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IR spectroscopy is used to investigate imino-amine tautomerism 

of 2-iminothiazolidin-4-one and 2-phenyl (p-~olyl, benzyl)- 
imino derivatives of thiazolldin-4-one, it is shown that in the crystal- 
line state 2-iminothiazolidin-4-onc exists in the 2-imino form, while 
in solution (chloroform) it exists in the amino form. 2-Phenyl- and 
2-p-tolylimino derivatives of thiazolidin-4-one exist in the imino 
form, while 2-benzyl-iminothiazolidin-4-one exist in the amiso form, 

In a ser ies  of papers [1,2] UV spectroscopy, and in 
part  IR spectroscopy,  have been used to investigate 
possible tautomeric forms of 2-iminooxadzolidin-4-one 
and its selenium analog. It was shown that in methanol 
the former  has mainly the tautomeric amino structure,  
and the latter in aqueous solution the imino one [3]. 

o:c-  
H:C\sIC=NH . 

A B 

With regard to the s t ructures  of 2-iminothiazolidin- 
4-one (I), potentially capable of exhibiting imino-amino 
tautomerism,  opinions are  rather contradictory.  Some 
authors [4, 5] are  inclined to regard  it as having the 
imino structure,  others [6, 7] the amino one. The two 
maxima (220 and 250 rim) in the UV spectra  of aqueous 
solutions of 2-iminothiazolidin-4-one and its hydro-  
chloride are  taken to indicate the presence of twotauto-  
merle  forms with the imino form distinctly prepond- 
erating [4]. 

In the present  paper IR spectroscopy has been used 
to settle the problems of the tautomerism of 2-imino- 
thiazolidin-4-one and its 2-phenyl-(p-tolyl,  benzyl) 
imino derivatives. To facilitate interpretation of IR 
spectra  of 2-iminothiazolidin-4-one the ability of the 
hydrogen atoms at its exo- and endocyclic nitrogen 
atoms to undergo replacement by silver to give silver 
derivatives was utilized. 

Figure 1 shows IR absorption spectra  of 2- imino-  
thiazolidin-4-one (I), thiazolidin-2, 4-dione (II), 3- 
phenylthiazolidin-2, 4-dione (III), the d i -s i lver  der iva-  
tives of 2-iminothiazolidin-4-one (IV), 2-acetamino-  
thiazol in-4-one (V), the 2-Ag derivative of 2 -N-ace ta -  
minothiazolin-4-one (VI) and 2-aminothiazol in-4-one 
hydrochloride (VII). The spectra  were regis tered on a 
U[~-10 [R spect rometer ,  using pr i sms of LiF, NaC1, 
and KBr. The specimens were investigated tabletted 
with KBr, or in vaseline mulls (identical spectra  were 
obtained)*. Figure 2 gives the IR spectra  of 2-phenyl-  
iminothiazolidin-4-one (VIII), 2-p- tolyl iminothiazol-  
idin-4-one (IX); and 2-benzylaminothiazolidin-4-one 

*Fig. 1 and 2 give spect ra  for mater ia ls  tabletted 

with K Br. 

(X). In the case of I the broken line gives the spectrum 
of a dilute CHCI~ solution. 
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Fig. 1. IR spectra:  1) 2-iminothia- 
zolidin-4-one; 2) thiazolidin-2, 4- 
dione; 3) 3-phenyl-thiazolidin-2, 4-  
dione; 4) di-s i lver  derivative of 2- 
iminothiazolidin-4-one; 5) 2 -ace ty l -  
aminothiazolin-4-one; 6) 2-Ag 
derivative of 2-N-acetaminothiazo-  
l in-4-one;  7) 2-aminothizolin-4-one 

hydrochloride. 

