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The reac t ion  of 2 -a lky l rhodan ines  and a r o m a t i c  amines  was studied,  and 2 - (a lky l imino) -  and 
2 - ( a r y l i m i n o ) - 4 - t h i a z o l i d o n e s  were  obtained.  It was shown by means  of IR spec t ro scopy  
that  the inves t iga ted  compounds ex is t  p r i m a r i l y  in the imino form; the amino fo rm p r e d o m -  
ina tes  only for  compounds with s t rong e l e c t r o n - d o n o r  subs t i tuents .  

The exis t ing methods  for  the p r e p a r a t i o n  of subs t i tu ted  2 - i m i n o - 4 - t h i a z o l i d o n e s  have a number  of 
d i sadvantages .  The s eve re  condit ions used to c a r r y  out the reac t ions  cause  cons ide rab le  des t ruc t ion  of the 
th iazol id ine  r ing [2,3] or  the fo rmat ion  of i s o m e r i c  compounds [4,5]. 

In an inves t iga t ion  of the amina t ion  of 2 -a lky l rhodanines ,  we have shown that subst i tu t ion of an a lky l -  
mercap to  group by an amino group p roceeds  under  mi ld  condit ions to give high y ie lds  of 2 - i m i n o - 4 - t h i a z o l i -  
dones q-X]).  In the course  of a subsequent  invest igat ion,  it was e s t ab l i shed  that the S-a lkyl  de r iva t ives  can 
be amina ted  without i so la t ing  them f rom the reac t ion  mix ture .  

O =  N R 'NH 2 o ~  N RX - - - -  O N 

la  x l a  Ib •  

R=CH~, C2H5; X=Br, [;~ R'=H; II R'=%H5; | l l  R'=n-C4Hg; IV R'=p-(CH3}2NC~H4; 

V R'=p-HOC6H4; VI R'=p-CH3OC~tt4; VII R'=p-CH3C6H4; VIII R'=C6Hs; IX R'=p-BrC~H4; 

X R'=p-CIC6H4; XI R'=m-O2NC6FI 4 

Compounds I -XI  were  ident i f ied  by m i x e d - m e l t i n g - p o i n t  de te rmina t ions  with subs tances  obtained by 
a l t e rna t ive  syn thes i s  [5]. 

2 - ( A ~ l i m i n o ) - 4 - t h i a z o l i d o n e s  ([V-XI) a re  potent ia l ly  t au tomer i c  subs tances ,  and the p ro to t rop ic  equi-  
l i b r i u m  A ~-~B is  poss ib l e  in solut ions of them.  

The in t roduct ion  of subs t i tuents  into the phenyl r ing of IV-XI has a cons ide rab le  effect on the posi t ion 
of the t au tomer i c  equi l ib r ium,  the constants  of which were  ca lcu la ted  f rom the deviat ion f rom the l i n e a r  
dependence of pK a on cr ~ The method of ca lcu la t ion  is d e s c r i b e d  in g r e a t e r  detai l  in [6]. Predominance  of 
the amino fo rm is  obse rved  in 70% dioxane only for  IV and VI, which have s t rong e l e c t r o n - d o n o r  subs t i tuents .  
However,  it  was n e c e s s a r y  to conf i rm the r e s u l t s  of the so r t  of ana lys i s  by some independent method, for  
example ,  a s p e c t r a l  method.  

It has been shown [7,8] that compounds with a l iphat ie  subs t i tuents  (R') a r e  found exc lus ive ly  in the 
amino fo rm (B), while the t au tomer i e  equ i l ib r ium of 2 - ( a r y l i m i no ) - 4 - t h i a z o l i done s  r e m a i n s  v i r tua l ly  unin- 
ves t iga ted .  There  is  only some informat ion  that VII and VIII ex is t  p r i m a r i l y  in the [mino fo rm [9] in the 
c r y s t a l l i n e  s ta te  and in solut ions .  

* See [i] for communication IX. 
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TABLE 1. Charac te r i s t i c  Frequencies  in the IR Spectra  of 2 - Imino-  
4- thiazol idones 

C o m -  

p o u n d  
'in thecrys-  I vc=~ cm-thydrofuran t ~ 'C=N '  Cm-1 ~in chloro- "n the er s- in chloro- 
talline Iform alline Y 
Istate .state 

