624; <5NH 1538; 

vC—О 1069; 1,2-disubstituted Ar ring 748 cm-1.
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4-(4[2-Hydroxyethyl]-piperazino)-benzo[g]-l(2íl-)phthalazinone (12)

In a ground cone equipped with a reflux condenser, a mixture of lV-(2-hydroxyethyl)- 
-piperazine (1 g) and 4-chloro-benzo[g]-l(2H)-phthalazinone (9; 0.231 g, 1 mmol) was heated 
to 180 °C under a pressure of 80 Torr (6 hrs). The cold melt was diluted with water, the halogen- 
free product separated (0.322 g, 100%) crystallized from ethanol in the form of yellow prisms. 
M.p. 184—185 °C.

Ct8H20N40 2 (324.4). Calcd. 66.6, H 6.2, N 17.3; Found C 66.5, H 6.1, N 17.4%.
IR (KBr): vOH 3318; vNHamlde 3200-2400; vCOamide 1647; vC—О 1010; 1,2-disub- 

stituted Ar ring 752 cm-1.

4-Benzylamino-henzo[g] -1 (2//)-phl iialuzinone (13)

A mixture of 9 (0.231 g, 1 mmol) dissolved in ethylene glycol (2 ml) and benzylamine 
(0.214 g, 2 mmol) was refluxed for 20 hrs in a slow stream of nitrogen. The somewhat sticky 
substance (0.3 g) separating on dilution of water was boiled repeatedly with water, then crystal
lized from ethanol. Yellow plates were obtained. M.p. 255—256 °C (0.093 g, 30.9%).

C,9Ht5N30  (301.4). Calcd. C 75.7, H 5.0, N 13.9; Found C 75,7, H 5.1, N 14.1%.
IR (KBr): j-NH 3304; rNHamide 3250-2800; i’COamide 1627; <5NH 1530; 1,2-disub- 

stituted Ar ring 746; monosubstitution 695, 757 cm -1 .

4-Piperidino-henzo[g] -l(2H)-phthalazinone (14)

In nitrogen atmosphere, in a glycol (2 ml) solution, a mixture of 9 (0.231 g, 1 mmol) 
and piperidine (0.170 g, 2 mmol) was refluxed for 20 hrs. The raw product (0.28 g) separating 
on dilution with water was dissolved in hot ethanol; the by-product that separated on cooling 
was filtered off and the filtrate was evaporated to dryness in vacuum. The distillation residue 
crystallized from aqueous ethanol in the form of a yellow powder (0.196 g, 70%). M.p. 210— 
212 °C.

C„Hl7N30  (279.4). Calcd. C 73.1, H 6.1, N 15.0; Found C 73.0, H 6.3, N 15.1%.
IR (KBr): rNHamide 3300—2600; vCOamjde 1653; 1,2-disubstituted Ar ring 751 cm-1.

*

Elemental analyses were performed in the Microanalytical Laboratory of the Depart
ment (headed by Dr. H Medzihradszky), the starting materials were supplied by the Bristol 
Laboratories, Syracuse, N.Y., U.S.A. The authors gratefully acknowledge their cooperation.
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Ring closure reactions have been elaborated which allow the direct synthesis of 
s-triazolo [3,4-c] benzo-as-triazine and pyrido[2,3-e]-s-triazolo[3,4-c]-as-triazine ring 
system containing different substituents (alkyl, aryl, OH and SH groups) in position 1. 
Regarding ring closure and further reactions of substituted derivatives, a comparative 
study of the two systems has been made. Synthesis of approximately thirty compounds 
is described.

Triazoles fused to  b en zo -as-triaz in e  and p y rid o -as-triaz in e  have  been 
described  in  th e  li te ra tu re  on ly  recen tly . The s-triazo lo  [3,4-c]-benzo-as- 
-tria z in e  (2) ring  system  and  its  1 -m ercap to  derivative  w ere re p o rte d  b y  Sasaki 
et al. [2] in 1970, w hereas th e  f irs t  syn thesis of th e  py rido[2 ,3 -e]-s-triazo lo - 
-[3 ,4 -c]-as-triaz ine  (10) system  c o n ta in in g  one m ore n itro g en  a to m  w as described  
b y  us [3].

T he purpose o f th is  s tu d y  w as to  m ake co m p ara tiv e  in v estig a tio n s on 
th e se  tw o sim ilar ring  system s a n d  to  e labora te  sy n th e tic  m eth o d s resu ltin g  
in d iffe ren t 1 -su b stitu ted  d e riv a tiv e s .

A. Investigation of the s-triazolo[3,4-c]benzo-os-triazine ring system

Sasaki et al. [2] have  re p o r te d  th a t  3 -hydraz inobenzo-as-triaz ine  (1; 
Q = H )  can be  con v erted  to  s-triazo lo -benzo -as-triaz ine  (2a) b y  form ic acid . 
No rin g  closure was found  to  ta k e  p lace , how ever, w ith  a n y  o th e r  acid  app lied . 
W hen  3 -h y d raz inobenzo-as-triaz ine  (1) w as tre a te d  w ith  ace tic  acid , e.g., 
o n ly  an  ace ty l d e riv a tiv e  o f th e  s ta r t in g  m ateria l w as o b ta in e d  [2]. In  th e

* For Part VII of this series, see Ref. [1].
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co u rse  o f our earlier s tu d ie s , we found d iffe ren t o rth o  e ste rs  to  be preferable 
to  ca rb o x y lic  acids as re a g e n ts  for th e  genera l syn thesis  o f 1 -alky l- and 1-aryl- 
s u b s t i tu te d  derivatives. C om pounds 2 h av e  been  sy n th esized  in  fairly  good 
(60 to  70% ) yields.

T h e  p rep ara tio n  o f  l-m ercapto-.s-triazolo[3 ,4-c]-benzo-a.s-triazine (4) 
d e sc rib ed  b y  Sa s a k i  et al. [2 ] has also b een  carried  o u t b y  a novel m ethod. 
3 -H y d raz in o b en zo -as-triaz in e  (1) was h e a te d  in  th e  p resence  o f  phenyl iso
th io c y a n a te , and a re d  m e rc a p to  com pound  (4) was o b ta in e d  in  good yield. 
As is know n  from  th e  l i te r a tu r e  [4], such  r in g  closure reac tio n s  proceed  th ro u g h  
a  th io sem icarbazide  in te rm e d ia te . U nder a p p ro p ria te  e x p e rim e n ta l conditions, 
th is  in te rm ed ia te  could b e  iso la ted  also in  c rysta lline  form  (3).
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In  com parison  w ith  3 -m ercap to b en zo -as-triaz in e , m ercap to  com pound  4 
p roved  to  b e  m u ch  m ore s tab le  up o n  sto rage  in  a ir [5]. I ts  a lkaline so lu tion  
was found  to  re a c t  read ily  w ith  a lk y la tin g  ag en ts , an d , w ith  d isap p earan ce  
o f th e  red  co lour, 1 -a lky lth io , 1 -ary lth io  an d  1-th ioglycolic acid d e riv a tiv e s  
w ere fo rm ed  in  good yield  (5a—5i). T he reac tio n  o f 1 -m ethy lth io -s-triazo lo - 
-[3 ,4 -c]-benzo-os-triaz ine  (5a) w ith  p o tassiu m  p e rm a n g a n a te  affords 1 -m ethy l- 
sulfone co m p o u n d  (6).

O x y g en -co n ta in in g  com pounds analogous to  th e  above su lfur d e riv a tiv es  
h av e  also b een  syn thesized . T hus, th e  reac tio n  of 3 -hydrazinobenzo-os-triaz ine  
(1) w ith  p h e n y l iso cy an a te  led  to  th e  p o te n tia lly  1-h y d ro x y -su b s titu te d  com 
p o u n d  (8) w h ich  w as show n b y  IR  to  ex is t in  th e  triazo lo n e  form . T h is ring  
closure re a c tio n , s im ilarly  to  th e  su lfu r analogue, p roceeds th ro u g h  a  sem i- 
carbazide  in te rm e d ia te  w hich can  be iso la ted  in c ry sta llin e  form  (7). T he reac-

Chart 3 

Table I

CMR chemical shifts of l-methylthio-s-triazolo[3,4-]benzo-as-triazine (DMSO, 60 °C)

c ppm

СНз- S . ------- ТчГ
a 15.7

1 1 6 128.4

•Гг 7
8

131.3
135.5

6 V * 9 115.7
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tion  o f  1-mercapto derivative (4) w ith an alkali peroxide solution also resulted  
in a 1-triazolone com pound (8). This provided further evidence as to structure  
of th e  product.

Table II

Characteristic data of the s-triazolo[3,4-c]benzo-as-triazine derivatives

No.
Substituent

%
M.p. (°C) Analysis (%)

Q R
solvent of recryst.

2a [2] H H 70 265—7 (EtOH)
2b H CH3 68 271- 3 (MeOH—H20) Calcd.: N37.8 

Found: N 37.5
2c H phenyl 62 240—1 Calcd.: N28.3 

Found: N 28.0
2d Cl H 70 2 5 3 -4 Calcd.: N 34.1 

Found: N 33.9
4a [2] H SH 75 270-80
4b Cl SII 83 243-5 Calcd.: S 9.43 

Found: S 9.04
5a H SCH3 66 271 — 3 (benzene) Calcd.: S 17.75, N 32.4 

Found: S 14.48, N 32.6
5b II SCH2C6H6 71 178-9  (benzene) Calcd.: S 10.93 

Found: S 11.01
5c II SCH.COOH 68 251 — 3 (AcOH) Calcd.: S 12.25, N 26.8 

Found: S 11.95, N 26.5
5d H SCHjCO-morph. 67 2 1 4 -6  (NOXH3) Calcd.: S 9.70 

Found: S 9.81
5e H SCH2CO-piper. 75 2 1 1 -3  (NO„CH3) Calcd.: S 9.75 

Found: S 9.45

5f H SCHXO -  N(iPr). 75 2 3 6 -7  (N 03CH2) Calcd.: S 9.31, N 24.4 
Found: S 9.25, N 24.0

5g Cl SCH2CeH5 70 197—8 (benzene) Calcd.: S 9.8 
Found: S 9.4

5h Cl SCHXOOEt 56 2 1 1 -2  (BuOH) Calcd.: S 9.9 
Found: S 9.8

5i Cl SCHXONHNHj 52 2 3 2 -4  (DMF) Calcd.: S 10.35, Cl 11.5 
Found: S 10,58, Cl 12.0

8a H OH 75 253 -5 (NOXH,) Calcd.: N37.42 
Found: N 36.99

8b Cl OH 70 316—8 (pyridine) Calcd.: N31.6, Cl 16.0 
Found: N 31.3, Cl 15.6
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In  o rd er to  syn thesize  th e  1 -am in o -su b stitu ted  com pound, we a t te m p te d  
to  r e a c t 1 -m e th y lth io  com pound 5a w ith  secondary  am ines, e.g. w ith  m o rp h o 
line. In te re s tin g ly , how ever, fo rm a tio n  o f th e  u n su b s titu te d  m e rc a p to  com 
p o u n d  (4a) w as observed , w hereas no d e te c ta b le  am o u n t of e ith e r  th e  am ino  
com pound  or th e  p resum ed  b y -p ro d u c t, m e th y lm ercap tan e , could be  found . 
T herefo re , an  a lte rn a tiv e  possib ility  fo r th e  s tru c tu re  of com pound 5a, th e  ex is
ten ce  o f an  JV-m ethyl com pound ra th e r  th a n  S -m eth y l d eriv a tiv e , h a s  also 
been  ta k e n  in to  co n sidera tion , w hich  w ould  h av e  b een  in  ag reem en t w ith  th e  
chem ical b e h av io u r. F o r s tru c tu re  e lu c id a tio n , m e th y lth io  d e riv a tiv e  5a w as 
in v e s tig a te d  b y  13C-NM R spectroscopy  (T able I). T he peak assigned u n a m b ig 
uously  to  th e  m e th y l group was found  a t  16 p p m , w hich  value is c h a ra c te r is tic  
for p rim ary  carb o n  a to m s a tta c h e d  to  su lfu r [6]; th is  fac t e lim inates th e  p o s
s ib ility  o f th e  supposed  TV-methyl s tru c tu re  an d  th e  in te restin g  consequence  
o f th e  p ro v en  S -m e th y l s tru c tu re  is th a t  th e  1 -m eth y lth io  group in  r in g  sy s tem  
2 is in e r t  a g a in s t nucleophilic  a tta c k .

C h a rac te ris tic  d a ta  of th e  su b s ti tu te d  new  s-triazo lo[3 ,4-c]benzo-as- 
-triaz ines a re  sum m arized  in T able I I .

B. Investigation of the pyrido[2,3-e]-s-triazolo[3,4-c]-as-triazine system

P rob lem s w ith  th e  syn thesis of 1 -su b s titu te d  deriv a tiv es  of th e  p y rid o - 
-[2 ,3 -e]-s-triazo lo [3 ,4 -c]-as-triaz ine  (10) rin g  sy stem  w ere sim ilar to  th e  fo rm er 
case. A n essen tia l d ifference betw een  system s 2 an d  10 is th a t  th e  o n ly  s ta r t in g  
m a te ria l for th e  la t te r  case, described in th e  l i te ra tu re , w as an iV-oxide deriv -

Table III

Pyrido[2,3-e]-as-triazine-3-yl semicarbazide and thiosemicarbazide derivatives

No. R X %
M.p. (°c) 

solvent of recryst. Analysis (%)

i t c 6H6 S 87 182—4 (nitromethane) Calcd.: S 10.2, N 31.4 
Found: S 10.4, N 31.2

14a C«H5 0 72 235 (DMSO-MeOH) Calcd.: N32.98 
Found: N 32.50

14b P-F CcII4 0 62 215 (DMSO-MeOH) Calcd.: C 49.52, H 3.19 
Found: C 49.20, H 3.47
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a tiv e : 3 -h y d raz in o p y rid o [2 ,3 -e ]-a s-tria z in e -l-o x id e  (9) [7]. T herefo re , p ro d 
u c t 10 also  bears th e  IV-oxide fun c tio n . F u r th e r  difference is caused  b y  th e  
p lus o n e , e lec tron  w ith d ra w in g  n itro g en  a to m . D ifferences in  th e  chem ical 
b e h a v io u r to  10 re la te d  to  th a t  o f 2 can  be  g en era lly  explained b y  th e  effect 
of th e se  tw o  factors.

W e rep o rted  in  o u r ea rlie r p u b lica tio n  [3] t h a t  u n su b s titu te d  (10a) and  
1 -m e th y l-su b s titu te d  (10b) triazo les can  be  p re p a re d  b y  o rtho  es te r r in g  closure 
of 3 -h y d raz in o p y rid o [2 ,3 -e ]-o s-triaz in e -l-o x id e  (9). Now we have fo u n d  th a t  
1 -pheny l d e riv a tiv e  (10c) can  also be o b ta in e d  b y  th e  sam e p ro ced u re . T hus, 
th e  o r th o  este r m e th o d  p ro v ed  to  be  a su ita b le  w ay  for d irec t p re p a ra tio n  
o f d iffe re n t 1-alkyl an d  1 -a ry l com pounds. C h a rac te ris tic  d a ta  o f  th e  p ro d u c ts  
are  co llec ted  in  T ab le  IV .

T h e  m ethods describ ed  b y  Sasaki [2] fo r th e  synthesis o f th e  m ercap to  
d e riv a tiv e s , how ever, w ere n o t applicab le  to  sy n thesize  m ercap to  com pound  
12: th e  h y d raz in o  g roup  in  com pound 9, p ro b a b ly  due to  th e  w eak  b as ic ity  
of th e  r in g  n itrogen , d id  n o t  reac t w ith  ca rb o n  d isu lfide, and  on ly  th e  s ta r tin g  
m a te r ia l  w as recovered  from  th e  reac tio n  m ix tu re .

O u r m ethod , how ever, leading to  m e rc a p to  triazo le  via a th io sem icarb a- 
zide in te rm e d ia te  (11, T ab le  I I I ) ,  follow ed b y  h e a tin g  in d im ethy lfo rm am ide  
p ro v e d  to  be  app licab le  to  synthesize th e  m e rc a p to  derivative  o f r in g  system  
10: l-m ercap topyrido [2 ,3 -e ]-s-triazo lo [3 ,4 -c ]-as-triaz ine-5 -ox ide  (12) has been

Chart 4
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Table IV

Experimental data of pyrido[2,3-e]-s-triazole[3,4-c]-as-triazine-5-oxide derivatives

I
0

No. R %
M.p. (°C)

solvent of recryst. Analysis (%)

10a [3] H 70 278 (EtOH —H„0)
10b [3] C1I3 46 260—1 (Py)
10c C6H5 42 2 6 6 -8  (CH3N 02) Calcd.: N31.81 

Found: N 31.45
12 SH 72 255-7 Calcd.: S 14.6, N 38.2 

Found: S 14.9, N 37.8
13a SCH2C6H5 54 2 6 5 -6  (CH3NO,) Calcd.: S 10.31 

Found: S 10.56
13b 2,4(NO,)jC6H4 65 257—8(DMF -MeOH) Calcd.: S 8.30 

Found: S 8.72
13c SCH2COOEt 50 196-7  (EtOH) Calcd.: S 10.46 

Found: S 10.42
13d SCH.CO-piper. 52 2 4 2 -3  (CH3NO,) Calcd.: S 9.28, N 28.4 

Found: S 9.21, N 28.7
13e SCH2CO-morph. 49 2 5 4 -6  (DMF) Calcd.: S 9.28 

Found: S 8.91
15 OH 38 above 310 

(NaOH-AcOH)
Calcd.: C 41.18, H 1.97 
Found: C 40.79, H 2.47

iso la ted  in  h igh  y ie ld  in  th e  fo rm  o f d a rk  red  c ry sta ls . T h e  p ro d u c t is so luble 
in  a lkali a n d  u p o n  re a c tio n  w ith  a lk y l chlorides, affo rds yellow  a lk y lth io  
de riv a tiv es  (13, T ab le  IV).

T hough  c ry s ta llin e  sem icarb azid e  14a can also be  p rep ared  from  th e  
hy d raz in o  com pound  9 w ith  p h e n y l isocyana te , no fo rm a tio n  of 15 w as o b 
served  even a f te r  p ro longed  h e a tin g  o f th is  sem icarbazide  (9).

The lack  o f rin g  closure is p ro b a b ly  due to  th e  w eak  b as ic ity  of IV-3 in  
th e  as-triaz in e  rin g , w hich  is u n a b le  to  a tta c k  th e  ca rb o n  a to m  in th e  sem i
carbaz ide  m o ie ty . In  an  a t te m p t  to  p ro m o te  th e  desired  nucleophilic  a t ta c k , 
e ffo rts  w ere m ad e  to  p re p a re  d e riv a tiv e s  con ta in ing  th e  sem icarbazide  chain  
w ith  an  e lec tro n  a t tr a c t in g  su b s titu e n t.

In  ag reem en t w ith  th ese  con sid era tio n s, we h av e  fo u n d  th a t  sem ica rb a 
zide 14b (T able I I I )  o b ta in ed  w ith  p -flu o ro p h en y l iso c y a n a te  resu lts  in  th e  
desired  triazo lone  d e riv a tiv e  15 in  m o d e ra te  yield. S im ila rly  to  th e  benzo-as-
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14b

Chart 5

- tr ia z in e  analogue 8, th is  com pound  ex ists as a triazo lone  ta u to m e r  and  form s 
a s ta b le  sa lt in  a lk a li so lu tion .

F rom  stud ies in  th e se  tw o  rin g  system s (2 and  10), th e  fo llow ing conclu
sions can  be d raw n :

(a) 1-Alkyl a n d  1 -a ry l d e riv a tiv es  o f b o th  rin g  system s can  be  synthesized  
from  th e  a p p ro p r ia te  h y d raz in o  com pound  (1 an d  9) b y  tre a tm e n t 
w ith  o rth o  este rs .

(b) Also 1 -m ercap to  de riv a tiv es  o f b o th  system s (4 an d  12) can  he o b ta in 
ed by  th e  re a c tio n  o f hy d raz in o  com pounds (1 a n d  9) w ith  pheny l 
iso th io cy an a te . T he p ro d u c t can  be  converted  to  S -a lk y l and  S -ara lky l 
com pounds (5 and  8).

(c) System s 2 a n d  10 re a c t w ith  p h en y l iso cy an a te  in  d iffe ren t w ays: 
the  1-oxo d e riv a tiv e  o f th e  s-triazo lo [3 ,4 -c]benzo -as-triaz ine  system  
(8) can be  o b ta in e d  in  th e  sam e w ay  as th io  co m p o u n d  4, how ever, 
the  1-oxo com pound  in  th e  p y rid o -s-triazo lo -as-triaz in e  series is n o t 
form ed. T h is la t te r  com pound can  be p rep ared  b y  d ire c t ring  closure 
only from  a s ta r tin g  m a te ria l co n ta in in g  an a c tiv a te d  reaction  site
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in  th e  sem icarbazide  m oie ty , e.g. from  com pound  14b co n ta in in g  th e  
p -fluo ropheny l group . T he fac t th a t  oxo com pound  15 is accessible, 
beside d irec t rin g  closure w ith  a poor y ie ld , also to  tran sfo rm a tio n  
o f th e  a p p ro p ria te  m ercap to  com pound b y  a lka li perox ide, is o f 
p re p a ra tiv e  im p o rtan ce .

E xperim en tal

3-Hydrazinobenzo-as-triazine (1) [1] and 3-hydrazinopyrido[2,3-e]-s-triazolo[3,4-c]-as- 
-triazine-l-oxide (9 )  [7] were prepared according to the references. Infrared spectra were record
ed with a Unicam SP 200 spectrophotometer, NMR spectra were obtained by a Varian XL-I00 
instrument. M.p.’s are uncorrected.

1 - A lk y l-  a n d  a r y l- s u b s t itu te d  s - t r ia z o lo [3 ,4 - c ] b e n z o -a s - tr ia z in e s  ( 2 )

A mixture of 3-hydrazinobenzo-as-triazine (1) and a tenfold excess of ethyl orthoester 
was refluxed for 3 hrs, and the ethanol formed during the reaction was distilled off continuously. 
The product separated from the cold reaction mixture was filtered off.

l -M e r c a p t o - s - t r ia z o lo [ 3 ,4 -c ] b e n z o - a s - t r ia z in e  ( 4 )

A hot solution of 3-hydrazinobenzo-as-triazine (1) (15 mmol) in o-dichlorobenzene (20 
ml) containing phenyl isothiocyanate (2.0 ml; 2.3 g; 19 mmol) was refluxed for 30 min. A 
dark red solution was obtained. After storage in a refrigerator for 12 hrs, the deposited crystal
line substance was filtered off, washed with ether and recrystallized from the appropriate 
solvent.

l - P h e n y l - 4 - ( 7 / -c h lo r o b e n z o -a s - t r ia z in e -3 -y l) th io s e m ic a r b a z id e  ( 3 b )

A mixture of 3-hydrazino-7-chlorobenzo-as-triazine [1] (0.5 g; 2.6 mmol), phenyl iso
thiocyanate (0.38 g; 0.33 ml; 2.8 mmol) and acetonitrile (5 ml) was refluxed for 30 min. Bright 
yellow crystals deposited from the cooled reaction mixture. M.p. 178—80 °C, yield 70%. 

C14HnClNeS (330.81). Calcd. S 9.70. Found S 9.82%.

l - A lk y lt h io - s - t r ia z o lo [ 3 ,4 -c ] b e n z o - a s - t r ia z in e s  ( 5 )

5 a ,  5 b , 5 g . A solution of alkyl halide (45 mmol) in ethanol (80 ml) was added to the 
red mixture of l-mercapto-s-triazolo[3,4-c]benzo-as-triazine (41 mmol) and 4% sodium car
bonate solution (250 ml). The reaction mixture was shaken until the red colour disappeared 
(approx, one hour). The precipitate was filtered off and recrystallized from the given solvent.

5 c . The mixture of bromoacetic acid (0.5 g; 3.6 mmol) and water (5 ml) was neutralized 
with sodium carbonate, then added to a mixture of the 1-mercapto compound (4) (2.5 mmol) 
and 10% sodium carbonate solution (15 ml) and stirred for one hour. The resulting solution 
was purified by filtration and the filtrate was acidified by hydrochloric acid, whereupon the 
product precipitated.

5 d , 5 e , 5 f . A mixture of 2.5 mmol of mercapto compound (4 )  (2.5 mmol), dimethylform- 
amide (5 ml) and substituted chloroacetamide (2.7 mmol) was heated to 100 °C, then 1 ml 
of triethylamine was added. A rapid change in colour resulting in a deep brown solution took 
place, then the reaction mixture slowly turned yellow. At the end of the reaction, the product 
deposited in crystalline form.
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l-Methylsulfonyl-s-triazolo[3,4-c]benzo-as-triazine (6)

A solution of potassium permanganate (1.5 g; 9.4 mmol) in water (12 ml) was added 
added to a mixture of l-methylthio-s-triazolo[3,4-c]benzo-as-triazine (5a) (2.0 g; 9.2 mmol), 
acetic acid (80 ml) and acetone (20 ml) at room temperature. The reaction mixture was allowed 
to stand for 1/2 hour, then the excess of permanganate was decomposed by sodium hydrogen 
sulfite solution. The resulting yellow mixture containing crystalline precipitate was, after 
storage in a refrigerator for some hours, filtered off and crystallized from dioxane-petroleum 
ether. M.p. 211 °C.

s-Triazolo[3,4-c]benzo-as-triazine-l-one (8)

A. A suspension of 3-hydrazinobenzo-as-triazine (1) (3.0 mmol) in o-dichlorobenzene 
(5 ml) was treated with phenyl isocyanate (0.4 g; 3.4 mmol). The mixture was refluxed, where
upon the starting material slowly dissolved. After a period of one hour, the resulting yellow 
solution was chilled and the crystalline precipitate was filtered off and recrystallized from 
nitromethane.

B. l-Mercapto-s-triazolo[3,4-c]benzo-as-triazine (4a) was added to a 2% sodium 
hydroxide solution (10 ml). The resulting mixture was treated with 30% hydrogen peroxide 
solution (1 ml) at 30 °C and, after a period of 5 min, was acidified with acetic acid to pH 4 
to give a pale yellow precipitate. On the basis of physical properties, the product proved to be 
identical with s-triazolo[3,4-c]benzo-as-triazine (8a).

l-Phenylpyrido[2,3-e] -s-triazolo[3,4-c] -as-triazine-5-oxide (10c)

A mixture of 3-hydrazinopyrido[2,3-e]-as-triazine-l-oxide (9) (0.5 g; 2.7 mmol), dimethyl 
formamide (6 ml) and ethyl orthobenzoate (2 ml) was refluxed for 15 min. The crystalline prod
uct precipitated from the cold reaction mixture upon the addition of ether.

l-Phenyl-l-ipyridoJ^S-eJ-as-triazine-S'-y^thiosemicarbazide-l'-oxide (11)

A mixture of 3-hydrazinopyrido[2,3-e]-as-triazine-l-oxide (9) (0.25 g; 1.4 mmol), abs. 
acetonitrile (10 ml) and phenyl isothiocyanate (0.19 g; 0.15 ml) was refluxed for 2.5 hrs. The 
resulting dark yellow solution was chilled, whereupon yellow needles separated, 0.38 g (87%), 
which were recrystallized from nitromethane; m.p. 182—184 °C.

l-Mercaptopyrido[2,3-e]-s-triazolo[3,4-c]-as-triazine-5-oxide (12)

A solution of thiosemicarbazide 11 (0.7 g; 2.24 mmol) in dimethylformamide (14 ml) 
was refluxed for 8 min. The chilled deep red reaction mixture was treated with ether. A red 
crystalline substance separated which was recrystallized from dimethylformamide, followed 
by drying at 170 °C for one hour. Yield: 0.35 g (72%) ; m.p.: 255—258 °C.

l-Alkylthiopyrido[2,3-e]-s-triozolo[3,4-c]-as-triazine-5-oxides (13)

Preparation of compound 13a: A mixture of mercapto compound 12 (0.4 g; 1.8 mmol) 
and pyridine (4 ml) was treated with ethyl bromoacetate (0.45 g; 0.3 ml; 2.7 mmol) and stirred 
for 15 min. After addition of water to the mixture, the product precipitated and was recrystal- 
ized from the given solvent.

Preparation of compound 13b: The mixture of mercapto compound 12 (0.4 g; 1.8 mmol), 
4% sodium carbonate solution (12 ml), benzyl chloride (0.23 g; 2.0 mmol) and methylene 
chloride (10 ml) was shaken for 15 min. During this time the initial red colour turned yellow. 
The product was isolated by separation of the organic layer, followed by a threefold extraction 
of the water phase.

Preparation of compound 13c: A solution of mercapto compound 12 (0.7 g; 3.2 mmol) 
in dimethylformamide (7 ml) was added to a solution of dinitrochlorobenzene (0.64 g; 3.2 
mmol) in dimethylformamide (3 ml). The mixture treated with triethylamine suddenly turned 
blue and a fine precipitate deposited with the mixture gradually becoming yellow. After addi
tion of methanol to the reaction mixture, the precipitate was filtered off.
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Preparation of compounds 13d, 13e: A mixture of mercapto compound 12 (0.5 g), 
dimethylformamide (5 ml) and chloroacetylpiperidide (0.4 g) was treated with triethylamine 
(1 ml) at 50 °C. The reaction was accompanied by a change in colour from red to yellow. The 
chilled solution was poured into water and the precipitate formed was recrystallized from the 
appropriate solvent.

1-Aryl-4-(pyrido[2,3-e] -<!,s-triazine-3 -vl)seiiiicarhazidc- 1-oxide (14a, 14b)

To a suspension of 3-hydrazinopyrido[2,3-e]-as-triazine-l-oxide (9) (1.0 g; 5.6 mmol) 
in dimethylformamide (20 ml), the substituted phenyl isocyanate (8.4 mmol) was added. The 
mixture was stirred for 30 min at room temperature then treated with acetic acid (4 ml) and 
poured into a tenfold quantity of water. The product was separated as a crystalline yellow 
precipitate.

Pyrido[2,3-e]-s-triazolo[3,4-c]-os-triazine-5-oxide-l(2/i)one (15)

A ) A mixture of l-p-fluorophenyl-4-(pyrido[2,3-e]-as-triazine-3'-yl)semicarbazide (14b) 
(0.4 g; 1.3 mmol) and dichlorobenzene (8 ml) was refluxed for 2.5 hrs. The precipitated product 
was filtered from the cold reaction mixture. It was dissolved in 2% sodium hydroxide solution, 
the solution was filtered and the filtrate was acidified with acetic acid to give a crystalline 
product.

B) l-Mercaptopyrido[2,3-e]-s-triazolo[3,4-c]-as-triazine-5-oxide (12) was dissolved in 
2% sodium hydroxide (10 ml) and the resulting red solution was treated with 30% hydrogen 
peroxide solution (1 ml) so that the temperature did not rise above 30 °C. The mixture was 
kept in a cold water bath to avoid overheating. Within 5 min, the starting deep blue colour 
turned red-yellow. The mixture was adjusted to a pH value of 4 with acetic acid and the precip
itate obtained was filtered off. The product was purified by acidification of its alkaline solu
tion with hydrochloric acid, and proved to be fully identical with the product obtained accord
ing to procedure A described above.

*

Thanks are due to Dr. Lajos R a d io s  and Mrs. Eszter G á c s - B a it z  for the NMR spectra 
and for the valuable discussions.
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The diastereomers of substituted ethane derivatives were synthesized and their 
configuration determined by 'H NMR and 13C NMR spectroscopy.

D i- an d  tr ia ry l-su b s titu te d  e th an e  d e riv a tiv es  (1, 2, an d  3) w ere s y n th e 
sized and  th e ir  d iastereom ers (la , lb , 2a, 2b, 3a, 3b) sep ara ted . T hese in te r 
m ed ia tes  w ere needed  for o b ta in in g  analogues o f a tr ia ry le th y le n e  d e r iv a tiv e  
(T am oxifen) h av in g  an tio estro g en ic  a c tiv ity  [1]. D epend ing  on w h e th e r la  
or lb  an d  3a or 3b w as used  as a s ta r t in g  m a te ria l, m ix tu ie s  con ta in ing  d iffe r
e n t p ro p o rtio n s  o f th e  geom etric  isom ers of e th y len e  d e riv a tiv es  w ere o b ta in e d  
via e lim in a tio n  o f  H B r an d  H 20 ,  re sp ec tiv e ly  [2]. As th e  geom etric isom ers o f 
T am oxifen  a n d  its  analogues h a v e  u su a lly  th e  opposite  biological a c tiv ity , i t  
w as im p o r ta n t  to  e lu c id a te  th e  con fig u ra tio n s o f th e  e th an e  d e riv a tiv e s  
o b ta in ed .

1: К CF3; К, H; R2 = P h ;  R3 =  Br

2: R <'OPh; R, R2 =  Me; R3 0(CH2)2NMe2

9: К K t; R, O H ; R2 P b ; R 3 =  \ K _ ) )  0(C 'H2)2NMe2

In  th is  p a p e r  we re p o rt on th e  d e te rm in a tio n  o f  th e  co n fig u ra tio n s o f 
d iaste reom ers o f  th ese  th re e  e th a n e  d e riv a tiv es . T he d iastereom eric  m ix tu re  
o f la  an d  lb  w as o b ta in ed  via  b ro m in a tio n  o f l,2 -d ip h en y l-3 ,3 ,3 -triflu o ro - 
p ro p an e  w ith  b rom ine . A dd itio n  o f  p -d im e th y lam in o e th o x y p h en y lm ag n esiu m  
brom ide on th e  a c tiv a te d  double  bo n d  o f l,2 -d ip h en y lb u t-2 -en -l-o n e  affo rded

* Author to whom correspondence should be addressed. Present address: “EGYT” 
Pharmacochemical Works, H-1475 Budapest, P.O. Box 100, HUNGARY
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a m ix tu re  o f d iaste reo m ers  2a and  2b. In  b o th  cases th e  p u re  d iastereom ers 
w ere sep a ra ted . The G rig n a rd  reaction  o f 1 ,2 -d ip h en y lb u tan -l-o n e  w ith  p -d i- 
m e th y lam in o e th o x y b ro m o h en zen e  and  th e  sam e reac tio n  of l-p -d im e th y la in in o - 
-e th o x y p h e n y l-2 -p h e n y lb u tan -l-o n e  w ith  b rom obenzene y ie lded  3a an d  3b, 
re sp ec tiv e ly , in  acco rd an ce  w ith  Cram’s ru le  [3].

I t  is a d ifficu lt t a s k  to  determ ine th e  s tru c tu re  o f d iastereom ers of su b 
s t i tu te d  e th an e  d e r iv a tiv e s . I f  a t least one p ro to n  is a tta c h e d  to  b o th  carbon  
a to m s o f th e  e th an e  d e r iv a tiv e , th e  v ic in a l coup ling  co n stan ts  o f  th ese  p ro tons 
p ro v id e  som e in fo rm a tio n  ab o u t th e  co n fig u ra tio n . O f course th e  con fo rm ation  
m u s t be  ta k e n  in to  co n sid e ra tio n , too , a n d  th e  con fig u ra tio n  can  u su a lly  be 
d e te rm in ed  only b y  c o m p arin g  th e  sp e c tra  o f  b o th  d iastereom ers.

C om bined c o n fig u ra tio n  and  co n fo rm atio n  analysis co n s titu te s  a recog
n ized  m eth o d  of N M R  spec tro sco p y  [4, 5, 6] a n d  d e te rm in a tio n  of con fig u ra tio n  
of som e e th an e  d e r iv a tiv e s  can be found  am ong  th e  f irs t  p ap ers  o f th e  N M R 
li te ra tu re  [7].

T h e  aH  NM R d a ta  o f  com pounds in v e s tig a te d  are lis ted  in  T ab le  1 accord
ing to  th e  co n fig u ra tio n  dete rm in ed  as follow s. T he C H —CH d ih ed ra l angles 
o f th e  d iastereom eric  p a irs  l a  lb  an d  2a  2b a re  ab o u t 180°, deduced  on th e  
basis  o f  th e  v ic inal co u p lin g  constan ts  (9 a n d  11 H z, respec tive ly ). This m eans 
t h a t  in  b o th  isom ers th e  m eth y n e  h y d ro g en s are  in  trans positio n  in  th e  p re 
d o m in a n t ro tam er A . In v e s tig a tio n  o f th e  m olecu lar m odel leads to  th e  sam e 
conclusion .

A m ong th e  ro ta m e rs  o f l a  (1R, 2S  IS , 2R ), th e  p redom inance  o f A  
is reaso n ab le  as b o th  th e  b u lk y  ti if lu o ro m e th y l group and  th e  b rom ine a tom ,
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as well as the  t.vo benzene  rings a re  in  trans positio n . O f th e  ro tam ers  o f lb  
( IS , 2S  -f- 1R , 2R ), A is p re fe rred , to o , for the  4 s u b s ti tu e n ts  are  only  p a ir 
w ise in  a gauche re la tio n ; in  В  a n d  C, how ever, each  s u b s ti tu e n t  occupies a 
gauche position . As th e  b u lk y  benzene  rings are a b o u t p a ra lle l (propeller-like 
a rran g em en t), th e ir  m u tu a l an iso tro p ic  effect re su lts  in  a d iam ag n etic  sh ift 
o f th e  signal o f th e  a ro m a tic  p ro to n s  in  ro tam er A of lb  co m p ared  to  ro ta m e r 
A of la . T herefore, s tru c tu re  lb  can  be assigned to  th e  com p o u n d  h av in g  a 
low er m elting  p o in t as th e  chem ical sh if t difference o f  th e  a ro m a tic  p ro to n s fo r 
l a  an d  lb  is 0.26 p p m , w hile th o se  o f all th e  o th e r p ro to n s  a re  sm aller (0 . 1 2  

an d  0 . 0 2  ppm , re sp ec t’vely).
R o tam er A o f 2a ( IS , 2S  -f- 1R , 2R) is p re fe rred  as th e  b u lk y  groups 

R  an d  R 3 are in  trans p o sitio n . T he reason  of th e  p red o m in an ce  o f ro ta m e r A 
in  th e  case of 2b ( IS , 2R  -f- IR , 2S) is th e  sam e as fo r co m p o u n d  lb . T herefore, 
com paring  th e  sp ec tra l d a ta  o f  2a an d  2b, a d iam agnetic  sh if t fo r th e  m e th y l 
an d  benzoy l signals in  2b an d  for th e  ph en y l and  R 3 signals in  2a can  be ex p ec t
ed. T he observed sh if t d ifferences o f all signals are in  fu ll ag reem en t w ith  these  
ex p ec ta tio n s , th e re fo re , s tru c tu re  2a can be assigned to  th e  h igher m elting  
d iaste reom er. I t  is to  be  n o te d  th a t  th e  p ro tons of th e  p h e n y l rin g  give a sing let 
in  th e  spectrum  o f 2a, w hile in  th e  case of d iaste reo m er 2b an  A A 'B B 'C  
m u ltip le t appears.