Starting from the assumption that 2-iminothiazo- 
l idin-4-one exists in two tautomeric forms A and B, 
the IR spectrum of form A would be expected to exhibit 
bands character is t ic  of the ring element CO--NH, and 
the bands of the imino group =NH, while the spectrum 
of form B would be expected to show bands cor respond-  
ing to the amino group NH2, which are rather intense 

for p r imary  amines [8, 9]. 
To interpret  the IR spectrum of I, the spectra  of 

compounds II and III were f i rs t  studied. The element 
CO--NIt--CO in II gives r ise,  in the region of the val-  
ence vibration of NH groups, to bands of frequencies 
3136 and 3048 cm -1. These bands are  absent from the 
spectrum of III, where the hydrogen at the endocyclic 
nitrogen atom is replaced by a phenyl group. But the 
spectrum of a dilute CC14 solution if II has only one 
narrow band, frequency 3410 cm -~, due to free v ibra-  
tions of the NH group. This makes it possible to unam- 
biguously assign the above-mentioned bands to vibra-  
tions of the bond group NH. The spectrum of I shows 
an analogous picture of bands of frequencies 3230 and 
3013 cm -1, so that it can be inferred that s t ructure  I 
contains the element CO--NH, inherent in the imino 
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f o r m  A ( s i m i l a r  bands  w e r e  found by one of the  p r e s e n t  
au t ho r s  in the  s p e c t r a  of a s e r i e s  of r i ng  s t r u c t u r e s ,  
con ta in ing  e l e m e n t s  of the  type  CO---NH--CO [8]). Then 
the  band of f r equency  3380 cm - i  c h a r a c t e r i z e s  the  

tt~[ 
i 
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Fig .  2. IR s p e c t r a :  1) 2 - p h e n y l i m i -  
n o t h i a z o l i d i n - 4 - o n e ;  2) 2-p-tolyl- 
i m i n o t h i a z o l i d i n - 4 - o n e ;  3) 2 - b e n z y l -  

im inothiaz  ol in -4 -one.  

v i b r a t i o n  of a NH bond of an imino  group.  An in tense  
band f r equency  1656 c m  - i  is  a s s i g n e d  by us to v i b r a -  
t ion  of the  C = N  double  bond [10, 11]. That  band is 
p r e s e n t  in the s p e c t r a  of 3 -pheny l  (p- to ly l ,  b e n z y l ) - 2 -  
phenyl  (p - to ly l ,  benzyl )  imino  d e r i v a t i v e s  of t h i a z o l i -  
d i n - 4 - o n e ,  w h e r e  both hyd rogen  a t o m s  at  the  endo-  
and exocyc l i c  n i t r o g e n  a t o m s  a r e  r e p l a c e d  by phenyl ,  
p - t o l y l ,  and benzy l  r a d i c a l s ,  and which e x i s t  in the 
imino  form.  A double  band in the  1520 cm - i  r e g i o n  in 
the  s p e c t r u m  of I can  be  a s s i g n e d  to d e f o r m a t i o n  
v i b r a t i o n  of the imino  group  NH, and p o s s i b l y  to 
v i b r a t i o n  of the r i n g  NH group.  Then  the r e m a i n i n g  
unextended  band f r equency  1690 c m  -1 c h a r a c t e r i z e s  
v i b r a t i o n  of the C~O group  of the  t h i azo l i dene  r i ng  of 
I. A c t u a l l y  the s p e c t r u m  of the d i - s i l v e r  d e r i v a t i v e  of 
2 - i m i n o t h i a z o l i d i n e - 4 - o n e  (IV) has ,  in the r e g i o n  of 
v a l e n c e  v i b r a t i o n s  of double  bonds ,  two bands  (1606 
and 1575 cm-1) ,  p r o b a b l y  c h a r a c t e r i s t i c  of v i b r a t i o n s  
of C~---O and C=N.  In the s a m e  s p e c t r u m  t h e r e  is  c o m -  
p l e t e  d i s a p p e a r a n c e  of bands  in the  r e g i o n  of NH group 
v a l e n c e  v i b r a t i o n s  and in the r e g i o n  1520 c m  - i ,  which  
we a s c r i b e  to d e f o r m a t i o n  v i b r a t i o n s  of the  NH group.  