III 

IV 

, V 

VI 

VII 

VIII 

IX 

X 

XI 

1695 [ 1687 
1743 1735 

(shoulder) 
1695 1691 
--  1724 

1692 

1735 
1708 

1674 

1720 
1675 
1721 
1700 
1730 
1702 
1696 

1739 
(shoulderi 

1711 
1730 
1691 

1735 
1700 
1742 
1695 
1724 
1695 
1740 
1710 

in tetra- 

1732 
1708 1614 
1732 1650 

(shoulder) 
1705 1612 
1712 1658 
1700 1604 

�9 (shoulder) 
1725 1655 

'(superimp.) 
1601 

1724 1636 
I711 

(shoulder) 
1728 1638 

-- 1609 
1732 1640 

- -  1610 
1732 I640 

- -  1613 
1728 1605 

in tetra- 
form hydrofuran 

- -  1651 
1607 1607 
1647 1648 

1610 1608 
1643 1647 
1610 1605 

(shoulder) 
1650 I557 
1610 1610 
1650 1650 
1610 1610 

1649 1655 
1610 
1651 1648 
1610 
1653 1654 
1610 
1655 1652 
1610 1606 

TABLE 2. 2-Iminothiazolidones 

Compound 

I 

II 
IlI 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 

S~[_nthetic conditions 

amine : amination 
rhodanine time, h 
molar ratio 

53 2 
3 3,5 
3 3 
2,5 3 
1 6 

3 6 
3 7 
2,5 7 
2 9 
3 9 
2 10 

mp, "C (literature 
data)* 

240 (241) 13 
147 (144I I4 

1o3? 
236 (222) 15 
249 (251) 16 
180 (184) I7 
183 (183) TM 
176 (179) 19 
222 (224) 2~ 
180 (180) 2 
203 (200) 21 

Yield, ~ 

85 
84 
81 
90 
92 
87 
89 
75 
70 
82 
71 

* C o m p o u n d s  I a n d  V w e r e  r e c r y s t a l l i z e d  f r o m  e t h a n o l ,  w h i l e  t h e  r e -  

m a i n i n g  c o m p o u n d s  w e r e  r e c r y s t a l l i z e d  f r o m  a c e t o n e .  

"{'Found: N 16.8;  S 18.3%. C?H12N2OS. C a l c u l a t e d :  N 16.3;  S 18.6%. 
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I R  s p e c t r a  of 2 - i m i n o - 4 -  

t h i a z o l i d o n e s :  1) i n  c h l o r o f o r m ;  

2) i n  t e t r a h y d r o f u r a n  ( the  s y m b o l s  
a r e  t h e  s a m e  a s  i n  T a b l e  2) .  

T h e  l o w  s o l u b i l i t y  of  t h e  i n v e s t i g a t e d  s u b s t a n c e s  i n  70% a q u e -  

o u s  d i o x a n e  m a d e  i t  i m p o s s i b l e  to  s t u d y  t h e  t a u t o m e r i c  e q u i l i b r i u m  

b y  s p e c t r o s c o p y  u n d e r  c o n d i t i o n s  s i m i l a r  to  t h o s e  of  t h e  p o t e n t i o -  

m e t r i c  m e t h o d  [6].  

We  i n v e s t i g a t e d  p r i n c i p a l l y  t h e  h i g h - i n t e n s i t y  b a n d s  i n  t h e  IR  

s p e c t r a  of  I I I - I X  i n  c h l o r o f o r m  a t  1 6 0 0 - 1 7 5 0  c m  -1 (F ig .  1), w h e r e  

t h e  v C = O  a n d  v C = N v a l e n c e  v i b r a t i o n s ,  w h i c h  m a k e  i t  p o s s i b l e  to  
j u d g e  t h e  p o s i t i o n  of  t h e  t a u t o m e r i c  e q u i l i b r i u m ,  a r e  s i t u a t e d .  A s  

s h o u l d  h a v e  b e e n  e x p e c t e d ,  two  g r o u p s  of  PC = O  a n d  v C = N  a b s o r p -  
t i o n  b a n d s  a r e  o b s e r v e d ,  w h i c h  i n d i c a t e s  t h e  p r e s e n c e  of  a p r o t o -  

t r o p i c  e q u i l i b r i u m  i n  t h e  i n v e s t i g a t e d  s e r i e s .  T h e  a s s i g n m e n t  of  

t h e  a b s o r p t i o n  b a n d s  of  t h e  c a r b o n y l  g r o u p  w a s  b a s e d  o n  t h e  f a c t  

[10] t h a t  a d e c r e a s e  in  t h e  a b s o r p t i o n  f r e q u e n c y  of  t h e  c a r b o n y l  

g r o u p  i t s e l f  i s  o b s e r v e d  w h e n  i t  i s  c o n j u g a t e d  w i t h  a C = N  b o n d  [11] .  