U tiliz ing  th e  sp e c tra l d a ta  o f th e  diastereom ere ( la  lb  an d  2 a - 2b), 
th e  configura tion  o f 3a an d  3b devo id  of any  v icinal p ro to n s  can  be e lucidated , 
too . W hen  choosing th e  p re fe rred  ro ta m e r, i t  m ay be  p resu m ed  th a t  th e  m u tu a l 
gauche position  of th e  th re e  benzene  rings is im probab le , co n seq u en tly , in  th e  
con fo rm ational eq u ilib riu m  th e  ra tio  o f ro tam er В is neg lig ib le . As regards 
benzene rings, th e  crow dedness o f  ro tam ers  A an d  C is id e n tic a l, hav in g  a 
gauche and  a trans p o sitio n  each , th e re fo re , th e  b u lk ie r e th y l g roup  (R) o f th e  
fu r th e r  tw o  su b s titu e n ts  p lay s a  d e te rm in in g  role. As R  is in  gauche position  
w ith  tw o benzene rings in  ro ta m e r  C b u t  only w ith  one r in g  in  A, th e  la t te r  
is th e  m ost p robab le  ro ta m e r . C om paring  th e  sp ec tra  o f 3a (1R , 2S  -)- IS , 2R) 
an d  3b (IR , 2R IS , 2S) a d iam ag n e tic  sh ift of th e  signal o f  th e  p -su b s titu te d  
benzene rin g  (R 3) in  3a a n d  o f th e  ph en y l group (R 2) in  3b can  be expected , 
th e re fo re , s tru c tu re  3a can  be assigned  to  th e  low er m e ltin g  d iastereom er.*

S tru c tu re  2a —2b, 3a 3b, su p p o rte d  b y  th e  1H  N M R  d a ta  have  been 
con firm ed  b y  th e ir  13C N M R  sp ec tra , too  (Table I).

F ro m  th e  13C N M R  d a ta , th e  d iastereom ers can  be  d iffe re n tia ted  b y  
th e  fie ld  effect [8 ] (ste ric  com pression  sh ift), causing a d iam ag n e tic  sh ift for 
th e  s te rica lly  h indered  ca rb o n  a to m s. In  th e  m ost p ro b ab le  con form ation , 
A of 3b is ste rica lly  m ore  h in d e red  th a n  3a as th e  e th y l g roup  is in  gauche 
p o sitio n  w ith  th e  b u lk ie r p - s u b s ti tu te d  pheny l ring  (R 3) in s te a d  o f th e  pheny l

* Application of the Cram’s rule [3] leads to the same result.
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Table I
1H NMR data for compounds la , b, 2a, b, and За, b in CDCl3

Chemical shifts (<5tmS =  0 ppm)

Structure 
M.p. (°C)

la  (Я, S +  S, R) 
162—163

lb (R ,R + S , S) 
93—96

2a (R, Л-f S, S) 
154—156

2b (R, S + S, R) 
98—99

За (К, S + S ,К) 
1 2 0 — 1 2 1

3b (K,K+S,S) 
135—137

<5CH3 (3H) 1.33 d (7) 1.07 d (7) 0.70 í (7) 0.75 t  (7)
<5CH„ (2H) — — — — 1.75 qi (7) 1.83 qi (7)
<5NCH3 (6H) — — 2.26 s 2.30 s 2.20 s 2.30 s
<5NCH2 (2H) — — 2.60 t (6) 2.65 1 (6) 2.55 t (6) 2.70 t (6)
dOH (1H) — — — — ~2.75 s <-~2.5 s
dCH (1H) 4.00 qi (9)° 4.12 qi (9)° 3.63 2x<ja (7,11)+ 3.68 2xga (7,11)+ 3.50 Ú (7) 3.55 (§ (7)
dCH (1H) 5.38 d (9)« 5.40 d (9)» 4.63 d ( l l )x 4.78 d ( l l ) x — —
dOCH2 (2H) — — 3.90 t (6) 3.97 t (6) 3.80 t (6) 4.05 t (6)
dArH 7.38 ~  s* 7.12 ~ s * 7.05 ~  sit 7.00 ~  sAH. 7.08 ~  sAt-
vArHei — — 435— 450V 4 Jto — 4M )” 420— 455*t- 415— 435#H
j>ArH0 — — 470-490Д 460—475A — —

dArHO — — 6.68 6.85 6.50 6.90t.
dArHD — — 6.92 7.17 7.15t. 7.48

° >C1I— CFg group
+ > C H -C H 3 group
§ Really a double doublet with about identical splittings
• ^CHBr group
x > C H —C = 0  group
* Overlapping signals of the two phenyl rings, 10H 
it Signal of the phenyl ring
▼ Overlapping multiplet of meta and para protons of the benzoyl group and the phenyl ring, 8H 
A >CHPh group, 5H
t- Overlapping signals of 12H total intensity 
0 Multiplets in Hz at 60 MHz
V  Multiplet of meta nad para protons of the benzoyl group, 3H 
^ >C(OH)Ph group, 5H
A  Multiplet of ortho protons of the benzoyl group, 2H
О Chemical shifts estimated from the AA'BB' multiplet of the para-disubstituted phenyl ring by AB  approximation (cf. e.g. Ref. [6]), 

JAB =  9 H z
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l3C NMR chemical shifts of compounds 2a, 2b, 3a and 3b* in CDCl3 =  0 ppm)
Numbering of carbon atom:

Table II

O—CH2-C H 2-N M e2
2 3

Compound г е н , dCCH2 dCH ÓNCH, dNCH2 dCHa dOCH2 ÜCß Ö C = 0

2a 20.4 — 42.1+ 45.9 58.3 61.0 66.0 198.6
2b 2 1 .0 — 43.3+ 45.9 58.4 61.4 66.0 — 200.1
3a 12.6 23.5 56.6X 45.8 58.2 — 65.8 80.7 —
3b 11.4 22.5 55.6х 44.8 57.3 — 65.3 79.7 —

Compound dC—1,9 ÓC-5
ÓC-13

in 
CO 1-t

1 
1 

S
S гс—11 <5C—12 ÖC—2,3 ÓC—6,7 

óC—14,16 dC—4,10

2а 137.6* 138.0* □ 132.5 114.4 157.2 128.3n o 128.8° 129.0О 127.30 127.70
2b 136.5* 137.8* 137.9* 132.8 114.2 157.1 128.3DO 128.6o a  128.8о 126.70 128.3d 0
За 139.0* 140.0* 146.4 130.3 113.6 157.0 127.7° 128.0° 126.3DIS 126.5 0  127.i 0
зь 137.5* 139.1* 145.9 129.2 113.1 156.6 126.4a o 126.5° 124.9a s 125.20 126.4D0

* The 13C NMR data of compounds la  and lb are given in the footnote as follows, because, of the different character of the carbon atom 
involved. <5Cp =  dCBr, s: 52.1 (la) and 48.5 (lb) ppm, dC* =  dC(CF3), qa (2JCF =  25 Hz): 59.4 (la) and 58.3 (lb) ppm, <5CF3, qa (U qf =  283 Hz):
125.0 (la) and 125.8 (lb) ppm, dCAr (substituted): 134.1 and 139.8 (la) and 132.5 and 139.0 (lb) ppm, dCAr (unsubstituted): 128.1, 128.5, 128.6, 
128.9, 129.5 and 129.9 (la) and 128.0, 128.2, 128.4, 128.6, 128.9 and 129.5 (lb) ppm.

° ,  • ,  0 An alternate assigment is also possible 
□ Probably two overlapping signals
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rin g  (R2). T herefo re, sm alle r chem ical sh ifts  a re  ex p ec ted  for 3b th a n  3a. Sim i
la r ly  to  th e  XH NMR d a ta ,  th e  13C NMR re su lts  also assign s tru c tu re  3b to  th e  
h ig h er m e ltin g  d iaste reo m er. B etw een  th e  co rrespond ing  signals, a sm all b u t 
s ig n if ic a n t d ifference (a b o u t 1 ppm ) can  be found  (Table I I ) .

S im ila r d ifferences w ere observed  fo r d iaste reom eric  pa irs la — lb  and  
2a— 2b in th e  sh ifts o f Ca, an d  C ;̂ e.g. th ese  signals w ere d iam ag n e tica lly  sh ifted  
in  th e  m ore  crow ded lb  an d  2a. The b u lk ie r CF3 group (R) an d  th e  b rom ine 
a to m  (R 3) in lb  and  th e  b id k ie r m e th y l (R2) an d  benzoyl groups (R) in 2a are 
in  gauche position , th e re fo re , sm aller sh ifts  can be expected  and  observed  for 
th e se  d iastereom ere, too .

Experimental

General methods. — All melting points are uncorrected. IR spectra were recorded on 
a Perkin-Elmer 577 grating spectrometer, and 1H and 13C NMR spectra on a Varian A-60D 
and a Varian XL-100 FT-spectrometer, respectively, at room temperature in CDC13 as solvent, 
using TMS as internal standard.

l ,2 - D ip h e n y I -3 ,3 ,3 - t r i f lu o r o p r o p - l - e n e

со,a>,cu-trifluoroacetophenone (204 g) was reacted with benzyltriphenylphoshonium 
chloride (456 g) and sodium ethylate in ethanol, yielding 4  (271 g, 93.5%); b.p.4 2: 117—120 °C. 

C15HUF3 (248.26). Calcd. C 72.57, H 4.47, F. 22.96; Found C 72.49, H 4.23, F 23.24%.

1 ,2 - D ip h e n y l-3 ,3 ,3 - tr if lu o r o p r o p a n e

4  (271 g) was hydrogenated on 10% Pd/C (27 g) in MeOH (4 1). The mixture was filtered, 
the solvent evaporated, and the residue distilled yi-lding 5 (252 g, 93.3%); b.p.07: 96 —108 °C. 

Ci5H13F3 (250.27). Calcd. C 71.98, H 5.26, F 22.75; Found C 72.12, H 5.36, F 22.51%.

l - B r o m o - l ,2 - d ip h e n y l- 3 ,3 ,3 - t r i f lu o r o p r o p a n e  ( l a  a n d  l b )

5 (91 g) in CC14 (1200 ml) was brominated with bromine (64 g) at reflux temperature for 
10 hrs. The excess of bromine was removed with a solution of Na2S20 3, the CC14 solution was 
washed with NaHC03 and water. The solvent was dried and evaporated, the residue recrystal
lized twice from ethanol yielding la  (48.2 g, 40.2%); m.p.: 162—163 °C. From the mother 
liquor lb  was obtained (4.94 g, 4.12%); m.p.: 93 — 96 °C.

Cl5Hl2BrF3 (329.18). Calcd. C 54.73, H 3.67, Br 24.28, F 17.32;
Found for la: C 55.17, H 3.93, Br 23.98, F 17.28;
Found for lb: C 54.90, H 3.77, Br 24.01, F 17.36%.

l ,2 - D ip h e n y lb u t - 2 - e n - l - o n e

1,2-Diphenyl-butan-l-one [9] (44.86 g) was treated in CC14 200 ml with bromine (10.5 
ml) at 5 °C. The solvent was evaporated and the residue dissolved in fivefold AcOH. KOAc 
(60 g) was added and the mixture boiled for 30 min, yielding 6 (22%); m.p.: 62.5—63.5 °C 
(Et„0).

C16H140  (222.29). Calcd. C 86.44, H 6.36; Found C 84.65, H 6.32%.

3 - p - D im e th y la m in o e th o x y p h e n y l- l ,2 - d ip h e n y lb u t a n - l - o n e  ( 2 a  a n d  2 b )

Compound 6 (8.96 g) was reacted with 1.5 M p-dimethylaminoethoxyphenylmagnesium 
bromide in THF (100 ml) at reflux temperature yielding 2 a  (39%); m.p.: 154—156 °C (i-PrOH) 
and 2 b  (45%). M.p.: 97—99 °C (Et20).
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C26H29N 02 (387.54). Calcd. C 80.56, H 7.56, N 3.62; 
Found for 2 a  C 80.75, H 7.74, N 3.51;
Found for 2b  C 80.53, H 7.68, N 3.63%.

l - p - D im e t h y la m in o e t h o x y p h e n y I - l ,2 - d ip h e n y lb u t a n - l - o l  ( 3 a  an d  3 b )

1,2-Diphenylbutan-l-one [9] (44.86 g) was reacted with 1.25 M  p-dimethylamino- 
ethoxyphenylmagnesium bromide in THF (200 ml) at 55 °C yielding 3b (82.3%). M.p.: 135— 
—137 °C (i-PrOH).

C26H3lN 02 (389.56). Calcd. C 80.16, H 8.02, N 3.60; Found C 80.21, H. 7.99, N 3.53%.
3 a  was prepared by Grignard reaction of l-p-dimethylaminoethoxyphenyl-2-phenyl- 

butan-l-one with phenylmagnesium bromide accroding to the literature [10]; m.p.: 120—121 °C.

The authors are indebted to Mr. A. F ürjes and Miss V. W ind brechtinger  for technical 
assistance.
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The behaviour of chemisorbed hydrogen in metal- and sulphide-catalysed hyd
rogenations is reviewed by collation of information mostly from the author’s previous 
publications. The use of molecular deuterium as an isotopic tracer, and the evaluation 
of the results by the numerical procedures originally proposed by B urw ell and by 
K emball, permits the effective ratio of adsorbed-H to adsorbed-D in hydrogen addition 
steps to be calculated. This paper assembles evidence to show that, whereas some 
reactions behave as though adsorbed hydrocarbon species react with a single source or 
pool of adsorbed hydrogen, others behave as though two or more such sources exist 
having different isotopic composition. Classification of the latter catagory reveals 
that reactions dependent on two pools of adsorbed hydrogen which exist without mix
ing arise because of the occurrence of (i) intramolecular hydrogen atom transfer, (ii) 
intramolecular hydrogen atom transfers, or (iii) the establishment of more than one 
phase in the solid catalyst. Two examples of bi-phase systems are presented involving 
(a) metal, and (b) metal sulphide catalysts.

This behaviour is demonstrated by reference to the hydrogenation of ethene, 
buta-1,3-diene, and but-2-yne, the geometrical isomerisation of cis-penta-l,3-diene, 
and the hydrodesulphurisation of thiophen and of tetrahydrothiophen.

Recognition of such behaviour of chemisorbed hydrogen improves our under
standing of catalyst activity and selectivity.

Introduction

S tud ies of m echan ism s o f he te rogeneously  ca ta ly sed  h y d ro g en a tio n s  
u su a lly  an d  n a tu ra lly  co n c e n tra te  a tte n tio n  on th e  n a tu re  a n d  re a c tiv ity  o f 
th e  h y d ro ca rb o n  in te rm e d ia te s  in v o lv ed . H ow ever, th e  o th e r  r e a c ta n t , h y d ro 
gen, is v e ry  ve rsa tile  in  th e  w ays in  w hich  i t  can  chem isorb  a t  surface s ites. 
T he o b je c t of th e  p a p e r  is to  rev iew , b y  reference to  a v a r ie ty  o f  th e  a u th o r’s 
p u b lish e d  and  u n p u b lish ed  s tu d ies , som e o f th e  general classes o f re a c tiv ity  
e x h ib ite d  b y  chem isorbed  hyd ro g en , in  th e  hope th a t  th is  w ill encourage  o th e r  
in v e s tig a to rs  to  be in q u is itiv e  a b o u t th e  precise role p la y e d  b y  hydro g en  in  
th e ir  reac tio n s.

* Paper presented to the autumn meeting of the Hungarian Catalysis Society, in Buda
pest, 21-22 September 1979.
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Experimental

All reactions were carried out in static glass reactors attached to standard high vacuum 
apparatus. Pressures of hydrocarbon and of deuterium were typically in the range 6.6—33.3 
kPa. Deuterium was purified before use by diffusion through a heated palladium-silver thimble. 
Product analyses were achieved by g.l.c. and pure components eluted from the chromotograph 
were analysed by low-voltage mass spectrometry. Results quoted in the Tables refer to experi
ments analysed at low conversions (<  10%). Calculations by K enball’s method and by Smith 
and B u r w e il ’s method were carried out with the aid of a computer, the programmes having 
been checked against manual calculations. More detailed experimental information is given 
in the various quoted references.

Nomenclature

T h ro u g h o u t th is  p a p e r  th e  w ord  “ h y d ro g en ”  is u sed  generically  to  m ean  
e ith e r  p ro tiu m , or d e u te r iu m , or b o th , w here  th e  d is tin c tio n  is n o t im p o rta n t. 
W h ere  g rea te r p rec ision  is req u ired  th e  e x a c t nam es (p ro tiu m  or deu te rium ) 
or th e  sym bols (H  or D ) are  em ployed .

Results and Discussion

1. Single and M ultiple Hydrogen Sources

A ll m e ta l-c a ta ly sed  reac tio n s o f u n s a tu ra te d  h y d ro ca rb o n s  req u ire  th e  
a d d itio n  o f  tw o (or m u ltip le s  o f tw o) h y d ro g en  atom s to  th e  carb o n  fram ew ork , 
a n d  w ith o u t ex cep tion  i t  is found , b y  d e u te riu m  tra c e r  s tu d ie s , th a t  th is  ad d i
tio n  occurs in  a stepw ise  fash ion . T he m o lecu la rly  sim p lest case is th a t  o f e thene  
h y d ro g en a tio n  in  w hich  th e  e th y l g roup  is fo rm ed  as an  in te rm e d ia te  (Schem e 1)

+X . + x
C2Xi(ads) C*XS (ads)  ------>- C2X0 (g) [X ^ H ö rD ]

Scheme 1. Ethene hydrogenation

W e th e re fo re  ask  th e  sim p le  q u es tio n : is th e re  a single source of X -a to m s for 
th is  re a c tio n , or do ad so rb ed -e th en e  a n d  ad so rb ed -e th y l acqu ire  X -a to m s from  
d iffe re n t sources ? T h is  p rob lem  can be  reso lved  w hen  reac tio n s o f e thene  
w ith  d eu te riu m  are in v e s tig a te d , because  th e  added  a to m  X  m ay  th e n  be e ith e r  
H  o r D , and  K em ball’s m eth o d  o f c ircu la tio n  enab les th e  iso top ic  com posi
t io n  o f  th e  chem iso rbed  h y drogen  to  b e  ca lcu la ted  [1]. W e h av e  used  th is  
te c h n iq u e  to  assess e th e n e  h y d ro g en a tio n  ca ta ly sed  b y  R u  [2], R h  [3], P d  
[3, 16], R e [4], Os [2], I r  [5], P t  [5, 6 ] an d  A u [7] an d  fo r each  m eta l, ex cep t 
ir id iu m , th e  iso top ic  com position  o f h y d ro g en  in v o lv ed  in  each e lem en ta ry  
s te p  is closely s im ila r (T ab le  I) . H ence  i t  is concluded  t h a t  th e  in te ra c tio n  in  
each  s tep  is w ith  a h y d ro g en  a to m , an d  th a t  ad so rb ed -e th en e  and  adsorbed- 
-e th y l acqu ire  th ese  H - a n d  D -atom s from  th e  sam e so ruce. F o r reac tio n  over
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Table I

Isotopic compositions of chemisorbed hydrogen involved in four representative 
ethene-deuterium reactions

Catalyst
Temp
(K)

Composition of X in Ethene(ads) +  
+  X  -» E Ethyl(ads)

Composition of X in 
Ethyl(ads) +  X  -♦ Ethane Ref.

H D H D

17% Re-silica 298 0.10 0.90 0.10 0.90 [4]
0.1% Pt-magnesia 298 0.25 0.75 0.25 0.75 [6]
5% Pd-alumina 257 0.67 0.33 0.62 0.38 [16]
5% Ir-alumina 257 0.67 0.33 0.10 0.90 [5]

irid iu m  th e  chance o f  ad so rb ed -e th y l acq u irin g  d e u te riu m  w as s ig n ifican tly  
g rea te r  th a n  th a t  for ad so rb ed -e th en e  (T able I) . In  th is  case, we m u st conclude 
e ith e r  th a t  th e re  are  tw o  pools o f  chem isorbed  hydro g en  a t  th e  irid ium  surface  
o f d iffe ren t com position  o r, m ore likely , t h a t  a p ro p o rtio n  o f th e  adsorbed- 
e thy ls are  co n v erted  to  e th a n e  b y  reaction  w ith  m olecu lar d eu te riu m , (Shem e 2).

C2X5 (ads) +  Da (g) '------*■ ('2X5 [> (g) +  D (ads)

Scheme 2

T hus, from  th is  sim ple re a c tio n , we learn  t h a t  carefu l n u m erica l analysis m u s t 
p receed  s ta te m e n ts  concern ing  th e  source o f  h y d ro g en  in  e lem en tary  reac tio n  
steps.

The genera l q u es tio n  posed  above m a y  he  re -ex p ressed  b y  reference to  
a tw o -step  re a c tio n  such  as a lk y n e  or a lk ad ien e  h y d ro g en a tio n , w here a lkene  
is form ed b y  th e  ad d itio n  o f  th e  f irs t m ole o f  h y d rogen  an d  a lkane b y  th e  
second. Schem e 3 re p re se n ts  a m e ta l-ca ta ly sed  re a c tio n  in  w hich b u ta -1 ,3 -

Buta-1,3-diene

+ 2 X

route 1

+ 4 X
route 2

Butenes (g)

Butane (g)

Scheme 3. Schematic representation of butadiene hydrogenation

-d iene reac ts  w ith  d eu te riu m  to  give a m ix tu re  o f  b u te n e  a n d  b u ta n e  as in itia l 
p ro d u c ts . E a c h  p ro d u c t is observed  to  co n ta in  a w ide d is tr ib u tio n  o f d eu te riu m  
in d ic a tin g  th e  fo rm a tio n  on th e  surface o f  tw o  ad so rb ed  h a lf-h y d ro g en a ted  
s ta te s , C4X 7(ads) an d  C4X 9(ads) in  add ition  to  adso rbed  b u ta d ie n e  and  b u te n e , 
each  h a lf-h y d ro g en a ted  s ta te  being  in  eq u ilib riu m  w ith  i ts  p recurso r an d  
adso rbed  hydrogen . T h e  o p e ra tio n  of th ese  eq u ilib ria  re n d e r  th e  d eu te riu m
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Table II

Isotopic compositions of chemisorbed hydrogen involved in three 
buta-1,3-diene-deuterium reactions

Catalyst
Temp.

(K)

Composition of X  in 
route I of Scheme 3

Composition of X  in 
route 2 of Scheme 3

Ref.

H D H D

17% Re-silica 373 0.22 0.78 0.10 0.90 [10]
5% Pt-alumina 293 0.28 0.72 0.24 0.76 [9]
5% Rh-almnina 293 0.28 0.72 0.18 0.82 (80%) [9]

0.86 0.14 (20%)

d is tr ib u tio n s  in  th e  p ro d u c ts  d iff ic u lt to  in te rp re t; how ever, S m ith  and  
B u r w e l l ’s m ethod  o f ca lcu la tio n  [8 ] p e rm its  th e  tru e  exchange p a t te rn  
( th e  iV -profile to  he d e te rm in ed , together with the effective isotopic composition 
o f the H  : D pool for each route re p re se n te d  in  Schem e 3. (This m e th o d  o f  cal
c u la tio n  effectively  assum es a d d itio n  o f  hyd ro g en  as a to m s in  th e  conversion  
o f  e a c h  in te rm ed ia te ). W e can  th e re fo re  address ourselves to  th e  q u es tio n : 
is th e  source  o f X -a to m s fo r each  ro u te  in  Schem e 3 th e  sam e, or do th e  in te r 
m e d ia te s  p a rtic ip a tin g  in  each  ro u te  re q u ire  X -a tom s from  d iffe ren t sources ? 
S om e re su lts  fo r reac tions o f b u ta - 1 ,3 -d iene  w ith  d eu te riu m  ca ta ly sed  b y  R h
[9 ], R e  [10] an d  P t  [9] a re  show n in  T ab le  I I .  W ith in  th e  accu racy  o f  th e  
c a lc u la tio n  i t  appears th a t  b o th  b u te n e  fo rm atio n  and  b u ta n e  fo rm a tio n  over 
p la t in u m  involve th e  sam e pool o f a d so rb ed -H  and  -D. H ow ever, th e  s itu a tio n  
is c le a r ly  d ifferen t a t  rh en iu m  an d  rh o d iu m  surfaces, fo r w hich  th e  re su lts  
show  t h a t  tw o or even th re e  pools o f ad so rb ed  hydrogen , o f  d iffe ren t iso top ic  
co m p o sitio n  can co-ex ist a t  a c a ta ly tic a lly  active su rface . In  th e se  cases i t  
w as conc luded  [9, 10] th a t  b u te n e  an d  b u ta n e  were fo rm ed  a t  d iffe ren t reg ions 
o f  th e  su rface . The p h y sica l s ign ificance  o f  such “ d iffe ren t reg ions o f th e  su r
fa c e ”  is discussed in  Sections 3 an d  4 below .

2. Intramolecular and In te rm o d u la r  Hydrogen Atom Transfers without M ixing

T h ere  are in stances in  w hich  iso to p ic  inhom ogen ity  o f ad so rb ed  hydro g en  
is e v id e n t, b u t  for w hich i t  is u n rea so n ab le  to  involve reac tio n  a t  special s ite  
o r a t  d is tin c t regions o f  th e  su rface . T hese reactions invo lve  in trem o lecu la r 
or in te rm o le c u la r  h y d rogen  tra n s fe r ;  one or tw o exam ples o f  each will suffice.

T h e  h y d ro g en a tio n  o f  b u t-2 -y n e  is w ell know n to  give c is-bu t-2 -ene  as 
th e  m a jo r  p ro d u c t b y  sim ple c is -ad d itio n  o f  tw o deu terium  a to m s to  th e  ad so rb 
ed a lk y n e  [11 — 13]. T he y ields o f  th e  o th e r  bu tenes a re  v e ry  sm all oi zero 
o v e r N i, P d , and  P t  [11, 12], b u t  th e y  increase  on passing  to  th e  le ft in  G roup 
V I I I ,  an d  are  su b s ta n tia l over R u  an d  Os a t  358 К  [13]. A d eu te riu m  tra c e r
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s tu d y  show ed (i) th a t  c is-bu t-2-ene w as form ed over R u  and  Os b y  d ire c t 
a d d itio n  o f  tw o  hydrogen  a tom s, th e  poo l of hydrogen  hav in g  a p p ro x im a te ly  
th e  com position  H  : D : : 1 : 9. B u t- l-e n e  w as also form ed as an  in itia l p ro d u c t, 
via  iso m erisa tio n  of b u t- 2 -yne to  ad so rb ed  b u ta - 1 ,2 -diene an d  su b seq u en t 
h y d ro g e n a tio n  o f th e  a lkadiene (S chem e 4). The iso topic  com position  o f  th e  
adso rbed  h y d ro g en  involved  in  s tep  3 w as clearly  n o t H  : D : : 1 : 9 b u t  was

Scheme 4. Formation of cis-but-2-ene and but-l-ene from but-2-yne over Ru and Os

rich e r in  p ro tiu m , because th e  y ie ld  o f  b u t- l-e n e -d 3 was less th a n  ex p ec ted  
an d  th a t  o f  b u t- l-e n e -d 2 was g rea te r . T h e  d e ta iled  d is tr ib u tio n  was co n sis ten t 
w ith  s tep s  2 a n d  3 proceeding in  p a r t  b y  an  in tram o lecu la r h y d rogen  a to m s 
tra n s fe r  as show n in  Schem e 5. I t  is cu rio u s th a t  th e  adsorbed  H  in  (II) does

H3C СНз

/СТ \* ;  x

СНз
н 2с = с = с

7СНз

/ V хН2С уС  »
I н

(I) ( I I )  ( I I I )

Scheme. 5. Intremolecular H-transfer in but-2-yne hydrogenation

n o t m ix  ra p id ly  w ith  th e  general poo l o f  adsorbed  H  an d  D a tom s, b u t  th is  
w ork  estab lish es  ex p erim en ta lly  t h a t  su ch  m ixing can  be slow, a n d , t h a t  
hyd rogen  a to m  m ig ra tio n  over m e ta l c a ta ly s t  surfaces u n d e r w ork ing  co n d itio n s 
is n o t a lw ays k in e tica lly  fast.

A n o th e r  exam ple  o f in tra m o le c u la r  hydrogen  a to m  tra n sfe r  w ith o u t 
m ix ing  has been  observed [14] in  th e  co b a lt-a lu m in a-ca ta ly sed  g eom etrica l 
isom erisa tio n  o f  c is - p e n t a -1 ,3 - die n e-di  a t  433 K . A ltho u g h  th e  labelling  in  th e  
o rig inal m a te r ia l le ft som eth ing  to  be  d esired , th e  re su lt show ed c learly  th a t  
isom erisa tion  to o k  place b y  th e  a b s tra c tio n -a d d itio n  process show n in  Schem e 6 . 
The ad so rb ed  d eu te riu m  atom s p re se n t in  (V) an d  (VI) d id  n o t  m ix
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D D
\  /  ,
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H
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/

D
\
D
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(VII)

H

(VI)

Scheme 6. Intramolecular H-transfer in cis-pentadiene isomerisation over Со

ra p id ly  w ith  a d so rb ed  d e u te r iu m  a to m  p re se n t on th e  co b a lt b y  v ir tu e  o f th e ir  
sp illo v e r from  th e  a lu m in a  su p p o rt. This process is n o m ina lly  a 1 ,5 -transfer o f th e  
h y d ro g en  a to m ; a lte rn a tiv e ly  (and  m ore like ly ) th e  process m ay  be a succes
sion  o f  tw o 1 ,3 -tran sfe rs  w ith  adso rb ed -p en ta -1 ,4 -d ien e  being  form ed b e tw een  
(V) a n d  (VI).

Since p ro tiu m  a to m s  can undergo  in tram o lecu la r tra n sfe r  w ith o u t m ix ing  
w ith  a  general pool o f  ad so rb ed  -H  an d  -D , th e  n e x t question  to  ask  is w h e th e r 
in te rm o lecu la r tra n s fe rs  can  sim ilarly  o ccu i. T he a u th o i has n o t recognized su ch  
tra n s fe rs  in  his ow n w o rk , h u t  believes t h a t  such  processes are  ev iden t in  th e  
b u ta -1 ,3 -d ie n e -d eu te riu m  reac tio n  ca ta ly sed  b y  gold-alum ina a t  473 K , w hich  
h as  been  rep o rted  b y  B u c h a n a n  an d  W e b b  [15]. In  th e ir  w ork, these au th o rs  
o b serv ed  th a t  th e  b u ta n e s  form ed co n ta in ed  less th a n  th e  expected  a m o u n t 
o f  d eu te riu m , an d  th e y  proposed  th a t  “ ty p e  B ”  p ro tiu m  w as supplied  to  th e  
re a c tio n  b y  th e  c a ta ly s t  su p p o rt. H ow ever, since easily  exhangeab le  p ro tiu m  
asso c ia ted  w ith  th e  s u p p o r t h ad  a lread y  b een  exchanged  for d eu te rium  b efo re  
th e  execu tion  o f th e  ex p e rim en ts , th e  source  o f  th e  ty p e  В p ro tiu m  rem ain ed  
obscu re . I  have ta k e n  th e ir  resu lts  an d  ca lcu la ted  iV-profiles (exchange p a t 
te rn s )  b y  B u r w e l l ’s m eth o d  [16]. F o r ex am p le , a re a c tio n  [15] a t  473 К  
gave b u t- l-e n e  h a v in g  th e  d eu te riu m  d is tr ib u tio n  C4H 8 =  4 2 % , C4H 7D  =  
=  3 9 .6 % , C4H eD 2 =  1 5 .6 % , C4H 5D 3 =  2 .4 % , C4H 4D 4 =  0 .4 ;%  th is d is tr i
b u tio n  can be re p ro d u c e d  ex ac tly  b y  c a lcu la tio n , an  acceptab le*  ЛГ-p ro file

* All other acceptable iV-profiles contained larger values of iV0, so the argument does 
not change.
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being:
N , =  C4H 8 =  11.8%
N , =  C4H 6X  =  8.2%  
IV, =  C ,H ,X , =  64 .4%—  w *.-*  / о

IV, =  C .H .X , =  0 .0%
N t =  C4H 4X 4 =  15.6% X  =  60 %  H , 40%  D.

Now, i t  is n o rm a l chem ical sense to  expec t o f an  iV-profile (for b u te n e  form ed 
from  b u ta d e n e ) t h a t  N 0 =  N 1 =  0 ; indeed , th is  is a c rite rio n  u su a lly  app lied  
b y  th e  in v e s tig a to r  in  carry ing  o u t such  ca lcu la tions. B u t th e re  th e  ca lcu la ted  
in fo rm a tio n  is c lear. T he p ro d u c t c e rta in ly  co n ta in s  a p ro p o itio n  o f  m a te ria l 
(th e  N 0) in  w hich  n one  of th e  ad d ed  hydrogen  a to m s has com e from  th e  H /D  
pool, an d  a fu r th e r  p ro p o rtio n  (iV4) in  w hich on ly  one o f th e  ad d ed  hydrogen  
atom s has com e from  th e  H /D  pool. T he hydrogen  n o t from  th e  pool m a y  e ith e r 
be B u c h n a n  an d  W e b b ’s “ ty p e  B ”  v a r ie ty  o r, as I  believe, m a y  o rig in a te  
from  th e  b u ta d ie n e  i tse lf  b y  in te rm o lecu la r tra n s fe i as show n in  Schem e 7. 
T he ad so rb ed -h y d ro g en  c o n cen tra tio n  on gold a t  473 К  is know n to  be  low
[15], an d  hence th e  proposed  d eh y d ro g en a tio n  o f bu ta -1 ,3 -d ien e  to  v in y lace ty l-  
ene as show n in  Schem e 7 is reaso n ab le . Schem e 7 p red ic ts  th e  fo rm a tio n  of 
butene-iV 4, w ith  th e  y ie ld  of -IV4 b e ing  com parab le  w ith  th a t  of -N 0 w hich 
concurs w ith  th e  ca lcu la ted  iV -profile. F in a lly , th e  gold c a ta ly s t u sed  in  th is  
w ork  d e a c tiv a te d  irrev e rs ib ly  w ith  use, w hich m a y  be a t tr ib u te d  to  th e  p ro 
gressive accu m u la tio n  o f species m ore ex tensive ly  d eh y d ro g en a ted  th a n  th e

H2==CH— CH==CH2 H C=C—CH==CH2

H H

H2C=CH— CH=CH2 H2C==CH— CH=CH2

+ 2X

+  4  X

H2C=CH — CHX-rCH2X 

but-l-ene-iV2

H3C— CH2—CH=CH2 H X2C—CX2-CH==CH2

but-l-eiie-iVo or

HXC=CX—CHX—CH2X

but-l-ene-Ai
Scheme 7. But-l-ene-JV0, -ЛГ2, and -Na formation. The process of N0 formation involves inter
molecular H-transfer without mixing with the H/D pool. But-2-ene would be formed by

analogous 1 : 4-addition
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vinylacetylene. (My reinterpretation of this work is accepted by the original 
' senior author as a valid alternative view). Thus, this reaction can be inter

preted as providing evidence for intermolecular hydrogen transfer without 
mixing. It will be interresting to search in the future for other reactions, prob
ably at IB-metal surfaces, in which the hydrogen atom coverage achieved 
by the chemisorption of molecular hydrogen is sufficiently low for a second 
source of hydrogen, generated by hydrocarbon dissociation, to play a distinc
tive role in the overall process.

3. Co-existance o f Two Hydrogen-Deuterium Pools without M ixing at Sulphide 
Surfaces

Table II showed that two or three pools of hydrogen, each containing 
both H and D, can apparently co-exist at a metal surface. A similar situation 
has been observed for sulphide-catalysed reactions.

Tetrahedrothiophen reacts with deuterium at the surface of MoS2 powder 
at 693 К to give buta-1,3-diene and propadiene as the major initial products, 
and butenes as minor products [17]. Typical deuterium distributions are given 
in Table III; remarkably, the butadiene in mostly a mixture of C4He and 
C4H6. The most interesting step for our present purposes is the next stage of 
the reaction in which this butadiene is hydrogenated to butene. Clearly the 
butadiene-d0 is converted to butene containing 0 to 6 deuterium atoms the 
distribution being contered at -d2, whereas the butadiene -rf6 is converted 
cleanyl to butene-d8. The conversion of the butadiene-d0 to a range of deute- 
riated butenes is commonplace and has been observed over many metals; it 
occurs by the process shown in part (a) of Scheme 8 according to which the 
interconversion adsorbed-butadiene with half hydrogenated state causes the 
initial pool of adsorbed deuterium atoms to be isotopically diluted by protium 
atoms from the hydrocarbon. The very fact of isotope redistribution guaran
tees that both adsorbed-H and adsorbed-D are present at the sites where this 
C4H6 undergoes further reaction. The conversion of C4H6 to C4D8 proceeds by 
formally the same mechanism [part (b) of Scheme 8] except that, on this

Table III

Deuterium compositions in buta-1,3-diene and butene formed by reaction 
of tetrahydrothiopen with deuterium over powdered MoS2 ut 693 К  

(Conversion =  5%)

Product
Deuterium distribution (%)

do d2 do d. rfjj d. d, d.

