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Isatin/3 - t h i o s e m i c a r b a z o n e  and its alkyl  de r iva t ives  containing a hydrogen a tom at tached 
to N(2, ) exis t  p r i m a r i l y  in the f o r m  of the syn i s o m e r  s tabi l ized by in t r amolecu la r  hydro-  
gen bonding in solut ions and in the c rys ta l l ine  s ta te .  The s t rength  of this  hydrogen bond 
i n c r e a s e s  when both hydrogen a toms  in the p r i m a r y  th ioamide  group a re  r ep laced  by alkyl 
groups .  

I s a t i n / 3 - t h i o s e m i c a r b a z o n e s  (D and N - m e t h y l i s a t i n / 3 - t h i o s e m i c a r b a z o n e s  (IT) ("methisazone")  can 
exis t  as syn (a) and anti (b) i s o m e r s  

NH2\c~S S~.c/NH2 

/N\ H / N \  N N H 
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I - l l  a I - I I  b 

I R=H; II R=CFI 3 

To solve the p rob lem of the s t r u c t u r e s  of I and II we compared  them with III-IV,  in which an in t r a -  
m o l e c u l a r  hydrogen bond (IHB) is excluded by subst i tut ion of the hydrogen atom at tached to N(2, ). We also 
studied de r iva t ives  V-XIV, which a r e  subst i tu ted at N(4, ) (Table 1). 

1~2' ,~t 4 , / R  3 

~ _ ~ ' N  N R2CS N~R ' 

I 
R, 

I-XIV 

According  to the r e su l t s  of t h i n - l a y e r  ch roma tog raphy  (TLC) (Table 1), II-IV, IX, XIII, and XIV, even 
a f te r  repea ted  r ec rys t a l l i za t i on ,  a r e  m i x t u r e s  of two subs tances  with close Rf  values .  We were  unable to 
s e p a r a t e  these  subs tances ,  inasmuch  as  they a r e  read i ly  in te rconver ted .  Aocording to the data in [2], I and 
II a r e  anti  i s o m e r s  in po la r  so lvents .  This  conclusion is based  on the fact  that the chemica l  shif ts  of  the 
2 ' - H  proton and the proton a t tached to the indole ni t rogen in the PMR spec t r a  in dimethyl  sulfoxide (DMSO) 
depend on the concen t r a t i on ,  and 2 ' - H  consequent ly  pa r t i c ipa t e s  in the fo rmat ion  of an in t e rmolecu la r  hydro -  
gen bond r a t h e r  than an i n t r amolecu l a r  hydrogen bond. To ver i fy  this ,  we r e c o r d e d  the PMR s p e c t r a  of I 
and TI in solutions with concent ra t ions  ranging f r o m  3.5 to 20% and, for  compar i son  with them,  the PM-R 
s p e c t r a  of benzaldehyde t h io semica rbazone  (XV) [7], acetone th iosemica rbazone  (XVI) [8], and benzaldehyde 

*See [1] fo r  Communicat ion XXVI. 
Deceased .  

S. M. Ki rov  Mil i ta ry  Medical  Academy,  Leningrad .  T rans l a t ed  f r o m  Khimiya Gete ro t s ik l iehesk ikh  
Soedinenii, No. 4, pp. 503-509, Apri l ,  1974. Original  a r t i c l e  submi t ted  Sep tember  25, 1972. 

�9 19 75 Plenum Publishing Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

437 



0 
t~ 

.9 

I 

~ . - ~ ~ ~  

2 

Z 

j z 

e4 e~ ~ ~ ~.de~.-~. . . -~  

~ Z Z ~ Z ~ Z Z Z Z Z Z Z Z  

~dddC~dd~GGCCC 

o0o -o 0 ~ 
00 "00 '~ 

~ 0 0  ~ ~00~00 

~ 

~ h0 ~ 

0 o" 0 

d 

~ o .~.~ 

m ~ 

N 

.,..~ 

a ~ g  

o ~ . ~  

o ~ ~176 

~ 2  ~ 2 " a  

�9 ~ ~ ~ ~ 

I o ~  

~.~ , I::~ ~ ~ 

I o ~ ,  ~ , - . N  

4,4-dimethylthiosemicarbazone (XVII) [9] as models  
in which participation of 2'-H in the formation of an 
IHB is excluded (Table 2). 