T h i s  s o r t  of d e c r e a s e  w a s  a l s o  p r e v i o u s l y  o b s e r v e d  f o r  S - a l k y l r h o -  

d a n i n e s  [12],  a n d  t h e  b a n d s  a t  1 6 8 7 - 1 7 1 1  c m  -1 w e r e  t h e r e f o r e  a s -  
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Fig .  2. IR s p e c t r a  of 2 - i m i n o - 4 -  
th iazo l idones  in  the so l id  s ta te  (the 
symbo l s  a r e  the s a m e  as i n T a b l e  2 ). 

s igned  to v C = O of a mi no  f o r m  B (Fig. 1), whi le  the bands  at 

1712-1742 cm -1 were  a s s i g n e d  to v C =O of imino  f o r m  A. The 
i n t e n s i t y  of the v C = O bands  v a r i e s  as a func t ion  of the s u b s t i t u -  
ent  in  the phenyl  r i ng  and d e c r e a s e s  at  1712-1742 cm -1 and in-  
c r e a s e s  at 1687-1711 c m  -1 as  i ts  e l e c t r o n - d o n o r  p r o p e r t i e s  in -  

c r e a s e .  This  so r t  of a s s i g n m e n t  is  in  a g r e e m e n t  with the r e s u l t s  
of c o r r e l a t i o n  a n a l y s i s  [6]. The v C = N bands  a r e  s i tua ted  at 1601- 
1658 cm -1 (Fig. 1) and a r e  a l so  divided into two groups :  we a s -  
s igned  the 1601-1614 cm -1 r eg ion  to the a mi no  f o r m  and the 1638- 
1658 cm -1 r eg ion  to the i m i no  f o r m .  This  a s s i g n m e n t  is a con-  
s equence  of an  e x a m i n a t i o n  of the spec t r a ,  in which the v C = N 
bands  at  1601-1614 cm - i  a r e  c o m b i n e d  with v C =O of the amino  
f o r m  (1687-1711 e m - t ) , w h i l e  the v C = N bands  at 1638-1658 c m  -1 
a r e  combined  with v C = 0  of the i m i no  f o r m  (1712-1742 cm -i)  
(Table 1). The m a x i m u m  in tens i ty  of the s t r e t c h i n g  v i b r a t i o n s  
for  the exocyc l ic  C = N bond in  so lu t ions  in c h l o r o f o r m  is o b s e r v e d  

for  IX-XI,  which have s t rong  e l e c t r o n - a c c e p t o r  subs t i t uen t s ,  while the i n t e ns i t y  of the s t r e t c h i n g  v i b r a t i o n s  
of the r ing  C =N bonds ,  which a r e  a f f i l i a ted  with f o r m  B, is  h igher  for  IV-VI.  This  a s s i g n m e n t  of the C =N 
bands  is  in  a g r e e m e n t  with the o b s e r v a t i o n s  r e g a r d i n g  the r e l a t i o n s h i p  be tween  the f r e q u e n c i e s  of the r ing  
and exocyc l i c  bonds  in  2 - ( a c e t y l i m i n o ) t h i a z o l i d i n e s  [11]. At the s a m e  t ime ,  t he r e  is  a no t he r  i n t e r p r e t a t i o n  
of the s p e c t r a  of VII and VIII [9]. The s p e c t r u m  of th iazo l idone  III, which is  a mode l  of the a m i n o  f o r m  [7,8], 
which has only two a b s o r p t i o n  bands  v C =O 1687 cm -~ and v C = N 1607 c m  -~ in the e x a m i n e d  reg ion ,  should 
be c o n s i d e r e d  to be a c o n f i r m a t i o n  of ou r  point  of view. 

The IR s p e c t r a  of I I I - IX in  t e t r a h y d r o f u r a n  (THF) a r e  p r a c t i c a l l y  the s a m e  as the s p e c t r a  of these  c o m -  
pounds in  c h l o r o f o r m .  The re  is only an  i n c r e a s e  in  the i n t e ns i t y  of the v C =O 1712-1742 cm -1 and v C =N 
1638-1658 c m  -~ bands ,  which is  c aused  by a shif t  in  the p ro to t rop i c  e q u i l i b r i u m  to f avor  the imino  fo rm,  
which is a p p a r e n t l y  exp la ined  by the h ighe r  po la r i t y  of THF as  c o m p a r e d  with c h l o r o f o r m .  

The l ack  of s p e c t r a  of the me thy l a t ed  compounds ,  which might  have s e r v e d  as  mode l s  of the t a u t o m e r i c  
f o r m s ,  m a k e s  i t  i m p o s s i b l e  to quan t i t a t i ve ly  ca lcu la te  the e q u i l i b r i u m  c ons t a n t s  f r o m  the IR spec t r a .  