Buta-1,3-diene 49 11 8 6 4 2 2 0

Butene 5 18 2 2 19 7 6 3 0 2 0
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C4H6 (ads) +  D (adR) ------— 04Н6Г> (ads) - +D > C4H6t>» (g)

0 4НбО (ads) *------- ► C4H6 (ads) T D (ads)

C4H6I) (ads) --------*- C4HgD (ads) H (ads)

С4Нб (ads) +  H (ads) --------*- etc. (a)

С4НбХ) (ads) ’ H (ads) ------------ ► etc .

С4НбВ (ads) +  D (ads) ------ »- etc.

etc.

+D +D
C4J)e (ads) _-------- 04D" ( a d s ) --------*- C4I>s(g) (b)

Scheme 8. Processes occurring in the hydrogenation of C4H6/C4D6 mixtures at the surface of
molybdenum disulphide at 693 К

occasion, th e re  ca n  b e  no adsorbed  p ro tiu m  p re se n t, otherw ise b u ten e -d 7 

w ould  have been  fo rm ed . T hus th e  h y d ro g en  pool in  th is  process is 100%  D . 
Since th e  p ro d u c ts  w ere fo rm ed  in  th e  sam e re a c tio n  tw o  pools of hyd ro g en , 
one a m ix tu re  o f a d so rb ed -H  and  -D, an d  th e  o th e r p u re ly  adsorbed-D  co-ex ist 
on th e  surface w ith o u t m ix ing .

W e sim ilarly  o bserved  in  the  th io p h e n -d e u te riu m  re a c tio n  over th e  sam e 
pow dered-M oS 2 t h a t  th e  pool of hyd rogen  in v o lved  in  (D 2S -f- H D S -f- H 2S)- 
-fo rm atio n  was v e ry  r ic h  in  d eu te riu m  (H  : D ~  1 : 20) w hereas th a t  invo lv ed  
in  s im u ltaneous b u te n e -fo rm a tio n  w as less r ich  in  d eu te riu m  (H  : D ~  
1:3)  [17].

T he c h a ra c te ris tic s  o f b u tad ien e -d eu te riu m  reac tio n s  cata lysed  b y  th e se  
su lph ides [17, 18] v a r y  depend ing  on c a ta ly s t  age a n d  we infer, w ith o u t 
d irec t an a ly tica l ev id en ce , th a t  th is  v a r ia tio n  is due to  changes in  th e  su rface  
Mo : S ra tio . W e sp e c u la te  th ere fo re , t h a t  th e  su lp h id e  surface used in  th e  
ex p erim en t reco rd ed  in  T ab le  I I I  was i ts e lf  he te ro g en eo u s w ith  re sp ec t to  
su rface  com position , a n d  th a t  each area  o f  su rface h a v in g  a ce rta in  d is tin c tiv e  
s to ich io m etry  w as a sso c ia ted  w ith  a pool o f  ad so rb ed  h y d ro g en  of d is tin c tiv e  
iso top ic  com position . H o w ev er, th e  n a tu re  o f  th e  b a rr ie r  t h a t  p rev en ted  m ix in g  
is n o t clear.

4. Interpretation o f the Co-existance o f Tuio Hydrogen-Deuterium Pools without 
M ixing  at Metal Surfaces

T ab le  I I ,  re fe rre d  to  in  Section  1, show s th a t  tw o  o r th ree  H /D  pools 
can  co-ex ist w ith o u t m ix in g  a t  m e ta l su rfaces d u rin g  b u ta - 1 ,3-diene h y d ro 
g en a tio n  ca ta ly sed  b y  rh en iu m  and  rh o d iu m . I t  w as concluded  from  th ese  
stud ies [9, 10] th a t  b u te n e  an d  b u ta n e  w ere fo rm ed  a t  d iffe ren t regions o f th e  
su rface , b u t  th e  c h a ra c te r is tic s  o f these  regions w ere u n k n o w n .
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M ore recen tly , i t  becam e clear t h a t  one fac to r th a t  in fluences th e  y ield  
o f b u ta n e  in  the initial stages o f b u ta - 1 ,3 -d iene h y d ro g en a tio n  is th e  e x te n t of 
h y d ro g e n  occlusion in  th e  m e ta l [19]. T h e  e x te n t  o f h y d ro g en  occlusion in  a 
series o f  m e ta l pow ders u n d e r s ta n d a rd  cond itions of c a ta ly s t  p re p a ra tio n  
v a r ie d  in  th e  sequence I r  >  Os ;>  R u  >  R h  ]>  P t  >  Co ~  N i ~  Cu =  A u =  
= 0 , a n d  th e  y ie ld  o f b u ta n e  in  b u ta d ie n e  h y d ro g en a tio n  u n d e r  s ta n d a rd  con
d itio n s  v a ried  in  th e  sam e sequence [19]. A c a v ity  th e o ry  w as ad v an ced  to  
a c c o u n t fo r th e  e x te n t o f  h y d ro g en  occlusion  in  th e  v a rio u s m e ta ls  an d  th e  
reg ions o f  th e  surface ac tiv e  in  b u ta n e  fo rm a tio n  were p ro p o sed  to  be e ith e r  
th e  su rfaces  of th e  c a v ita te d  zones or, m ore  like ly , th e  b o u n d aries  o f such zones. 
A cco rd in g  to  th is  m odel, th e  cav ities a re  form ed because m e ta l a to m s a t  
th e  m o m en t of th e ir  fo rm atio n  (d u ring  ch lo ride  or oxide red u c tio n ) are  re s tr ic te d  
in  th e i r  d iffusion to  p ro p e r la ttic e  sites b ecau se  o f th e  low  te m p e ra tu re s  com 
m o n ly  em ployed  ( ~ 5 0 0  K ). T here  is th u s  a sim ple te s t o f th is  th e o ry . C a ta ly s ts  
w h ich  n o rm a lly  ex h ib it a low  se le c tiv ity  (e.g. Ir)  should becom e h ig h ly  selective 
i f  th e  m e ta l is fo rm ed a t  a h igh  te m p e ra tu re  w here m e ta l a to m  d iffusion  is 
fa s t . T ab le  IV  show s som e resu lts  [20] fo r a series of irid ium  pow ders p rep a red  
fro m  ch lo ride or oxide in  th e  ran g e  673 — 1273 K . C a ta ly sts  1, 2, an d  4 are  
p o w d ers  p rep a red  u n d e r n o rm a l co n d itio n s ; th e y  occlude h y d ro g en  an d  e x h ib it 
low  c a ta ly tic  selec tiv ities in  b u ta -1 ,3 -d ien e  h y drogena tion . T h e y  are sim ilar 
to  th o se  rep o rted  p rev io u sly  in  re fe rence  [19], except th a t  c a ta ly s t  1 e x h ib ite d  
th e  h ig h e s t e x te n t o f hyd ro g en  occlusion t h a t  we have y e t reco rd ed . C a ta ly s ts  
3 a n d  5 w ere p rep a red  a t  te m p e ra tu re s  o f 1173 and  1273 K , w ell ab o v e  th e  
H u t t ig  te m p e ra tu re  fo r ir id iu m , w here  m e ta l a tom  m o b ility  d u rin g  re d u c tio n  
sh o u ld  h av e  been considerab le . E x te n ts  o f  hydrogen  occlusion w ere low , w hich  
w e a t t r ib u te  to  a v ir tu a l absence o f cav itie s , and  th e  se lec tiv ities  o f th e se  ca ta -

ТаЫе IV

Effect of catalyst preparation temperature upon the extent of hydrogen occlusion in iridium, 
and upon the selectivity of iridium in buta-1,3-diene hydrogenation

Sample Precursor
Catalyst 

preparation® 
temp (K)

Catalyst6
Butadiene Hydrogenation®

Temp. (K) Butene (%) Butane (%) Selectivity

l 1*0, 700 IrH<).46 273 20 80 0.20
2 IrCl3 673 IrH0.12 298 60 40 0.60
3 IrClj 1173 IrHo.03 298 95 5 0.95
4 Ir02 673 Г̂Н().20 385 70 30 0.70
5 IrCl3 1273 1ГНо.02 385 99 1 0.99

a catalyst prepared in flowing hydrogen
6 hydrogen content measured at 373 К by exchange with deuterium 
c conversions =  10—30%. Butene composition: b-1, 45%; c-b-2, 30%; t-b-2, 25%

Acta Chim. Acad. Sei. Hung. 105, 1980



WELLS: DEUTERIUM TRACER STUDY 219

ly s ts  were v e ry  h igh indeed , w hich  follows if  th e  b u tan e -fo rm in g  sites are  
in d eed  associa ted  w ith  th e  p resence  o f th e  proposed  c a b ita te d  zones.

T hus, th e  orig inal o b se rv a tio n  o f m u ltip le  H /D  pools (Table I I )  h as  led , 
b y  a  process o f d educ tive  logic, to  a s itu a tio n  w here th e  se lec tiv ity  of a c a ta ly s t  
c a n  be p re d ic ta b ly  im proved  b y  a change in  p re p a ra tio n  p rocedure .

Conclusions

These sim ple h y d ro ca rb o n  reac tio n s  have  rev ea led  a  considerab le  com 
p le x ity  in  th e  m an n er in  w hich  chem isorbed  hydrogen  re a c ts  a t  c a ta ly tic a lly  
a c tiv e  m e ta l an d  a t  su lph ide su rfaces. This fine  d e ta il concern ing  hydrogen  a to m  
re a c tiv i ty  can  on ly  be p ro b ed  w hen  d eu te riu m  is u sed  as a trace r . T h e  co- 
ex is tan ce  of tw o  or m ore p h ases , e ith e r  in  m e ta l-su lp h u r o r in  m eta l-h y d ro g en  
sy s tem s, m ay , in  a p p ro p ria te  reac tio n s , lead  to  d is tin c tiv e  b eh av io u r on th e  
p a r t  o f adso rbed  hydrogen  w h ich  can have  im p o rta n t e ffec ts  on c a ta ly s t a c tiv 
i t y  a n d  se lec tiv ity . E v en , how ever, w here th e  c a ta ly s t does n o t posses th is  
fo rm  o f surface h e te ro g en e ity , its  a c tiv ity  and  se lec tiv ity  can  be in flu en ced  
b y  th e  p rim ary  or secondary  effects on in tram o lecu la r a n d  in te rm o lecu la r 
h y d ro g en  a to m  tra n sfe r  processes.

♦
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Oxidation, with sodium dichromate at room temperature, of the ethyl ester 
of vincaminic acid (3a) and of vincamine (3b) gave the corresponding anhydro- 
compounds 6a and 7a respectively. When this reaction was carried out at higher tem
peratures, further epimerization of the compounds ensued. The steric structures of the 
isolated products have been verified by chemical and by physical methods.

A  few  years ago in  a p re lim in a ry  co m m u n ica tio n  we described  th e  o x id a 
tio n  o f  v in cam in e , 3b, w ith  sodium  d ich ro m a te , an d  red u c tio n  o f th e  re su ltin g  
im in iu m  sa lt 6 b to  3 -ep iv incam ine, 8 b [2].

S u b seq u en tly , w hile rep ro d u c in g  th is  w ork, B o m b a r d e l l i  et al. [3] 
o b ta in e d  a  m ix tu re  o f  tw o  epim ers 8b a n d  9b an d  on th e  basis o f  spec tro scop ic  
s tu d ies  o f th e  s tru c tu re s  th e y  s ta te d  th a t ,  in  c o n tra s t to  our co m m u n ica tio n , 
th e  ep im er 9b w as th e  m ain  p ro d u c t.

H ere  we in te n d  to  describe th e  d e ta ils  o f th e  stud ies re p o rte d  in  o u r 
p re lim in a ry  p ap e r, fu rth e rm o re  to  p u b lish  re su lts  o f ep im eriza tion  re a c tio n s  
o f  th e  e th y l esters 3a an d  4a of v in cam in ic  acid . T he la t te r  s tu d y  seem ed  to  
be o f  in te re s t  because  3a is gen e tica lly  re la te d  to  (-(-)-apovincam inic e th y l  
e s te r 5 , successfu lly  ap p lied  in  h u m a n  m ed ica tio n  as th e  cereb ral v a so d ila to r  
C av in to n ® .

(A) Synthesis of the ethyl ester of vincaminic acid [4]

T h e e th y l esters  o f  v incam in ic  ac id  a n d  apov incam in ic  ac id  w ere s y n th e 
sized b y  th e  sam e m e th o d  as app lied  fo r th e  p re p a ra tio n  o f  v incam ine  [5]. 
A ccord ing ly , a -a c e to x y ac ry la te  w as p re p a re d  in  th e  sam e w ay  as th e  m e th y l 
e s te r [6 ], a n d  th is  w as allow ed to  re a c t w ith  th e  know n enam ine [5] to  o b ta in  
th e  a d d u c t  la .  S odium  b o ro h y d rid e  re d u c tio n  a t  low  te m p e ra tu re  gave th e

* Part VI, see Ref. [1].
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cis isom er 2a w ith sa tisfactory  stereoselectivity. D eacetylation  of the latter  
led to  the hydroxy d erivative 2b.

O xidation of the hydroxy-ester 2b was effected  by m eans o f the Fétizon  
reagent. W hen working a t th e  boiling point o f  xy len e, the isolated main prod
uct w as the ethyl ester o f  vincam inic acid 3 a , whereas oxidation in benzene 
yielded m ainly the ethyl ester o f 14-epivincam inic acid 4a. As also experienced  
w ith vincam ine, the epi-com pound 4a in ethanol and in the presence o f sodium  
ethoxide epimerizes to  3 a , which is more stab le therm odynam ically and 
crystallizes more easily.

COOKi COORi

la  R, =  C2H5 R2 =  CHjCO 

lb Ri =  C2H5 R2 =  H 

lc R[ =  CH3 R2 =  H

2a Ri =  O2H5 R2 =  CH3CO 

2 b Ri =  C2H5 R2 =  H 

2 c Ri =  CH3 R2 =  H

3a R =  C2H5 

3b R =  CH3

■1 a R =  C2Hä 

4b R =  CH3

5 6a R C2Hs 

6b R - CH3
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A sim ple w ay  o f p ro v in g  th a t  a c tu a lly  th e  C-14 epim ers w ere p re se n t 
consisted  in  d e h y d ra tio n  of 3a an d  4 a  b y  m eans o f ace tic  an h y d rid e , w h ich  
led, in  b o th  cases, to  th e  sam e an h y d ro -co m p o u n d  5, th e  racem ic c o u n te rp a r t  
o f C av in ton .

(B )  P rep a ra tio n  of 3-ep iv incam in ic  acid esters

T he esters  3a  a n d  4a  w ere ox idized w ith  sod ium  d ich rom ate  in  g lacial 
acetic  acid  fo r fo u r day s a t  room  te m p e ra tu re . T his gave th e  de riv a tiv es  6 a 
an d  7a, re sp ec tiv e ly , in  stereo-hom ogeneous reac tio n . R ed u c tio n  b y  m eans 
of sodium  b o ro h y d rid e  in  m eth an o l a t  0 °C u n ifo rm ly  produced  th e  3-epi 
p ro d u c ts  8 a an d  9a.

9b К =  CH3
10 a В =  02Нб 

10Ь К =  СНз

11а К =  С2Н5

lib  К =  СНз
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W h en  th e  o x id a tio n  w as acce le ra ted  b y  w arm ing on a w a te r  b a th ,  a 
m ix tu re  o f  6a and  7a w as o b ta in ed , e ith e r  fro m  pure  3a or p u re  4a; i.e. u n d e r  
th e se  co n d itions th e  re a c tio n  invo lved  ep im eriza tio n  a t  th e  C-14 ch ira l c en tre . 
R e d u c tio n  o f  th e  m ix tu re  as above gave 8a an d  9a, iso lable b y  TLC.

T h e  s ta b ili ty  o f  th e  epim ers 8a a n d  9a during  t re a tm e n t w ith  sod ium  
e th o x id e  w as s tu d ied . In  c o n tra s t to  th e  c is-type  de riv a tiv es  3a an d  4a, in  
th e  case  o f th e  trans ep im eric  p a ir  8a, a n d  9a i t  is th e  14 -ep i-v arian t 9a w hich  
h as  h ig h e r s ta b ility . C om pound 8a is co m p le te ly  converted  in  e th a n o l an d  in 
th e  p resence  o f sodium  e th o x id e  in to  9a.

T hese  epim ers w ere also p rep a red  fro m  th e  a d d u c t la . In  o rder to  re n d e r 
th e  re d u c tio n  o f th e  ca rb o n -n ito g en  doub le  b o n d  less stereoselec tive, th e  space 
re q u ire m e n t o f  th e  s u b s ti tu e n t  a t  C -l w as d im in ished  b y  d ea c e ty la tio n  in  
e th an o lic  hyd roch lo ric  ac id . R ed u c tio n  o f  l b  w ith  sodium  b o ro h y d rid e  a t  room  
te m p e ra tu re , b u t  especia lly  in  boiling  e th a n o l, gave com pound  10a in  co n sid er
ab le  a m o u n ts , besides 2b ; o x id a tio n  o f  th e  fo rm er w ith  th e  F é tizo n  re a g e n t 
y ie ld ed  a  m ix tu re  o f 8a an d  9a. E p im e riz a tio n  induced  b y  m e ta l ions [5] 
also show ed 9a to  be m ore s tab le  th a n  8a. E lim in a tio n  o f w a te r , b y  m eans of 
a c e tic  an h y d rid e , from  e ith e r  o f these  co m pounds resu lted  in  th e  ap o -d e riv a tiv e  
w ith  th e  s tru c tu re  11a.

Table I

lH  chemical shifts ö [ppm]

3a 4a 8a 3b 4b 8b 9b

C (3)-H 3.86 3.87 3.00 2.92 3.85 3.87 2.98 2.91
C(14)— Oil 5.84 6.53 6.42 5.83 6.16 6.72 6.70 6.20
C(21)- H3 0.90 0.90 0.63 0.82 0.89 0.89 0.61 0.82
C O O C H X H ., 1.20 1.18 1.18 1.19 — — — —

COOCHjCH,

COOCH3

4.26
Г 4.16 
[4.18

Í4.17
[4.18

14.24 
[4.26

3.76 3.69 3.70 3.76

Solvent: a 3 : 1 mixture of CDC13— DMSO-de
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Table II
,3C chemical shifts, ä [ppm]

3au 4aa 8aa 9aft 3bb 4bb 8bb 9bb

C-2 131.57 132.02 133.10 132.48 131.37 132.06 133.20 132.49
C-3 58.59 58.52 66.56 66.32 59.01 59.22 66.98 66.56
C-5 50.42 50.54 52.67 52.40 50.80 51.23 52.53 52.67
C-6 16.40 16.24 20.84 20.84 16.65 16.75 21.07 21.00
C-7 104.39 104.70 104.82 104.64 104.83 105.57 105.30 104.94
C-8 128.05 127.77 128.00 128.60 128.45 127.98 128.17
C-9 117.55 117.26 117.39 117.56 117.86 117.78 117.62 117.66
C-10 120.30 120.08 119.98 120.17 120.84 120.93 120.41 120.42
C-1I 119.26 118.99 119.02 119.20 119.62 119.68 119.35 119.39
C-12 111.53 113.77 112.87 111.85 111.13 113.43 112.78 111.68
C-13 136 135.94 134.62 134.16 136 136.04 134.72
C-14 82.31 83.41 83.07 82.59 82.19 82.49 83.26 82.62
C-15 43.88 45.63 45.73 43.52 44.13 46.73 46.13 43.78
C-16 34.53 35.69 36.86 35.47 34.81 36.27 37.13 35.65
C-17 25.19 24.12 20.60 20.68 25.07 24.22 20.82 20.85
C-18 20.41 20.35 18.10 19.13 20.63 20.85 18.36 19.24
C-19 44.21 44.17 55.28 55.18 44.45 44.69 55.69 55.46
C-20 28.35 28.11 31.77 31.69 28.70 28.82 31.93 31.88
C-21 7.27 7.25 6.71 7.11 7.48 7.53 6.75 7.19
COOCHjCH3 61.75 61.16 61.42 61.79 — — — —
COOCH2CH3 13.83 13.70 13.72 13.89 — — — —

COOCH3 — — — — 53.12 52.79 53.09 52.95
CO 175.20 170.27 170.39 171.92 173.22 171.70 171.13 172.74

Solvents: “ DMSO-d6
b mixture of CDCI3— DMSO-de

In the paper by B ombardelli el al. [3] the chemical shifts of C-17 and C-18 in isomers 
8b and 9b are in reverse order.

V incam ine its e lf  show ed an  en tire ly  s im ila r b eh av io u r. C om pound 6b, 
p rep ared  b y  o x id a tio n  a t  room  te m p e ra tu re  w ith  sod ium  d ich ro m ate , w as 
read ily  ep im erized  w hen  w arm ed  in  g lacial ace tic  ac id ; as a re su lt  a m ix tu re  
o f 6b an d  7b w as o b ta in e d . In  c o n tra s t to  fin d in g s w ith  th e  c is-ty p e  v incam ine, 
o f th e  p ro d u c ts  8b a n d  9b, m ade b y  sodium  b o ro h y d rid e  re d u c tio n , th e  14-epi 
com pound 9b p ro v ed  to  be  th e  th e rm o d y n am ica lly  m ore s ta b le  one.

T he s a tu ra tio n  o f  lc  [5] b y  m eans o f sod ium  b o ro h y d rid e  in  m eth an o l 
a t  th e  bo iling  p o in t y ie lded  10b besides v e ry  sm all am o u n ts  o f  2c. O xidation  
w ith  F é tizo n  re a g e n t o f 10b in  benzene, or xy lene  gave m a in ly  th e  isom er 
9b an d  s ligh t am o u n ts  o f  8b. E lim in a tio n  o f w a te r  b y  m eans o f  ace tic  an h y d rid e  
equally  a ffo rded  th e  sam e 3 -ep i-apovincain ine l ib .
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(C) Spectroscopic study of the epiraers

T h e  4 I-N M R  sp e c tra  o f  th e  m e th y l a n d  e th y l esters o f v incam in ic  acid , 
ep im eric  a t  C-3 an d  C-14, w ere reco rded  a t  100.10 M H z; th e ir  13C-NM R 
s p e c tra  w ere ob ta in ed  a t  25.16 M Hz. C hem ical sh ifts a re  lis te d  in  T ab les I ,  
a n d  I I .  T he resu lts  o f N M R  stud ies co n firm ed  th e  ste ric  s tru c tu re s  o f th e  
ep im ers  as show n in  th is  p a p e r . As re p o r te d  b y  B ombardelli et al. [3], th e  
p re fe r re d  conform ations a re  such  th a t  in  th e  cases o f 3a, 3b, 4a, an d  4b th e  
C/D  a n d  D /E  rings a re  c is -an n e lla ted , w h ereas  in  com pounds 8a, 8b, 9a, an d  
9b th e y  are  iro n s-an n e lla ted .

(D) Conclusions

T h e th e rm o d y n am ic  s ta b ility , in  th e  re sp ec t of th e  C-14 ch ira l cen tre , 
o f  th e  C-3 epim eric m e th y l  an d  e th y l e s te rs  o f v incam in ic  ac id  is ju s t  th e  
o p p o s ite  to  w hat w as o b se rv ed  earlier [4, 5] in  th e  case o f  v in cam in e  an d  th e  
e th y l  e s te r  o f v incam in ic  acid .

C onsequently , w h e n  th e  o x id a tio n  o f  com pounds 3a a n d  3b w ith  sodium  
d ic h ro m a te  in acetic  a c id  is n o t c a rried  o u t a t  room  te m p e rá iu l e, th e n  no t 
8a or 8b b u t 9a or 9b, i.e. th e  C-14 ep im ers , w ill be th e  m a in  p ro d u c ts  o f su b 
s e q u e n t reduction . T h o u g h  B ombardelli et al. do n o t re p o r t  in  th e ir  p a p e r 
th e  te m p e ra tu re  o f o x id a tio n , th e  m o st p ro b ab le  reason  w b y  th e y  w ere u n ab le  
to  rep ro d u ce  our re su lts  [2 ] is th a t  th e y  effected  th e  re a c tio n  a t  an  e leva ted  
te m p e ra tu re .

Experimental

M.p.’s are uncorrected. IR spectra were recorded by means of a Spectromom 2000 
spectrophotometer in KBr pellets.

3 ,4 -  D eh y d ro -J 1 ,1  5 -d ih y d r o -  f t - ( e t h o x y  c a r b o n y l) - 1 1 - h yd ro x y  e b u r n a m e n in f  I t / 1,  1 6 a )
p e r c h lo r a te  ( 6 a )

14,15-Dihydro-14-(ethoxycarbonyl)-14-hydroxyeburnamenin(3a, 14/3, 16a) (За) (1.0 g; 
2.71 mmoles) was dissolved in glacial acetic acid (15 ml), and a solution of sodium dichro
mate dihydrate (0.3 g; 1.0 mmole) in glacial acetic acid (3 ml) was added. This mixture was 
allowed to stand 4 days at room temperature. To the resulting dark green solution an aqueous 
70% solution (0.3 ml) of perchloric acid was added and the mixture was allowed to crystallize, 
to obtain yellow crystals (0.9 g; 71%), m.p. 204—207 °C.

C22H27C1N20 , (466.92). Calcd. C 56.59; H 5.83; N 5.99. Found C 56.43; H 5.87; N 6.07%.

IR (rmax): 1744 c m -1 (> C = 0 )  1645 cm ’ 1 ( > C = N - ) .

3 ,4 - D c h y d r o -1 4 ,1 5 -d ih y d r o -1 4 - (e th o x y c a r b o iiy l) -1 4 -h y d r o x y e b u r iia m c m n (1 4 a , 1 6 a )  ( 7 a )

14,15-Dihydro-14-(ethoxycarbonyl)-14-hydroxycburnamenin (3a, 14a, 16a) (4 a )  (3.0 g; 
8.13 mmoles) was dissolved in glacial acetic acid (45 ml), and sodium dichromate dihydrate 
(1.0 g; 3.33 mmoles) in glacial acetic acid (10 ml) was added. This mixture was allowed to
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stand 4 days at room temperature. The dark green solution was then mixed with a 70% aque
ous solution (1 ml) of perchloric acid and allowed to crystallize, to obtain yellow crystals 
(2.0 g; 52.6%) m.p. 182-184  °C.

C22H27C1N20 7 (466.92). Clacd. C 56.59; H 5.83; N 5.99. Found C 56.80; H 6.03; N 5.74%. 

IR (vmax): 1764 c m -1 (> C = 0 ) , 1659 cm"1 O C = N - ) .

( ±)-3-Epivineaminic acid ethyl ester (8a)

The salt 6a (1.3 g; 2.78 mmoles) was suspended in methanol (20 ml) and cooled to 0 °C, 
under vigorous stirring, then sodium borohydride (1.2 g; 31.88 mmoles) was added in small 
portions and the stirring was continued for 1 h. The mixture was acidified to pH 2 — 3 with 
5 N  HC1, and evaporated under reduced pressure; the residue was mixed with distilled water 
(120 ml) and made alkaline (pH 10) with 40% NaOH solution. The mixture was then extracted 
with dichloromethane (60, 50, 40 ml), the organic phase dried over MgS04 and the solvent 
evaporated under reduced pressure. The dry residue (1.0 g) was recrystallized from ethanol 
to yield white crystals (0.8 g; 78.2%) m.p. 182—183 °C.

C22H28N20 3 (368.48). Calcd. C 71.71; H 7.66; N 7.60. Found C 71.95; H 7.47; N 7.71%.
IR (vmax): 1729 c m '1 (> C = 0 ).

(±)-3-Epi-14-epivincaminic acid ethyl ester (9a)

The salt 7a (1.3 g; 2.78 mmoles) was suspended in methanol (40 ml) and, under con
stant stirring, this suspension was cooled to 0 °C. Sodium borohydride (1.2 g; 31.88 mmoles) 
was added in small portions and the stirring was continued for 1 h. This reaction mixture was 
then acidified to pH 2—3 with 51V hydrochloric acid. Evaporation in vacuum left a residue, 
which was taken up in water (120 ml) and the solution was made alkaline (pH 10—11) with 
40% NaOH solution. Extraction with dichloromethane (60, 50, 40 ml) gave an organic solution 
which was dried (MgS04) and evaporated under reduced pressure. The residue (1.0 g) was 
crystallized from ethanol to obtain a white, crystalline substance (0.75 g; 73.3%), m.p. 147— 
148 °C.

C22H28N20 3 (368.48). Calcd. C 71.71; H 7.66; N 7.60. Found C 72.11; H 8.26; N 7.34%.
IR (vmax): 1720 cm -1 (> C = 0 ).

Preparation of the mixture of isomers 6a and 7a

(a) Compound За or 4a (1.0 g; 2.71 mmoles) was dissolved in glacial acetic acid (15 ml) 
and treated with a solution of sodium dichromate dihydrate (0.3 g; 1.0 mmole) in glacial acetic 
acid (3 ml). The mixture was allowed to stand for 2 days at room temperature, then warmed 
on a water bath for 2 h. After cooling, the dark green liquid was mixed with 70% aqueous 
perchloric acid (0.3 ml), to obtain a yellow, crystalline substance (0.75 g; 59.3%), m.p. 189—
195 °C.

1751 cm “ 1 (> C = 0 ) ,  1653 cm"1 (> C = N —).

(6) The perchlorate of 3,4-dehydro-14,15-dihydro-14-(ethoxycarbonyl)-14-hydroxy- 
eburnamenin-(14/9, 16a) (6a) (1.0 g; 2.14 mmoles) was warmed on a water bath in glacial acetic 
acid (50 ml) for 20 hrs. The reaction mixture was then concentrated in vacuum to half its origi
nal volume, and allowed to crystallize, to obtain yellow crystals (0.65 g).

This substance was identical in all respects examined with the compound made accord
ing to (a).

Chemical reduction of the isomeric mixture 6a and 7a

The mixture of the isomeric salts 6a and 7a (0.65 g; 1.39 mmole) was suspended in 
methanol (20 ml) and cooled, with stirring, to 0 °C. Sodium borohydride (0.60 g; 15.94 mmoles) 
was added in small portions and stirring was continued for 1 h. After acidification with 5N  
HC1 to pH 2—3, the solution was evaporated under reduced pressure, the residue was taken 
up in distilled water (60 ml) and adjusted to pH 10 —11 with 40% NaOH solution. Extraction 
with dichloromethane (30, 25, 20 ml) followed, the organic phase was dried (MgS04) and 
evaporated under reduced pressure. The dry residue (0.35 g) was dissolved in dihloromethane 
and separated into its components by preparative TLC on a 20 x20 cm, 1.5 mm thick layer
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of Kieselgel PF^+g^, using a 7 : 1 solvent mixture of benzene and methanol. Elution was 
effected with dichloromethane and eluate was evaporated to dryness.

The substance with the lower Rj value was 0.224 g (43.7%) all its properties tested 
agreed with those of 8a.

The substance with higher Rj (0.092 g; 17.9%) was in all respects identical with 9a.

Stability studies

(o) ( +  )-3-Epivincaminic acid ethyl ester (8a) (0.15 g; 0.4 mmole) and sodium ethoxide 
in ethanol (20 ml; sodium ethoxide content 0.17 mmole) were refluxed, with the exclusion of 
moisture, for 3hrs. After cooling, the reaction mixture was evaporated under reduced pressure 
and the residue rubbed with distilled water. The solid was collected, dried and recrystallized 
from ethanol, to obtain white crystals (0.12 g; 80.0%). This product was identical with com
pound 9a in every respect.

(b) ( +  )-3-Epivincaminic acid ethyl ester (8a) (0.2 g; 0.54 mmole) was dissolved in dry 
benzene or xylene (10 ml) Fétizon reagent (1.0 g) was added and the suspension was refluxed, 
with stirring for 1 h. The solid was filtered off from the not mixture and the solution was 
evaporated under reduced pressure. The dry residue (0.18 g) was dissolved in dichloromethane 
and its components were separated by TLC on a 20 x20  cm, 1.5 mm thick layer of Kieselgel 
РЕ^+зер, using a 7 : 1 solvent mixture of benzene and methanol. Elution was effected with 
dichloromethane, and the eluates were evaporated to dryness.

The substance with the lower Rj value was 0.03 g (15%) all its properties agreed with 
those of 8a.

The substance with the higher Rj (0.12 g; 60%), was in all respect identical with 9a.
(c) ( +  )-3-Epi-14-epi vinca minie acid ethyl ester (9a) (0.15 g; 0.4 mmole) and sodium 

ethoxide in ethanol (20 ml; sodium ethoxide content 0.17 mmole) were refluxed with the exclu
sion of moisture. Chromatograms of samples taken from this mixture after protracted treatment 
did not reveal any sign of a conversion.

Chemical reduction of compound lb [4]

l-Ethyl-l-(2-hydroxy-2-ethoxycarbonylethyl)-l,2,3,4,6,7-hexahydro-12if-indoIo[2,3-a]- 
quinolizin-5-ium perchlorate (lb) (10.0 g; 21.3 mmoles) was suspended in ethanol (300 ml) 
and heated to the boiling point with stirring. Sodium borohydride (l.Og; 26.57 mmoles) was 
added and the mixture was refluxed for further 15 min. It was then cooled and adjusted to 
pH 2—3 with 10% HC1. The residue obtained on evaporation in vacuum was taken up in 
distilled water (300 ml) and made alkaline (pH 11) with 40% NaOH solution. Extraction with 
consecutive portions (150, 100, 80 ml) of dichloromethane, drying (MgS04) and evaporation 
of the solvent under reduced pressure gave dry a residue (7.22 g) which was subjected to frac
tional crystallization from ethanol to yield compound 2b (0.77 g; 9.7%), m.p. 234—236 °C 
and compound 10a (3.55 g; 44.9%), m.p. 140—142 °C.
Compound 10a:

C„jH30N2O3 (370.48). Calcd. C 71.32; H 8.16; N 7.56. Found C 71.36; H 8.36; N 7.86%.
IR(rmax): 3240 cm “ 1 (indole-NH), 1718 c m '1 (> C = 0 ).

Oxidation of compound 10a with Fétizon reagent

(а) la-Ethyl-l-(2-hydroxy-2-ethoxycarbonylethyl)-l,2,3,4,6,7,12,12b/S-octahydroindolo- 
-[2,3-a]quinolizine (10a), (3.0 g; 8.1 mmoles) dissolved in dry xylene (50 ml) was mixed with 
Fétizon reagent (15.0 g), and the suspension was refluxed and stirred for2hrs.The solid was 
removed from the hot mixture by filtration and the xylene was evaporated in vacuum. The 
dry residue (2.8 g) was chromatographed on a column of aluminium oxide (110 g; activity 
grade 3) with benzene. The fractions containing homogeneous substances were combined and 
evaporated to dryness.

The substance with the lower Rj value was 0.20 g (6.6%). It was identical with com
pound 8a.

The substance with the higher Rj (0.78 g; 25.9%) corresponded in every respect to 9a.
(б) Compound 10a (2.0 g; 5.4 mmoles) was dissolved in dry benzene (30 ml), Fétizon 

reagent (10.0 g) was added, and the mixture was stirred and refluxed for 20 hrs.The solid was 
removed from the hot suspension by filtration and the benzene was evaporated from the fil-
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träte under reduced pressure. The dry residue (1.58 g) was chromatographed on a column of 
forty parts of aluminium oxide (63 g) (activity grade 3), with benzene. The fractions contain
ing identical pure substances were combined and evaporated to dryness.

The substance with the lower Rj was 0.1 g (4.9%), identical with 8a.
The substance with the higher Rj (0.41 g; 20.4%) had all the characteristics of 9a.

( ±)-3-Epi-apovincaminic acid ethyl ester 11a

Compound 8a or 9a (1.0 g; 2.7 mmoles) was dissolved in acetic anhydride (40 ml) and 
refluxed for 20 hrs. The residue obtained on evaporation in vacuum was dissolved in distilled 
water (80 ml) and adjusted to pH 11 with a 40% NaOH solution. Extraction with ether (30, 
20, 10 ml), drying of the organic phase (MgS04) and evaporation under reduced pressure left 
a dry residue (0.9 g), which was crystallized from ethanol to yield white crystals (0.6 g; 63.1%), 
m.p.100—101 °C, and 102—103 °C after recrystallization from ethanol.

C22H,6N20 2 (350.44). Calcd. C 75.40; H 7.48; N 7.99. Found C 75.02; H 7.57; N 7.97%.
IR (vmax): 1749 cm"1 (> C = 0 ) ,  1672, 1618 cm’ 1 (> C = C < ).
'H-NMR (60 MHz, in CDC13): 6 7 .74-6 .94 (m, 4H, arom. H); 6.24 (s, 1H, > C = C H —); 

4.66-41.8  (q, 2H, CH3CH20); 1.36 (t, 3H, CH3CH20); 0.72 (t, 3H, CH3CH2).

3.1-Dehydro-14.15-ch hydro-14-( met hoxy carbonyl)-14-hydroxy cburnamenin( 14/i, 16a)
perchlorate 6b

14,15-Dihydro-14-(methoxycarbonyl)-14-hydroxyeburnamenin(3a, 14/?, 16a) (3b) (3.0 g; 
8.46 mmoles) was dissolved in glacial acetic acid (45 ml), and sodium dichromate dihydrate 
(0.95 g; 3.17 mmoles), also dissolved in glacial acetic acid (10 ml), was added. The mixture 
was let to stand at room temperature for 5 days. An aqueous solution (70%; 0.73 ml) of per
chloric acid was added to the dark green solution and the mixture was allowed to crystallize, 
to yield a yellow, crystalline substance (1.7 g; 44.4%), m.p. 184—186 °C, and 195—196 °C 
after recrystallization from methanol.

CjjHjjCINjO, (452.88). Calcd. C 55.68; H 5.56; N 6.18; Found. C 55.47; H 5.71; N 6.14%.

IR(rmax): 1745 cm“1 (> C = 0 ) ,  1640 cm“1 O T ^ N - ) .