Despitethe data in [2], the signals of all of 
protons including 2'-H. are  independent of con- 
centration. The low values of the chemical  shifts 
of the 2'-H protons in derivatives I and II andtheir 
constancy as the temperature changes demonstrate 
that I and II exist  in solution primari ly  in form a, 
which is stabilized by an IHB. 

The 2'-H chemical  shifts in the spectra of 
4' ,4'-dialkyl  derivatives VII-IX are considerably 
lower than those observed for I and II (compare the 
spectra of XV andXVD. Thesyn form therefore 
also predominates in VI-IX, and the IHB in them 
is even stronger.  The effect of groupings in the 4' 
position is not additive (Tables 2 and 3) and is ap- 
parently primari ly  due to the steric  contraction of 
the chelate ring. 

The conclusion presented in [2] regarding the 
predominance of i somer  b in solutions of I and II 
was also substantiated by the fact that the fre-  
quencies of  the carbonyl group for solutions of 
these  substances in DMSO differ from the fre-  
quencies of the carbonyl group in the crystal l ine 
state, in which, in the opinion of the authors, this 
substance is i somer  a. Data from the IR spectra 
of I-XIV in DMSO and chloroform are presented 
in Table 4. Substitution of the hydrogen atom at- 
tached to  N(2, } by a methyl group leads to an in- 
crease  in the frequency of the carbonyl group (> 30 
cm-1). This confirms that the syn form corre-  
sponds to compounds in which the hydrogen atom 
attached to  N(2, ) is not substituted (I-II and V-X). 
Since the shift in the frequency of the carbonyl 
group on pass ing from chloroform to carbon tetra-  
chloride is insignificant, it can be assumed that 
this conclusion is also valid for nonpolar solvents .  

A comparison of the UV spectra of deriva-  
t ives  I-XIV (Table 3) shows that replacement of the 
hydrogen atom attached to N(2, ) changes the spec-  
trum to a considerably greater extent than for the 
previously  investigated thiosemicarbazones  and 
2-methyl thiosemicarbazones  of other carbonyl com-  
pounds [10]. Thus, on the basis  of the PMR, IR, 
and UV spectral  data, it can be concluded that 
I-XIV in solutions are actually the syn i s o m e r s .  

It is interesting that two bands of carbonyl 
absorption are present in the IR spectra of solu- 
tions of some of the compounds and that their re la-  
tive intensities depend on the solvent.  The ob- 
served phenomenon can hardly be explained by a s -  
sociation. In the case  of XIV, in which the forma-  
tion of hydrogen bonds is excluded, both bands cor-  
respond to a free carbonyl group. Splitting of the 
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TABLE 2. Chemica l  Shifts of the Protons  Attached to the Nitrogen 
A t o m s  in Dimethy l  Sulfoxide Solutions 

Compound 

II 

III 
IV 
V 

VI 
VII 

VIII 
IX 

XV 

XVI 

C~c.,qo 

13,8 

6,9 
3,5 

13 

6,5 
3,8 

1t 

12,2 
4 

14 
3,9 

14,5 

20 

10 
5 

14.1 

I 9,4 
r 4,7 
r 

XVII I 20 

XVIII } 15,2 
XIX ~ 8,6 

T emp . ,  *C 

26 
59 
81 

26 
26 

26 
81 

26 
26 

26 
26 
26 
26 
26 
26 
26 

26 
59 
81 

26 
26 

26 
59 
81 

26 
26 

26 

26 
26 

2"H 

12,58 
12,55  
12,56 

12,58 
12,58 

12,43 
12,46 

12.44 
12,44 

12,65 
12,55  
13,49 
13,44 
13,62 

11,51 
11,30 
11,2~ 

11 ,47  
11 ,44  

9.89 
9,66 
9,58 

9,93 
9,90 

11,05  

NH (6. ppm) 
I-H [ 4 ' -H 

11.20 9,04 8,64 
11 ,04  8,61 
10.93 8,55 

11.20 ] 9,03 8.64 
11.23 [ 9,03 8,64 

- -  8,90 8,60 
- -  8,57 

- -  9,04 8.65 
- -  9,04 8,67 

10,90 8,70 8,38 
- -  8,74 8,49 

11,22 9,23 
- -  9,17 9,10 

11 ,23  

11 ,27  

- -  8,1 
- -  7 ,9  
- -  7 , 8  

- -  8,1 
- -  8,1 

- -  7,94 7.51 
- -  7,54 
- -  7,50 

- -  7,96 7,52 
- -  7,96 7,52 

9,50 8,30 7,83 
- -  8.1--6,8 (+At)  