An e x a m i n a t i o n  of the IR s p e c t r a  of I I I -IX in  the c r y s t a l l i n e  s ta te  d e m o n s t r a t e d  that III, IV, VII, and 
XI ex is t  in  the amino  fo rm,  while  VI and  VIII-X ex i s t  as a m i x t u r e  of two t a u t o m e r i c  f o r m s  (Fig. 2), which 
d i f fe rs  s u b s t a n t i a l l y  f r o m  the t a u t o m e r i c  e q u i l i b r i u m  of the syn t he s i z e d  s u b s t a n c e s  in  so lu t ions  and d e m o n -  

s t r a t e s  that the na tu re  of the subs t i t ueh t  in the phenyl  r i ng  has l i t t le  effect  on the r a t i o  of the t a u t o m e r i c  
f o r m s  dur ing  c r y s t a l l i z a t i o n .  

In c o n t r a s t  to the s p e c t r a  of so lu t ions ,  the s p e c t r u m  of c r y s t a l l i n e  2 - ( p - h y d r o x y p h e n y i i m i n o ) - 4 - t h i a -  
zol idone (V) does not  con ta in  v C = O abso rp t i on ,  which  is a p p a r e n t l y  due to the s t rong  i n t e r m o l e c u l a r  h y d r o -  
gen bonds of the hydroxyl  group  in the phenyl  r ing  wi th  the ca rbony l  group  of the th iazo l id ine  r ing .  

We wi l l  cont inue  our  i nves t i ga t i on  of the pos i t i on  of the t a u t o m e r i c  e q u i l i b r i u m .  We thank N. A. 
Smorygo  for  his usefu l  d i s c u s s i o n s  of the IR s p e c t r a .  

E X P E R I M E N T A L  

2-Methylrhodanine. A suspension of 1.33 g (0.01 mole) of rhodanine in 50 ml of chloroform was heated 
with stirring to 40-50 ~ and 2 ml of methyl iodide and 1.01 g (0.01 mole) of triethylamine were added. The 
reaction mixture was stirred for 2 h, cooled to room temperature, and washed with water. The chloroform 

layer was dried with calcined Na2SO4, and the solvent was removed by vacuum distillation to give 1.35 g 
(93%) of a product with mp 82 ~ (from ethanol). Found: N 10.6; S 43.4~. C4HsNOS 2. Calculated: N 10.9; 
S 43.6%. 

2-1mino-4-thiazolidone (1). A total of 15 ml of 25% ammonium hydroxide was added to a solution of 
1.47 g (0.01 mole) of 2-methylrhodanine in 20 ml of alcohol, and the mixture was stirred at 40-50 ~ for 1 h. 
Another 15 ml of ammonium hydroxide was added, and the mixture was stirred for another hour. Three- 
fourths of the solvent was removed by vacuum distillation, and the precipitate was removed by filtration 
and washed with chloroform to give 0.98 g (85%) of a product with mp 240 ~ Found: N 24.0; S 27.8~o. 
C3H4N2OS. Calculated: N 24.1; S 27.6%' 
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2-(Phenylimino)-4-thiazolidone (VIII). A 1.01-g (0.01 mole) sample of triethylamine was added drop- 
wise with vigorous stirring to a suspension of 1.33 g (0.01 mole) of rhodanine in ether, and the precipitated 
salt was removed by filtration, washed with ether, and dissolved in chloroform. A 7.1-ml sample of ethyl 
bromide was added to the solution, and the mixture was stirred at 40 ~ for 4 h, after which 2.3 g (0.025 mole) 
of aniline was added. The reaction mass was then stirred at 50 ~ for 3 h, cooled, washed with water, and 
dried with calcined Na2SO 4. Half of the solvent was removed by distillation, and the addition of ether to 
the residue precipitated 1.44 g (75%) of cream-colored crystals with mp 176 ~ (from acetone). Found: N 
14.4; S 16.4%. CoHsN2OS. Calculated: N 14.6; S 16.7~ Compounds II-VII and IX-XI were similarly ob- 
tained (Table 2). 

The IR s p e c t r a  of I I I -XI  in the c r y s t a l l i n e  s ta te  in m i n e r a l  oi l  w e r e  r e c o r d e d  wi th  a UR-20  s p e c t r o -  
p h o t o m e t e r ,  whi le  the s p e c t r a  of 3 �9 10 -2 -5  �9 10 -4 so lu t ions  w e r e  r e c o r d e d  wi th  an IKS-14A s p e c t r o p h o t o m -  

e t e r  with a NaC1 p r i s m .  
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