F r o m  a l l  that  is  s t a t ed  above ,  i t  can be  concluded  that  
compound I in the  so l id  s t a t e  e x i s t s  in the imino fo rm 
A. S p e c t r u m  I, t aken  at  l iquid  n i t r o g e n  t e m p e r a t u r e  
(-196~ has not undergone  a p p r e c i a b l e  changes  c o m -  
p a r e d  with the  s p e c t r u m  taken  at  r o o m  t e m p e r a t u r e .  
Di lu t ion of a CHC13 so lu t ion  of I c l e a r l y  g ives  the  s p e c -  
t r u m  of the  amino  f o r m  B, as  shown by the a p p e a r a n c e  
of two bands  (3512 and 3400 cm-1) ,  Vasy m and Vsy m of 
v i b r a t i o n s  of the  amino  group NH2, a s  wel l  as  d e f o r m a -  
t ion  v i b r a t i o n  bands  of the  NH 2 group of f r equency  1632 
c m  - i  (were th is  the  C- -N bond v i b r a t i o n  band,  i t  would 
not be l o w e r e d  so much on p a s s i n g  f rom the s o l i d p h a s e  
to d i lu te  solut ion) .  In the r e g i o n  of v i b r a t i o n  of double  
bonds  t h e r e  is  only one band of the  C = O  group,  with 
f r equency  1735 cm -1, c o n s i d e r a b l y  sh i f ted  in the high 
f r equency  d i r e c t i o n  as  c o m p a r e d  with i ts  va lue  in the  
so l id  phase  s p e c t r u m  b e c a u s e  of b r e a k i n g  of the  i n t e r -  
m o l e c u l a r  hyd rogen  bond C~---O... NH. 

The s p e c t r a  of V-VI  d i f f e r  c o n s i d e r a b l y  f r o m  the 
s p e c t r a  of I. The s p e c t r u m  of V has v e r y  in t ense  
a b s o r p t i o n  bands  due to the  C = O  group in the  r ing ,  
the  C = O  group  of the  ace ty l  group (1712 and 1700 cm-1) ,  
and a l so  a s t r o n g  a m i d e  band (1545 cm-1).  In s t ead  of 
a v e r y  in t ense  v i b r a t i o n  band of the  C = N  bond,  p r e -  
s en t  in the  s p e c t r u m  of imino f o r m u l a  s t r u c t u r e s ,  
t h e r e  a p p e a r e d  a v e r y  weak band at  1632 c m  - i ,  p r o b a b l y  
c h a r a c t e r i s t i c  of C = N  v i b r a t i o n s  of an amino  s t r u c -  
t u r e  r ing .  In the  NH va l e nc e  v i b r a t i o n s  r e g i o n  the  NH 
bands  a r e  a c c o m p a n i e d  by ace ty l  r a d i c a l  v i b r a t i o n s  
(3120 and 3000 cm-1) ,  as  well  as  by a s e r i e s  of c o n -  
s i d e r a b l y  l e s s  in t ense  bands  of h a r m o n i c s  in the high 
f r equency  reg ion .  In the  s p e c t r u m  of VI, the  c a r b o n y l  
a b s o r p t i o n  bands  a r e  d i s p l a c e d  t o w a r d s  the  r e g i o n  of 
l o w e r  f r e q u e n c i e s ,  e . g .  by 50 c m  -1, and have the 
v a l u e s  1675 and 1640 cm - t .  The NH group v i b r a t i o n  
bands  vanish .  Wide  and v e r y  in t ense  bands  in the  r e -  
gion 3000 a n d 3 2 0 0  cm - i  c h a r a c t e r i z e  v i b r a t i o n s  of 
the  g roup  NH 3 of the  h y d r o c h l o r i d e  VII. 

C o n s i d e r a t i o n  of the  IR s p e c t r a  of 2 - i m i n o t h i a z o -  
l i d i n - 4 - o n e  d e r i v a t i v e s  VIII, IX, and X (Fig.  2) enab le s  
a hypo thes i s  to be f r a m e d  about  the  ef fec t  of s u b s t i -  
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tuents  at the exocyc l i c  n i t rogen  atom on its t a u t o -  
m e r i s m .  In the r eg ion  of v ib ra t ion  of double bands in 
the s p e c t r u m  of VIII, t h e r e  a r e  bands of f r e q u e n c i e s  
1680, 1636 cm -1, and in the s p e c t r u m  of IX, be longing 
r e s p e c t i v e l y  to v ib ra t ions  of C--~O and C = N  bonds. The 
in tense  wide band f requency  1500 cm -1, a long with 
a r o m a t i c  abso rp t ions ,  poss ib ly  c h a r a c t e r i z e s  a b s o r p -  
t ion by the imino  f o r m  skele ton ,  or  is connected  with 
d e f o r m a t i o n  v ib ra t ions  of the r ing  NH group (the a b o v e -  
men t ioned  band is a l so  p r e s e n t  in the IR s p e c t r u m  of 
I). 