T A B L E  3 .  P o s i t i o n s  a n d  I n t e n s i t i e s  o f  t h e  A b s o r p t i o n  M a x i m a  i n  

t h e  U V  S p e c t r a  o f  I s a t i n / 3 - T h i o s e m i c a r b a z o n e s  i n  A l c o h o l  

ComPound ~, . . . .  nm log~ Compound G, ax,nm log r 

I 

II 

lII 

IV 

V 

VI 

VII 

VIII 

242, 

247,5 
274 
370 

242,5 
277 
367 

255 
309 
393 

248 
303 
393 

248 
279 
370 

24O 
281 
358 

24O 
277, 279 

352 

240 
280, 287 

355 

4.10 
4,03 
4,31 

3,96 
3,99 
4,31 

4,28 
3,81 
4,08 

4.33 
3,58 
3,95 

4,11; 4,12 
3,97 
4,37 

3,91 
3.85 
4,19 

4,17 
3,95; 3.95 

4,18 

4.19 
4,01; 4.01 

4,21 

IX 

X 

XI 

XII 

XIII 

XIV 

XVIII 

XIX 

246; 257,3 
278 
361 

245 
282,5 
353 

247,5; 253 
259 
291 
385 

246,5:254 
390 

255 
410 

260 
400 

250 
360 

256,5 
364 

4,23; 4,22 
3,84 
4,33 

4,24 
4,02 
4,26 

4,39; 4,30; 4,25 

3,90 
4,03 

4,33; 4,32 
4,07 

4,41 
3,81 

4,42 
3,80 

4,21 
4,32 

4,05 
4,39 

4 3 9  



T A B L E  4. A b s o r p t i o n  F r e q u e n c i e s  of t he  C =O and N - H  G r o u p s  in 
the  IR S p e c t r a  of  I s a t i n  ~ - T h i o s e m i c a r b a z o n e s  

CO, r 

in the erystal- 
Com- line state in solutions 

pound in mineral in KBr lin chloro- 
oil pellets in DMSO form 

NH, NH:, c.,u -1 

in mineral  in KBr 
oil pellets 

II 

Ill 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XVIII 

XIX 

1682, 1710 

1686 

1737 

1710, 1750 

1707 

t715 

1715 

1729 

1684 b 

1674, 1699 c 

1679 

1725 

1689, 1740e 

1671,1603 
1692 
1694 

1692 
1682, 1695 

1689 
1685, 1711 
1688, 1733 
1697, 1725 
1701, 1730e 

1704 

1712 

1694 

1694 

t686 

1,7&t 

1701, 1737 

1694 
1685 
1694 

1684 
1694 
1683 
1729 

1701, 1723e 
1727 

1702, 1731 
1711 

1700 

1710 

1710 

1698 

d 

1714, 1722 

1706 
1693 
1791 

1684 
1706 
1689 
1725 
1715 
1738 

1703, 1722 
d 

1692 

3149, 
3189, 3239, 

3420 
3180, 3158, 3262, 
3274, 3327, 3418 
3346, 

3428, 3530 
3158, 3258, 3145, 3249 

3430 3423 
3170, 3354 3t67, 3243 

3336 
3220, 3380 3328, 3449 

3505 
3236 
3223 

- -  3167, 
3193 

3t53 

3140, 3357 
3361 
3297 

314.8, 3266, 
3387 
3473 

aThe  f r e q u e n c i e s  of the  m o r e  i n t e n s e  b a n d s  a r e  s i n g l e d  out  by  b o l d -  
f a c e  n u m b e r s ,  b F o r  a s a m p l e  wi th  m p  255 ~ e F o r  a s a m p l e  wi th  
mp  250~176 dThe  s u b s t a n c e  d id  not  d i s s o l v e  in c h l o r o f o r m ,  eThe  band  
i s  of low i n t e n s i t y  and a p p e a r s  a s  a s h o u l d e r .  

c a r b o n y l  band  i s  d e t e c t e d  on ly  fo r  2 ' - m e t h y l  d e r i v a t i v e s ,  in which,  a c c o r d i n g  to  d a t a  f r o m  t h r e e - d i m e n s i o n a l  
m o d e l s ,  t he  g r o u p i n g  a t t a c h e d  to  N(2, ) h i n d e r s  the  f o r m a t i o n  of the  ant i  i s o m e r .  Hence ,  i t  can  be a s s u m e d  
tha t  t h i s  s p l i t t i n g  is  c a u s e d  by  the  p r e s e n c e  of c o n f o r m e r s  tha t  p o s s i b l y  d i f f e r  b y  r o t a t i o n  about  t he  N(1, ) - 
N(2, ) bond.  