Isomerization of compound 6b in warm glacial acetic acid

Compound 6b (1.0 g; 2.2 mmoles), dissolved in glacial acetic acid (50 ml), was warmed 
on a water bath for 20 hrs. The reaction mixture was evaporated in vacuum, the residue suspend
ed in methanol (30 ml) an cooled, with stirring, to 0 °C. Sodium borohydride (0.7 g; 18.6 
mmoles) was then added in small portions. After stirring for 1 h more, the solution was adjusted 
to pH 2—3 with 5iV HC1. The solvent was evaporated under reduced pressure, the residue 
was dissolved in distilled water (100 ml) and the pH was adjusted to 11 with 40% NaOH 
solution. Extraction with consecutive portions (50, 40, 30 ml) of dichloromethane, drying of 
the organic phase (MgS04), and evaporation under reduced pressure left a dry residue (0.75 g), 
which was separated into its components by preparative TLC on a 20 x20  cm, 1.5 mm thick 
layer of aluminium oxide using a 20 : 0.1 mixture of dichloromethane and methanol
as the developing solvent. Elution was affected with dichloromethane the eluates were evapo
rated to dryness.

The substance with the lower Rj was 0.35 g (44.7%), identical in every respect with 
3-epivincamine (8b).

The substance with the higher Rj (0.35 g; 44.7%), had all the properties of 3-epi-14- 
-epivincamine (9b).

Chemieal reduction of compound lc  [5]

l-Ethyl-l-(2-hydroxy-2-methoxycarbonylethyl)-l,2,3,4,5,7-hexahydro-12H-indolo[2,3- 
-a]quinolizin-5-ium perchlorate (lc) (10.0 g; 21.98 mmoles) was suspended in methanol (300 ml) 
and heated to the boiling point, with stirring. Sodium borohydride (1.0 g; 26.57 mmoles) 
was added and refluxing was continued for 15 min more. The reaction mixture was allowed 
to cool and adjusted to pH 2—3 with 10% HC1. After evaporation under reduced pressure, 
the residue was taken up in distilled water (300 ml) and adjusted to pH 11 with a 40% NaOH 
solution. Extraction by means of shaking with dichloromethane (150, 100, 80 ml) gave a
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combined organic phase which was dried (MgS04) and the solvent evaporated under reduced 
pressure. The dry residue (8.7 g) was fractionated by crystallization from methanol.

The products were compound 2c (0.6 g; 7.6%), m.p. 231—233 °C and compound 10b  
(3.6 g; 45.9%), m.p. 163-165 °C.

O x id a tio n  o f  co m p o u n d  1 0 b  w i t h  F é t iz o n  r e a g e n t

(а) la-Ethyl-1-(2-hydroxy-2-methoxycarbonylethy 1)-1,2,3,4,6,7,12,12b/3-octahydroindo- 
lo[2,3-a]quinolizine (1 0 b )  (1.0 g; 2.8 mmoles) was dissolved in dry xylene (30 ml) and Fétizon 
reagent (5.0 g) was added. The suspension was refluxed and stirred for 1 h. The solid was remov
ed from the hot mixture by filtration, and the xylene was evaporated in vacuum. The dry 
residue (0.95 g) was chromatographed on forty parts of aluminium oxide (38 g) (activity grade 
3), with benzene. The fractions containing identical, pure substances were combined and 
evaporated to dryness, then crystallized from methanol.

The substance with the lower Rj (0.09 g; 9.1%) had all the properties of 3-epivinca- 
mine (8b).

The substance with the highed Rj (0.35 g; 35.2%) was in every respect identical with 
3-epi-14-epivincamine (9b).

(б ) Compound 1 0 b  (1.0 g; 2.8 mmoles) was dissolved in dry benzene (30 ml), Fétizon 
reagent (5.0 g) was added, and the suspension was stirred and refluxed for 20 hrs. The solid was 
removed from the hot solution by filtration and the benzene was evaporated in vacuum. The 
dry residue (0.9 g) was chromatographed in benzene on a column of forty parts of aluminium 
oxide (36 g) (activity grade 3). The fractions containing identical pure substances were com
bined and evaporated to dryness; the residues were crystallized from methanol.

The substance with the lower Rj (0.08 g; 8.05%) agreed in all its properties tested 
with 3-epivicamine (8 b ).

The substance with the higher Rj (0.32 g; 32.1%) was identical with 3-epi-14-epivinca- 
mine (9 b ).

(  r h ) -3 -E p i-a p o v in c a m in e  ( l i b )

Compound 8b  or 9 b  (1.0 g; 2.82 mmoles) was refluxed in acetic anhydride (40 ml) for 
20 hrs. The solvent was then evaporated under reduced pressure, the residue dissolved in distil
led water (80 ml) and adjusted to pH 11 with 40% NaOH solution. Extraction with ether (30, 
20, 10 ml), drying of the organic solution (MgS04) and evaporation of the solvent in vacuum 
left a residue which was crystallized from methanol to obtain white crystals (0.58 g; 61.1%), 
m.p. 152—154 °C.

C2,H24N20 2 (336.42). Calcd. C 74.97; H 7.19; N 8.33. Found 74.77; 7.29; N 8.22%.
IR(rmax): 1735 c m -1 (> C = 0 ) , 1620, 1610 c m -1 (> C = C < ).
Ш-NMR (60 MHz; in CDC13): <5 7.68—7.00 (m 4H, arom. H); 6.14 (s, 1H ,> C = C H —); 

4.15 (s, 1H, annell. H); 3.28 (s, 3H, CH30).
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In  th e  course o f  s tu d y in g  th e  s te reo ch em is try  o f  th e  fo rm ation  o f  su g ar 
p h osph in im ines [1 , 2 ] we found  a n ove l n e ig h b o u rin g  g roup  p a r tic ip a tio n  [3], 
w hich re su lte d  in  iV -tripheny lphosphon ioep im ino  p y ran o sid e  d e riv a tiv es  ( 1  

and  2). To co rro b o ra te  th e ir  s tru c tu re s , w e an a ly zed  th e  XH -N M R  sp e c tra  b y  
com paring  th e m  w ith  th o se  o f th e  know n  IV-acetyl analogues (3 an d  4) [4, 5 ], 
o b ta in ed  fro m  1  an d  2 , re spec tive ly , b y  tre a tm e n t w ith  po tassium  h y d ro x id e  
and  su b seq u en t a c e ty la tio n .

(2)
Scheme 1

(4)
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B u ss et al. [6] earlie r described  th e  sp e c tra  of 3 and  4 to g e th e r  w ith  those 
o f  th e  2,3-epoxides, 2 ,3-ep isu lfides an d  2 ,3-ep im ino  d e riva tives.

O n  th e  basis o f th e  coupling  c o n s ta n ts , th e y  suggested  th e  h a lf-ch a ir 
c o n fo rm a tio n  for th e  alio d e riv a tiv es  ( J 1>2 =  J 3,4 =  0 H z; J it5 ~  10 H z), 
an d  a  s ig n if ican t co n fo rm atio n a l f la tte n in g  fo r th e  manno co m p o u n d s ( J l 2 =  
=  JT3 4 =  2.5 —4.5 H z; J 4 5 ~  5 6  H z).

T h e  assignm ent o f r in g  p ro to n s in  th e  manno series was la te r  discussed 
b y  Sw e e t  and B rown [7], th e n  b y  A l ba n o , H orton and  Lauterbach  [8]. 
R e c e n tly , X -ray  analy sis  [9] p roved  th e  h a lf-ch a ir co n fo rm atio n  also for 
e p o x i-manno  d e riv a tiv es , a n d  A chmatowicz et al. [10] show ed b y  m eans of 
th e  260 M Hz NM R sp e c tru m  th a t  th e  a ssu m p tio n  o f co n fo rm atio n a l f la tte n in g  
w as a  consequence o f th e  in co rrec t a ss ig n m en t of H-4.

R e-exam in ing  th e  JH -N M R  sp ec tra  o f  th e  iV -acetyl-2,3-epim ino d e riv 
a tiv e s  (3 and  4), we fo u n d  th a t  some ass ig n m en ts  o f the  ring  p ro to n s  for th e  
ep im ino-m anno  com pounds m u st also be  co rrec ted .

W h en  com paring  th e  1H -N M R  sp ec tru m  of 1 w ith  th a t  o f 3 and  th e  
sp e c tru m  o f 2 w ith  th a t  o f  4, a close s im ila r ity  w as found in  th e se  p a irs  (Table 
I) . S u b s titu tio n  o f iV -acetyl w ith  th e  iV -triphenylphosphonio  g roup  resu lted  
in  a  0 .1 0 —0.65 ppm  dow nfie ld  sh ift o f  th e  rin g  p ro to n  signals. T h e  absence o f 
th is  e ffec t on th e  signals o f  H-2 and  H -3 in  1 is v e ry  p ro b ab ly  d u e  to  th e  v ic in 
i ty  o f  th e  to lu en e-p -su lfo n a te  an ion . In  th e  sp ec tra  of 1 an d  2 sing le ts  ap p ear 
a t  2 .75  and  2.78, re sp ec tiv e ly , owing to  th e  presence of a w a te r  m olecule needed 
fo r c ry s ta lliz a tio n  [3], as also rev ea led  b y  th e  X -ray  s tu d y  o f  th e  c ry sta l 
s t ru c tu re  of 2  [1 1 ].

In  th e  alio series, th e  Hl-NMR sp e c tra  o f 2 and  4 e x h ib it doub le ts  for 
H - l  a t  5.13 and  4.91 w ith  J 12 =  4.0 H z an d  3.8 H z, re sp ec tiv e ly , w hich are 
in  good agreem ent w ith  know n [6 ] d a ta . I r ra d ia tio n  a t  th e se  va lu es  caused  
ch an g es  only in  th e  signals a t  3.56 a n d  3.20, th u s  these  can  be  assigned to  
H -2 , an d  the  p a tte rn s  a t  3.22 an d  3.05 to  H -3. The large sp lit t in g  (14 H z) o f  
th e  H -2 and H-3 signals in  th e  sp ec tru m  o f 2 is due to  coupling w ith  phosphorus.

W hen th e  nucleus a t  4.20 or 3.92 w as irrad ia ted , th e  com plex  p a tte rn s  
o f  H -3  sim plified, i.e., th e  chem ical sh if t o f H-4 can be ex p ec ted  a t these  
v a lu es .

Signals o f H-5 a n d  H -6 e show  a s tro n g ly  coupled com plex  p a t te rn  o v er
la p p in g  w ith  th e  signal o f H-4 in b o th  cases (2 and  4) in  th e  4.05 4.40 an d
3.8 ~ 4.4 regions, re sp ec tiv e ly . Signals o f  H -6 a ap p ear as s e p a ra te  tr ip le ts  a t 
3 .78 and  3.69 an d  sing lets o f H - 8  w ere observed  also se p a ra te ly  a t  5.66 and  
5 .59. These resu lts  f i t  in  well w ith  th e  conform ation  estab lish ed  by  X -ra y  
[1 1 ] in  th e  case o f 2 .

*H-NMR sp e c tra  o f th e  manno d e riv a tiv e s  1 and  3 e x h ib it sing lets o f 
anom eric  p ro tons a t  5.16 and  4.90, as ex p ec ted . In  th e  H -2 , H -3  regions sh a rp  
signals appear a t  2.70 and  2.81 (IVl/2 — 1.2 H z), while th e  signals a t  2.86 and
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Table I

Chemical shifts ('H'MS =* 0 ppm) and coupling constants (Hz) of compounds 1—4 in CDCl3, from the 100-MHz spectra

Com
pound H-l H-2 H-3 H-4 H-5 He-6 H„-6 H-8 CHjO CH,Ph Ph H,0 CH8CO

l 5.16 2.70 2.86 4.20 3.74 4.30 3.95 5.79 3.47 2.30 7.02 (2H) 2.75
7.20-7.50 (5H)
7.60-7.90 (17H)

J  1,2 ^ 0? »/2,3 =  6.0; */3,4 *** 0*5; Ji n — 9.0; J6 6f =  10,0; J6f6a =  10.0’ 3̂ P,CH =  14.0
2 5.13 3.56 3.22 4.20* 4.05—4.40 3.78 5.66 3.47 2.30 6.98 (2H) 2.78

7.38—8.00 (22H)
J  1,2 ~ 4.0; J2 3 =  6.3; J 3 4  — 2.0; J5,ea == 11.5; J  ne fia — H-5; 3J p CH — 14.0

3 4.90 2.81 3.09 3.55 -3.90 4.25 3.55-3.90 5.42 3.47 — 7.30-7.60 (5H) — 2.22
Ji t «= 0; 3 =  6.0; j 34 ^  0.5

3** 4.75 2.59 2.88 3.55* 3.40-3.80 4.14 3.40-3.80 5.34 3.18 — 7.25 (3H) 1.84
7.52 (2H)

4 4.91 3.20 3.05 3.92* 3.80-4.40 3.69 5.59 3.46 — 7.20-7.55 (5H) 2.22
J  1,2 = 3»8; J2 3 — 6,1;

1
J 34 — 2.1; Jsfia *** Jfsefia 9

1
* Value based on double resonance experiment 

** Measured in CDCl3-CcD6 (1 : 9)

TÓ
TH

 et «1.: UI-NM
R IN

V
ESTIG

A
TIO

N



234 TÓTH et al.: 'H-NMR INVESTIGATION

3.09 a re  b roadened  (TF1/2 =  3 H z), caused  p ro b a b ly  b y  a fu r th e r  sm all coupl
in g  ( J  и  1 Hz). I r ra d ia tio n  a t  4.20 an d  3.72 (H -4), caused sh a rp e n in g  of th e  
signals  a t  2.86 and  3.09, co n seq u en tly , th e se  sh ifts  are  due to  H -3 , i.e ., in  the  
case o f  th e  manno co m p o u n d , c o n tra ry  to  alio d e riv a tiv es , th e  chem ica l sh ift 
o f  H -3  is h igher th a n  th a t  o f  H -2.

W h ile  th e  signals o f  H -4 , H -5 an d  H -6 a  in  1 are  w ell se p a ra te d , in  the  
case o f  3 th e  sam e signals g ive  a n e a rly  A 3 ty p e  p a tte rn , an d  on ly  th e  com plex 
p a t te r n s  o f H -6a ap p ears  se p a ra te ly  a t  4 .25 , b u t  its  m u ltip lic ity  m akes the  
d e te rm in a tio n  of coup ling  c o n s ta n ts  im possib le . T he acc id en ta l isoch ro n y  of 
th e  fo rm e r th ree  p ro to n s  o f 3 d isap p ears  in  th e  m ix tu re  o f  benzene-de 
a n d  deu te roch lo ro fo rm  ( 9 : 1 )  (T able I ) , b u t  th e ir  p a tte rn s  a re  s till s trong ly  
c o u p led . T he signal o f H -6e w as observed  a t  4.15 as a d o u b le t o f  d o u b le ts  w ith  
10 H z  a n d  3 H z spac in g , in d ica tin g  a gem inal (H -6a) an d  a v ic in a l (H-5) 
g a u ch e  coupling. This is th e  signal w hich  w as assigned ea rlie r, inco rrec tly , 
to  H -4 .

T h e  H-8 singlet in  th e  sp ec tru m  o f 1 w as observed  a t  5 .79 , an d  in  th e  
case o f  3 a t  5.42, i.e ., th e  dow nfield  sh if t caused  by  th e  trip h en y lp h o sp h o n io  
s u b s t i tu e n t  appears h ere  ag a in .
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Ethylenediamine (Ha) reacts with methyl 3-aryl-propynoates (Ilia—c) and 
aryl-(2-phenylethynyl)ketones (Via, b) to give the corresponding JV,lV’-ethylenebis- 
-(3-arylpropynoic amides) (IVa—c)and (Z,Z)-JV,lV’-ethylenebis(3-amino-l-aryl-3-phenyl-
2-propen-l-ones) (Vila, b), respectively. However, excess Ha and Ша gave lV-(2-amino- 
ethyl)-3-phenylpropynoic amide (V). Similarly, ethanolamine (lib) gave with the ester 
(ШЬ), lV-(2-hydroxyethyl)-3-(p-chiorophenyl)propynoic amide (VIII) and with the 
ketones (Via, b), the corresponding (Z)-3-amino-l-aryl-JV-(2-hydroxyethyl)-3-phenyl- 
2-propen-l-ones (IXa, b).

The reaction of ethylenediamine with diethyl acetylenedicarboxylate 
has been reported [1] to give ethyl З-охо-2-piperazineacetate (I) as a result 
of reaction at both the acetylenic and ester groupings. The present investiga-

OEt

tion deals with the reaction of the same nucleophile (and of ethanolamine) 
with some other acetylenic esters (and acetylenic ketones) in order to establish 
both the structure and/or configuration of the products.

a) R e a c t i o n  o f  e t h y l e n e d i a m i n e  (Ila) w i t h  m e t h y l  3 - a r y l p r o p y n o a t e s  (Ilia—c) 
a n d  a r y l - ( 2 - p h e n y l e t h y n y l ) k e t o n e s  (Via, b)

Equimolar amounts of ethylenediamine (Ila) and methyl 3-arylpropy
noates (Ilia—c) react in methanol at room temperature to give the corre
sponding !V,lV’-ethylenebis(3-arylpropynoic amides) (IVa—c) ( c f .  Scheme 1). 
The structure of the products was established by infrared and electronic

5 Acta Chim. Acad. Sei. Hung. 105, 1980
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spectroscopy (Table I) and analytical data (Table II). However, the addition 
of 2 mol of ethylenediamine to 1 mol of methyl 3-phenylpropynoate (Ilia ) 
gave 7V-(2-aminoethyl)-3-phenylpropynoic amide (У) (с/. Experimental). On 
the other hand, when equimolar amounts of ethylenediamine (Ila) and aryl- 
-(2-phenylethynyl)ketones (Via, b) were allowed to react in ethanolic solution, 
they afforded the corresponding (Z,Z)-iV,7V’-ethylenebis(3-amino-l-aryl-3- 
-phenyl-2-propen-l-ones) (V illa , b) (cf. Scheme 1, Tables I and II).

Table I
Infrared (K B r discs) and electronic (ethanol) spectral data for compounds 

IV, V, v n , VIII and IX

Com
pound

Infrared spectra Electronic spectra

vNH
(cm -1)

vC =  Cx
(cm’1)

vC=Ol
(cm-1)

^max
(nm) log C •Ятах

(nm) log e Ятах
(nm) log E

IVa 3280 2 2 1 0 1630 247.5 4.7 258 4.8 280 4.5
IVb 2360 2 2 0 0 1625
IVc 3280 2 2 0 0 1630 277.5 4.9 291 4.85
v 3280-3220* 2 2 0 0 1640
Vila 3100—3000* — 1600** 245 4.3 350 4.5
Vllb 3100-3000* — 1600** 250 4.4 350 4.6
VIII 3380 3220 2 2 1 0 1640
IXa 3390-3250 — 1600** 250 4.0 350 4.2
IXb 3400—3250 — 1600** 250 4.1 350 4.3

* Chelated and/or bonded NH 
** Chelated C = 0

Table II
N ,N ’-ethylenebis(3-arylpropynoic amides)  (Via—c) and 

(Z,Z)-N,N’’-ethylenebis(3-amino-l-aryl-3-phenyl-2-propen-l-ones) (Villa, b)

Compound M .p .
(°C )

Yield
(%) Formula

Analysis: Calcd. Found

C H N

IVa 220-1 60 c20h ,6n 2o2 75.94 5.06 8.86
76.08 5.29 8.57

IVb 285-6 54 c20h 16ci,n ,o. 62.50 3.64 7.29
62.42 4.04 6.89

IVc 217 8 51 C , ? H „ „ N 90 j 70.21 5.31 7.44
69.78 5.38 7.38

Vila 124-5 71 C32H28N20 2 81.35 5.93 5.93
81.80 6.12 6.06

Vllb* 208—9 75 ^ 3 2 ^ 2 6 ^ 2 ^ 2 ^ 71.11 4.80 5.20
71.08 4.88 5.30

*C1 Calcd. 12.96 
Found 13.09

5* Acta Chim. Acad. Sei. Hung. 105, 1980
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b) R e a c t io n  o f  e th a n o la m in e  (lib) w ith  m e th y l 3 - (p -c h lo r o p h e n y l)p r o p y n o a te  
(Illb) a n d  a r y l - ( 2 -p h e n y le th y n y lJ k e to n e s  (IVa, b)

When equimolar amounts of ethanolamine (Ila) and methyl 3-(p-chloro- 
phenyl)propynoate (Illb) or aryl-(2-phenylethynyl)-ketones (Via, b) were 
allowed to react in ethanolic solution (cf. Experimental), they gave N -(2 -  
-hydroxyethyl)-3-(p-chlorophenyI)propynoic amide (VIII) and the correspond
ing (Z)-3-amino-l-aryl-iV-(2-hydroxyethyl)-3-phenyl-2-propen-l-ones (IXa, b), 
respectively (cf. Scheme 1, Tables I and III).

Experimental

All melting points are uncorrected. Infrared spectra (KBr discs) were recorded on a 
Unicam SP 1200 spectrophotometer and electronic spectra (in ethanol) on Beckman DK-2 
Ratio Recording and Unicam SP 800 spectrophotometer.

G e n e r a l p ro ced u re  fo r  t h e  a d d it io n  o f  e q u im o la r  a m o u n t  o f  e th y le n e d ia m in e  t o  m e th y l
3 -a r y lp r o p y n o a te s  ( I l i a —c )  [2] a n d  a r y I - (2 -p h e n y le th y n y l)k e to n e s  ] V I a , b )  [3]

Aqueous ethylenediamine (50%, 1.2 g, 0.01 mol) in methanol (10 ml) was added to a 
solution of I I I  or V I (0.01 mol) in methanol (20 ml) and the reaction mixture was allowed to 
stand at room temperature for one to two days until crystallization occurred. The precipitate 
was then filtered off and recrystallized from ethanol to give iV,]V’-ethylenebis(3-aryIpropynoic 
amides) ( IV )  or (Z,Z)-iV,JV’-ethylenebis (3-amino-l-aryl-3-phenyl-2-propen-l-ones) (V II ) . The 
results are shown in Table I I .

Refluxing the reaction mixture in the case of methyl 3-arylpropynoates ( I I I )  on a boil
ing water bath for 5—6 hrs resulted in the same products as above.

A d d itio n  o f  e x c e s s  e t h y le n e d ia m in e  t o  m e th y l  3 -p h e n y lp r o p y n o a te  ( I l i a )

Aqueous ethylenediamine (50%, 2.4 g, 0.02 mol) in methanol (20 ml) was added to 
a  solution of I l i a  (1.6 g, 0.01 mol) in methanol (20 ml) and the reaction mixture was allowed 
to stand at room temperature until crystallization occurred (2 days). The precipitate was 
filtered off and recrystallized from ethanol to give 7V-(2-aminoethyl)-3-phenylpropynoic amide 
( V ) ,  in 60% yield, m.p. 210 °C and mixed m.p. with IV a  170—175 °C.

Cn HI2N20  (188.22) Calcd. C 70.20, H. 6.38, N 14.89; Found C 69.83, H 6.29, N 14.54%.

T a b le  I I I

N-(2-hydroxyethyl)-3-(p-chlorophenyl)propynoic amide (V III)  and 
(Z)-S-amino-l-aryl-N-(2-hydroxyethyl)-3-phenyl-2-propen-l-ones ( I X a , b )

C om - M .p . Y ie ld
F o rm u la

A nalysis : Calcd. F o u n d
p o u n d (°C) (%) c H N Cl

V I II 121-122 62 CuH10C1NO2 59.06
59.27

4.47
4.78

6.20
5.80

15.88
15.54

I X a 110 70 C17H17N 02 76.40
76.57

6.37
6.58

5.24
5.00

IX b 87 74 Ci,HieClN02 67.66
67.30

5.30
5.12

4.60
4.56

11.77
11.54
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G e n e r a l p r o c e d u r e  fo r  th e  a d d it io n  o f  e th a n o la m in e  to  m e th y l  3 - (p - c h lo r o p h e n y l) -  
-p r o p y n o a te  ( I l l b )  a n d  a r y l - (2 - p h e n y le th y n y l) -k e t o n e s  (V I )

Ethanolamine (0.3 g, 0.005 mol) in methanol (10 ml) was added to a solution of methyl 
3-(p-chlorophenyl)propynoate ( I l lb )  (1 g, 0.005 mol) or aryl-2-phenylethynyl)ketones (V I)  
(0.005 mol) in methanol (10 ml). The reaction mixture was allowed to stand overnight at room 
temperature. The precipitate obtained upon concentration was filtered off and recrystallized 
from ethanol to give JV-(2-hydroxyethyl)-3-(p-chlorophenyl)-propynoic amide (V III )  or the 
corresponding (Z)-3-amino-l-aryl-iV-(2-hydroxyethyl)-3-phenyl-2-propen-l-one8 ( I X ) . The 
results are shown in Table III.
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IV-Substituted piperazides of pyridinecarboxylic acids were synthesized in the 

following way: the pyridinecarboxylic acids were converted into (alkoxy-formic acid— 
pyridinecarboxylic acid) mixed anhydrides by means of alkyl chloroformates, and these 
were then allowed to react with IV-substituted piperazines. The compounds have consid
erable therapeutic interest.

In 1962 P a sc a r u  et ál. [I] reported the synthesis of two pyridinecarboxyl
ic acid IV-methyl-piperazides (Id and If) and their slight cardiovascular activity.

Later on, KÖRÖSI et al. [2] described the preparation of other iV-sub- 
stituted piperazides of 2-pyridinecarboxylic acid ( la  and lb ). Of these com- 
punds, l-benzyl-4-(2’-pyridinecarbonyl)-piperazine ( la )  had an antidepressant 
activity, also significant from the therapeutic point of view. The above authors 
prepared the compounds of general formula I by the reaction of the pyridine
carboxylic acid with the iV-substituted piperazine in melt, maintaining tem
peratures higher than 160 °C for about 20-25 h [2]. According to another 
procedure suggested by them, the pyridinecarboxylic acid was converted first 
into an ester or amide, and this was allowed to react with the appropriate 
IV-substituted piperazine, again in melt, at an elevated temperature [2].

The reaction of pyridinecarboxylic acid chloride hydrochloride and an 
iV-substituted piperazine also yields the compounds with the general formula 
I [1,2].

The compounds prepared by us can be characterized by the following 
general formula:

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 105 (4), pp. 241-246 (1980)

In the course of the experiments, the development of a procedure based 
on readily available raw materials was aimed at, which can be realized econom
ically also on industrial scale.

In the first step of the synthesis developed by us, pyridinecarboxylic 
acid (II) was allowed to react with chloroformic acid ester (III) in the presence

1 Acta Chirn. Acad. Sei. Hung. 105, 1980
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Compound
Site of substitution 
in the pyridine ring R1 Ref.

la 2— CH2 c6H5 [2]
lb 2— CH3 [2]
Ic 3— СН,—C6H6 —

Id 3— CH3 [1]
Ie 4 - CH2—C6H5 —

If 4 - CH3 [1]

of triethylamine in a homogeneous reaction; or potassium pyridinecarboxylate 
(Ha) was made to react with the chloroformic acid ester (III) in a heteroge
neous reaction, to obtain (alkoxyformic acid pyridinecarboxylic acid) an
hydride (IV).

R =  СНз, R1 =  CH3,

С'гШ CH2- 0 6H5

The mixed anhydride IV was not isolated, but allowed to react with 
the appropriate iV-substituted piperazine V; in this way the desired end-product 
I was obtained in satisfactory yields under properly chosen conditions. Under 
these circumstances the mixed anhydride IV behaved as a pyridinecarbonyl- 
ating agent, and the IV’-alkoxy-carbonylated derivative of the iV-substituted 
piperazine formed only in very small amounts. These substituted piperazine 
derivatives were detected in the reaction mixture by means of urethanes pre
pared in an authentic manner.

One of the compounds prepared, l-benzyl-4-(2’-pyridinecarbonyl)-piper- 
azine, contained two moles of water of crystallization. According to thermo- 
gravimetric investigations, this dihydrate is stable up to 53 °C. Between 
53 °C and 103 °C, a weight loss of about 11% is observed in the TG curve, 
which indicates the release of 2 moles of water from the molecule. Crystalline 
l-benzyl-4-(2’-pyridinecarbonyl)-piperazine dihydrate releases the water of 
crystallization when dried at 105 °C. The anhydrous product is an oil. Anhy
drous and water-containing la  can be converted into each other in a reversible 
manner. The use of different chloroformic esters does not affect the yield. 
The preparation of l-benzyl-4-(2’-pyridinecarbonyl)-piperazine dihydrate is 
favoured by lower reaction temperatures as can be seen from Table I. The 
effect of the solvent employed on the yield is shown in Table II.

Acta Chim. Acad. Sei. Hung. 105, 1980
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Table I
Correlation between the yield and reaction temperature in the preparation of l-benzyl-4- (2’- 

-pyridinecarbonyl) -piperazine dihydrate by Method A

Tem perature,
°C

Yield,
%

15 8 4 .5

—  10 8 2 .5

—  5 8 3 .0

0 7 9 .0

+  1 0 6 8 .5

+  1 5 5 6 .0

Table II
Effect of the solvent used on the yield of l-benzyl-4-(2’-pyridinecarbonyl)-piperazine dihydrate

Method Solvent Yield

+ ethyl acetate 83.0
A dichloromethane 74.9
В DMF-THF 73.7
A DMF-ethyl acetate 74.9
A THF 66.6
в dioxan 76.9
В DMF 5 0 .2

DMF: dimethylformamide (200 ml)
THF: tetrahydrofuran (200 ml)
DMF-THF: 20 ml +  180 ml 
DMF-ethyl acetate: 20 ml +  180 ml

Results

A novel synthesis of iV-substituted piperazides of pyridinecarboxylic 
acids has been developed, also following industrial production of these com
pounds. According to the procedure, the potassium salt or triethylamine salt 
of a pyridinecarboxylic acid is, allowed to react with alkyl chloroformate 
in a heterogeneous or homogeneous reaction; the resulting mixed anhydride 
is then treated with iV-substituted piperazine to obtain the end-product. 
The mixed anhydride intermediate need not be isolated.

l-(Ethoxycarbonyl)-4-substituted piperazines, the expected by-products 
of the reaction, were also prepared and used for identifying of the products.

The effects on the yield of the nature of the chloroformate used, the 
temperature of the reaction and the solvents were also examined. One of the 
compounds prepared incorporates water of crystallization, greatly faciliting 
its isolation, purification and pharmaceutical utilization.

1* Acta Chim. Acad. Sei. Hung. 105, 1980
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The procedure has several advantages over these described in the liter
ature: reaction times are shorter (1—2 h, instead of 20—25 h), significantly 
lower reaction temperatures are used (—8°C—|- 20 °C, instead of temperatures 
higher than 160 °C), furthermore, yields are significantly higher.

Experimental

M.p.’s are uncorrected. The compositions of compounds were corroborated by elemental 
analyses. The purity of each compound was checked by TLC. For this, Kieselgel GFj^ adsor
bent was used; 5 /Л of a 4% solution of the sample was dropped on it, and the chromatogram 
was developed over 15 cm length, in a mixture of n-butanol-glacial acetic acid-water (60 : 
: 15 : 25) (v/v). UV light (254 nm) was used for detection before, spraying with 0.1 N  potassium 
permanganate and Dragendorff reagent.

The R  values were calculated (Table IV).

S y n th e s is  o f  th e  s u b s t itu te d  N - (e th o x y c a r b o n y l) -p ip e r a z in e s .  G en era l m eth o d

Triethylamine (0.1 mole) was dissolved in anhydrous ethyl acetate (200 ml) and a 
solution of ethyl chloroformate (0.1 mole) in anhydrous ethyl acetate (20 ml) was added to 
it dropwise at -8 °C. This was then mixed with a solution of the appropriate IV-substituted 
piperazine (0.1 mole) in anhydrous ethyl acetate (20 ml), and allowed to react at —5 °C for 
1 h. The triethylamine hydrochloride was filtered off and the filtrate evaporated. The residue 
was purified by fractional vacuum distillation. Physical data of the compounds prepared are 
shown in Table III.

P rep a ra tio n  o f  IV -su h stitu ted  p ip era z id es  o f  p y r id in e c a r h o x y lic  a c id s  
( l a ,  l b ,  Ic , Id , Ie , I f ) .  G e n e r a l m e th o d

The appropriate pyridinecarhoxylic acid (0.1 mole; 12.31 g) and triethylamine (0.1 mole) 
were suspended in anhydrous ethyl acetate (200 ml) at 20 °C. The suspension was cooled to 
—5 °C and chloroformic ester (0.1 mole) was added to it dropwise, followed 30 min later by 
the addition of the IV-substituted piperazine (0.1 mole). After stirring for 2 h, the triethylamine 
hydrochloride was filtered off, the filtrate evaporated in vacuum, and the evaporation residue 
was either converted into a salt or purified by fractional vacuum distillation (Table IV).

P rep a ra tio n  o f  s a l t s  o f  t h e  IV -su b stitu ted  p ip e r a z id e s  o f  p y r id in e c a r h o x y lic  a c id s .
G en era l m e th o d s

Fumaric acid salts
The base ( l a ,  lb ,  I c ,  I d , I e ,  or I f )  (0.1 mole) was dissolved in ethanol (50 ml) and added 

to a solution of fumaric acid (0.1 mole) in hot ethanol (110 ml). The hot solution was clarified

T a b le  I I I

R -N N—CO2—С'гНг

R’
Yield*

%
B.p.,
•C/Pa К/ Ref. Bp., 

°C/Pa

сн3» 60 75/133.3 
n2D° 1.4655

0.247 [3] 96-97/800

CH2—C6H5** 65 140/66.7 
n20 1.5240

0.460 [4] 130-135/20 
n26 1.5238

* m.p. of hydrogen fumarate 158-160 °C 
** m.p. of hydrogen fumarate 173-175 °C

Acta Chim. Acad. Sei. Hung. 105, 1980
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Table IV

Compound Salt Molecular formula Molecular
weight

Calculated Found
«/

M .p .
°c

Yield,**
о//о

Yield,
% Ref.

c H N C II N

la HFu ^2lH23N30 5 397.439 63.46 5.83 10.57 63.51 5.91 10.50 0.367 164-166 83.0 65 [2]
HC1* c„ h 20cin3o 317.828 64.24 6.34 13.22 64.39 6.44 13.22 235-236 -

2HCI** C17H21C12N30 354.293 57.64 5.97 11.86 57.55 5.81 11.75 217 [2]
lb HFu Ci5H,9N30 5 321.341 56.07 5.96 13.08 55.87 5.87 13.02 0.126 161-162 63.0 45-50 [2]
Ic HFu C2iH23N30 5 397.439 63.46 5.83 10.57 63.32 5.62 10.51 0.300 148-151* 79.4 -
Id HFu c15h 19n 30 5 321.341 56.07 5.96 13.08 56.24 6.18 13.12 0.080 155-156 58.2 30 [1]

2HC1* CnH17Cl2N30 278.195 47.49 6.16 15.11 47.68 15.19 15.19 130 -

Ie HFu C2iH23N30 5 397.439 63.46 5.83 10.57 63.21 5.49 10.55 0.313 182-185* 70.7 -
If HFu c16h 19n 30 5 321.341 56.07 5.96 13.08 56.19 6.08 13.15 0.086 196-198 52.2 30 [1]

2HC1* CuH17C12N30 278.195 47.49 6.16 15.11 47.57 6.28 15.20 272 - [1]

* Point of decomposition; ** yields are given for the bases; HC1: monohydrochloride; 2HC1: dihydrochloride; HFu: hydrogen fuma- 
rate; a*: calculated Cl 11.16; found Cl 11.2%; o**: calculated Cl 11.86; found Cl 11.92%; d*: ealed. Cl 25.49; found Cl 25.54%; f*: ealed. 
Cl 25.49; found Cl 25.41%.
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and, after cooling, the crystals were filtered off. The yield varied between 90% and 95% 
(Table IV).

Hydrochlorides

The base ( l a ,  lb ,  Ic, Id , Ie or I f )  (0.1 mole) was dissolved in anhydrous ethanol (50 ml) 
and ethyl acetate containing 1 or 2 equivalents of hydrogen chloride was added to it. After 
cooling, the crystals were filtered off and dried. In this way the stable monohydrochlorides or 
slightly hygroscopic dihydrochlorides were obtained in 73-83% yields (Table IV).

P r e p a r a tio n  o f  p o ta s s iu m  p y r id in e c a r b o x y la te . G en era l m e th o d

The pyridinecarboxylic acid (12.31 g; 0.1 mole) was dissolved in hot anhydrous ethanol 
(50 ml), and a solution of potassium hydroxide (5.6 g; 0.1 mole) in anhydrous methanol (10 ml) 
was added to it dropwise, under stirring, whereupon the precipitation of the potassium salt 
started. After completing the addition, the thick suspension was cooled to below 0 °C; the 
product was then filtered off and dried at 100 °C. The yields varied between 80% and 92%.

l -B e n z y l- 4 - ( 2 ' -p y r id in e c a r b o n y l) - p ip e r a z in e

Method A
2-Pyridinecarboxylic acid (12.3 g; 0.1 mole) and anhydrous triethylamine (10.1 g; 

0.1 mole) were dissolved in dry ethyl acetate (200 ml), cooled to —5 °C, and at this temperature 
ethyl chloroformate (10.8 g; 0.1 mole) was added to the reaction mixture dropwise under 
stirring. The stirring was continued for 1 h at —5 °C, then a solution of IV-benzyl-piperazine 
(17.6 g; 0.1 mole) in anhydrous ethyl acetate (20 ml) was added dropwise. Stirring was contin
ued at 10 °C for 1 h, the triethylamine hydrochloride was then filtered off at room temper
ature, washed with a small amount of dry ethyl acetate and dried. Water (15 ml) was added 
о the filtrate under stirring, whereupon the separation of l-benzyl-4-(2'-pyridinecarbonyl)- 
piperazine dihydrate started immediately (26.3 g; 83%).

The crude product (20 g) was dissolved in a mixture of ethyl acetate (100 ml) and 
distilled water (10 ml) at 70 °C, then cooled to below 0 °C under strirring. The crystals which 
separated were filtered off and dried (19 g; 95%), m.p. 81-82 °C.

Cl7H19N30  • 2H,0 (317.4). Calcd. C 64.33; H 7.30; N 13.24. Found C 64.25; H 7.42; 
N 13.15%.

