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On the bas is  of data f rom the IR spect ra  of 4- th iobarbi tur ic  acid der ivat ives ,  and their  deutero 
analogs,  and s imi la r ly  constructed model compounds,  it was established that the investigated 
substances  exist  in the thione lac tam fo rm and fo rm two types of assoc ia tes  through in te rmo-  
lecular  hydrogen bonds. 

During a study of the s t ruc tu res  of barbi tur ic  acid der ivat ives  - an important  c lass  of medicinal  com-  
pounds - it was established that in the crys ta l l ine  state and in solutions they can exist  in two tautomer ic  fo rms  
[1-8] and are  also capable of forming assoc ia tes  through two types of hydrogen bonds [6, 9]. 

The 4- th iobarbi tur ic  acids that we obtained displayed high pharmacologica l  activity.  In o rde r  to study 
the relat ionship between the s t ruc ture  and the activi ty in the presen t  paper  we d iscuss  the IR spec t ra  and 
s t ruc ture  of 5,5-disubsti tuted 4- th iobarbi tur ic  acids I-IV in compar i son  with model  compounds V-XI.  The 
spec t ra  of the c rys ta l l ine  compounds and ch loroform solutions of them were  recorded  (Figs.  1 and 2, Table 1). 
The m a s s  spectra l  investigation of these compounds is descr ibed in [10]. 
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4-Thiobarb i tu r ic  acid der ivat ives  are  potentially capable of l a c t i m - l a c t a m  and th ione - th io l  t au tomer-  
ism.  A compar i son  of the spec t ra  of the investigated and model compounds in the region of multiple bond vi-  
bratio'ns (Fig. 1) makes  it possible to fo rm a judgment regarding the position of the tau tomer ic  equilibrium, 
since the intense absoprt ion bands cor responding  to ~C = O and vC _-- N vibrat ions are  situated here .  In 

analogy with the ass ignment  of the f requencies  made on the bas is  of calculations of the n o r m a l  vibrat ions of 
barbi tur ic  acid der ivat ives  [6, 7], the intense bands in the spec t ra  of I - IV at 1750 and 1680 cm -1 can be assigned 
to ~C(2 ) _-- O and vC(6)= O. As expected, the shift of the ~C = O bands when the compounds are  deuterated is 

only slight. The ass ignment  of the f requencies  of the r ing C = N bond in the thiol and laet im fo rms  is more  
complex. On the bas is  of a compar i son  of the investigated spect ra  with one another and with the spec t ra  of a 
se r i e s  of compounds containing a ring C ~ N bond [11] and with the resul ts  of calculation of the normal  v ibra -  
t ions of 2- thiobarbi tur ic  acid [7], the intense band at 1550 cm -1 evidently can be assigned to the pyrimidine 
ring ~C ~ N frequency or ,  in any case ,  to the vibrat ions  of the pyrimidine r ing i tself  with the part icipat ion of 

the C ---- N bond. 

A compar i son  of I - IV and 2- thiobarbi ta l  f rom the point of view of the i r  t au tomer i sm seems  of interest .  
Distinct  bands in the vSH region [12] at 2600 and 2560 cm -1, which are  observed at high concentrat ions of the 
compound, are  observed in the spec t rum of crys ta l l ine  acid V, along with intense absorption bands of carbonyl  
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IR s p e c t r a  of  m i n e r a l  o i l  s u s p e n s i o n s  of c r y s t a l l i n e  s a m p l e s  

IR s p e c t r a  of  I ,  VI ,  IX,  and  X in c h l o r o f o r m  (c 0.01 M, l 0.25 

T A B L E  1. F r e q u e n c i e s  {cm -1) of the  M a x i m a  of  the  A b s o r p t i o n  
B a n d s  of  2 -  and  4 - T h i o  D e r i v a t i v e s  of  B a r b i t u r i c  A c i d  in  t h e  
C r y s t a l l i n e  S ta te  (a) and  in  C h l o r o f o r m  Solu t ions  (0.001 M) (b) 
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g r o u p s .  A b s o r p t i o n  i s  not  o b s e r v e d  in t h i s  r e g i o n  in  t he  s p e c t r a  of I - I V  u n d e r  s i m i l a r  c o n d i t i o n s .  T h i s  f a c t  
and  the  p r e s e n c e  of  a vC ~ N band  a t  1540 c m  - i  i n d i c a t e  t he  p r o b a b l e  e x i s t e n c e  of a c i d  V in t he  f o r m  of a 
m i x t u r e  of  t h ione  and th io l  f o r m s .  