The  s t r u c t u r e  of  t h i o s e m i c a r b a z o n e s  I and  II  in t he  c r y s t a l l i n e  s t a t e  a l s o  had  to b e  r e l i a b l y  a s c e r -  
t a i ned .  The  p a r t i c i p a t i o n  of t h e  NH g roups  in the  h y d r o g e n  bonds ,  a c c o r d i n g  to  the  IR s p e c t r a l  da t a  (Tab le  
3), i n c r e a s e s  in the  o r d e r  1-NH < 4 ' - N H  2 < 2 ' - N H .  The  syn  f o r m  is  p r o b a b l y  a l s o  c h a r a c t e r i s t i c  in the  c r y s -  
t a l l i n e  s t a t e  fo r  compounds  in which  the  h y d r o g e n  a t o m  in the  2' p o s i t i o n  is not  s u b s t i t u t e d .  

We have  p r e v i o u s l y  d e t e c t e d  the  p r e s e n c e  of two c a r b o n y l  bands  in the  IR s p e c t r u m  of I in t he  c r y s -  
t a l l i n e  s t a t e  [4]. Howeve r ,  a s a m p l e  d i s p l a y i n g  on ly  one c a r b o n y l  band  was  o b t a i n e d  u n d e r  d i f f e r e n t  c r y s -  
t a l l i z a t i o n  cond i t ions  [2]. On the  b a s i s  of t h e s e  da ta ,  the  f i r s t  s a m p l e  was  c o n s i d e r e d  to  be  a m i x t u r e  of  
syn  and an t i  i s o m e r s  (a, b) [2, 11], and the  s e c o n d  s a m p l e  was  c o n s i d e r e d  to  b e  the  p u r e  syn  i s o m e r  (a) [2]. 
We have  shown tha t ,  depend ing  on t h e  r a t e  of c r y s t a l l i z a t i o n ,  I and  VII can  be  i s o l a t e d  a s  two s a m p l e s  tha t  
d i f f e r  wi th  r e s p e c t  to  m e l t i n g  po in t  and  IR s p e c t r a  in the  c r y s t a l l i n e  s t a t e  but  a r e  i d e n t i c a l  in s o l u t i o n s .  
Sp l i t t ing  of the  c a r b o n y l  band  is  a l so  o b s e r v e d  in the  c r y s t a l l i n e  s t a t e  f o r  IV, V, IX, and  XI -XI I I .  A c o m -  
p a r i s o n  of a l l  t he  p r e s e n t e d  da t a  m a k e s  i t  p o s s i b l e  to  a s s u m e  tha t  the  p r e s e n c e  of  two c a r b o n y l  bands  in t he  
s o l i d  s t a t e  is  due not  to  i s o m e r i s m  but  r a t h e r  to  t he  p e c u l i a r i t i e s  of t h e  c r y s t a l  l a t t i c e  and the  f o r m a t i o n  of 
i n t e r m o l e c u l a r  h y d r o g e n  bonds .  The  d e c r e a s e  in t he  m e l t i n g  po in t  when the  h y d r o g e n  a t o m s  in the  NH 
g roups  a~e r e p l a c e d  by  m e t h y l  g r o u p s  a l s o  a t t e s t s  to the  p r e s e n c e  of t h e s e  bonds .  