IR (KBr): vC =  О 1620 c m '1
Water content (Karl-Fischer method): 11.35%. Calculated 11.3%. Weight loss on drying 

at 105 °C: 11.2%. B.p. of the anhydrous base: 218—220 “C/13.33 Pa.

Method В
Potassium 2-pyridinecarboxylate (m.p. 286-289 °C) (16.12 g; 0.1 mole) was suspended 

in a mixture of anhydrous tetrahydrofuran (100 ml) and dimethylformamide (16 ml) at 20 °C, 
and ethyl chloroformate (10.9 g; 0.1 mole) was added to the suspension. After stirring for 4 h, 
it was cooled to +10 °C and a solution of ]V-benzylpiperazine (17.6 g; 0.1 mole) in anhydrous 
tetrahydrofuran (40 ml) was added to the reaction mixture; it was stirred for 1 h, evaporated 
to dryness, and the residue was poured into water (50 ml) under stirring. The crystal mass was 
filtered off and dried at room temperature (22 g; 69.5%); m.p. 79-80 °C. Recrystallization of 
the crude product was effected as described in Method A.
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The mass spectrum of benzene was calculated with the use of a simplified form 
of the quasiequilibrium theory. Two assumptions were applied for describing the mecha
nisms of the four principal primary fragmentation processes (CGH;j\ CGH f, C4HJ% 
C3H+).

1. All the reactions start from the ground state of the benzene ion.
2. The four reactions consist of two independent pairs of competing reactions. 

Hydrogen loss involves a vibrationally excited ground state; skeletal bond rupture 
takes place by the internal conversion of electronically excited benzene ion into the 
first excited state or to some isomer at the same energy.

Our calculations concerning the 70 eV mass spectrum of benzene have confirmed 
the latter assumption. A good agreement was found between the calculated and experi
mental data by presuming a 1 : 1 branching ratio of the two ionic states. The existence 
of two pairs of competing reactions is supported also by photo-ionization, electron 
monocromator, PIPECO and charge transfer measurements.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 105 (4), pp. 247—257 (1980)

1. Introduction

The mass spectrum of polyatomic molecules is determined by the uni- 
molecular decomposition processes of the molecular ion. On applying an ade
quate variant of the quasiequilibrium theory (QET) describing the unimolecu- 
lar reactions, the theory of mass spectra gave a fair agreement between the 
experimental and calculated spectra.

In these calculations it was assumed that the excited molecular ion, prior 
to its dissociation, is converted by rapid internal corversions into an electronic 
ground state which is vibrationally and rotationally excited. All primary 
decompositions are starting then from this state.

Benzene entered the forefront of interest because, in connection with 
its decomposition, the possibility first energed that the primary processes do 
not start all from the same state. R o sensto c k . [1] on investigating the mass 
spectrum of benzene, has concluded from certain experimental facts (too 
high differences between the measured appearance potentials of the various 
ions) that decompositions take place from two different states. V e st a l  et ál. 
have found in turn that on using more accurate initial data and on taking 
into account certain effects (kinetic shift) the assumption of isolated states 
is not needed.

Acta Chim. Acad. Sei. Hung. 105, 1980
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Fortunately, owing to the enormous development of experimental 
methods in recent years, the problem can be approached at present also from 
the experimental side. A n d l a u e r  and O t t in g e r  [2], on measuring also 
directly the rate of formation of two fragments (CgH  ̂ and of the ben
zene molecular ion by the charge transfer method at two different levels of 
excitation energy, have found that these two processes are not competitive, 
they take place by starting from two different states of electronic excitation. 
R o se n st o c k  et al. [3] investigated the decomposition of benzene by photo
ionization. On calculating the yield curves by means of QET, they assumed 
two pairs of competitive reactions. They are of the opinion that the reactions 
combined with skeletal rupture start from electronically excited molecular 
ions or from isomeric ions possessing the same energy as the molecular ion. 
The agreement with the experimental data was very good in the threshold 
range. However, Ch u p k a  [4] has found in his measurements carried out simi
larly by photoionization that no isolated states exist in the case of E  <7 8 X 
XlO“19 J. From this it obviously follows only that in the immediate neigh
bourhood of the ionization potential all the ions will return to the ground state 
due to the energy dissipation but this statistical distribution is absent at high
er energy levels.

E land  [5] first believed th at the problem  cannot be solved b y  m easure
m ents o f photo-ion—photoelectron coincidence but later [6] he expressed the  
opinion that the ex istence of tw o sta tes or isom ers appears to  be lik ely .

R osenstock et al. [7] assume on the basis o f their la test m easurem ents 
th a t decom positions start from the benzene ion in  the ground sta te  and from  
an isom er developed by skeletal isom erization.

On summarizing the results obtained thus far, the following assumptions 
appear to be possible for the primary decomposition processes of the benzene 
molecular ion:

1. All primary reactions take place in parallel to each other, from the 
ground state of the molecular ion.

2. The skeletal rupture reactions take place from the first excited state 
of the molecular ion, whereas both reactions were combined with hydrogen 
loss from the ground state.

3. The skeletal rupture reactions start from an isomer whose energy 
corresponds to the first electronically excited state, whereas the reactions were 
combined with hydrogen loss from the ground state.

In the present work we aimed at approaching the problem once more 
from the theoretical side. We shall deal with the case of electron impact ion
ization, and by means of the quasiequilibrium theory the spectrum of high 
energy (70 eV) will be calculated. This corresponds to the usual conditions of 
electron impact ionization. Choosing the initial data that appearing to be the 
best, we assume that the decomposition of the benzene molecular ion starts

Acta Chim. Acad. Sei. Hung. 105, 1980
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from only one or two different states and the mass spectra calculated for 
each case are compared with that obtained experimentally. We wish to clarify 
in which case is a better accordance obtained and whether the approximation 
applied by us is sufficient for the detection of these effects.

2. Calculation of the mass spectrum of benzene

In our calculations we modelled the molecular ion by a sum of harmonic 
oscillators. The rate constant (k) depending on the energy has been calculated 
by means of the formula

k (E )  — a

3n—6

Í E - I Ü .  I I  V‘E - E 0

E
1=1
3n-7

n * l
y=i

( 1 )

where a  denotes the number of identical reaction routes, N  =  3n — 6 (where 
n  is the number of atoms forming the molecule), vt is the normal vibration of 
the molecular ion, v f  the normal vibration of the transition state, E  the inter
nal energy of the reacting ion and E 0 the activation energy of the reaction.

Experimental data are required for the calculation. The knowledge of 
the mechanism of decomposition of the molecular ion, the activation energies 
of the individual reactions, the vibration frequencies of the molecular ion, the 
configuration and vibration frequencies of the transition state is needed.

3. Unimolecular decomposition of the benzene ion

The following scheme has been derived from the mass spectrum of ben
zene and from the metastable transitions:

CeH6
1.

2 .

3.

4.

5.

CeH+ +  H- 
CjHÍ -)- C3Hj

---------------Сзн 2+ +  H-
C4H+ +  C2H2

---------------C4H3+ +  H
------------------ ^  C4H+ +  H2

c eH+ +  H2

CeH+ +  H2

C5H3+ +  CH3
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The first column of the fragment ions indicates the products of primary 
reactions, whereas the second column those of the secondary reactions. The 
primary reactions are denoted by serial numbers. Reactions 2 and 3 take 
place with skeletal rupture, which does not occur in the other reactions. It 
appears from the mass spectrum that the intensity of the ion formed in reac
tion 5 is negligible, thus only processes 1 to 4 have been taken into account 
in our calculations.

4. Activation energies

On estimating the activation energies both the values of the thermo
chemical heat of formation and the IP and AP values of mass spectroscopy 
can be used. The prerequisite of accuracy is in the first case the knowledge of

Table I

Data available for the estimation of the activation energy

m Molecule 
or ion

АН/ neutr. 
(kj/mol)

АН/ i o n  
(kj/mol)

Thermochemical
threshold
(kj/mol)

IP or AP 
(measured) 

(kj/mol)
Method

Refer
ence

78 Benzene 82.94±0.54 976.0 892.7 892.7
Benzene ion 82.94±0.54 1193 1109
E 2 g

77 с еЩ 331 1193±13 1330±8 p i

^1193±13 1326±10 EM [V]
1249 1346 PI . PI
1269 1380-1409 El [9]

1387 El [10]

39 C3HJ 338 1076 1331 1375 PI [3]
1346 1563-1640 El [9]

1544? El [10]

52 С4Щ 1223±8 1367±8 PI [7]
1202±8 1345±10 EM

1336* 1380 PI [3]
1336 1505 1534 El [9]

1500 El [10]

76 C6H+„ 1249* 1341 PI [3]
1288 1457 1795 El [9]

1408 El [10]

* =  estimated value; E l =  electron impact; PI =  photo ionization; EM =  electron 
monochromator; PE =  photoelectron spectroscopy
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Table II

Vallies used in the calculations

Reaction cr

Activatic
<kj

from the ground 
state

)n energy
/m°l)

from the first 
excited state 
or from an 

isomer

Thermochemical
threshold
(kj/mol)

C6IIe+ -  C„HJ +  H 6 356 139 1249
C„H+ -  C3C++ C3H3 3 438 221 1331
C6Ce+ -  C4H4+ +  C2H2 6 444* 227* 1336*
C6He+ -  C6H4+ +  H2 6 356* 139* 1249*

* — Estimated value

the geometry of the ion formed, whereas in the second case the negligibility 
of the kinetic shift.

Depending on whether reactions 2 and 3 are considered to take place 
from the ground state of from a state with an energy level higher by about 
2.25 eV (= 3 .6 x l0 ~ 19 J) or from an isomer, obviously different activation 
energies are obtained. We assume that the reversed reaction has no activation 
energy, and thus the activation energies can be obtained directly from the 
thermochemical data.

The available values are summarized in Table I. It can be seen from 
the difference between the thermochemical and the measured thresholds that 
the kinetic shift is significant [8].

On subtracting the IP value of benzene measured by photoelectron 
spectroscopy from the thermochemical thresholds calculated from the heats 
of formation, the values of E 0 were obtained. These data, which have been 
used in our calculations, are given in Table II.

5. Configuration of the transition state

In the equation of k(E )  the quotient of the products of the normal 
vibrations of the molecular ion and the transition state is present. No experi
mental data on these values are known. Though the properties of the transition 
state are in principle calculable, it is in general impossible to carry out these 
calculations due to the lack of the knowledge of the potential energy surfaces. 
Therefore, we must rely on a number of empirical assumptions concerning the 
structure of the transition state.

At present, these assumptions can be built to a great extent on rational 
grounds and a number of directives are facilitating the estimations. In the
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Table III

Vibration spectrum of benzene and configurations of the activated complex

Normal vibration data Configuration of the activated complex

Reaction Desig
nation Symmetry Form 1 Type 

of the vibration

Frequency
(cm*1) DOC 1 DOC 2 DOC 3 DOC 4

1. C.H+ -  C6H+ +  H ’*15 E 4E4
q(C—H) C -H  str. 3056 Г. r. r. Г.

’’l7 /»(CCH)
Q(cc)

С—H bend. 1178 1178 589 300 100

’’l7 E4 /S(CCH)
Q(cc)

C -H  bend. 1178 1178 589 300 100

2. C6II+ +  C3H+ +  C3H3 l ’le E4 /?(CCH)
Q(CC)

С—C str. 1599 '• r. r. r.

*’le E 4 /?(CCH)
0 ( c c )

G — C str. 1599 1599 800 400 100

r 13 Е ш /?(CCH)
Q(CC)

C—C str. 1182 1482 741 371 100

• ’8 B 4 e(C -H )
*(CCC)

С — C — C puck. 707 707 353 177 100

V20 e ( c - H )

x(CCC)
С—С—C bend. 401 404 202 100 100

’ ’2 0 E , u e ( c - H )

k(CCC)
С—С — C bend. 401 404 202 100 100

3. C,H+ -  C4H+ +  СЛ1„ »'is E 1U /?(ССН)
Q(CC)

С—C str. 1482 r. r. r. r.

Г 13 Elu ^(CCH)
0(CC)

C -C  str. 1482 1482 741 371 100

’’ie E 4 ß(CCU)
Q(CC)

С — C str. 1599 1599 800 400 100

V8 в ч e(C -H )
k(CCC)

С—С —C puck. 707 707 353 177 100

’ ’2 0 E,u e(C -H )
*(CCC)

С—С—C bend. 404 404 202 100 100

’ ’2 0 E,u e(C -H )
x(CCC)

С—С—C bend. 404 404 202 100 100
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Table III (continued)

a b
4. C6H+ -  C6H | +  H2 ’'15 E2£ q(C -H ) С—H str. 3056 r. Г. Г. Г. Г.

’’7 B2g e (c-H )
*(CCC) C -H  bend. 990 1320 1155 1455 1800 1320

”i B211 £(CCH)
Q(CC) С—C str. 1309 1745 1527 1964 2518 1745

”17 E4 /?(CCH)
Q(CC) C -H  bend. 1178 1570 1374 1767 1767 1570

”17 E2g £(CCH)
Q(cc)

С—H bend. 1178 1570 1374 1767 1800 1570

”10 B211 ,S(CCH)
Q(CC)

C -H  bend. 1146 1528 1337 1719 2292 1528

”11 E lu £(ССН)
Q(cc)

C -H  bend. 1037 1383 1210 1556 2074 1383

”14 E i и /?(CCH)
Q(cc)

C -H  bend. 1037 1383 1210 1556 2074 1383

V 2 0 E íu e(c—H)
x(CCC)

C—C—C bend. 404 404 404 404 404 808

V 2 0 E-2U e(C -H )
*(CCC)

C—C—C bend. 404 404 404 404 404 808

r. =  reaction coordinate; str. =  stretching; puck. =  puckering; bend =  bending
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majority of QET calculations the normal vibrations of the ions are considered 
to be identical with those of the molecules as an approximation. Vibrations 
of the transition state which do not participate directly in the conversion are 
considered to be similar to the corresponding vibrations of the molecular ion. 
As regards the degrees of freedom participating in the conversion, the activated 
complex is considered as one having a structure intermediate between those 
of the reactant and the products. Two types of transition states are usually 
distinguished viz . those with “close” and “loose” complexes, Loose complexes 
are present when vibrations of low frequency (so-called “softened” vibrations) 
occur.

In the case of benzene R osenstock  [3] attempts to polish the approxi
mation used for the transition state by the parametric variation of the prop
erties of the activated complex. In this way it can be tested whether the 
“close” or the “loose” complex gives a better agreement with the experimental 
data. It is known from the investigation of the thermal decomposition of neu
tral organic molecules similarto benzene that the preexponential factor in the 
Arrhenius rate equations of these decompositions is between 1014 and 1017 sec-1 . 
This range of preexponential factors can be attained readily by the smaller 
or greater decrease of the frequency of some normal vibrations.

30 normal vibrations of benzene have been identified in IR, Raman 
and in combinations. Vibration frequencies assumed for primary reactions 
1 to 4 are summarized in Table III. The estimations are based, with one excep
tion, on comparison with the Arrhenius relationship of the thermal decompo
sition of similar neutral organic molecules [3].

In reaction 1 the v15 (С—H stretching) vibration is the reaction coordi
nate, while in reaction 2 the v16 (C—C stretching) vibration and in reaction 
3 the vie (C—C stretching) vibration. In the three reactions, four types of 
estimates are given for the vibrations of the transition state: most of these 
are identical with the values measured in the molecule or they are as low as 
one half or one quarter or one tenth of the measured value.

In reaction 4 combined with hydrogen loss, the v15 (C — C stretching) 
vibration is the reaction coordinate. In this case, besides the general change 
of 4/3, 3/2 or 2, assumed by R osenstock also an increase of 7/6 was estimated, 
on assuming a less stretched complex.

6. Internal energy distribution function

By means of Eq. (1) it is possible to calculate the rate of decomposition 
processes vs. the internal energy of the reactant ion. For the calculation of 
the mass spectrum, i.e. of the relative ion intensities, the knowledge of the 
internal energy distribution function of the molecular ion is needed [P(E)].
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In calculations carried out so far the function |P(£)] is usually only 
estimated due to theoretical and experimental difficulties. Therefore, we also 
applied in our calculations three of them which had been used by various au
thors in calculating the spectrum of propane. These are denoted as Р ( Е ) 1У 
P ( E ) 2 and P ( E )3 [16, 17, 18]. Finally, the function denoted by us as P ( E )4 
was the photoelectron spectrum of benzene recorded at 21.21 eV [11].

The specific rate constants were calculated at intervals of 0.5X l0 -12 
erg/molecule, by an ODRA 1304 computer, using a program in Fortran lan
guage. As regards other details of the calculation procedure, the reader is 
refered to our earlier paper [12].

7. Results and Conclusions

The results of calculations, the average values of experimental spectra 
published in the literature and our own data measured by a Riber QML 51 
type quadrupol mass spectrometer are presented in Table IY.

Of the calculated mass spectra, those obtained with the values DOC lb  
P { E ) 1 were the most favourable though the function P ( E )  did not affect the 
values significantly. The first column indicates all the reactions calculated 
from the ground state. Then the intensity ratios were calculated for each two 
assumed independent pairs of reactions. Prior to determining the total frag
ment intensity, a novel problem emerged which did not appear in the QET 
calculations carried out so far, namely the question of the “concentration 
ratio” of the two different initial states, i.e. the probability of the formation 
of these states on ionization. Since no information of this type was available, 
we assumed at first the simplest ratio of 1 : 1 and we gave the values calculated 
by assuming the two types of states in column IV of Table IY. If, instead of 
this arbitrary ratio, the intensity ratio of reactions (1 -)- 4) and (2 -f- 3) of

Table IV

Results of calculations

m[e Ion
Reac
tion

Experimental mass 
spectrum

Calculated mass s 

1 1 11

jectnim

III

DOC 1 b, P(E), 

IV I V
•̂ experimental
■̂ calculated

Average of 
literature 

data
This
work

Ground 1—4 2—3
excited

Full spectrum
(1:1) (2 :3 )state ground (1:1) (2:3)

77 c eH5+ l 29.1±2.9 30±1 74.3 74.6 37.3 29.7 0.78 0.98
39 C3H3+ 2 24.0±2.1 27±1 0.17 44.4 22.2 26.7 1.08 0.90
52 c4H4+ 3 35.2±2.0 35±1 0.23 55.6 27.8 33.5 1.30 1.08
76 CeH+ 4 10.7±1.0 8±1 25.3 25.4 12.7 10.1 0.84 1.06
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the experimental spectrum (i.e. a ratio of 2 : 3) is taken into account, the spec
trum values given in column V of Table IV are obtained.

It appears from the results that if all four reactions started from the 
ground state, the formation of C0Hj and would predominate to a great
extent, which contradicts the experimental spectrum.

The intensity ratio of pairs of reactions calculated from the ground and 
excited states is in fair accordance with the experimental values and finally, 
the full spectrum reflects, even in case of the rough approximation applied 
(1 : 1), satisfactorily the experimental spectrum of benzene in the energy 
range examined.

Thus, according to our calculations, the situation is actually as fol
lows.

Decomposition occurs from two species which participate in reactions
1 and 4 on one hand, and in reactions 2 and 3, on the other hand. Reactions
2 and 3 take place with a species of an energy level higher by 3 .6 x 1 0 -“  
J/molecule (=  2.2 eV =  216 kj/mol). The initial “concentrations” are presum
ably not idential, their ratio estimated on the basis of the experimental 
spectrum is about 2 : 3 at 70 eV. Assuming this ratio in the calculation of the 
full spectrum, a very good agreement with the experimental values is obtained.

Thus it can be stated that the QET calculation carried out by the sim
plest formula confirms the assumed two types of initial state, furthermore, it 
is shown that the theory applied is suitable for modelling the decomposition 
processes of benzene.

Obviously, however, on the basis of our calculations we could not decide 
whether besides the ground state an excited state or an isomer of adequate 
energy takes part in the decomposition reactions.

In relation to this problem, it is wort comparing the energy-dependent 
spectrum of benzene measured by us [13] with the photoionization yield 
curves of 1,5-hexadiyne [7]. From the similar shape of the curves we can 
conclude on one hand that, also in the latter case, two pairs of competing 
reactions take place and, on the other hand, in case of benzene an isomeric 
state may be suspected. It can be expected that a more detailed experimental 
and theoretical study of the decomposition processes will eventually clarify 
a number of problems still unsolved in the case of benzene.

Recent statements by B e e r  [14, 15] based on photoelectron-photoion 
coincidence measurements (PIPF;CO) and QET calculations, can be considered 
as a remarkable advance in this field. His idea presented in the following gives 
some sort of synthesis of the contradictory views published thus far concern
ing the decomposition of benzene. At a low energy level in the vicinity of the 
threshold the molecularion formed in an excited electronic state is converted 
prior to dissociation into a vibrationally excited ground state by a radiation
less transition (vibrational predissociation).
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However, the situation in the case of ions having a high level of internal 
energy is still unknown. It is very likely that above a certain E  value, the 
rate of direct dissociation from the excited state exceeds the rate of radiation
less transition. Similarly, above a certain level of internal energy the rate of 
direct dissociation may exceed the rate of isomerization.

Our results are in accordance with these assumptions since we have cal
culated a mass spectrum of high energy level, and in fact the rate of direct 
dissociation from the isolated state proved to be higher than the rate of radia
tionless transition in the case of more complex reactions combined with 
skeletal rupture.
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The vapour pressure differences between CF3CH2OH and CF3CH2OD were 
measured by differential mercury manometry between 0 and 120 °C. When combined 
with the absolute vapour pressures the results may be expressed as:

In (P hIPq) =  6.965X 10- 2 -  70 .4 /Г +  1.691 X 104/T2

A fit of the absolute vapour pressures of CF3CH2OH, measured by a “two-step” mercury 
manometer between —30 and 120 °C, resulted in the equation:

log 10P(Pascal) =  9.933 -  1397/(209.3 +  t)

Comparison is made with the corresponding values for the hydrocarbon alcohols.

1. Introduction

A comparison of the vapour pressure isotope effect (YPIE) of water, 
hydrocarbon alcohols and amines [1] shows that the magnitude and tempera
ture dependence of YPIE are closely related with intermolecular hydrogen 
bonding. Self-association leads to hindered translation and rotation of the 
condensed phase molecules thereby giving a positive contribution to the YPIE
[2], i.e. these effects make the lighter isotopic molecule more volatile than the 
heavy one. The stronger the hydrogen bonding interactions in the condensed 
phase, the greater the difference between the vapour pressures of isotopic 
molecules at a given temperature. Correspondingly, water has the highest 
VPIE, those of the alcohols are lower, and amines show the lowest among 
these compounds. If the temperature is raised the vapour pressure difference 
decreases rapidly due to the breakdown of the hydrogen bonded structure.

In order to obtain more information on the nature of the VPIE of asso
ciated compounds it seemed interesting to study the 2,2,2-trifluoroethanol 
(TFE) and deutero-TFE isotopic system because there is thermodynamic [3], 
infrared [4] and NMR [5] evidence that the hydrogen bonding ability of fluoro- 
alcohols differs markedly from that of hydrocarbon alcohols.

* To whom correspondence should be addressed
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2. E x p e r im e n ta l

Materials: The sample of puriss. grade CF3CH2OH (Fluka), was dried over molecular 
sieves and then subjected to purification by preparative scale gas chromatography. The column 
was packed with celite supported diglycerol (30 wt%). A few grams of this sample were than 
deuterated via isotope exchange on a gas chromatographic column [6], containing in this 
case 30% deutero polyethylene glycol. The deuterium content of the labelled TFE, analysed 
by refractometry of the water produced upon combustion, was found to be at least 99 atomic 
per cent per hydroxyl group. Before measurement the protio and deutero compounds were 
dried in a vacuum apparatus over phosphorus pentoxide and distilled to the degassing bulb, 
where they were submitted to many freeze-pump-thaw cycles.

Vapour pressure measurements: Because we wished to determine the VPIE over a wide 
temperature range, we used mercury manometers instead of the high-accuracy capacitance 
type electronic manometers which can be used only up to 1 or at most 2 atm absolute pressure. 
The differences between the vapour pressures of the isotopic samples were measured using a 
U-type differential manometer, described previously [7], from 0 to 120 °C, where the absolute 
pressure is as high as 5 atm. The accuracy of the used PYE-type cathetometer was 7 Pa (0.05 
torr), that of the thermometer was 0.1 °C.

For the measurement of the absolute pressure up to 4 — 5 atm we used a “two step” 
mercury manometer as shown in Fig. 1. A hole in a copper block (A) joined by metal to glass

Fig. 1. Apparatus used for the measurement of Pai,s up to 5 atm. (A: copper block, B: mercury 
manometer, C: mercury auxiliary manometer)
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soldering to the glass tubing was used as the equilibrium vessel. To introduce the sample the 
manometer was joined to the vacuum system, evacuated to 0.1 Pa (10 ~3 torr), after which 
the 3—4 g sample was distilled from the degassing bulb into the equilibrium vessel. The 
vessel was then sealed by soldering its seal. The copper block together with the manometer 
(10 mm diameter, 100 cm length) was kept immersed in a liquid thermostat. The temperature 
of the equilibrium vessel was measured by a mercury thermometer with a scale calibrated to 
0.1 °C accuracy. During the measurement, depending on the value of the absolute pressure, 
the reference side of the manometer (B) was kept under vacuum (Pabs <  1 atm), at atmos
pheric pressure (1 <** -̂ abs <  2 atm), or at overpressure from a ^-cylinder (2 <  Pabs <  5 atm). 
Mercury level differences on the B-manometer were measured with a PYE-type cathetometer 
to 7 Pa (0.05 torr), that of the atmospheric pressure was measured with a mercury-type barom
eter to 13 Pa (0.1 torr), and that of the overpressure with an auxiliary manometer of 150 cm 
length (C) to 30 — 40 Pa (0.2 —0.3 torr). The readings expressed by the differences of height 
of mercury levels have been corrected to 0 °C, the reduction of mercury height to latitude 45°; 
the sea-level- and capillary-depression corrections could be neglected.

3. R esu lts  and  D iscussion

T h e  ab so lu te  vapour p ressu re  an d  Y P IE  d a ta  are  lis ted  in  T ab le s  I  an d  
I I ,  re sp ec tiv e ly . In  th e  fo rm er case, w ith in  th e  te m p e ra tu re  range fro m  — 35 
to  120 °C, we h av e  176 d a ta , in  th e  l a t te r  case b e tw een  0 and  120 °C w e h a v e  97. 
T he en trie s  in  T ab le  I  have been f i t te d  b y  n o n -lin ea r le a s t squares to  e q u a tio n s  
o f  th e  fo rm  ln  P  =  A /T  +  В  In T  - f  C and  log P  =  A  +  B/(C  - f  t). T he  
re su lt o f  th e  f ir s t  f i t :

ln  P  (P asca l) =  - 7 7 9 9 /Г  -  8.608 In T  +  84.34 243 <  T  <  393 (1)

t h a t  o f th e  A n to in e  equa tion :

log  10P (P a )  =  9.933 — 1397/(209.3 +  t) - 3 0  <  t <  120 (2)

T he v a ria n c e  fo r eq u a tio n  (1) w as 5 .5 5 x l 0 ~ 4, t h a t  fo r eq u a tio n  (2) w as 
2 .0 5 Х Ю - 5.

To ca lcu la te  th e  V P IE  values (T able  I I )  from  th e  iso top ic  p ressu re  d iffe r
ences w e used  eq u a tio n  (1), th e  A n to in e  e q u a tio n  is given for conven ience  
because  u su a lly  th e  v ap o u r p ressu re  d a ta  in  th e  l i te ra tu re  are f i t te d  to  th is  
fo rm .

O u r v a p o u r  p ressu re  d a ta  are  in  reaso n ab ly  good agreem ent w ith  th e  
ea rlie r l i te ra tu re . H alocarbon  P ro d u c ts  Co. [8] gives a lin ear e q u a tio n  fo r 
ln  P  o f T F E  w ith o u t giv ing th e  te m p e ra tu re  ran g e  in  w hich th e ir  e q u a tio n s  
is v a lid . T h e  v a p o u r  pressure  v a lu es  ca lcu la ted  fro m  th e ir  eq u a tio n  agree 
w ith in  1% w ith  o u r d a ta  in  th e  te m p e ra tu re  ran g e  fro m  25 to  65 °C. Meek s  
an d  Goldfarb  [9] m easured  th e  v a p o u r  p ressure  o f  T F E  from  0 to  25 °C, 
th e  ag reem en t is again  w ith in  1% . S ig n ifican tly  d e v ia tin g  from  th e se  d a ta  
are  th o se  o f R ochester and  Sydm o nds [10] w ho m easu red  th e  v a p o u r  p re s 
su re  o f  T F E  from  25 to  55 °C; th e  d a ta  o f  th e  la s t-n a m e d  au th o rs  be ing  4 — 5 %
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Table I
Vapour Pressures of 2,2,2-Trifluoroethanol

t/°C ■̂abs/kPa 4° c FWtPa </° c JWkPa

-33.5t) 0.100 13.80 4.660 38.20 19.412
-27.30 0.180 14.50 4.840 38.40 19.558
-24.40 0.240 15.00 5.040 40.50 21.718
-18.30 0.413 15.30 5.093 40.50 21.851
-17.10 0.466 15.60 5.160 40.60 21.879
-14.20 0.600 15.95 5.346 40.65 21.958
-12.50 0.693 16.40 5.333 40.65 22.005
-11.20 0.747 16.70 5.653 44.60 26.871
-  8.15 0.967 16.95 5.746 44.60 26.978
-  7.10 1.047 17.10 5.800 44.70 27.111
-  5.10 1.260 18.10 6.226 45.50 28.218
-  4.10 1.367 18.30 6.253 45.60 28.231
-  2.85 1.486 18.50 6.466 45.60 28.351
-  1.85 1.593 18.60 6.393 46.90 30.177
-  0.60 1.753 19.00 6.606 47.20 30.577

0.60 1.950 20.40 7.166 47.40 30.824
1.20 2.020 21.20 7.513 50.10 35.484
3.50 2.293 21.35 7.553 50.15 35.617
4.25 2.426 23.70 8.733 50.15 35.650
5.10 2.586 25.90 9.966 50.20 35.617
6.20 2.786 28.40 11.272 50.20 35.750
6.60 2.860 28.70 11.586 50.25 35.777
6.90 2.913 29.00 11.499 52.20 39.370
7.30 3.040 29.30 11.988 52.50 39.910
8.20 3.173 30.00 12.399 52.50 40.176
8.50 3.293 31.00 13.086 53.10 41.277
9.30 3.546 31.10 13.246 53.30 41.597
9.70 3.606 31.50 13.479 53.60 42.090

10.10 3.626 31.50 13.566 54.30 43.436
10.50 3.706 31.6Q 13.572 55.90 46.789
10.90 3.886 33.80 15.332 57.40 50.686
11.20 3.893 34.10 15.577 57.90 51.322
11.60 3.993 34.15 15.585 59.95 56.349
12.00 4.174 36.30 17.605 60.45 57.602
12.40 4.206 36.40 17.652 61.05 59.229
12.90 4.393 36.50 17.692 61.35 59.635
13.30 4.566 38.10 19.212 6Í.35 ' 65,481
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Table I (continued)

i/°C Р.Ъ./кР« ./»c iWkPa i/°c P.b./kPa

63.45 65.401 83.20 146.528 95.00 219.382
66.35 74.274 83.20 144.261 96.55 231.641
66.35 _ 74.087 83.50 145.801 96.75 233.494
66.35 73.927 83.90 149.614 96.75 231.568
69.75 85.346 84.10 148.228 96.90 230.401
70.05 86.360 86.30 161.287 99.10 253.466
70.35 87.126 86.50 161.607 99.35 254.666
72.05 93.966 87.00 164.366 99.35 255.506
73.15 98.219 87.20 165.456 100.75 268.398
73.35 98.945 88.60 175.612 100.75 268.465
73.45 98.919 88.70 175.865 100.75 268.725
77.80 117.097 89.50 180.552 100.75 268.718
78.00 117.770 89.75 180.632 105.15 304.182
78.00 118.664 89.80 182.459 105.55 309.037
78.40 118.757 90.85 189.658 105.85 312.088
78.70 121.403 90.95 191.338 106.15 315.454
78.90 122.142 94.25 214.042 107.60 331.959
79.00 122.783 94.40 215.876 107.70 333.499
79.00 123.090 94.55 216.722 107.80 334.413
81.60 135.156 94.75 214.396 107.90 335.196
82.80 141.735 94.90 206.823 113.70 399.201

113.80 401.438

h igh . T he a p p a re n t reaso n  fo r th is  is t h a t  th e y  m easu red  th e ir  p u riss . grade 
sam ple  as received from  F lu k a  w ith o u t fu r th e r  p u rif ic a tio n  a n d  d ry ing . F ro m  
e q u a tio n  (1) for th e  bo iling  p o in t o f T F E  we ca lcu la te  74.0 °C, reference  [8] 
g ives 73.6 °C, reference [4a] gives 73.8 °C.

T he V P IE  d a ta  o f T ab le  I I  h av e  been  f i t te d  to  th e  fo llow ing  eq u a tio n :

In ( P h/ P d) =  6.965X10-2 -  7 0 .4 /Г + 1.691 X l04/T2 273 <  T  <  393 (3)

T h e  va rian ce  of th e  f i t  was 4.81 X l 0 _e. E q u a tio n  (3) can  be used  to  eva lu a te  
th e  d ifference in  th e  h e a ts  o f  v a p o riz a tio n  (AH ) o f th e  iso to p ic  v a rie tie s , 
acco rd ing  to  th e  C lausius—C lapeyron  re la tio n sh ip . A t 25 °C A H (D ) — A H (H )=  
=  362 J /m , a t  th e  bo iling  p o in t 220 J /m . T he co rresp o n d in g  figu res w ith  
e th a n o l are 658 J /m  an d  502 J /m . T he boiling  p o in t o f d e u te ro -T F E  lies 0.19 °C 
h ig h er th a n  th a t  o f th e  p ro tio  com pound; th e  d ifference fo r th e  e thano ls is
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T a b le  II

Vapour Pressure Isotope Effect of Trifluoroethanol (AP  =  P[ | — P q)

</°c JP/Pa In (Ph/T'd ) i/° c JP/Pa ln(P H/PD)

c .o 80 0.0446 40.5 373 0.0171
5.0 93 0.0363 41.4 373 0.0163
5.7 93 0.0346 42.0 400 0.0170

6.5 93 0.0327 43.9 427 0.0164
7.2 93 0.0311 46.0 453 0.0157
7.7 107 0.0344 46.5 427 0.0144

8.1 100 0.0314 46.5 440 0.0149
9.0 100 0.0295 50.5 467 0.0130

10.1 113 0.0311 50.5 493 0.0137

10.6 120 0.0319 53.8 507 0.0121
10.7 133 0.0352 54.0 547 0.0129
11.1 133 0.0343 54.9 533 0.0121

12.2 147 0.0351 55.1 547 0.0122
12.4 113 0.0267 55.7 507 0.0110
13.1 140 0.0316 56.6 533 0.0111
13.9 140 0.0299 56.8 547 0.0113
15.5 133 0.0257 59.5 560 0.0103
16.5 160 0.0290 59.7 613 0.0112

17.7 160 0.0269 60.6 567 0.0099
19.0 180 0.0279 61.1 613 0.0105
19.0 186 0.0289 61.2 547 0.0093
19.9 173 0.0254 61.3 560 0.0095
20.5 180 0.0254 62.7 593 0.0094
20.5 173 0.0245 63.9 587 0.0089
22.0 213 0.0275 64.2 587 0.0088
24.0 227 0.0260 65.4 640 0.0091
28.2 267 0.0251 65.8 607 0.0085
28.8 280 0.0231 66.6 640 0.0086
30.4 280 0.0221 67.1 667 0.0088
31.5 293 0.0218 67.3 587 0.0077
33.3 307 0.0206 68.0 700 0.0088
35.4 340 0.0204 68.5 600 0.0075
35.6 333 0.0198 70.0 627 0.0073
37.4 360 0.0194 71.3 647 0.0072
37.8 360 0.0190 72.0 720 0.0078
38.3 360 0.0185 72.8 773 0.0081
38.3 387 0.0199 73.0 613 0.0063
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Table II (continued)

t/° c АР/ P a in (Uh /Pd) </°C АР/ P a h ( P H/Pd)

74.3 800 0.0079 92.2 787 0.0040
78.1 773 0.0065 95.1 733 0.0033
79.5 613 0.0049 97.8 707 0.0029
81.2 733 0.0055 100.8 787 0.0030
81.5 627 0.0046 104.3 640 0.0021
83.2 673 0.0047 104.9 720 0.0023
84.2 720 0.0048 106.4 667 0.0021
85.3 800 0.0052 112.2 333 0.0009
86.2 667 0.0042 114.1 240 0.0006
87.2 667 0.0040 115.8 227 0.0005
87.2 747 0.0045 122.1 53 0.0001

90.1 733 0.0040

0.55 °C. N o ea rlie r d a ta  for these  iso to p e  effects o f T F E  are availab le  in  t h e  
l i te ra tu re  fo r pu rp o ses  o f com parison.

T he lo g a rith m s  o f th e  iso top ic  p ressu re  ra tio s  to g e th e r  w ith  th e  co rre 
spond ing  va lu es  fo r th e  CH3CH2O H /C H 3C H 2OD sy stem  [11] as a fu n c tio n  o f  
th e  rec ip ro ca l te m p e ra tu re  are p lo tte d  in  F ig . 2. F o r c la r ity  on ly  som e o f th e  
re p re se n ta tiv e  d a ta  p o in ts  are g iven. S im ilarly  to  th e  e th an o l, th e  V P IE  o f

Fig. 2. The vapour pressure isotope effect of trifluoroethanol and ethanol
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T F E  is norm al (P H P D) and  decreases sm o o th ly  in  m ag n itu d e  as th e  te m 
p e ra tu re  increases. A t th e  sam e te m p e ra tu re  th e  V P IE  o f T F E  is on ly  h a lf  
as m u ch  in  m a g n itu d e  as th a t  o f e th a n o l an d  its  “ crossover”  te m p e ra tu re  
(P H =  P D) is also m u c h  low er (119 CC, as opposed  to  th e  135 °C o f e thano l).