The IR s p e c t r u m  of X d i f f e r s  f r o m  the s p e c t r a  of 
VIII and IX. It has only an abso rp t ion  band due to 

v ib ra t i ons  of the group C~-----O, f r equency  1697 cm - j ,  
and a C--N bond absorp t ion  band is absent  (the r ing  
C~-N bond g ives  v e r y  weak bands); a s e r i e s  of bands 
in the 1500-1600 cm -1 r eg ion  can obviously  be a s s i g n -  

ed to a r o m a t i c  absorp t ion  and to de fo rma t ion  v ib ra t i on  
of the s e c o n d a r y  amino group NH. 

Chemica l  inves t iga t ion  of VIII and X showed the 
l a t t e r  to have bas ic  p r o p e r t i e s ;  it gave a hyd roeh lo r i de  

r e s i s t a n t  to hydro lys i s .  VIII and X behaved  d i f fe ren t ly  
to acid  hyd ro ly s i s ,  X r e m a i n e d  una l t e red  when heated 
for  3 - 4  hr  with concen t r a t ed  hyd roch lo r i c  acid  (e le -  
m e n t a r y  analytical data and IR region spectroscopic 
studies), while heating VIII with dilute hydrochloric 

acid gave thiazolidin-2, 4-dione. 
From what has been said above, it follows that 

data of IR spectroscopic investigations and results of 
chemical studies enable it to be postulated that the 

absence of basic properties for VIII, as well as the 
capacity of its exocyclic C-----N bond to undergo hydro- 

lysis to form thiazolidin-2, 4-dione, is obviously con- 
nected with its existing in the imino tautomeric form, 
while X exists in the amino form. It can be assumed 
that the existence of the benzyl derivative X in the 

amino form is connected with the higher electronega- 
tivity of the exocyclic nitrogen atom in it, due to per 
coupling at the exocyclic nitrogen atom, which in con- 

junction with the lower polarizability of the cr bond as 
compared with the ~ bond (p~ coupling for VIII and IX), 

is less clearly manifest. The latter facilitates migra- 
tion of a proton from position 3 to position 2 of the 

thiazolidine ring, accompanied by rearrangement of 

double bonds to give amino forms. 

EXPERIMENTAL 

The 2-iminothiazolidin-4-one derivatives, mentioned in this 
paper, were prepared by reacting thiourea or a monoarylthiourea 
(phenyl, p-tolyl, benzyl) with chloroacetic acid in absolute EtOH, in 
the presence of fused NaOAc (table) [3, 12-18]. 

Silver derivatives IV and VI were prepared by the action of an 
ammonical solution of an equimolecular quantity of AgNOa on aqueous 
ethanolic solutions of compounds I and V. 

Acid hydrolysls of X. 1.03 g (0.005 mole) X was heated in a flask 

with a reflux condenser with 30 ml conc HCI for 4 hr. The solution 

was then evaporated on a water bath, the viscous residue treated with 
ether, and then recrystallized from absolute EtOH, Mp 205-206 ~ 
undepressed mixed mp with VII. X was obtained by treatment with 
aqueous ammonia. Mp 210 ~ mass 0.87 g (84%) (undepressed mixed 
mp with X, and the IR spectra of the two identical). 

Acid hydrolysis of VIII. 1.92 g (0.001 mole) VIII was heated with 
50 ml dilute HC1 (1:2) for 4 hr then the contents of the flask evapor- 
ated to dryness under vacuum, and the residue recrystalhzed repeat- 
edly from EtOH, to give 0.78 g II (68%), mp 127 ~ Found: C 30.51; 
30.46; H 2.24; 2.32%, calculated for CsHsNO2S: C 30.51; H 2.56%. 
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