In a p r e v i o u s  s tudy  of the  t a u t o m e r i s m  of t h i o s e m i c a r b a z o n e s  I and  II  we u s e d  t h e i r  S - m e t h y l  d e r i v a -  
t i v e s ,  XVIII  and XIX, which  a r e  c a p a b l e  of e x i s t i n g  in two t a u t o m e r i e  f o r m s  c and d, a s  f i x e d  t h i o l  f o r m s .  
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( , . ~ ; , ,  n-n=c t -n"2 ~ N . . " , n  ~ - Ic=',.n 
= 

I d R c R 

XVIl l  R = H  XIX R = C H  3 

At the same t ime, the spec t ra l  cha rac t e r i s t i c s  of I -XIV make it possible to solve the problem of the 
t au tomer i sm of XVIII and XIX when they are  compared  with the corresponding charac te r i s t i c s  of the latter.  
Since the signal of the 2 ' -H proton at weak field is absent in the PMR spec t ra  of the S-methyl derivatives 
in DMSO (Table 2), but the spec t ra  do contain signals charac te r i s t i c  for  the 4 ' -NH 2 group, s t ruc ture  c is 
more  likely. When the polar i ty  of the solvent decreases ,  the UV spectrum of XIX, in contrast  to the spec t ra  
of I-XIV, undergoes a hypsochromic  shift; this is possibly due to the formation of form d. 

The presence  in the IR spec t rum of crysta l l ine  XIX of a d is t inc tband above 3400 cm -1, which  accord-  
ing to our  da t a  is charac te r i s t i c  for  the p r i m a r y  thioamide group of the th iosemicarbazone chain, makes it 
possible to assume that XIX exists in fo rm c under these conditions. 

EXPERIMENTAL 

The PMR spectra of solutions of the compounds in DMSO were recorded with a C-60 HI spectrometer 
with hexamethyldisiloxane (HMDS) as the external standard. The chemical shifts were measured on the 6 
scale with an accuracy up to 0.01 ppm. The IR spectra of 0.I M solutions in DMSO (layer thickness 0.07 
ram) and of 3 �9 10 TM M solutions in chloroform (layer thickness 14.4 ram) were recorded with a UR-10 spec- 
trometer; in both cases, compensation was made for the absorption of the solvent. The DMSO was purified 
according to the specifications in [12], and its homogeneity was monitored by PMR spectroscopy. The UV 
spectra of alcohol solutions were recorded with an SF-8 spectrophotometer. 

4-Methylthiosemicarbazide [13] and 2,4-dimethylthiosemicarbazide [13] were obtained from methyl 
methyldithioearbamate [14], while 2,4,4-trimethylthiosemicarbazfde [13] was obtained from tetramethyl- 
thiuramdisulfide [15]. 

Benzaldehyde 4,4-Dimethylthiosemiearbazone (XVII). A solution of 1.4 g (12 mmole) of 4,4-dimethyl- 
thiosemicarbazide [14] in II ml of 1 N HCI was added to a Solution of 1.47 g (12 mmole) of benzaldehyde in 
II ml of alcohol. A greenish-white precipitate formed, and the temperature rose to 33 ~ After 0.5 h, the 
mixture was filtered, washed with 50% aqueous alcohol (three 1.5-ml portions), and dried at 105 ~ to give 
65.5~c of silvery-white needles with mp 159 ~ (from 40% aqueous alcohol) (mp 162 ~ [9]). 

Isatin ~-Thiosemicarbazones. The synthesis of I, II [16], V [5], VII-X [6], and XVIII [5, 4, 11] was 
previously described; we presented the method for the preparation of III, IV, and XIX in [4] (also see [Ii]). 
Depending on the conditions of crystallization from aqueous alcohol, compound I was obtained as cotton- 
like crystals with mp 255 ~ or needles with mp 250 ~ According to the IR spectra (KBr pellets), the two 
samples were identical to those described in [2]. Compound VII was similarly obtained as crystals with 
mp 230 or 217 ~ . 

N-Methylisatin 4-Methylthiosemicarbazone (V I), Isatin and N-Methylisatin 2,4-Dimethylthiosemi- 
carbazones  (XI, XID, and Isatin and N-Methylisatin 2 ,2 ,4-Tr imethyl th iosemicarbazones  (XIII, XIV). These 
compounds were obtained via the following method. Aqueous solutions of equimolecular  amounts of isatin 
(or N-methylisatin) and the appropria te  th iosemicarbaz ide  derivat ives  were mixed while boiling, 0.1 N HC1 
(0.08-0.31 ml per  g ram of diketone) was added, and heating was continued for 10-15 rain. The mixtures  
were f i l tered,  and the precipi ta tes  were washed with water  and dried at 105 ~ . The resul ts  of e lementary  
analysis and the Rf values are  presented in Table 1. 
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