T he fac t th a t  th e  V P IE  of T F E  a m o u n ts  o n ly  to  h a lf  o f th a t  o f th e  e th a 
no l to g e th e r  w ith  i ts  low  ly ing  cross-over te m p e ra tu re  c learly  in d ica tes  th a t  
in  th e  liq u id  phase  th e  e x te n t and  s tre n g th  o f self-association  o f  T F E  are  
m u c h  less th a n  in  th e  la t te r  case. This re su lt  m ig h t he u n ex p ec ted  because i t  
is w ell estab lished  t h a t  th e  e lec tro n eg ativ e  in d u c tiv e  effect o f th e  fluo rine  
a to m s  in  flu o ro carb o n  alcohols m akes th e  h y d ro x y lic  hyd ro g en  a to m  consider
a b ly  m ore acidic th a n  th e  co rresponding  h y d ro g e n  a to m  in  h y d ro ca rb o n  alcohols 
[12 — 14]. This e x p la in s  w h y  hydrogen  b o n d in g  in te rac tio n s  be tw een  fluoro - 
a lcoho ls and  a p a r t ic u la r  base are m ore ex o th e rm ic  th a n  th e  co rrespond ing  
in te ra c tio n s  for h y d ro c a rb o n  alcohols a n d  ex p la in s fu r th e r  th e  excellen t sol
v e n t  p ro p erties  o f T F E . T F E  is capab le  o f d isso lv ing  polym ers (such  as ny lons 
[8, 13]) due to  its  s tro n g  hydrogen  b o n d in g  a b ili ty  in  h e te ro asso c ia ted  system s.

H ow ever, th e  p resen ce  of f lu o ro ca rb o n  g roups in  an  alcohol also reduces 
th e  b as ic ity  of th e  h y d ro x y l group an d  th e re fo re  th e  oxygen a to m  becom es a 
w e a k e r H -bond  a c c e p tin g  site . T he a c id -s tre n g th e n in g  an d  base-w eaken ing  
e ffec t o f fluorine s u b s ti tu t io n  will te n d  to  m ake opposing co n trib u tio n s  to  th e  
e x te n t  o f se lf-associa tion  of T F E  and  th e  o v e ra ll effect is th a t  in  th e  pu re  liq u id  
T F E  is less a sso c ia ted  th a n  e thano l. T h is  conclusion is in  accordance  w ith  
th e  re su lts  o f o th e r  th e rm o d y n am ic  [3], in f ra re d  [4] and N M R  [5] in v e s ti
g a tio n s .

T he difference b e tw een  th e  re su lts  fo r  th e  tw o  k inds o f alcohol m ay  also 
a rise  in  p a r t  because o f  th e  possib ility  o f  in tram o lecu la r  H -b o n d in g  for T F E  
in  th e  gas phase [15]. I n  th e  case o f  co n d en sa tio n  (on tra n s fe r  o f m olecules 
fro m  th e  gas phase to  p u re  liqu id), th e  in tra m o le c u la r  H -bonds w ill be b roken  
since  in te rm o lecu la r H -b o n d in g  will th e n  p red o m in a te . This effect also leads 
to  a decrease in  b o th  th e  IE  of e n th a lp y  o f  v ap o riza tio n  and  th e  boiling  p o in t 
o f  T F E .
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In order to achieve a more systematic investigation of peptide-DNA binding, 
the interaction specificity of a wider variety of model peptides and dipeptide esters 
with a number of double- and single-stranded nucleic acids of different base compo
sition has been examined. The analysis of aromatic side chain contribution has been 
extended to phenylalanine derivatives. A number of glutamyl and aspartyl model 
peptides were synthesized. A combination was employed of different types of physical 
measurements — scanning of thermal denaturation, fluorescence quenching, analysis 
of UV and CD spectra, equilibrium dialysis — often with comparative studies of several 
methods, the advantages and limits of each method being compared.

The highest stabilizing effects were observed in the case of basic-aromatic amino 
acid combinations, although glutamyl- and aspartyl-phenylalanine methyl esters also 
excerted an unexpectedly high stabilizing effect on the DNA helix.

The insertion of D-amino acid residues resulted in a reduction of stabilization 
of the DNA helix in the series of basic-aromatic amino acid combinations, whereas in 
the series of glutamic acid-phenylalanine derivatives the presence of D-glutamic acid 
increased stabilization. The influence of the varying number of free carboxyl groups 
and the importance of the distance between the amino and carboxyl groups was also 
demonstrated.

Preliminary experiments suggest a tendency of slight C G preference compared 
to A —T affinity of tryptophan-containing model peptides in the DNA and polynucleo
tide interaction.

Our results do not offer any experimental evidence for the previously postulated 
intercalation of tyrosine or phenylalanine derivatives. The existence of a strong binding 
site was obvious only in the case of tryptophan derivatives.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 105 (4), pp. 269 —281 (1980)

One o f th e  e ssen tia l re la tio n sh ip s  b e tw een  nucleic  acids and  p ro te in s  is 
exp ressed  in  b in d in g  a n d  recogn ition  in te ra c tio n s .

I t  w as p o s tu la te d  b y  severa l g roups t h a t  th e  side chains of am ino acids 
m ig h t p la y  an  im p o r ta n t  p a r t  in  th e  reco g n itio n  process. F o r th e  e lu c id a tio n  
o f  th e  specific  c o n tr ib u tio n  caused b y  am ino acid  side ch a in s , in vitro in v e s ti
ga tions w ere p erfo rm ed  w ith  various m odel system s [1 — 25].

O ur la b o ra to ry  follow ed one o f th e  sim plified  app ro ach es of s tu d y in g  
p ro te in -n u c le ic  acid  in te ra c tio n s , n am ely  th e  in v e s tig a tio n  o f th e  b in d in g  
process b e tw een  sm all p ep tid es  an d  nucleic acids. Two p ap ers  have  been p u b 
lished in  th is  fie ld  [26, 27].

* Present address: I. Institute of Biochemistry, Semmelweis University, Medical School, 
Budapest
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In  th is  co m m u n ica tio n  we are  co n cern ed  w ith  an  ex ten sio n  o f p rev io u s 
s tu d ie s  to  im prove  o u r u n d e rs ta n d in g  o f  th e  m olecular m echan ism  invo lv ed  
in  th e  b ind ing  process. In  o rd er to  ach ieve  a m ore sy s te m a tic  in v es tig a tio n , 
w e h av e  ap p ro ach ed  th e  p rob lem  b y  ex am in in g  th e  in te ra c tio n  sp ec ific ity  
o f  a w ider v a r ie ty  o f m odel p ep tid e s  a n d  p ep tid e  esters  w ith  a n u m b e r o f  
d o u b le - and  s in g le -s tran d ed  nucleic acids o f  d ifferen t base com position . A com 
b in a tio n  w as em ployed  o f d ifferen t ty p e s  o f  physical m easu rem en ts , o ften  w ith  
c o m p a ra tiv e  s tu d ies  of several m e th o d s , th e  ad v an tag es an d  lim its  o f  each 
m e th o d  being co m p ared . W hile scan n in g  o f  th e rm a l d e n a tu ra tio n , flu o rescen t 
q u en ch in g , analysis  o f TXV and  CD s p e c tra  re flec t p ep tid e-D N A  b in d in g  only  
in d ire c tly , d irec t b in d in g  stud ies w ere  ca rried  ou t using  eq u ilib riu m  d ia lysis.

E x p erim en ta l

Methods
The ultraviolet absorption spectra were obtained with Unicam SP 700 and Specord 

UY VIS recording spectrophotometers. Circular dichroism (CD) spectra were recorded with 
a J. Y. Dichrograph III in 1 mm quartz cells at ambient temperature.

Melting transitions were monitored with a Beckmann DU (G2400) spectrophotometer 
with a thermocouple inserted into the liquid [26].

Fluorescence spectra were taken with a Farrand spectrofluorometer, using 10 mm cells. 
Measurements were performed as described previously [27].

Equilibrium dialysis experiments were carried out using Yisking casing. Cleaning of 
the casing and control experiments are described in detail elsewhere [28]. Peptide concentra
tions were determined based on UV absorption [29], using a Beckmann DU (G2400) spectro
photometer.

All measurements were carried out in 0.002M  phosphate buffer solutions containing 
0.001M NaCl, pH 6.35 (except when otherwise indicated). All buffer solutions were made up 
with doubly distilled water and filtered on Sartorius membrane filter SM 11306 (0.45 /шi). 
pH was measured with a Universal OP 204 model pH-meter.

Materials*
The following nucleic acid preparations were used: Chicken blood DNA (REANAL, 

Budapest) P 6.9%; N 10.9%; e(P)260 nm ™00 (pH 6.35).
Poly(A), potassium salt (Koch-Light) P 5.35%; MW 100 000.
Poly(C), potassium salt, А-grade (Calbiochem) P 8.76%, N 11.75%; MW 3.1 • 104.
Poly(C-G), potassium salt (Boehringer —Mannheim GmbH), base ratio 1 : 1; P 5.27%.
Poly(l)-poly(C), sodium salt (Calbiochem), А-grade, double stranded, e(P)248 nm: 4600, 

(pH 7); P 7.25%.
Poly(dA)-poly(dT), potassium salt (Boehringer-Mannheim GmbH) 50 OD, E260-
All dipeptides were prepared in our laboratory. During this work, it was necessary to 

synthesize — as starting materials — many derivatives of amino acids according to literature 
methods. Most dipeptides have been described previously in the literature, but in several 
cases we preferred the use of different methods, or some modification of the experimental 
conditions seemed to offer advantages. Peptide coupling was achieved by using the mixed 
anhydride or carbodiimide method. Benzyloxycarbonyl and benzyl ester were used as the 
temporary protecting groups in each case and were removed by catalytic hydrogenation; 
dipeptide esters were isolated as hydrochlorides. Experimental details were previously published 
[26]. The peptides used for the studies reported in the present paper were as follows (the amino

* Symbols and abbreviations are used according to the rules adopted by the IUPiVC 
IUB Commission on Biochemical Nomenclature, J. Biol. Chem., 247, 977 (1972). Further 
abbreviation: Z— =  benzyloxycarbonyl.
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acids were of L-configuration unless otherwise stated): Lys-TyrOMe [26], Lys-D-TyrOMe [26], 
Orn-TyrOMe [26], Orn-TrpOMe [26], Lys-TrpOMe [26], Ser-TyrOMe [30], Ser-TrpOMe [30], 
D-Ser-TrpOMe [30], Glu-PheOMe [31], Glu(PheOMe)OH [29], Glu(OMe)-PheOMe [29], Glu- 
TyrOMe [29], Glu(OMe)-TyrOMe [29], Glu-TrpOMe [27], Asp-PheOMe [32], Asp-TrpOMe [31], 
Glu-Ala [33], Glu-Val [34], Ala-Glu [33]. D-Lys-TrpOMe, D-Glu-PheOMe and D-Glu(PheOMe)- 
OH were prepared as described for the l -l  diastereomers.

All peptides were checked for authenticity by elemental analysis and by TLC on silica gel.
IR spectra were recorded in KBr pellets with an IR spectrometer (Carl Zeiss, Jena) 

confirming the presumed structures.

R esults

M elting temperature studies

T he m elting  te m p e ra tu re  o f chicken blood D N A  (4.6 • 10 ~5 M (P)) w as 
m o n ito red  in  th e  p resence o f  th e  v a rio u s p ep tid es  (c o n c e n tra tio n  ran g e  1 • 10 -  4 
— 1 • 10 ~ 3 M )  in  0.002 M  p h o sp h a te  buffer so lu tion , p H  6.35, co n ta in in g  
0.001 M  N aCl. As s ta te d  in  P a r t  I  o f th is  series [26,] a ty p ic a l s a tu ra tio n  b e h a v 
io r has been observed  w ith  T m being  p ro p o rtio n a l to  th e  p e p tid e  c o n c e n tra 
tio n  a t  low values of th e  la t te r ,  an d  reach in g  a lim itin g  v a lu e  o f A T m a t  h ig h e r 
co n cen tra tio n s . R esu lts  o f th ese  m easu rem en ts are p re se n te d  in  T ab le  I.

P rev ious o b se rv a tio n s w ith  basic -a ro m atic  am ino  ac id  co m b in a tio n s 
in d ic a te d  th a t  try p to p h a n  p ep tid es  ex e rted  a h igher s ta b iliz in g  effect on D N A  
th a n  ty ro s in e -co n ta in in g  analogues [26]. A sim ilar t r e n d  w as observed  in  th e

Table I

ATm(°C +  0.3 °C), the rise in the melting temperature of chicken blood DNA  (4.6 • 10~5 M (P ) 
solution in phosphate buffer, pH 6.35, I: 0.0036) due to the effect of various concentrations of mode

peptides

Peptide
Concentration of peptide (M)

1 • io-« 3 • 10-« 5 • 10-< 1 • 10-3

Ala-Glu 3.6 4.0 4.5 6.8
Glu-Ala 2.1 4.5 5.3 8.7
Glu-Val 1.0 3.1 5.3
Glu-PheOMe 1.5 2.8 5.5 7.7
D-Glu-PheOMe 2.9 3.8 7.1 9.9
Glu(PheOMe)OH 2.1 2.2
D-Glu(PheOMe)OH 0.4 1.0 3.0 3.5
Glu-TyrOMe 0.5 1.0 1.9 4.1
Glu-TrpOMe 4.9 6.5 7.3
Asp-PheOMe 4.7 8.9 12.0 13.4
Asp-TrpOMe 1.6 3.0 5.7
D-Lys-TrpOMe 6.8 7.8 9.7
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se r ie s  o f  ac id ic -a ro m atic  am ino  acid  co m bina tions, th e  e ffec t decreasing  in  
th e  follow ing o rder: G lu  A sp, T rp  ^> T y r. I t  has been  re p o r te d  b y  Gabbay  
et al. [12] th a t  ty ro s in e -c o n ta in in g  d ip ep tid e  am ides s tab iliz e  th e  helix  to  a 
g r e a te r  e x te n t th a n  th e  co rresp o n d in g  p h en y la lan in e -co n ta in in g  system s do. 
I n  th e  case of our m odels th is  t re n d  p ro v ed  to  be tru e  on ly  w h en  p h en y la lan in e  
w a s  coupled  w ith  th e  y -ca rb o x y l g roup  o f  g lu tam ic  acid . T h e  re su lts  seem  to  
b e  c o n tra d ic to ry  to  th e  a f f in ity  scale re p o rte d  fo r o th e r  p e p tid e s  [6, 12], w hen  
p h en y la lan in e  was coup led  to  th e  a -ca rb o x y l o f e ith e r  g lu tam ic  or a sp a rtic  
ac id . T h is anom alous b e h a v io r suggests th a t  in  a d d itio n  to  th e  assum ed 
гг-e lec tro n  in te ra c tio n  o f  th e  a ro m a tic  rin g  [21], th e  y -ca rb o x y l g roup  m ay  give 
r ise  to  an  H -bond  w ith  th e  accep to r g roups o f D N A . As re p o r te d  p rev iously  
[27], no  sign ifican t s ta b iliz in g  effect w as observed , w hen  b o th  ca rb o x y l groups 
o f  th e se  d ipep tides w ere este rified .

The insertion o f a D-amino acid resulted in  a reduction  o f stabilization  
in  the series of basic-arom atic amino acid com binations, w hile in  the series o f  
glu tam ic acid-phenylalanine com binations the presence o f  D-glutam ic acid 
increased stabilization. W e have no explanation for th is observation for the  
tim e being.

T he a lip h a tic -ac id ic  am ino  ac id  co m bina tions w ith  free  ca rb o x y l groups 
h a d  a ra th e r  low effec t o f  s ta b iliz a tio n . T he effect d ecreased  a t  h igher ionic 
s tre n g th , i.e. in  0.02 M  p h o sp h a te  b u ffe r so lu tions. N o d ire c t com parison  has 
b e e n  m ade w ith  th e  co rresp o n d in g  este rs . T he o b se rv a tio n  o f  Ga bba y  et al. [11] 
i n  re sp ec t of a sequence e ffec t w as con firm ed  in  th e  case o f A la-G lu  and  G lu-A la.

U V  and CD spectral studies

T he in te ra c tio n  o f  th e  m odel p ep tid es  w ith  ch icken  b lood  D N A  w as also 
s tu d ie d  b y  UV a b so rp tio n  an d  th e  CD tech n iq u e .

No sign ifican t d ifference w as d e tec ted  in  th e  a b so rp tio n  spec tru m  of 
D N A  in  th e  presence o f  th e  d ip ep tid e  es te r sy stem s, i.e. th e  in te n s ity  a t  260 nm  
v a rie d  b y  less th a n  ^ 3 % .  S im ilarly , no sign ifican t ch an g e  w as observed  in  
th e  240 — 330 nm  w av e len g th  in te rv a l o f th e  CD sp ec tru m  o f D N A  and  poly(A ), 
re sp ec tiv e ly  [6], in  th e  p resence  o f  d ip ep tid e  esters. Ser-T yrO M e, Orn-TyrO M e 
a n d  O rn-TrpO M e w ere u sed  in  th ese  s tu d ies  a t  a m olar ra tio  D N A  (P) — p ep tid e  
1 : 1 (pH  6.35; I:  0 .0036). T he re su lts  suggest th a t  no gross a lte ra tio n  in  D N A  
s tru c tu re  is occurring .

Equilibrium  dialysis experiments

E q u ilib riu m  d ia ly sis  is th e  m o st d irec t w ay  to  o b ta in  a m easure o f th e  
a m o u n t o f bound  an d  free  lig an d . In  d e te rm in in g  D N A  b in d in g  b y  equ ilib rium  
d ia ly sis , 5 m l of a 1 • 10 ~ 3 M  D N A  so lu tio n  w as p u t  in  th e  d ia ly sis  sac an d  10 m l
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p ep tid e  so lu tions o f d iffe ren t co n cen tra tio n s (5 • 1 0 -5  — 1 • 10~ 3 JVf) w ere 
used  as th e  d ialysis b a th . All so lu tions w ere m ade in  0.002 M  p h o sp h a te  bu ffer 
so lu tio n  c o n ta in in g  0.001 M  NaCl, p H  6.35. D ialysis w as perfo rm ed  for 24 h 
a t  4 °C. T he e x te rn a l so lu tion  was th e n  analysed  sp ec tro p h o to m e trica lly  [29], 
as p rev io u sly  re p o rte d  fo r th e  p ro te in  b ind ing  o f th e  sam e m odel pep tid es . 
D eta ils  o f th e  ex p e rim en ta l p rocedure  inc lud ing  c o n tro l experim en ts are  
described  elsew here [28]. N egligible am o u n ts  of th e  sm all m olecules w ere 
found  to  he b o u n d  to  th e  m em brane.

T he D o n n án  effect lim its  [35] th e  m ax im um  D N A  co n cen tra tio n  w hich 
can  be used  a t  th e  low  ionic s tre n g th  th a t  is necessary  to  o b ta in  sign ifican t 
b in d in g  o f  th e  p e p tid e , an d  low ering th e  p ep tid e  c o n c e n tra tio n  s ig n ifican tly  
affec ts th e  accu racy  o f th e  q u a n tita tiv e  assay  d e te rm in a tio n  em ployed  in  
th is  w ork . To overcom e th e  in h e re n tly  poor ex p e rim en ta l accu racy  a t  low  
s a tu ra tio n , re p e a te d  m easu rem en ts w ere carried  o u t u n d e r  id en tica l cond itions 
an d  th e  m ean  values w ere ca lcu la ted .

E q u ilib riu m  d a ta  w ere p lo tte d  accord ing  to  th e  Scatchard rep resen 
ta t io n  [36], co rre la tin g  r, th e  m ean  n u m b e r o f m oles p e p tid e  bound  per m ole 
p h o sp h a te , Cy, th e  m o la r co n cen tra tio n  o f  u n b o u n d  p e p tid e , n , th e  th e o re tic a l 
n u m b er o f b in d in g  s ites, and  К , th e  associa tion  c o n s ta n t. W e are aw are of 
th e  fa c t suggested  b y  McGhee an d  v o n  H ippel  [37] t h a t  a considerable p o r
tio n  o f  th e  n o n -lin e a rity  o f  an y  Scatchard p lo t re la te d  to  th e  b ind ing  to  o n e
d im ensiona l m acrom olecu lar la ttices  can  be a t tr ib u te d  to  th e  “ overlap”  effect 
ra th e r  th a n  th e  h e te ro g en e ity  of b in d in g  sites. In  consequence, th e  b in d ing  
a ff in ity  c o n s ta n t o f oligom ers or po lym ers fo r D N A  c a n n o t be sim ply  deduced  
from  b in d in g  m easu rem en ts  using  tr a d itio n a l Scatchard p lo ts . Since ou r 
m odel p ep tid e s  w ere re la tiv e ly  sm all m olecules, we accep ted , as a reasonab le  
basis fo r com parison , th e  generally  used  ap p ro ach  o f p lo tt in g  d a ta  accord ing  
to  Scatchard an d  e v a lu a tin g  these  p lo ts  in  th e  u su a l w ay  applied  for th e  
in te ra c tio n  o f  sm all m olecules w ith  D N A .

S im ilarly  to  p rev io u sly  rep o rted  sp ec tro flu o ro m etric  stud ies w ith  t r y p 
to p h a n  p ep tid es  [28], th e  Scatchard p lo ts  derived  fro m  equ ilib rium  dialysis 
d a ta  w ere also cu rved . In  F ig . 1 th e  co m p ara tiv e  D N A  b in d in g  p lo ts o f fo u r 
try p to p h a n -c o n ta in in g  d ip ep tid e  esters a re  p resen ted . T he second am ino acid  
in flu en ced  th e  b in d in g  a ff in ity  in  th e  decreasing  o rd e r L ys >  O rn >  Ser. 
A n anom alous b eh av io r can  be observed  in  th e  case o f  th e  g lu tam y l p ep tid e  
co m p ared  to  ou r p rev ious stud ies, since sp ec tro flu o ro m etric  m easurem ents 
in d ica ted  an  a lm o st id e n tic a l b ind ing  a ff in ity  to  D N A  fo r th e  Ser-TrpO M e 
an d  G lu-TrpO M e d ip ep tid e  esters.

A n ex p la n a tio n  m ig h t be offered b y  th e  fa c t th a t  in  th e  equ ilib rium  
dialysis ex p erim en ts  h ig h er co n cen tra tio n s o f th e  p ep tid e s  w ere applied , giv ing 
w ay  to  a m ore d o m in a tin g  influence o f  th e  e lec tro s ta tic  rep u ls io n  of th e  c a r
boxy l g roups on th e  b in d in g  process.

3 Acta Chim. Acad. Sei. Hung. 105, 1980



274 SZEKERKE, ÉRCHEGYI: INTERACTION OF DIPEPTIDES WITH NUCLEIC ACIDS

Fig. 1. Binding curves for Lys-TrpOMe (1); Orn-TrpOMe (2); Ser-TrpOMe (3); Glu-TrpOMe (4)

Fig. 2. Binding curves for TrpOMe (1); TyrOMe (2); PheOMe (3)

T he th e o ry  o f G a u g a in  et al. [38] can  be reg a rd ed  as an  a lte rn a tiv e  
ex p lan a tio n . In  som e cases, a lth o u g h  th e  p rim ary  sites are  occupied f irs t 
an d  th e  secondary  sites la te r , th ese  seco n d ary  sites can  y e t  be p o p u la ted  a t  
th e  expense o f  th e  p rim ary  sites an d  th e y  can  even p re d o m in a te  a t  h igh  free  
co n cen tra tio n s  o f th e  ligand . T h is effect is possible w hen  th e  to ta l  gain  in  
free  energy becom es g rea te r by  s a tu ra t io n  w ith  th e  lig an d  a t  th e  secondary  
s ite s , because th e  low er b in d ing  free energy  associated  w ith  th e  w eaker second
a ry  site  b in d in g  c o n s ta n t is co m p en sa ted  b y  a g rea te r d e n s ity  o f secondary  
s ite s  on D N A .

A t p re se n t th e  in fo rm atio n  is in su ffic ien t for a decision  betw een  th e se  
tw o  possible ex p lan a tio n s  and  fu r th e r  w ork  in  th is  area w ill be  requ ired  before 
su ch  a choice can  be m ade.

In  F ig . 2 th e  s tre n g th  of b in d in g  o f th e  m e th y l esters  o f  a ro m atic  am ino  
ac ids is com pared ; a decreasing  o rd e r o f a ff in ity  T rp  >  T y r  >  P he  is fo und .

A sim ilar tre n d , i.e. try p to p h a n  a ff in ity  g rea te r th a n  ty ro sin e , could  
b e  observed  w hen  lysy l- (F ig . 3) an d  sery l- (Fig. 4) t r y p to p h a n  and  ty ro s in e  
d ip e p tid e  este rs , re sp ec tiv e ly , w ere co m p ared . A curved  p lo t an d  th e  ex istence  
o f  a s tro n g  b in d in g  site  w as obvious o n ly  in  th e  case o f t r y p to p h a n  d e riv a tiv es;
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Fig. 3. Binding curves for Lys-TrpOMe (1); Lys-TyrOMe (2)

Fig. 4. Binding curves for Ser-TrpOMe (1); Ser-TyrOMe (2)
Figures 1 — 4. Scatchard display of data obtained by equilibrium dialysis for the binding 
of various dipeptide esters (concentration range investigated 5 • 10_5iVi— 1 • 10-3 M) to DNA 

(1 • 10 ~3 M  (P) solution) at 4 °C, pH 6.35 phosphate buffer, I: 0.0036

in  co n tro l ex p erim en ts  perfo rm ed  a t  h igher ionic s tre n g th  th is  s tro n g  b in d ing  
s ite  w as n o t affected . W hile eq u ilib riu m  stud ies could  be ex ten d ed  to  ty ro s in e  
p ep tid es  enab ling  a com parison  o f  try p to p h a n  an d  ty ro s in e  p ep tid e  b in d ing  
a ffin ities, th e  in te ra c tio n  o f p h en y la lan in e  p ep tides cou ld  n o t be ev a lu a ted  
re liab ly  in  th is  series. G lu tam y l an d  a sp a rty l p ep tid e s , as m en tioned  before, 
d id  beh av e  anom alously  in  th e  h ig h  co n cen tra tio n  ran g e  ap p lied  in  th e  eq u ilib 
r iu m  dialysis m easu rem en ts . T he pheny la lan in e  p ep tid e s  w ere all com binations 
o f  g lu tam ic  or a sp a rtic  acid , hence only  p a rtia l e v a lu a tio n  in  resp ec t of th e  
w eak , secondary  sites w as possib le . Also in  th e  case o f  d e n a tu re d  D N A  only  
th e  w eak  b ind ing  could  be d e te c te d  b y  equ ilib rium  d ia ly sis , co rresponding  
to  th e  secondary  sites on n a tiv e  D N A . The m odels u sed  in  th e se  experim en ts 
w ere Ser-TrpO M e an d  O rn-TrpO M e.

W eber  [39] called atten tion  to  the fact that a good w ay of comparison 
for data obtained by spectrofluorom etric titration and b y  equilibrium dialysis
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is o ffe red  b y  th e  B jerrum  “ fo rm a tio n  fu n c tio n ”  [40], in  w h ich  th e  lo g arith m  
(o r — log) of th e  free lig a n d  c o n c e n tra tio n  Cj, is p lo tte d  a g a in s t r, th e  degree 
o f  s a tu ra t io n  of th e  av e rag e  n u m b e r b o u n d . T he resu ltin g  g ra p h  m a y  be te rm ed  
a t i t r a t io n  curve of D N A  w ith  th e  ligand . Several a sp ec ts  m ak e  th is  p lo t 
g re a tly  p referab ly  to  o th e rs ; th e se  inc lude  th a t  a com plete  t i t r a t io n  curve is 
c h a ra c te riz e d  b y  th e  p resence  o f  a s a tu ra tio n  reg ion  a t  w h ich  an  increm en t 
o f  free  ligand  does n o t re su lt  in  a n y  ap p reciab le  change in  s a tu ra tio n , th u s  
g iv in g  rise  to  a “ v e r t ic a l”  seg m en t in  th e  t i t r a t io n  cu rv e . A n incom plete  
t i t r a t io n  curve is show n b y  th e  absence o f a s a tu ra tio n  reg ion .

T he com parison  o f  th e  t i t r a t io n  curves o f D N A  w ith  tw o  try p to p h a n  
c o n ta in in g  d ipep tide  e ste rs  u sin g  fluorescence q u ench ing  a n d  equ ilib rium  
d ia ly s is  is p resen ted  in  F igs 5 — 6 in  th e  form  o f B jerrum  p lo ts . T he p lo ts

Fig. 5. Titration curves for DNA with Ser-TrpOMe

Fig. 6. Titration curves for DNA with Orn-TrpOMe 
Figures 5—6. Titration curves for DNA with dipeptide esters: (1) fluorescence quenching 
measurements, (2) equilibrium dialysis; Cf the molar concentration of unbound peptide, 

r: the mean number of moles peptide bound per mole phosphate
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based  on th e  sp ec tro flu o ro m etric  m easu rem en ts  w ere co n stru c ted  fro m  d a ta  
o b ta in e d  b y  th e  t i t r a t io n  of th e  p ep tid e s  in  a 2 • 1 0 - s  M  so lu tion  (p H  6.35) 
w ith  v a ry in g  co n cen tra tio n s  (2 • 1 0 -5 —4 • 1 0 ~ 4 M  (P )) o f th e  D N A  so lu tio n . 
E x p e rim e n ta l d e ta ils  w ere p rev io u sly  rep o rted  [27]. Some differences in  th e  
values o f  b in d in g  p a ra m e te rs  m ig h t be re la ted  to  a te m p e ra tu re  effec t, since 
sp ec tro flu o ro m e tric  m easu rem en ts w ere perfo rm ed  a t  am bien t te m p e ra tu re , 
while eq u ilib riu m  dialysis ex p erim en ts  w ere ca rried  o u t a t 4 °C [41]. T he 
ex istence  o f tw o classes o f sites, i.e. s tro n g  b in d ing  an d  a h igh n u m b er o f  w eaker 
b in d in g  sites is ev id en t from  these  figures.

In  o u r ex p erim en ts  a m ore com ple te  t i t r a t io n  curve was o b ta in e d  b y  
fluorescence quench ing , while eq u ilib riu m  dialysis experim en ts y ie ld ed  an  
in co m p le te  cu rve .

Fluorescence experiments; nucleotide specificity

In  o rd e r to  lea rn  m ore ab o u t th e  specific ity  o f th e  pep tides fo r a p a r t ic 
u la r  base  or a p a r tic u la r  nucleic acid  s tru c tu re , we s tu d ied  th e  in te ra c tio n  of 
th ree  d ip e p tid e  este rs , O rn-TrpO M e (F ig . 7), G lu-TrpO M e (Fig. 8) a n d  Ser- 
-TrpO M e (F ig . 9), w ith  a n u m b er of double- an d  sin g le -s tran d ed  po lyn u c leo tid es .

F luo rescence  sp ec tra l s tud ies w ere ca rried  o u t b y  t i t r a t in g  a 2 • 10 ~5 M  
p ep tid e  so lu tio n  w ith  v a ry in g  co n cen tra tio n s  (2 • 10 " 5—4 • 1 0 “ 4 M {P )) of 
th e  p o ly n u c leo tid e  so lu tions (pH  6.35). T he p e rcen tag e  decrease in  fluo rescence  
in te n s ity  as p lo tte d  ag a in st th e  m o la r ra tio  of D N A (P )/p ep tid e  are  d ep ic ted  
in  F igs 7 — 9. A lth o u g h  th e  d a ta  w ere in su ffic ien t to  co n stru c t re liab le  S cat- 
c h a r d  p lo ts , som e conclusion can  be d raw n  ab o u t th e  re la tiv e  a b ility  o f  th e  
th ree  p ep tid e s  to  be b o und  to  po lynucleo tides.

Fig. 7. Interaction of Orn-TrpOMe with poly(dA)-poly(dT) (1); poly(A) (2); polyfl)-poly(C) 
(3); DNA (4); denatured DNA (5); poly(C) (6); poly(C -G) (7)
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Fig 8. Interaction of Glu-TrpOMe with poly(dA)-poly(dT) (1); poly(A) (2); poly(I)-poly(C)
(3); DNA (4); denatured DNA (5)

Fig. 9. Interaction of Ser-TrpOMe with poly(A) (1); poly(I)-poly(C) (2); DNA (3); denatured
DNA (4); poly(C) (5)

Figures 7—9. Percentage decrease in fluorescence intensity plotted against the molar ratio 
nucleic acid [P]/[peptide]; pH 6.35, I: 0.0036

B ind in g  affin ities increase  in  th e  fo llow ing  order: O rn-TrpO M e (F ig . 7): 
p o ly (A )= p o ly (d A )-p o ly (d T ) <  p o ly (I)-po Iy (C ) <C DNA <  d en a tu re d  
D N A  <  poly(C) =  p o ly (G —C);

G lu-TrpOM e (F ig . 8): po ly (d A )-p o ly (d T ) <  poly(A) <  p o ly ( I ) -  
po ly (C ) <  DNA <  d e n a tu re d  DNA <  poly(C );

Ser-TrpOM e (F ig . 9 ): poly(A ) <  p o ly (I)-p o ly (C ) <  D N A  <  d en a tu re d  
D N A  <  poly(C).
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These resu lts  suggest th e  ten d en cy  of C — G preference in  b in d in g  a ff in ity , 
co n sis ten t w ith  ou r p rev ious sp ec tro flu o ro m etric  m easu rem en ts  perfo rm ed  
w ith  Micrococcus lysodeikticus D N A  (G —C c o n te n t 72% ) a n d  th e  sam e d ip e p 
tid e  esters.

A sim ilar tre n d , i.e. s lig h t C—G a ff in ity  has been observed  b y  W ehling  
et al. [21] for ly s in e - try p to p h a n  copolym ers, an d  also b y  N ovak et al. [15] 
fo r a ty rosy l-g lyc ine  p e n ta p e p tid e . Sa x in g er  et al. [22] m easu red  th e  h ig h es t 
se le c tiv ity  coefficien t w ith  im m obilized  try p to p h a n  b in d in g  fo r 5 ’-G p an d  
5’-Ip . O n th e  o th e r h an d , Ga bba y  et al. [12] rep o rted  A —T  sp ec ific ity  from  
eq u ilib riu m  dialysis s tud ies w ith  a series o f ly sy l-a ro m atic  am ino  acid  am ides.

T he d a ta  p resen ted  in  th e  Figs 7 —9 c learly  in d ica te  t h a t  s ig n ifican t 
b in d in g  is possib le to  b o th  s in g le -s tran d ed  hom opolym ers an d  helical copo ly 
m ers, p ro v id ed  th e  base com position  is also ad eq u a te . T his o b se rv a tio n  su p p o rts  
th e  p o s tu la tio n  ab o u t th e  im p o rtan ce  o f H -b o n d in g  in  th e  b in d in g  an d  recog 
n itio n  process — as discussed b y  Seem an  et al. [23].

T hese s tu d ies  m u st be reg a rd ed  on ly  as p re lim in ary  ex p e rim en ts , since 
th e  series o f po lynucleo tides is incom plete . A t th e  sam e tim e  i t  seem s ju s tif ie d  
to  re g a rd  ou r p resen t d a ta  as re la tiv e  indices su itab le  to  re flec t d ifferences in  
b in d in g  a ffin ity .

D iscussion

T h e  choice o f p ep tides fo r th e  p re sen t experim en ts  w as p lan n ed  b y  k eep 
in g  in  m ind  th e  several concep tions th a t  h a v e  em erged up  to  now , try in g  to  
ex p la in  recogn ition  specific ity . T he increased  in te re s t in  acidic n u c lea r p ro te in s  
also seem ed to  ju s tify  th e  choice of a n u m b e r o f g lu tam y l an d  a sp a r ty l m odel 
p ep tid es . T hese m odels are  su itab le  to  e v a lu a te  th e  in fluence  o f th e  v a ry in g  
n u m b e r o f free ca rboxy l groups.

T he role o f  th e  d is tan ce  betw een  th e  am ino  and  ca rb o x y l g roups could  
be s tu d ie d  b y  m oving  th e  p ep tid e  bond  to  th e  y -carboxy l g roup  o f g lu tam ic  
acid , o r b y  rep lac ing  g lu tam ic  acid  b y  a sp a rtic  acid . B y  th e  in se rtio n  o f D -am ino 
acids th e  “ ste reo sp ec ific ity ”  o f  com plex fo rm a tio n  of d iaste reo m eric  p ep tid es  
w as in v e s tig a te d , an d  a tte n tio n  w as also p a id , to  som e e x te n t to  e v a lu a tio n  
o f th e  sequence effect. T he analysis  o f  a ro m a tic  side chain  c o n tr ib u tio n  to  
b in d in g  specific ity  has been  re s tr ic te d  in  th e  tw o prev ious p ap ers  to  try p to p h a n  
an d  ty ro s in e  pep tid es , b u t  in  th e  p re sen t series p h en y la lan in e  d e riv a tiv e s  
h av e  also been  inc luded . E x p e rim en ts  w ere ca rried  o u t to  exam ine  a n y  possib le 
base  specific ity .

B ind in g  affin ities w ere s tu d ied  b y  th re e  in d ep en d en t m e th o d s, th e  
scann ing  o f th e rm a l d e n a tu ra tio n  of D N A , equ ilib riu m  dialysis an d  fluorescence 
m easu rem en ts .

T ry p to p h a n -c o n ta in in g  p ep tid es  w ere in v es tig a ted  b y  a ll th re e  m eth o d s, 
w hile ty ro s in e  an d  p h en y la lan in e  pep tid es  o n ly  b y  tw o. T h e  reaso n  fo r th is
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w as th a t  ap p lica tio n  o f  th e  fluorescence te c h n iq u e  fo r ty ro s in e  and  p h e n y l
a lan in e  is less re liab le  an d  m ore com plica ted . B o th  th e  q u a n tu m  y ie ld  and  
th e  m olar ab so rb an cy  are  m uch low er th a n  th o se  o f  try p to p h a n  [42], an d  th e  
ca lcu la tio n  of a n u m b e r  o f  co rrection  fac to rs  w ould  be necessary  due to  th e  
ex ten siv e  overlap  o f  th e  ab so rp tio n  an d  em ission sp e c tra  [43].