I t  f o l l o w s  f r o m  the  d a t a  in  F i g .  1 and T a b l e  1 t ha t  the  s p e c t r a  of I - IV  p r a c t i c a l l y  c o i n c i d e  wi th  the  s p e c -  
t r a  of f i x e d  th ione  l a c t a m  m o d e l s  IX-XI .  On the  o t h e r  h a n d ,  a s  in  t he  c a s e  of V,  an i n t e n s e  vC = N band  a t  
1550 c m  - I  i s  p r e s e n t  in  t h e  s p e c t r a  of t h i o l  f o r m s  V I - V H I ,  in  a d d i t i o n  to  a b s o r p t i o n  b a n d s  of c a r b o n y l  g r o u p s .  
T h e  d e v e l o p m e n t  of  a doub le  bopd  in t h e p y r i m i d i n e  r i n g  of  S - m e t h y l  a n a l o g s  VI -VI[ I  l e a d s  to  a d e c r e a s e  of 
m o r e  than  30 c m  -1 in  the  v C = O f r e q u e n c y  b e c a u s e  of  t he  d e v e l o p i n g  c on juga t i on .  
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The p r e s e n c e  in the s p e c t r a  of I - IV of a band at ~ 1480 cm -1, which is  absent  in the spec t r a  of o ther  
de r iva t i ve s  of b a r b i t u r i c  acid [6, 7], can a lso  be explained by  the thione s t ruc tu re .  A s i m i l a r  f requency  ob- 
s e rved  in the s p e c t r a  of th ioure ides  [12] was in t e rp re t ed  by the au thors  as the band of an R - N H - C  ----- S g roup-  
ing. Since the band at 1480 cm -1 is too high to be  able to be ass igned  to v ib ra t ions  of the C -~ S bond and since 
a shift  in the band is obse rved  when the compound is  deu te ra ted ,  we ass igned  it to the v ib ra t ions  of the bonds 

S 
% 

in the C4--NH f r a g m e n t  of the pyr imid ine  r ing.  The r e su l t s  provide  evidence in f avor  of the fact  that  4 - th io-  
/ \ 

b a rb i t u r i c  acid de r iva t i ve s  I - IV,  in con t r a s t  to analogous compounds f r o m  the 2 - th iobarb i tu ra te  s e r i e s ,  have 
a thione l ac tam s t ruc tu re .  Th i s  i s  conf i rmed  by the m a s s  spec t r a l  behav io r  of these  compounds [10]. 

The  t a c t am f o r m s  of 4 - th io - subs t i tu t ed  ba rb i tu r i c  acids can pa r t i c ipa te  in the fo rma t ion  of hydrogen 
bonds.  In the h igh- f requency  region of the s p e c t r a  the invest igated compounds a r e  c h a r a c t e r i z e d  by two bands 
at ~ 3210 and N 3080 cm -1, which a r e  v e r y  sens i t ive  to deutera t ion  (f = 1.33). In the s p e c t r a  of solutions 
(Fig. 2) these  f r equenc ies  vanish ,  and a dis t inct  intense band at 3380 cm -1, which is  due to the v ibra t ions  of 
f r ee  NH groups ,  a p p e a r s .  Both bands  in the s p e c t r a  of c rys ta l l ine  4- th io  de r iva t ives  a r e  c lose  to the analo-  
gousbands  in the  s pec t r a  of ba rb i t u r i c  analogs  and can be ass igned to the v ib ra t ions  of the NH groups  linked 
by hydrogen bonds of two types ;  the abi l i t ies  of the N(DH and N(3)H groups  to f o r m  hydrogen bonds differ .  Thus 
two VNH bands a r e  p r e s e n t  in the s p e c t r a  of c rys t a l l i ne  S-methyl  de r iva t i ve s  VI-VIII  and IX, and this  c o n s t i -  
tu tes  evidence fo r  the p r e s e n c e  of two types  of a s s o c i a t e s  through the N(DH group.  S imi la r  bands a r e  obse rved  
in the s p e c t r u m  of 1 -me thy lba rb i t a l  [3] and were  ass igned  by the authors  to VNH...O bands  of two dif ferent  

types  of hydrogen bonds.  The N(3)H group is evidently capable  of fo rming  only one type of hydrogen bond, 
s ince only one band at 3210 em -1 is p r e s e n t  in the spec t rum of X (Fig. 2, Tab le  1). All of this m a k e s  it p o s -  
s ible  to conclude that  the th ioamide grouping to the pyr imid ine  r ing of the inves t igated compounds can, in con-  
t r a s t  to the amide grouping, form only one type of hydrogen bond. 

Thus the fact that the IR spectra of 4-thiobarbituric acid derivatives coincide with the spectra of 2-thio- 
barbital and the S- and N-methyl analogs shows that the investigated compounds exist in the thione lactam 
form and that in the crystals the molecules are linked by two types of intermolecular hydrogen bonds~ 

EXPERIMENTAL 

Thio d e r i v a t i v e s  of b a r b i t u r i c  acid obtained by th io lys is  of imino acids  with the appropr i a t e  s t r u c t u r e s  
by the method desc r ibed  in [13] we re  used  in the r e s e a r c h .  The deu te r ium analogs w e r e  obtained by heat ing 
the subs tances  at 90~ fo r  2 h in excess  deu te romethanol  and subsequent  r e m o v a l  of the solvent  by vacuum 
dis t i l la t ion.  The IR s p e c t r a  of m i n e r a l  oil suspension s and solutions of the compounds in ch lo ro fo rm (0.01 M), 
pur i f ied by the method in [14], we re  r eco rde d  with a P e r k i n - E l m e r  577 s p e c t r o m e t e r .  Dismountable  euvet tes  
with a th ickness  of 0.25 m m  were  used.  
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