As has been  p o in te d  o u t earlier [26], th e  in te rp re ta tio n  of T m-d a ta  is 
com plica ted  b y  a t  le a s t  tw o  com peting  process. I t  shou ld  be regarded  th e re 
fore  as a q u a lita tiv e  in d ic a tio n  of th e  ex istence  o f an  in te ra c tio n , b u t  no q u a n 
t i ta t iv e  e s tim a tio n  o r d e ta iled  analysis o f th e  b in d in g  process is possib le on 
th is  basis.

E q u ilib riu m  d ia ly sis  is regarded  as th e  b es t w ay  o f in v es tig a tin g  th e  
s tre n g th  of b ind in g . T h e  ad v an tag es  and  lim its  o f  th e  tw o  m ethods, equ ilib rium  
d ialysis and fluo rescence  spectroscopy , w as an a lysed  b y  a com parison  o f th e  
ex p erim en ta l re su lts  in  th e  fo rm  of B j e r r u m  p lo ts , w hich  revealed  th e  h ig h es t 
sen s itiv ity  in te rv a ls .

The p ic tu re  w h ich  em erged so fa r in  con n ec tio n  w ith  our m odel p ep tid e s  
m a y  be su m m arized  as follows.

B inding s tu d ie s  w ith  lysy l and  o rn ith y l pep tid es  c learly  show th a t  th e  
ad d itio n  of an  e x tra  p o s itiv e  charge to  th e  p e p tid e  sy s tem  enhances th e  b in d in g  
a ff in ity  to  D N A . T h e  analysis  o f g lu tam y l — in c lu d in g  a- and  y -pep tides — 
a n d  a sp a rty l p e p tid e s  in d ica te s  th a t  th e  sequence an d  s te reo ch em istry  o f th e  
am ino  acid residues is im p o r ta n t  w ith  re sp ec t to  th e  m ag n itu d e  of th e  s ta b iliz 
in g  effect. These f in d in g s  are  in  line w ith  th e  re su lts  o b ta in ed  by  Gabbay  et al. 
[11, 12] w ith  v a rio u s  d ip ep tid e  am ides.

The increase in  th e  b in d in g  a ff in ity  of th e  p ep tid es  w ith  a ro m atic  am ino 
acids re la tiv e  to  a lip h a tic  am ino ac id -co n ta in in g  v a ria tio n s  (G lu-A la, G lu-V al, 
etc.) is obviously  a specific  co n trib u tio n  o f th e  a ro m atic  ring  system  invo lved . 
W h e th e r in  th e  case o f n a tiv e  D N A  th e  a f f in ity  gain  superim posed  over th e  
co n tr ib u tio n  o f th e  p a r tn e r  am ino acid re su lts  from  in te rc a la tio n  or m erely  
from  in te rac tio n  w ith  th e  D N A  surface or grooves is s till u n d er co n tro v ersia l 
discussion [4, 9, 14, 21] an d  m ay depend  on  th e  a ro m a tic  residue invo lved .

P re lim in ary  ex p erim en ts  w ith  try p to p h a n -c o n ta in in g  m odel pep tid es  
an d  a num ber o f  doub le- and  sin g le -s tran d ed  po lynucleo tides w ere carried  
o u t by  th e  sp ec tro flu o ro m e tric  tech n iq u e . A s ligh t C—G preference com pared  
to  A —T a ff in ity  h a s  been  observed. T h is o b se rv a tio n  is co nsisten t w ith  th e  
re su lts  of W eh ling  [21], b u t  con tro v ersia l to  o th e r  re p o rts  [6, 12].

N uclear p ro te in -D N A  in te rac tio n s  w ere an a lysed  so fa r  m ain ly  w ith  th e  
a id  of basic — a n d  to  som e e x te n t w ith  ap o la r — am ino ac id -con ta in ing  
m odel p ep tides, b u t  l i t t le  a tte n tio n  [15, 44, 45] has been  p a id  to  m odel p ep tid es  
con ta in in g  acid ic res id u es. O ur experim en ts in d ic a te  th a t  th e  tw o ty p es o f p e p 
tid e s  m ight affec t D N A  in  a v e ry  d iffe ren t w ay , an d  acid ic am ino  acids o f p ro te in s  
could  also p lay  an  im p o r ta n t  p a r t  in  p ro te in -n u c le ic  acid recognition .
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By the reaction of the Reissert compounds (la, b) of unsubstituted and 6,7- 
-dimethoxyisoquinoline with phthalaldehydic acid methyl ester (2a) or with opianic 
acid methyl ester (2b), the erythro and three isomers of ( •-)-1 -(1 pht halidyi)-?-met hyl- 
-1,2,3,4-tetrahydroisoquinoline and ( + ) - l- [ l /-(l', 5'-dimethoxyphthalidyl)]-2-methyl- 
-1,2,3,4-tetrahydroisoquinoline (6a, b) and 7a, b) were prepared; further on, new synthe
ses of ( +  )-cordrastine I (7c) and ( + j-cordrastine II (6c) were achieved. The structures 
of the compounds were confirmed by 13C-NMR and mass spectroscopic methods.

In  an  earlie r p ap e r [1] we described  th e  use o f R e isse rt com pounds in  
th e  syn thesis  o f  ph thalid e iso q u in o lin e  alkalo ids, an d  a new  syn thesis  o f  
h y d ra s tin e  isom ers (6d and  7d) ach ieved  in  th is  w ay  was re p o rte d . In  th e  p re s 
e n t  p a p e r  fu r th e r  re su lts  o b ta in ed  in  th is  fie ld  will be d iscussed.

2 -B en zo y l-l-cy an o -l,2 -d ih y d ro iso q u in o lin e  (la) (u n su b s titu te d  R eissert 
com pound) or 2 -b en zo y l-l-cy an o -l,2 -d ih y d ro -6 ,7 -d im eth o x y iso q u in o lin e  (lb) 
(6 ,7 -d im eth o x y -R eissert com pound) w ere allow ed to  re a c t  w ith  2-form yl- 
benzo ic  acid m e th y l e s te r (2a) (m e th y l e s te r of o -p h th a la ld eh y d ic  acid), or 
w ith  2 ,3-d im ethoxy-6-fo rm ylbenzo ic  acid  m e th y l ester (2b) (m e th y l o p ian a te ) 
in  d im eth y lfo rm am id e , in  th e  p resence o f sodium  h y d rid e . T he resp ec tiv e  
d ie s te rs  (3a— c) w ere iso la ted  in  50 — 70%  yields from  th e  re a c tio n  m ix tu re s ; 
th e y  w ere sapon ified  w ith  p o tassiu m  h y d ro x id e  in  aqueous alcoholic so lu tion , 
an d  th e n  su b jec ted  to  la c to n iza tio n  b y  reflu x in g  w ith  acid . T he a ro m atic  
p h th a lid e iso q u in o lin es  (4a— c) p rep a red  in  th is  w ay  w ere h y d ro g e n a te d  u n d e r 
a p ressu re  of 3 • 10s P a  to  o b ta in  a m ix tu re  o f ( +  )-eryihro- an d  ( +  )-threo-nor- 
ph th a lid e iso q u in o lin es  (5a—c). T h e ra tio  o f th e  erythro a n d  three com pounds 
w as n e a rly  1:1 fo r 5a an d  5c, an d  i t  w as a b o u t 2:1 fo r 5b.

In  th e  case o f com pound  5a an d  5b, sep a ra tio n  o f  th e  isom ers fa iled , 
th e re fo re  th e  isom er m ix tu re s  w ere m e th y la te d  d irec tly  in to  th e  en d -p ro d u c ts  
(6a, 7a an d  6b, 7b).

* Part II, see K er ek es , P., Ma k leit , S., B ognár, R.: Acta Chim. Acad. Sei. Hung., 
98, 491 (1978)
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1 R 1 R 2 2 R 3 R 4

a - H - H a - H — H
b — OMe -O M e i> — OMe - O M e

<? — OCH20  —

3 a - d  4 a - d

3 - T R1 R2 R3 R4

a - H - H - H - H
b - H - H -O M e -OM e
C -  OMe — OMe -O M e -  OMe
<i -  OCH20 - -O M e -OM e
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C om pounds 6a  a n d  7a w ere th e n  sep a ra ted  b y  p re p a ra tiv e  lay er ch ro - 
m a tg ra p h y ; th e  erythro a n d  three isom ers w ere d is tin g u ish ed  in  th e  13C-N M R 
sp ec tra  on th e  basis o f  th e  ch a ra c te ris tic  chem ical sh ifts o f  C-3 and  C-4 [2]. T he 
( +  )-erythro- (6a) an d  ( +  )- ih re o -l-( l’-p h th a lid y l)-2 -m e th y l- l,2 ,3 ,4 -te tra h y d ro - 
isoquinolines (7a) are  th e  p a re n t com pounds of th e  p h th a lid e iso q u in o lin e  
alkalo ids, ca rry in g  no su b s titu e n t in  rings A and  D. T h e  above syn th esis  
is th e  f ir s t  one fo r th e se  com pounds.

T he sep a ra tio n  o f 6b an d  7b was ach ieved  again  b y  p rep a ra tiv e  lay e r 
ch ro m a to g rap h y  a n d  th e  analysis o f th e  XH -N M R  and  13C -N M R  spectra  p ro v id ed  
a possib ility  fo r d iffe ren tia tin g  betw een  th e  erythro an d  threo isom ers [2, 3]. 
T he ( +  )-erythro- (6b) and  ( +  ) - ih re o -l-[ l’-(4, ,5’-d im eth o x y p h th a lid y l)]-2 -
-m e th y l- l,2 ,3 ,4 -te trah y d ro iso q u in o lin e  (7b) are com pounds w hich have n o t 
been iso la ted  from  n a tu ra l  sources. One o p tica lly  ac tiv e  enan tiom er o f  6b 
has been  p rep a red  from  (—)-/3-hydrastine [4]; our iff-N M R  d a ta  are in  good 
ag reem en t w ith  th o se  th e  rep o rted  in  th e  lite ra tu re .

T he m ix tu re  o f th e  n o rco rd rastin e  isom ers (5c) was se p a ra te d  b y  fra c tio n 
al c ry s ta lliz a tio n ; th e  erythro isom er could  only  be c ry s ta lliz ed  as its h y d ro 
chloride. ]V -M ethylation of ( -V)-erythro- an d  ( +  )-tftreo-norcordrastine y ie ld ed  
( ± ) " cor(brastine j j  (6c) an d  ( +  )-co rd rastin e  I  (7c). T he p h ysica l p ro p erties , 
IR  an d  ^ - N M R  sp e c tra l d a ta  of th e  p ro d u c ts  are in  good agreem ent w ith  
th e  re spec tive  d a ta  o f com pounds p rep a red  in  earlier sy n th eses  [5 — 9].

13C-NMR spectra

T he s tru c tu re s  o f th e  p h th a lid e iso q u in o lin e  alkalo ids (6, 7) and  o f th e  
in te rm ed ia te s  o f their, syn theses (3— 5) w ere confirm ed b y  13C-NMR sp ec tro 
scopic analysis . A ssignm en t o f th e  signals w as ach ieved  b y  m eans of th e  off- 
resonance  tech n iq u e  or on th e  basis o f p u b lish ed  sp ec tra  [2]. T able I  lists th e  
ch a ra c te ris tic  signals o f th e  d iesters  (3) an d  lactones (4).

As established b y  MacLean  et al. [2] for hydrastine isom ers, the erythro 
and threo isomers (6d and 7d) can readily be distinguished b y  13C-NMR spec
troscopy.

Table I

Characteristic 13C-NMR signals of the diesters 3a—d and lactones 4a—d in I) M SO..:, solutions

3 ÖCOOCH3 A—a Ó1
C O

Ó2 
C O

4 b e — l' Aoo

a 52.08 71.97 164.88 166.76 а 79.92 169.94
b 51.94 72.89 165.24 166.88 b 77.72 167.50
C 52.34 72.54 164.88 167.01 C 78.03 167.68
d 52.28 72.63 164.87 167.00 d 77.83 167.56
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Table II

Characteristic 13C-NMR signals of phthalideisoquinolines 6a—d and 7a—d

No. Solvent t v - . *N—CH. ÓC—3 ä c -1 » C - 1 - ЙС—3' L i t .

6a CDC13 27.11 45.11 49.52 65.71 84.30 170.00
7a CDCI3 29.25 44.91 51.27 66.23 82.28 170.30
6b CDCI3 27.27 45.21 49.63 66.18 83.17 167.50

DMSOde 26.24 44.21 48.49 65.03 81.93 166.89
7b CDCI3 29.41 44.96 51.42 66.48 80.87 167.90

DMSOde 27.37 44.47 50.38 64.77 7 9.06 167.26
6c DMSOde 25.59 43.97 48.42 64.76 81.99 166.99
7c DMSOd6 26.97 44.43 50.59 64.51 81.54 167.54
6d CDCI3 26.7 44.7 49.0 6 6 .0 82.7 167.0 [2]
7d CDCI3 29.2 44.9 51.3 6 6 .2 81.8 168.0 [2]

Table III

Characteristic 13C-NMR signals of the nor-compounds 5

5 Solvent *C—4 ÖQ—3 őc—1 ac-n ÍC—3 '

C erythro CDCI3 29.32 40.86 56.66 82.92 167.99
DMSOde 28.64 39.99 55.53 82.65 167.29

C threo CDCI3 29.56 41.64 57.70 82.55 167.89
DMSOde 29.06 41.34 56.05 83.09 167.50

d erythro CDCI3 29.87 40.68 56.97 82.84 168.01
DMSOd6 29.22 39.73 55.92 82.22 167.30

d threo CDCI3 30.01 41.53 58.13 82.73 167.75
DMSOd6 29.50 41.19 56.34 83.21 167.44

This m eth o d  o f id en tif ic a tio n  o f  th e  isom ers has b een  tr ie d  on th e  com  
p o u n d s  syn thesized  b y  us (6 a— c , 7 a — c). I t  has been fo u n d  also in th is  case 
t h a t  th e  chem ical sh ifts  in  th e  in d iv id u a l isom ers for C-4, C-3 and  C - l’ d iffer 
s ig n ifican tly , a n d  th e  d ifferences are  g re a te r  in  CDC13 th a n  in  DMSOd6. T he 
chem ical sh ift for C-3 an d  C-4 in  th e  erythro isom ers (6 a— c) ap p ears  a t  h ig h er 
f ie ld  th a n  in th e  three isom ers (7a— c), w hereas a reverse  e ffec t can be observed  
fo r  C - l’. The signals due to  N —C H 3, C -l an d  C-3’ show  o n ly  s ligh t differences 
in  th e  chem ical sh ifts , y e t  th e y  are  ch a rac te ris tic  enough  fo r d iffe ren tia tin g  
th e  isom ers (see T ab le  I I ) .

The successful ap p lica tio n  o f  13C-NM R sp ec tro sco p y  in  th e  s te re o 
chem ical in v es tig a tio n  o f ph th a lid e iso q u in o lin es  (6, 7) suggested  an ex tension
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of th e  m ethod  to  th e  ex am in a tio n  o f th e  co rrespond ing  nor-com pounds (5). 
In  th is  case, on ly  5c a n d  5d w ere availab le  as p u re  isom ers. T he signals su ita b le  
fo r d istingu ish ing  b e tw een  th e  isom ers are  given in  T ab le  I I I .

T here are  c h a ra c te r is tic  differences in  th e  chem ical sh ifts  also in  th e  
isom ers o f th e  n o r-com pounds 5, w hich m ake possib le an  unam b ig u o u s d iffe ien - 
t ia tio n  betw een  th e  isom ers. P a r tic u la r ly  high d ifferences h av e  been observed  
in  th e  C-3 and  C -l s ig na ls; th e  signals o f th e  erythro isom ers ap p ear a t  h igher 
f ie ld  th a n  those  o f th e  threo isom ers. T he C-4 signals show  a  sim ilar, b u t  less 
em phasized  effect. T he C - l’ signals in  DMSOde a p p e a r  ag a in  a t  h igher field 
in  th e  erythro isom ers; in  CDC13, how ever, th e y  are  fo u n d  a t  low er field  and  th e  
d ifferences are v e ry  sm all.

M ass sp e c tra

Some o f th e  com pounds p rep a red  w ere also ex am in ed  b y  th e  m ass 
sp ec tro m etric  te ch n iq u e  a n d  th e  follow ing in fo rm a tio n  w as o b ta ined .

D iesters (3 a— c ): th e  m olecular p eak  was fo u n d  in  each  case; th e  base  
p eak  w as M — 105 (P h  —CO) w hen rings A and  D w ere  u n su b s titu te d  (3 a ), 
and  M —59 (COOMe) i f  th e se  rings w ere su b s titu te d  (3b , c).

L actones (4 a— c ): th e  re spec tive  m olecular p e a k  can  w ell be observed  
in  th ese  com pounds, to o ; in  4b  and  4c th is  is also th e  b ase  p eak . In  4 a  th e  base 
p eak  is M — 29 (CHO).

N o rph tha lide isoqu ino lines (erythro- and  threo-5 c ): th e  m olecular p eak  
can  on ly  be observed  a t  low  ex c ita tio n ; sp ec tra  reco rd ed  a t  70 eV in d ica te  
sp littin g  o f th e  m olecules w ith  fission  o f  th e  C l — C l ’ b o n d ; th e  base  p eak  
corresponds to  th e  isoqu ino line  p a r t .

P h thalid e iso q u in o lin es  (6b, 6c and  7b, 7 c): no m o lecu la r p eak  is observed 
u n d e r no rm al reco rd in g  co n d itions (70 eV). S p littin g  o f  th e  C l — C l’ bond  
occurs in  each case, an d  th e  base  p eak  corresponds to  th e  isoquinoline p a r t .  
S im ilar resu lts  w ere p u b lish ed  earlie r for h y d ra s tin e  b y  A m erican  au th o rs  
[10] In  strong ly  o v erex c ited  sp ec tra  th e  m olecular p e a k  can  also be observed.

Experim ental*

M.p.’s are uncorrected; the spectra were recorded with the following instruments: IR: 
Unicam SP 200 G (in KBr pellets); 1IT-AMR : Jeol Minimar 100 MHz, in CDC13 (internal 
standard: TMS, data given in ö ppm); 13C-NMR: Varian CFT 20, in CDC13 (internal standard: 
TMS, in 6 ppm) and in DMSOrf6 (internal standard HMDS, in ő ppm, referred to TMS); MS: 
Varian MAT CH6.

* For the preparation of 3d—7d, see Ref. [1].
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P r e p a r a tio n  o f  d ie s te r s . G en era l m eth o d

Sodium hydride (0.26 g) was added to a solution of the Reissert compound ( l a ,  b) 
(10 mmoles) in anhydrous DMF (40 ml) in a stream of nitrogen at —20 °C, under stirring. 
After 15 min, a solution of the ester ( 2 a ,  b )  (11 mmoles) in anhdyrous DMF was added to it 
dropwise. The reaction mixture was stirred at —20 °C for 6 h, then poured into ice-water 
(200 ml). The product was filtered off and washed with water until neutral. The material was 
dissolved in CHC13 and the solution filtered to remove a small amount of insoluble solid.* 
The chloroform solution was washed with water (2x50  ml), dried (Na2S04) and evaporated 
to dryness. The residue was crystallized from ethanol.

l - ( a - B e n z o y lo x y - 2 -m e t h o x y e a r b o n y lb e n z y ! ) is o q u in o l in e  ( 3 a )

The product (7.1 g) was obtained from l a  (5.2 g; 20 mmoles) and 2 a  (3.6 g; 22 mmoles) 
and it was twice recrystallized from ethanol. Yield: 3.88 g (49%); m.p. 138—-141 °C. The m.p. 
of a sample purified for analysis was 141 —142 °C.

C^H^NO,, (397.41). Calcd. C 75.55; H 4.82; N 3.53. Found C 76.10; H 4.76; N 3.68%. 
IR: rC =0 1722 c m '1.
MS(m/e): 397 (M+), 388, 292, 260, 217.

l - (a - B e n z o y lo x y - 2 -m e t h o x y c a r b o n y l-3 ,4 - d im e t h o x y b e n z y l) i s o q u in o l in e  ( 3 b )

The product obtained from l a  (2.6 g; 10 mmoles) and 2b  (2.46 g; 11 mmoles) was twice 
recrystallized from ethanol to yield 3.22 g (70%) of 3 b , m.p. 163—165 °C.

C,,H23N 06 (457.46). Calcd. C 70.89; H 5.07; N 3.06. Found C 71.88; H 5.13; N 3.12%. 
IR: vC=0 1730 cm"1,
MS (m/e): 457 (M+), 389, 352, 320, 277.

l - ( a - B e n z o y lo x y - 2 -m e t h o x y c a r b o n y l-3 ,4 - d im c t h o x y b e n z y l) - 6 ,7 - d im e t h o x y is o q u in o l in e  ( 3 c )

The product obtained from l b  (3.2 g; 10 mmoles) and 2b  (2.46 g; 11 mmoles) was twice 
recrystallized from ethanol to yield 2.5 g (48%) of 3 c , m.p. 169—171 °C.

CjjH^NOg (517.52). Calcd. C 67.30; H 5.26; N 2.71. Found C 67.47; H 5.33; N 2.62%. 
IR: rC =0 1723 cm “ 1.
MS (m/e): 517 (M+), 458, 412, 380, 337.

H y d r o ly s is .  G en era l m eth o d *

A mixture of the diester (3a—с) (1 mmole), ethanol (12.5 ml), KOH (0.17 g) and water 
(2.5 ml) was refluxed for 5 h. After the addition of 10% hydrochloric acid (5 ml), the mixture 
was refluxed for 1 h more. The solvent was evaporated in vacuum, the residue diluted with 
water, and made alkaline with NH4OH. The product was filtered off, washed with water and 
dried.

l - ( l ' - P h t h a l id y l ) - i s o q u in o l in e  ( 4 a )

The product prepared from 3a (3.6 g; 9 mmoles) was twice recrystallized from ethanol 
to obtain 1.62 g (68%) of 4a, m.p. 171— 175 °C.

C17HuN0 2 (261.27). Calcd. C 78.15; H 4.24; N 5.36. Found C 78.33; H 4.23; N 5.39%. 
IR: rC =0 1770 c m -1.
MS (m/e): 261 (M+), 232, 217, 204, 133.

* All reactions gave a by-product, which was poorly soluble in chloroform or ethanol, 
and contained no nitrogen. This greatly hindered the purification of the main product. The 
structures of these compounds have not been investigated.
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l - [ l ' - ( 4 ,5 ' - D i i n e t h o x y p l i t h a l i d y l ) ]  is o q u in o lin e  ( 4 b )

The product prepared from 3b (5.33 g; 11.65 mmoles) was twice recrystallized from 
ethanol to yield 2.64 g (71%) of 4 b , m.p. 157—159°C.

C19H15N 04 (321.32). Calcd. C 71.02; H 4.71; N 4.36. Found C 71.20; H 4.73; N 4.38%. 
IR: vC = 0  1775 cm '1.
MS (m/e): 321 (M+), 306, 292, 276, 262, 193, 165.

l - [ l ' - ( 4 ' ,5 ' - D i in e t h o x y p h t h a l id y l ) ] - 6 ,7 - d i in e t h o x y is o q u in o l in e  ( 4 c )

The product prepared from 3c (2.07 g; 4 mmoles) was crystallized from a mixture of 
dichloromethane and n-hexane to obtain 1.26 g (82%) of the product, m.p. 195—197 °C (d.); 
(lit. [6] m.p. 179—181 °C).

C2lH19N 06 (381.37). Calcd. C 66.13; H 5.02; N 3.67. Found C 66.51; H 5.04; N 3.74%. 
IR: i’C = 0  1765 cm- ,.
MS (m/e): 381 (M+) 366, 352, 336, 322, 193, 165.

C a ta ly tic  h y d r o g e n a t io n . G en era l m e th o d

A solution of the phthalideisoquinoline (4a—с) (1 mmole) in a mixture of ethanol 
(60 ml) and 70% HC104 (0.25 ml) was hydrogenated in the presence of P t02 catalyst (0.1 g) 
at 3 • 105 Pa initial pressure at room temperature for 3 h. The catalyst was removed by filtra
tion and the ethanol evaporated in vacuum. Water and dilute NH4OH were added to the residue 
and it was extracted with chloroform. The chloroform solution was washed with water, dried 
and evaporated to dryness.

(  ̂ z)-Erythro- and ( )-i/ire o -1 -(1-phthalidyl)-1.2.3.4-tctrahydroisoquinolinc (5a)

Compound 4a (1.56 g; 6 mmoles) gave a brown oil (1.55 g), which was first converted 
into the hydrochloride, then again into the base. The product was 1.04 g (67%) of a yellow oil, 
which was used in the next step without further purification and separation of the isomers

(  jz)-Erythro- a n d  (  ) - i / l  П'О-1 - 1 l - ( 4  .5  - l lin ie t  l io w p b t  h alid  v l)  ] - 1 .2 .3 .1 - tc tr a h v d r o i-o q iiin  -
o l in e  ( 5 b )

A yellow oil was obtained from 4b  (1.28 g; 4 mmoles); the product solidified on treat
ment with anhydrous ether. The substance was crystallized from ethanol, to obtain 0.8 g 
(62%) of 5 b , which was used in the next step without separating the isomers.

( ± ) . Erythro- a n d  (  ; )-lbreo-l-|1 - ( - 4  .5  -d im e lh o x y p h th a ! id y l) ] -6 ,7 -d i in c th o x y -
1 ,2 ,3 ,4 - te tr a h y d r o is o q u in o lin e , [ (  — ) -n o r c o r d r a s t in e  I I  an d  ( ± ) - n o r c o r d r a s t in e  I]  ( 5 c )

The product (1.07 g) obtained from 4 c  (1.14 g; 3 mmoles) was crystallized from ethanol 
(15 ml). A crystalline substance (0.4 g) was obtained, which was twice recrystallized from ethanol 
to yield 0.33 g (28%) of 5 c ,  m.p. 185—187 °C, homogeneous by TLC (CHC13: MeOH = 9 : 1 ) .  
This product was ( +  )-norcordrastine I (three isomer), Щ =  0.58.

C21H23N 06 (385.4). Calcd. C 65.44; H 6.01; N 3.63. Found C 65.72; H 6.14; N 3.41%.
IR: vC =0 1760 cm"1.
^-N M R: 1.68 (1H, s, NH), 2 .54-3 .34 (4H, m, C 3 -H  and C 4-H ), 3.80 (6H, s, 

2 x OCH3), 3.86 (3H, s, OCH3), 4.04 (3H, s, OCH3), 4.5 (1H, d, J  =  4 Hz, Cl—H), 5.65 (1H, 
d, J  =  4 Hz, Cl’—H) 6.53 (1H, s, C 8-H ), 6.70 (1H, s, C5—H), 7.16 (2H, s, C6’—H and 
C7’- H ) .

MS (m/e): 385 (M+), 193, 192.
The alcoholic mother liquor of the first crystallization was evaporated to dryness, the 

residue was dissolved in ethanol (5 ml) then alcoholic hydrogen chloride was added to it. The 
hydrochloride was recrystallized from ethanol; yield 0.45 g, (33%), m.p. 202—204 °C. Accord
ing to TLC, the substance was homogeneous ( +  )-norcordrastine II hydrochloride (the erythro- 
isomer) (CHC13 : MeOH =  9 : 1); Rf  =  0.52.
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C2iH23N 06 • HCl • 2 H20  (457.90). Calcd. С 55.08; H 6.16; N 3.06; Cl 7.74. Found С 
55.43; H 6.29; N 2.98; Cl 8.03%.

IR: vC =0 1760 cm -1.
JH-NMR (base): 2.06 (Ш , s, NH), 2.4—2.8 (4H, m, C 3 -H  and C4—H), 3.82 (3H, s, 

OCH3), 3.84 (3H, s, OCH3), 3.88 (3H, s, OCH3), 4.04 (3H, s, OCH3), 4.65 (1H, d, J  =  4 Hz, 
Cl —H), 5.75 (Ш , d, J  =  4 Hz, Cl’- H ) ,  6.63 (1H, s, C 5-H ), 6.72 (1H, s, C 8-H ), 6.19 
(1H. d, J  =  8 Hz, C7’— H), 7.01 (1H, d, J  =  8 Hz, C6’- H ) .

MS (base)(m/e): 385 (M+), 193, 192.

Л-Mi'thvlation. General method

A mixture of the nor-compound (5a—c) (1 mmole), formic acid (0.6 ml) and 37% formal
dehyde (0.8 ml) was heated on a water bath for 4 h, then evaporated to dryness in vacuum. 
The residue was dissolved in dilute hydrochloric acid, clarified with carbon, filtered and made 
alkaline with dilute NH4OH. The product was filtered off, or extracted with chloroform.

( ^ - E r y t h r o - a n d  (  ^ ) - / / i r c o - l - ( l  - p h i l ia l id y l ) - 2 - m e t h y l - 1 ,2 ,3 ,4 - te tr a h y d r o is o q u in o lin e
( 6 a  a n d  7 a )

The nor-compound (5a) (1.04 g; 4 mmoles) was methylated, and the isomers were 
separated by preparative layer chromatography (chloroform : methanol = 9 : 1 ) .

Erythro isomer (6 a ) :  166 mg (from ether and re-hexane), m.p. 100—102 °C, R/ =  0.58. 
C18H17N 02 (279.33). Calcd. C 77.39; H 6.14; N 5.01. Found C 77.43; H 6.19; N 5.01%. 
IR: vC=Ö 1752 cm -1.
Threo isomer (7 a ):  172 mg( from ethanol), m.p. 130—131 °C, R t =  0.7.
C18H „N02 (279.33). Calcd. C 77.39; H 6.14; N 5.01. Found C 77.36; H 6.20; N 5.01%. 
IR: rC =0 1760 c m -1.

( ±~)-Erythro- and ( f)-i/irf'o-l-[T-(4,5-diinclhoxyphlhalidyl)]-2-niethyl-
1,2,3,4-tetrahydroisoquinoline (6b and 7b)

The nor-compound (5b) (0.32 g; 1 mmole) was methylated; the isomers were separated 
by preparative layer chromatography (chloroform : methanol =  9 :1 ).

Erythro isomer (6by: 145 mg; recrystallized from ether, 112 mg, m.p. 125 —127 °C, 
Rf =  0.63.

C„0H21NO4 (339.38). Calcd. C 70.78; H 6.25; N 4.13. Found C 71.04; H 6.37; N 4.00%.
IR: vC = 0  1762 cm “1.
1H-NMR: 2.57 (3H, s, NCH3), 2 .1 -3 .0  (4H, m, C 3 -H  and C 4-H ), 3.86 (3H, s, OCH3), 

4.03 (3H, s, OCH3), 4.12 (1H, d, J  =  4 Hz, Cl—H), 5.54 (1H, d, J  =  4 Hz, Cl’- H ) ,  6.29 
(1H, d, J  =  8 Hz, C7’—H), 7.02 (1H, d, J  =  8 Hz, C6’- H ) ,  6 .8 -7 .2  (6H, m, ArH).

MS (m/e): 339 (M+), 193, 146.
Threo isomer (7b): 73 mg; recrystallized from ether, 49 mg, m.p. 128—130 °C, Rf =  0.78.
C20H21NO4 (339.38). Calcd. C 70.78; H 6.25; N 4.13. Found C 70.74; H 6.27; N 3.99%.
IR: ÍC = 0 1760 cm “1.
'H-NMR: 2.58 (3H, s, NCH3), 2 .4 -3 .1  (4H, m, C 3-H  and C 4-H ), 3.8 (3H, s, OCH3), 

3.89 (3H, s, OCH3), 4.11 (1H, d, J  =  4 Hz, Cl —H), 5.57 (1H, d, J  =  4 Hz, Cl’- H ) ,  6.8—7.35 
(6H, m. ArH).

MS (m/e): 339 (M +), 193, 146.

( +)-firythro-l-[l'-(4',5,-diniethoxyphthalidyl)]-2-methyl-6,7-dimethoxy-
1,2,3,4-tetrahydroisoquinoline | ( ; )-cordrastine 11 ] (6c)

A yellow oil (0.39 g) was obtained from ( + )-norcordrastine II hydrochloride (0.45 g; 
1 mmole), which was crystallized from a mixture of methanol and ether. The product was 217 
mg (54%), m.p. 117-119  °C (lit. [6] m.p. 117-118  °C).

C22H25N 06 (399.43). Calcd. C 66.15; H 6.31; N 3.51. Found C 65.59; H 6.43; N 3.40%. 
IR: i>C=0 1760 cm -1.
JH-NMR: 2.57 (3H, s, NCH3), 2.2—3.0 (4H, m, C 3 -H  and C4—H), 3.67 (3H s, OCH3), 

3.85 (3H, s, OCH3), 3.88 (3H, s, OCH3), 4.03 (3H, s, OCH3), 5.57 (1H, d, J  =  4 Hz, Cl’—H),

Acta Chim. Acad. Sei. Hung. 105, 1980



KEREKES et al.: SYNTHESIS OF CORDRASTINE ISOMERS 291

6.58 (Ш , d, J  =  8 Hz, C7’—-H), 7.12 (1H, d, J  =  8 Hz, C6’—H), 6.32 (1H, s, C 8-H ), 6.61 
(1H, s, C5—H); the signal of Cl—H is overlapped by the singlet appearing at 4.03 ppm. 

MS (m/e): 399 (M+), 206, 193.

(  _)-/7г rf‘o-1 - [L -(4 ,5 -  <i ini et lioxy plit halul yl)]-2-methyl-6,7-dimethoxy-
1,2,3,4-tetrahydroisoquinoline [( i)-cordrastine I] (7c)

A solid product (0.39 g) was obtained from (+)-norcordrastine I (0.39 g; 1 mmole); 
this was crystallized from methanol (10 ml) to yield 344 mg (86%) of 7c, m.p. 154—155 °C 
(lit. [6] m.p. 156-157 °C).

C^H^NO,. (399.43). Calcd. C 66.15; H 6.13; N 3.51. Found C 66.20; H 6.43; N 3.29%.
IR: rC = 0  1750 cm“1.
1H-NMR: 2.63 (3H, s, NCH3), 2.3—3.1 (4H, m, C 3-H  and C4—H), 3.70 (3H, s, OCH3), 

3.79 (6H, s, 2 x OCH3), 3.88 (3H, s. OCH3), 4.04 (1H. d. J  =  4 Hz, C l -  H), 6.70 (1H, s, C 5-H ),
7.0 (1H, d, J  =  8 Hz, C6’- H ) ,  5.58 (1H, d, J  =  4 Hz, СГ—H), 6 .36=  (1H, s, C8-H),7.32 
(1H, d, J  =  8 Hz, C7’- H ) .

MS (m/e): 399 (M+), 206, 193.
*
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Cis- and trans-2-methylaminomethyl- and -benzylaminomethyl-l-cyclohexanol 
(1 -4 ) ,  as well as cis- and tr<ms-2-hydroxymethyl-l-methylamino- and -benzylamino- 
cyclohexane (5—8) were allowed to react with p-nitrobenzaldehyde to yield 2-p-nitro- 
phenyl-3-methyl- and 3-benzyl-eis- and trans-5,6-tetramethyleneperhydro-l,3-oxazines 
(9 -1 2 )  and 2-p-nitrophenyl-3-methyl- and -3-benzyl-cis- and iraras-4,5-tetramethy- 
leneperhydro-l,3-oxazines (13—16).

On the hasis of *H-NMR and 13C-NMR spectroscopic investigations, the favoured 
conformation of compounds 9—16 was established. In contrast with the favoured 
conformation of the cis homologues containing an NH group in the hetero-ring examined 
earlier [5], where the NH-group attached to the cyclohexane ring was found to be in 
axial position, in the case of the cis compounds 13 and 15, the JV-methyl and iV-benzyl 
groups attached to the cyclohexane ring were found to be in equatorial position. In the 
favoured conformation of the cis isomers 9 and 11, the oxygen atom in the hetero-ring 
is again in axial position.

I n  th e  course of our s tu d ies  on s a tu ra te d  heterocycles w ith  condensed  
sk e le to n  ca rry in g  tw o  h e te ro a to m s [1], th e  syn thesis an d  co n fo rm atio n a l a n a l
ysis w as effected  in  th e  case o f g eo m etrica l te tram e th y len e-l,3 -o x az in e -2 -o n e  
isom ers [3], th e  correspond ing  p e n ta m e th y le n e  deriv a tiv es  [3], an d  th e  d ihydro -
[4] a n d  te tra h y d ro -l,3 -o x az in e s  w ith  a condensed  skele ton  [5, 6]. T he XH -N M R  
[1 — 6] a n d  X -ra y  d iffrac tion  analy sis  [7] o f these  d e riv a tiv e s  confirm ed  th e  
axial p o s itio n  of th e  h e te ro a to m  (O , N H ) a tta c h e d  to  th e  cyclohexane rin g  
a n d  th e  equatorial position  o f  th e  m e th y l or oxo group in  th e  fav o u red  con fo r
m a tio n  o f  th e  c is -te tram e th y len e  d e riv a tiv e s .

T h e  favoured  con fo rm ation  o f  c is -3 -p -n itro p h en y l-l-aza -3 -o x ad eca lin e  
a n d  c is-3 -p -n itropheny l-2 -aza-4 -oxadeca line  is also analogous to  th e  above case

* Part XXXYII (and Part XIII): Sohár, P., Gera , L., B ernáth , G.: Organic Magnetic 
Resonance 14, 204 (1980). For Part XXI of the series of “Saturated heterocycles” see Ref. [1].

** A preliminary report of this work was made in the lecture of B ernáth , G., Gera , L., 
Láng , К. L., Sohár, P., presented at the Sixth International Congress on Heterocyclic Chem
istry, Tehran, Iran, July 9—13, 1977. See: Proceedings, p. 187.
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1

CÍ8 trane к cis trane
1 2 Me 9 10
3 4 Bzl 11 12

H 36

cis trans R c is trans

5 6 Me 13 14
7 8 BzL 15 16

H 30

А г =  ^-nitrophenyl; B zl^C gH gC H ^

F ig .l

Fig. 2

[5]. T he effect o f su b s ti tu e n ts  a tta c h e d  to  th e  n itro g en  a to m  on th e  fav o u red  
con fo rm atio n  w as in v e s tig a te d . T herefo re , th e  follow ing com pounds w ere 
p re p a re d : 2 -p -n itro p h en y l-3 -m eth y l- a n d  -3-benzyl-cis- an d  trans-5 ,6 -te tra - 
m e th y le n e p e rh y d ro -l,3 -o x a z in e  (9— 12), 2 -p -n itro p h en y l-3 -m eth y l- and  -3- 
-benzyl-eis- a n d ira n s -4 ,5 - te tram e th y le n e p e rh y d ro -l,3 -o x a z in e  (13—15) (F ig. 1).

Cis- and íro res-2 -m ethy lam inom ethy l- an d  -b en zy lam in o m eth y l-l-cy c lo - 
h ex an o l (1— 4) w ere p re p a re d  from  th e  co rrespond ing  cis- a n d  írtm s-2-hydroxy- 
-1 -cyc lohexanecarboxam ides (17—20) b y  red u c in g  w ith  L iA lH 4 (F ig. 2). T h e  
s ta r t in g  17, 18 cis- a n d  írares-2 -hydroxy-l-cyclohexanecarboxam ides w ere 
p re p a re d  from  e th y l-c is- an d  tra n s-2 -h y d ro x y -l-cy c lo h ex an eca rh o x y la te  w ith  
3 0 %  ethanolic  m e th y la m in e  a t  10—20 °C.

Synthesis o f cis- a n d  tr< m s-2 -hydroxym ethy l-l-m ethy lam ino- and  1-ben- 
zy lam inocyclohexane (5, 6 an d  7, 8) w as rea lized  in  severa l w ays. Cis- an d  
tran s-2 -b en zo y lam in o -l-cy c lo h ex an ecarb o x y lic  acid  (21 ,  22)  can  be co n v erted  
in to  7 and  8 w ith  L iA lH 4.
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T he p ro ced u re  suggested  b y  D r e fa h l  an d  H ö rh o ld  [8] for th e  p re p a 
ra tio n  o f  lV -alky l-l,3 -am inoalcoho ls has also p ro v ed  to  be su itab le  fo r  th e  p r e p 
a ra tio n  o f  7. T he L iA lH 4 re d u c tio n  o f  th e  oxazine 24 o b ta in ed  fro m  cis-2- 
-h y d ro x y m e th y l- l-cy c lo h ex y lam in e  (23) w ith  ben za ld eh y d e  b y  th e  m e th o d  
described  ea rlie r [5] also y ie lded  com pound  7. T he b es t w ay  of p re p a rin g  7 
w as, how ever, th e  red u c tio n  o f  c is-2 -ben zy lam in o -l-cy c lo h ex an ecarb o x y lic  acid 
[9] o b ta in e d  from  th e  ben zy lid en e  d e riv a tiv e  25 reduced  w ith  N a B H 4. T he 
second re d u c tio n  step  w as effec ted  w ith  L iA lH 4 (F ig . 3).

P re p a ra tio n  o f c is -2 -h y d ro x y m eth y l-l-m eth y lam in o cy c lo h ex an e  (5) w as 
a tte m p te d  from  th e  iV-form yl- (28) an d  iV -alkoxycarbonyl- (29a,b) d e riv a tiv e s  
o f c is-2 -fo rm y lam in o -l-cy c lo h ex an ecarb o x y lic  acid  (28) was o b ta in e d  from  
27 in  th e  u su a l [10] fo rm y la tio n  p ro ced u re , u sing  form ic acid and  ace tic  a n h y 
d ride , how ever, on reducing  28 w ith  L iA lH 4 in  c o n tra s t w ith  th e  l i te ra tu re  d a ta
[11], n o t th e  expected  2 -m eth y lam in o -l-h y d ro x y m e th y lcy c lo h ex an e  [5] 
w as o b ta in e d . The m ain  p ro d u c t w as c is -2 -h y d ro x y m eth y l-l-am in o cy c lo - 
h ex an e  (23) p rep a red  earlie r [12], th a t  is, th e  fo rm y l g roup  was sp lit d u rin g  
th e  re d u c tio n  (F ig . 4).

T he red u c tio n  o f c is-2 -a lk o x y carb o n y lam in o -l-cy c lo h ex an ecarb o x y lic  
acids (29a, b) [10] or th e ir  esters  w ith  L iA lH 4 y ie lded  th e  am inoalcohol 5 on ly  
in  18 — 20% ; com pound  23 w as again  o b ta in e d  in  2 0 —25%  yie ld , a n d  th e  
s ta r tin g  com pound  29a,b w as also p a r tly  recovered  (F ig . 4).

E sch w e ile r—C larcke m e th y la tio n  o f cis-4,5-tetram ethylene-2-p>-nitro- 
p h en y lp e rh y d ro -l,3 -o x az in e  (30) an d  red u c tio n  th e  expec ted  IV -m ethyl- 
oxazine d e r iv a tiv e  w ith  L iA lH 4 failed  in  th e  p re p a ra tio n  of 5. T h erefo re , cis- 
-2 -h y d ro x y m e th y l-l-m e th y lam in o cy c lo h ex an e  (5) w as o b ta in ed  from  m e th y l-  
-c is-2 -m eth y lam in o cy clo h ex an ecarb o x y la te  (34) b y  red u c tio n  w ith  L iA lH 4.

Fig. 3
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C om pound 34 was p re p a re d  from  m ethy l-c is-iV -m ethy l-2 -benzy loxycarbony l- 
am in o -l-cy c lo h ex an eca rb o x y la te  (32) o b ta in e d  from  cis-2 -benzy loxycarbony l- 
a m in o -l-cy c lo h ex an eca rb o x y lic  acid (31) [13] (F ig . 5).

T ro n s-2 -h y d ro x y m e th y l-l-m e tb y lam in o cy c lo h ex an e  (6) could  be o b ta in ed  
b y  red u c in g  tra /is -2 -e th o x y carb o n y lam in o -l-cy c lo h ex an ecarb o x y lic  acid  (35a) 
w ith  L iA lH 4, i.e. no  d em e th y la tio n  o ccu rred , in  c o n tra s t w ith  th e  o b se r
v a tio n s  in  th e  case o f  th e  cis isom er.

T he am inoalcoho ls 1—8 were allow ed to  re a c t w ith  p -n itro b e n z a ld eh y d e  
in  bo iling  benzene o r  chlorobenzene u s in g  a  w a te r  sep a ra to r  to  o b ta in  2 -p- 
-n itropheny l-c is- a n d  ira n s-5 ,6 -te tram eth y len ep e rh y d ro -l,3 -o x az in es  (9—12) 
a n d  2 -p -n itio p h en y l-c is - an d  iran s-4 ,5 -te tram eth y len ep e rh y d ro -l,3 -o x az in es  
(13—16). The 2 -jp -n itro p h en y l-3 -m eth y l-4 ,5 -c is-te tram eth y len ep erh y d ro o x a- 
z ine  (13) was o b ta in e d  only  in  20 — 2 2 %  y ie ld .
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C onform ational analysis o f  com pounds 9—16 b ased  on H I-N M R  an d  
13C-NM R spectroscopic  m eth o d s h as  been re p o rte d  in  d e ta il elsew here [14]. 
H ere  on ly  th e  re su lts  o f th e  s tu d ies  w ill be m en tioned . A nalysis o f th e  XH -N M R  
d a ta  of th e  cis a n d  trans isom ers has show n th a t  th e  fa v o u re d  con fo rm ation  
o f  th e  cis d e riv a tiv es  9 an d  11 w as a, w here th e  a t ta c h m e n t o f th e  h e te ro 
a to m  to  th e  an e lla tio n  p o in t w as axial and  th e  m e th y len e  g roup  o f th e  h e te ro  
r in g  w as in  equatorial position  (F ig . 6).

This favoured  con fo rm ation  is analogous to  th a t  fo u n d  fo r 2 -p -n itro p h en y l- 
-c is -te tram eth y len e -l,3 -o x az in es  (30, 36) [5], c is-te tram e th y len e -l,3 -o x az in e - 
-2-ones (37, 38) [2], c is-te tram eth y len e-l,3 -o x az in e -4 -o n e  (39) [1] an d  cis-5,6- 
-te tram e th y len e te trah y d ro p irim id in e -4 (3 fi)-o n e  (40) [15] (F ig . 7).

In  th e  case o f a re p re se n ta tiv e  o f te tra m e th y le n ep e rh y d ro -l,3 -o x a z in e s , 
c a rry in g  no su b s titu e n t a t  th e  n itro g en  atom  (30), w hich  can  be  derived  from  
th e  cis isom ers 5 an d  7, th e  conform er a w ith  axial h e te ro  a to m  p redom ina tes. 
In  d e riv a tiv es  w ith  m e th y l or b en zy l groups a t  th e  n itro g en  a to m  (13, 15), 
how ever, in  c o n tra s t to  positio n  isom ers 9 and  11, th e  o th e r  ch a ir-ch air con
fo rm a tio n  (13b, 15b) is th e  fav o u red  one, th a t  is, w here th e  su b s titu te d  n itro 
gen a to m  is in equatorial an d  th e  m ethy lene  group in  axial positio n  (F ig. 8).

Ar = p-nitrophenyl

Fig. 6

39 40

Fig. 7
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This allows the conclusion that in this group of compounds the spatial 
requirement of the substituents attached to the bridgehead carbon atom can 
be arranged in the following order:

О <  NH <  CH2 <  N-CH3 <  N-CH2-C„H5

Of course, the favoured conformation depends not only on the spatial 
requirement of the substituent attached to the nitrogen atom, but also on the 
interaction of lone electron pairs of the hetero atoms in positions 1 and 3. 
When the spatial requirement of the substituent at the nitrogen atom is small, 
in conformation a with the substituent in axial position the molecule can 
avoid the energy increase due to the repulsion of the 1,3-axial lone electron 
pairs of the hetero atoms.

3-Alkyltetrahydro-l,3-oxazines with a non-condensed skeleton structur
ally related to our compounds were studied by K atritzky  et al. [16], while 
U rba n sk i et al. [17] have examined several tetrahydro-l,3-oxazine derivatives.

The great difference in conformation energy (11.3 kJ mol-1) [18], pre
ferring the equatorial IV-methyl group in IV-methylpiperidine, falls nearly to 
zero in IV-methyltetrahydro-l,3-oxazine, since in the case of an axial iV-methyl 
group the unfavourable 1,3-diaxial interaction of the electron pairs of the 
nitrogen and oxygen atoms is reduced [19]. In the case of IV,TV’-dimethyl- 
hexahydropyridazine, the difference in free energy between the diequatorial 
and the axial-equatorial conformations is also small (1.67 kJ mol-1) [20, 21].

In compound 30a the hydrogen-hydrogen interaction is insignificant 
and no repulsion occurs between the 1,3-diaxial lone electron pairs of the hetero 
atoms. However, in the case of compounds with methyl or benzyl substituents 
at the nitrogen atom, in conformer a diaxal interactions would occur in equate-
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r ia l position of the N - R  group. Therefore, the conformations 13b and lo b  
seem to be more favourable than structures 13 a  and 15a .

The p-nitrophenyl substituent was assumed to be in equatorial position 
in all cases. According to the general fundamental principles of conformational 
analysis [2] this is evident, but this was also confirmed by detailed NMR 
investigations [14]. It should be noted that Cooke and F odor prepared two 
epimeric /x-aryloxazine derivatives [23] from (—)-sediridine in a condensation 
reaction with p-nitrobenzaldehyde; also in these compounds, only the methyl 
group was in equatorial or a x ia l position, the p-nitrophenyl group always 
retained its equatorial position.

E x p e r im e n ta l

cis-2-M ethylaminomethyI-l-cycIohexanoI (1) prepared from 17

LiAlH4 (3.8 g, 0.10 mol) was added to anhydrous tetrahydrofurane (600 cm3) in small 
portions at 60 °C. After stirring for 1 hr, a solution of lV-methyl-cis-2-hydroxy-l-cyclohexane- 
carboxamide (17) (7.86 g, 0.05 mol) in anhydrous tetrahydrofurane (100 cm3) was added. 
After stirring for 5Ó hrs, the reaction mixture was decomposed in the usual manner [24]. The 
tetrahydrofurane solutions was dried over sodium sulfate and the residue was converted into 
the picrate (4.9 g, 26.5%). After crystallization from ethyl acetate, m.p. 144—145 °C.

C14H21N40 8 (373.35). Calcd. C 45.34; H 5.55; N 14.77. Found C 45.34; H 5.55; N 14.77%.
The picrate (3.73 g, 0.01 mol) was dissolved in anhydrous methanol (100 cm3) under 

heating, then a solution of potassium hydroxide (0.56 g, Ö.01 mol) in anhydrous methanol 
(40 cm3) was added to it in small portions. After cooling, the potassium picrate separated was 
filtered off, the methanolic solution was evaporated to dryness and the residue was dissolved 
in anhydrous ether, evaporated to dryness the dissolved in n-hexane and clarified with carbon 
and concentrated for crystallization (0.75 g, 52.4%). M.p. 82—84 °C.

C8H17NO (143.23). Calcd. C 67.09; H 11.96; N 9.78. Found C 67.27; H 12.26; N 9.32%.

trons-2-M ethylam inom ethyl-l-cyclohexanol (2)

It was prepared similarly to the cis derivative 1 from 18 by reduction with LiAlH,. 
The picrate was crystallized from ethyl acetate (38.9%). M.p. 170—174 °C.

C14H21N40 8 (373.35). Calcd. C 45.03; H 5.67; N 15.01. Found C 44.72; H 5.44; N 14.60%. 
The base was liberated with methanolic potassium hydroxide (62.5%). B.p. 88—94 °C 

at a pressure of 333 Pa.

cis-2-Berizylam ino-l-hydrorymethylcyclohexane (7)

(a) The cis-2-benzoylamino-l-cyclohexanecarboxylic acid (21) was reduced with LiAlH4 
in anhydrous tetrahydrofurane solution (32.3% ).

(b) eis-2-Amino-l-hydroxymethylcyclohexane (23) was allowed to react with benzal- 
dehyde to obtain 2-phenyl-c£s-4,5-tetramethyleneperhydro-l,3-oxazine (24) in the usual way
[5] and the viscous product was reduced with LiAlH4 yielding cis-2-benzylamino-l-hydroxy- 
methylcyclohexane (7) (41.5%).

(c) c£s-2-Benzylamino-l-cyclohexanecarboxylic acid (26) was reduced with LiAlH4 
and compound 7 was obtained in 52.5% yield. B.p. 124—128 °C at 333 Pa.

cis-2-Hydroxym ethyl-l-m ethylam inocyclohexane (5) obtained by reducing 
cis-2-alkoxycarbonyl-l-cyclohexanecarboxylic acids (29a,b) w ith LiAlH4

(a) LiAlH4 (1.90 g, 0.05 mol) was added to anhydrous tetrahydrofurane (150 cm3) in 
small portions in about 1 hr. After stirring for 2 hrs, a solution of cis-benzyloxycarbonylamino- 
-1-cyclohexanecarboxylic acid (29a) (2.8 g, 0.01 mol) in anhydrous tetrahydrofurane (50 cm3,
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was added dropwise and the reaction mixture was stirred at 60 °C for 40 hrs. After decomposi
tion of the reaction mixture [24] the filtered solution was dried over Na2S04 and, after filter
ing, was evaporated to dryness. The residue was dissolved in anhydrous ether and converted 
into the picrate with an ethereal solution of picric acid. After crystallization from ethyl ace
tate, yellow crystals were obtained (1.2 g, 32.9%), M.p. 128 — 131 °C.

CuH2iN40 8 (373.35). Calcd. C 45.03; H 5.67; N 15.01. Found C 45.18; H 5.28; N 14.49%.
The base liberated from the picrate (5) as given above was distilled at 333 Pa (B.p. 

96—100 °C), the substance solidified at room temperature. M.p. 42—45 °C (0.45 g, 62.8%).
C8H17NO (143.23). Calcd. C 67.09; H 11.96; N 9.78. Found C 67.23; H 12.08; N 9.82%.
(6) In a reaction of cis-2-amino-l-cyclohexanecarboxylic acid (27) (1.4 g, 0.01 mol) 

and ethylchloroformate (1.2 g, 0.011 mol), cis-2-ethyloxycarbonylamino-l-cyclohexanecar- 
boxylic acid was obtained and the glassy, solidified oily product obtained was reduced with 
LiAlH4 without further purification to yield compound 5, this was converted into the picrate 
for purification purposes. After crystallization from ethyl acetate, yellow crystals were obtained 
(1.6 g, 42.8%). M.p. 129—131 °C.

Methyl-cis-2- ÍV-m ethyl-A-benzyloxycarbonylamino-1-cyclohexanecarboxylate (32) 
prepared from eis-2-benzyloxycarbonylamino-l-cyclohexanecarboxylic acid (31)

cis-2-Benzyloxycarbonylamino-l-cyclohexanecarboxylic acid (31) (2.8 g, 0.01 mol) was 
dissolved in anhydrous dimethyl formamide (40 cm3) under stirring, then methyl iodide (7.1 g, 
0.05 mol) and silver oxide (11.1 g) were added, and the mixture was stirred for 8 hrs. The 
filtered solution was mixed with chloroform (160 cm3) and washed with 5% aqueous potassium 
cyanide (3 X 50 cm3) then with water (50 cm3) and the organic phase separated was dried over 
j4a2S04. After filtering, the solvent was distilled at the pressure produced by the aspirator 
pump and the residue was distilled at 266 Pa. B.p. 180 — 185 °C, a thick oil (2.80 g, 91.6%).

C17H23N04 (305.37). Calcd. C 66.86; H 7.59; N 4.59. Found C 67.10; H 7.80; N 4.80%.

Preparation of m ethyl-(cts-2-m ethylam ino-l-cyclohexanecarboxylate)-hydrobrom ide (33) 
from  32 by removal of the benzyloxycarbonyl group w ith hydrogen bromide in  glacial acetic acid

Compound 32 (3.1 g, 0.01 mol) was allowed to stand with 33% hydrogen bromide in 
glacial acetic acid (15 cm3) for 1 hr, then poured onto anhydrous ether (500 cm3). The product 
separated was rubbed, when slightly yellow crystals were obtained; these were repeatedly 
washed with ether,- then crystallized from a mixture of ethanol and ether (2.3 g, 91.2%). 
M.p. 169—172 °C.

C9H18BrN02 (252.16). Calcd. C 42.86; H 7.19; N 5.55. Found C 42.50; H 7.49; N 5.87%.
Base 34 liberated from 33 with 5% aqueous potassium carbonate was extracted with 

ether and dried over sodium sulfate. The solvent was distilled, the residue was distilled at 
3730 Pa, b.p. 102—105 °C.

C9H17N 02 (171.24). Calcd. C 63.13; H 10.00; N 8.18. Found C 62.83; H 10.30; N 8.18%.

cis-2-H ydroxym ethyl-l-m ethylam inocyclohexane

The reduction of 34 with LiAlH4 was effected in anhydrous ether, thus cts-2-hydroxy- 
methyl-l-methylaminocyclohexane (5) was obtained in 63.2% yield. When crystallized from 
re-hexane, the m.p. was 42 — 45 °C.

írares-2-Ethoxycarbonylamino-l-cyclohexanecarboxylic acid (35a) prepared from 
írares-2-amino-l-cycIohexanecarboxylic acid

írares-2-Amino-l-cyclohexanecarboxylic acid was acylated with ethyl chloroformate 
in sodium hydroxide solution. After crystallization from ethyl acetate, the m.p. was 160— 
163 °C (yield: 76.2%).

C10H17NO4 (215.25). Calcd. C 55.80; H 7.96; N 6.51. Found C 55.93; H 8.20; N 6.58%. 
Methyl-(cis-2-ethoxycarbonylamino-l-cyclohexanecarboxylate) was obtained from 35a 

esterified with diazomethane. After crystallization from hexane, m.p. 55—58 °C (61.2%). 
CnH19N04 (229.28). Calcd. C 57.62; H 8.35; N 6.11. Found C 57.40; H 8.26; N 6.34%.
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Ethyl-lrans-2-cthoxycarbonylam ino-l-cyclohexanecarboxylate (35c)

Ethyl-(trares-2-amino-l-cyclohexanecarboxylate) hydrochloride was acetylated with 
ethyl chloroformate in aqueous solution in the presence of calculated amounts of sodium 
hydrogen carbonate. Compound 35c precipitated from the aqueous solution and crystallized 
rom cyclohexane. M.p. 57—59 °C, yield 85.7%.

C12H2lN 04 (243.31). Calcd. C 59.24; H 8.70; N 5.76. Found C 59.43; H 9.07; N 5.62%.

trans-2-Benzylam ino-l-hydroxym ethylcyclohexane (8)

I t  was prepared from mms-2-benzoylamino-l-cyclohexanecarboxyIic acid (22) by 
reduction with LiAlH4 (36.2%). After crystallization from petroleum ether, m.p. 80—83 °C. 

C14H21NO (219.33). Calcd. C 76.66; H 9.65; N 6.39. Found C 77.01; H 9.51; N 6.17%

General procedure for the preparation of 1,3-oxazines w ith c is -  and trans- 
condensed skeletons

0.01 mol 1,3-Aminoalcohol ( I—8) is dissolved in anhydrous benzene (or anhydrous 
chlorobenzene) (70 cm3) and refluxed with p-nitrobenzaldehyde (0.11 mol) for 3—20 hrs using 
a water separator. After completion of the reaction, monitored by TLC, the solvent is distilled

Table I

P h y sica l and an aly tica l da ta  f o r  com pounds 9—16

Com
pound

Formula 
Molecular weight M.p. °c

c

Analysis, % 
Calculated 

Found

H N

9 c15h 20n 2o 3 94— 96 65.19 7.30 10.14
(276.33) 64.99 7.10 9.95

10 78— 81 65.19 7.30 10.14
(276.33) 64.89 7.41 9.79

11 102-105 70.56 7.11 8.23
(340.41) 70.90 7.23 8.33

12 113-115 70.56 7.11 8.23
(340.41) 70.96 6.95 8.42

13 120-121 65.19 7.30 10.14
(276.33) 65.53 7.54 10.44

14 102-103 65.19 7.30 10.14
(276.33) 65.50 7.33 10.58

15 135-137 70.56 7.11 8.23
(340.41) 70.98 7.02 8.02

16 132-135 70.56 7.11 8.23
(340.41) 70.34 7.13 8.31

and the residue subjected to chromatographic separation on an aluminium oxide column with 
hexane and petroleum ether. Melting point and analysis data of compounds 9—16 are sum
marized in Table I.

*

The authors wish to thank the Pharmaceutical Works CHINOIN, Budapest, for sup 
porting this present research.
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W. W. R oberts and C. S. McK e e : C h em istry  o f  the M eta l-G as In terface

Clarendon Press, Oxford, 1978 (594 pages)

One of the central endeavours of theoretical chemistry has been, in the last decades, 
to establish a link between chemical and physical properties, among others to find relation
ships between structure and reactivity. This assumes a knowledge of the structures of reacting 
species (ions, atoms, molecules) and of the relationships between these structures and chemical 
interaction. Like all research efforts, this work is also subject to several hypotheses which 
become really confirmed only after comparison with experimental data. In the case of homo
geneous reactions, the establishment of the relationships between structure and reactivity is 
essentially a matter of molecular structure studies and quantum chemistry. In the case of 
heterogeneous processes, such as metal catalysis, one of the reactants is a metal surface, and 
thus its electronic structure must also be known, for which special experimental methods 
should be elaborated and applied. Experimental techniques of such nature have rapidly been 
developed in the last decade. Although the main target — the establishment of a link between 
reactivity and structure —- is quite far, several new results were obtained in the last years.

The book of M .W . R o berts  and C. S. M cK e e  reviews the principal physical processes 
and experimental techniques that pertain to the electronic structures of metal surfaces and 
arise, in part, from the research of the last decades. It also attempts to show how far these 
results contribute to the elucidation of relationships between structure and reactivity for 
relatively simple catalytic systems.

The main concern of the monograph is to give a review, without claiming to be a hand
book for specialists dealing with certain experimental methods. It strives to explain basic 
concepts, and also gives the nomenclature used in the literature of this topic. At the end of 
each chapter a wealth of references is given to guide those who wish to acquire deeper insight 
into the special field discussed in the chapter. The volume is completed with very useful 
Author and Subject Indexes.

The reviews of various experimental methods clearly show the type of information 
obtainable by them. It would have been helpful to give the “price” of these pieces of informa
tion as well, i.e. the costs, difficulties and complexity of the methods in question, as a hint 
to catalysis experts wishing to support kinetic results by physical properties discussed in this 
book. For similar reasons, it would have been advantageous to relate the experimental condi
tions of these physical methods to those of kinetic measurements, which may be quite different 
in certain cases, requiring mutual extrapolation in the comparison of results, occasionally sub
jected to large uncertainties. This way of treatment would have truly compensated the over- 
optimistic or overpessimistic views concerning the basic idea.

The volume contains 13 chapters, guiding the reader didactically from the basic con
cepts of structure and interactions to the specific problems of catalysis.

Chapter 1 (49 pages) gives a brief account on the physical and chemical concepts 
discussed later in detail, such as the electronic and crystal structures of solids, the differences 
between surface and bulk phases, the concept of active sites, the adsorption as the simplest 
interaction, and basic concepts of kinetics.

Chapter 2 (44 pages), entitled Crystallography of Metals is concerned with the funda
mentals of crystal structure, including the various crystallographic systems, the surface crystal 
structures of metals, dislocations, diffusion in the solid phase and on the surface.

Chapter 3 (76 pages) deals with the determination of surface crystal structures, discuss
ing the physical background of LEED. The methods of interpretation are illustrated by sever
al examples.

Chapter 4 (46 pages) discusses the fundamentals of electron spectroscopic methods in 
a similar manner. The principles of Auger (AES) and other methods (APS, INS) are illustrated 
by numerous examples.
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The review of experimental methods is concluded by Chapter 5 (25 pages), in which a 
brief account is given on the application of infrared and Raman spectroscopy in the structure 
elucidation of adsorbed molecules.

Chapter 6 (47 pages) deals with the experimental aspects of surface kinetics, touching 
the problems of the direct determination, on the molecular level, of the collision number, acco
modation coefficient, adsorption and desorption rate, combined with the kinetic and statistical 
interpretation of these parameters.

Chapter 7 (26 pages) is concerned with the problem of physical adsorption, discussing 
primarily the interactions occurring in the adsorption of noble gases on various metals.

Chapter 8 (42 pages) discusses the models of adsorption and desorption processes, 
including the detectability of the interactions between surface and adsorbed molecules and 
among the adsorbed molecules themselves, and their role in the derivation of kinetic equations.

Chapters 9—11 show the present state of art by reviewing the literature of some sumple 
catalytic systems, and the application of the data obtained by various physical methods to the 
interpretation of kinetic phenomena.

The investigations discussed in previous chapters and the interpretation of results ob
tained on the chemisorption of CO (Chapter 9, 36 pages), H2 and N2 (Chapter 10, 58 pages) 
and 0 2 (Chapter 11, 45 pages) on various metals (W, Pt, Ni, Cu) are reviewed exhaustively 
in these chapters, also mentioning the progress expected.

Chapter 12 (45 pages) deals with the adsorption of metals on metals. This topic has 
recently become very important in the interpretation of the catalytic effects of bimetallic 
catalysts and impurities. Therefore, the discussion of these problems is a proper choice even 
if both the nature and amount of experimental data presented here is much poorer than with 
the systems discussed in the preceding three chapters.

Chapters 13 (17 pages), to arouse interest, attempts to answer some actual and muck 
debated problems of heterogeneous catalysis on the basis of the treatment presented in the 
book.

The Appendix of 7 pages summarizes the fundamentals of quantum mechanics.
The volume is very helpful for all of those dealing with heterogeneous catalysis, either 

from kinetic or from preparative aspects.
F . N a g y

E rw in  R ie d e r : Allgemeine und anorganische Chemie 

E in  Lehrbuch fü r  Studenten mit Nebenfach Chemie 

Walter de Gruyter, Berlin—New York, 1979, 346 Seiten, 214 Abbildungen

Das Buch wurde für Studenten geschrieben, die sich im Laufe ihrer technischen Studie 
mit der Chemie nur als Hilfswissenschaft befassen. Demgemäß ist der die Grundlagen umfas
sende Teil Allgemeine Chemie etwa doppelt so umfangreich wie der Teil Anorganische Chemie. 
Der Verfasser hat sich bemüht auch in diesem Teil neben den in technischer Hinsicht wichtigen 
Kenntnissen, oder besser gesagt in Verbindung mit diesen die allgemeinen Beziehungen her
vorzuheben und das chemische Denken der Studierenden zu fördern. Das Buch ist in fünf 
größere Kapitel unterteilt: 1. Atombau; 2. Die chemische Bindung; 3. Die chemische Reak
tion; 4. Nichtmetalle; 5. Metalle.

Die Behandlung der Thematik des Kapitel 1 basiert auf dem Stand unserer gegenwärti
gen Kenntnisse aber auch die geschichtliche Entwicklung wird aufgezeigt; so wird auch das 
Daltonsche und Bohrsche Atommodell erwähnt. Der Verfasser hat jedoch bei der Behandlung 
der Unbestimmtheitsrelationen dafür Sorge getragen, daß die Grenzen des Bohrschen Modells 
deutlich werden. Das Unterkapitel über das Wellenmodell dient nur zur Vertiefung der Kennt
nisse, ist für das Verständnis des weiteren Stoffes nicht notwendig. Zu Tabelle 1.6 dieses Un
terkapitels soll jedoch bemerkt werden, daß die magnetische Quantenzahl + 1  nicht dem 
Orbital 2px, die magnetische Quantenzahl — 1 nicht dem Orbital 2pу zugeordnet werden kann, 
wie aus dieser Tabelle hervorzugehen scheint. Die weiteren Teile des Kapitels befassen sich 
mit dem Aufbau der Elektronenhüllen mehrelektronischer Atome, mit dem periodischen Sy
stem und mit bestimmten Atomeigenschaften, die in Abhängigkeit von der Ordnungszahl 
charakteristische Änderungen aufweisen, wie z. B. die Ionisationsenergie und die Elektro
nenaffinität. Bei der Behandlung des Aufbaus und der Eigenschaften des Atomkerns werden 
u.a. die radioaktive Altersbestimmung, die Kernspaltung und die Kernfusion sowie die Häufig
keit der Elemente erörtert.
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Das 2 Kapitel über die chemische Bindung beginnt mit der Erläuterung der Ionen
bindung und vieler Kristalle mit Ionengittern. Darauf folgt die Behandlung der Atombindung, 
die mit der Lewisschen Theorie eingeleitet und mit der Elektronegativität abgeschlossen wird. 
Die Hybridisation ist recht ausführlich dargestellt, jedoch wird darauf aufmerksam gemacht, 
daß der Hybrid-Zustand kein realer Zustand des freien Atoms ist.

Als ergänzendes Unterkapitel behandelt das Buch auch die Grundlagen der Molekül
orbital-Theorie, diese wird jedoch weder dem einfachen, durch die Lewissche Strukturformel 
und die Hybridisierung charakterisierten Bild des Moleküls gegenübergestellt, noch damit in 
Einklang gebracht. Daraus ergeben sich für den Leser Zweifel an der Richtigkeit der Theorien. 
Auch wäre es richtig gewesen, sich für eine der Elektronegativitätsskalen zu entscheiden, 
zumindest was deren Anwendung betrifft. Bei Betrachtung der Elektronegativitäts-Angaben 
in Abb. 2.25 und in der als Anhang angefügten Tabelle des periodischen Systems stellt sich 
heraus, daß in ersterer die Paulingschen Werte, in letzterer die Allred-Rochowschen Werte 
angegeben sind.

Im Kapitel über chemische Reaktionen werden zunächst die Begriffe von Mol und 
Konzentration sowie die Eigenschaften des idealen Gases behandelt. Darauf folgen Phasen
diagramme und Phasenumwandlungen. Das Verstehen der Gesetze der chemischen Gleich
gewichte wird durch zahlreiche wohlgelungene Abbildungen erleichtert. Dies ist besonders 
wichtig, da der Umfang des Buches eine gründliche Erläuterung der thermodynamischen 
Grundlagen keineswegs zuläßt. Darauf folgt die Behandlung der Begriffe und Zusammen
hänge der Reaktionsgeschwindigkeit sowie die Anwendung der allgemeinen Gesetze der Gleich
gewichte auf wässerige Lösungen. Der gegenwärtigen Auffassung entsprechend definiert der 
Verfasser die Begriffe von Säure und Base auf zweierlei Art und vertritt die Meinung, daß 
die Brönstedsche Theorie eine Erweiterung der Arrheniusschen Theorie sei.

Die beiden Kapitel über anorganische Chemie sind das Ergebnis einer zielbewußten 
Auswahl. Die Beschreibung der Eigenschaften der wichtigsten Elemente und Verbindungen 
ist auf glückliche Weise durch die Struktur klarmachende Abbildungen und durch praktische 
Angaben ergänzt, wie z. B. die Entwicklung der Weltproduktion der wichtigeren Metalle in 
den letzten Jahren. Hinsichtlich der metallischen Bindung und den intermetallischen Syste
men bietet das Buch mehr und moderneres Material als die Lehrbücher gleicher Zielsetzung 
und ähnlichen Umfangs.

Der Verfasser hat eine eigentlich sehr schwere Aufgabe erfolgreich gelöst. Das ver
hältnismäßig wenig umfangreiche Buch scheint geeignet, die verschiedenartigsten Anforderun
gen zu befriedigen. Objektiv beurteilt kann es zur Ausbildung von Maschineningenieuren 
ebenso gut wie der von Wirtschaftsingenieuren und Umwelttechniker dienen.

Ein besonders hervorzuhebender Vorteil des Buches ist die klare und knappe Fassung, 
die nicht allein den hervorragenden Sinn für Stilistik, sondern auch die große pädagogische 
Erfahrung des Verfassers bezeugt. Ein weiterer Verdienst des Buches ist die konsequente 
Anwendung der SI-Einheiten.

Z. B O K S A Y

Sludge Disposal by Landspreading Techniques Pollution Technology Review,
No. 58

Edited by S. Torrey , Noyes Data Corporation, Park Ridge, New Jersey, U.S.A., 1979

The problem of sludge disposal is increasing in importance in parallel with the growth 
of human settlements, agricultural production, etc. Not only the highly industrialized and 
developed countries are confronted with this problem, but some developing countries, too, 
where the proper utilization of waste water is related to a number of sanitary, agronomic 
and other questions.

The book edited by S. T orrey and published by the Noyes Data Corporation, based 
fundamentally on the experience and new achievements in the United States, contains 372 
pages, consists of fifteen parts and a list of sources utilized.

The introduction of the book is correct, emphasizing that in the course of sludge appli
cation numerous factors, such as pathogenic, hygienic, economic and nuisance have to be 
considered. Eventually municipal and other sludges often contain toxic or potentially toxic 
compounds (for instance heavy metal compounds) with either directly or potentially harmful 
effects through accumulations in the soils.
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Apart from the hygienic and related factors, the disposal of sludge is associated with 
different other problems, which are broadly explained and discussed in the book.

When compiling a comprehensive book like this, it is inevitable to avoid publishing 
diverse, sometimes controversial opinions of different authors. In the Foreword the editor of 
the book calls attention to this fact, particularly when future potentional questions or monetary 
values are concerned.

In Part 1 a general overview of sludge disposal by landspreading is given. This part 
includes federal regulations in the United States concerning sludge, the characteristics of 
different sludge types as well as selection of the site and land, where the sludge could be spread. 
The reader finds here the different application and handling systems of sludge, furthermore, 
the public health and nuisance considerations. In the last section of this part, the control of 
odor, insect problems, runoff, pathogens, parasites and other problems are discussed. A chapter 
on monitoring and a summary close this part with indication of the most important references.

Part 2 deals with the problems of sludge characteristics and pretreatment. This part 
consists of only eight pages, however, succeeds to give a good overall picture of the problem.

Part 3 of the book gives an overview of site selection and land availability problems 
related to sludge disposal. Legal, economic, pedologic and other considerations, for instance 
climate, plant cover are included in the sixth chapter of this part, which is followed also by 
a list of references.

Part 4 describes the transportation and application of sludge, while in Part 5 the 
sludge-soil-plant interaction is discussed. This part is most valuable for soil scientists, agro
nomists and specialists of related subjects.

In Part 6 the reader meets with the problems of public health mostly caused by the 
pathogens in sludge. Certainly this part may arouse the interest of biologists and doctors.

Parts 7 and 8 deal with trace element sources and occurrences in municipal sludge as 
well as with the problems of further fate of trace element hazard from the point of view of 
agronomy and public health.

Monitoring is the subject of Part 9, including the monitoring problems of sludge, soil, 
water and vegetation. The analytical problems and references are also comprised in this part.

Beginning with Part 10, various aspects of the environmental effect of sludge applica
tion are described and discussed. In Part 10 the economics of landspreading, in Part 11, sludge 
application in a northern hardwood forest, while in Part 12 the application of sludge for terrain 
stabilization in cold regions are the topics and subjects.

In Part 13 a very significant problem — the reclamation of anthracite coal refuse with 
sludge — is described as a practical method for appropriate sludge application. After intro
duction, a literature review describes the procedure of sludge application for reclamation of 
anthracite coal refuse as well as the results of the procedure including the effect in agricultural 
production.

In Part 14 a practical example, disposal of sludge by the city of Denver in a ten-year 
period is described and discussed. This part is one of the most valuable in the book, because 
it contains exact data and long-term experiences on efficient sludge disposal by a large and 
developed city.

In the final part of the book environmental assessment is discussed together with the 
methodology of site studies, program of sampling and descriptions of case study sites. The 
material in this part is taken from a report prepared by the office of solid waste.

The reader comes to the conclusion that in the technical literature there is hardly a 
a more up-to-date and comprehensive study on this subject. It will be very useful in the near 
future for a wide circle of specialists, including not only soil scientists, agronomists and indus
trial experts, but many of the representatives of other branches, who are engaged in public 
health, municipal, economic and other problems of modern sludge disposal.

I .  S z a b o l c s
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