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The reaction of 2-phcnylimino? and 2-(p-tolylimino)thiazolidin - 
4-ones with benzene-, p-nitmbenzene, p- sulfamoylbenzene-, and 
p-toluenediazonium chlorides in glacial acetic acid in the presence 
of anhydrous sodium acetate (pH of the medium 4.5-6.0) has been 
studied. A spectroscopic investigation in the IR and UV regions has 
shown that the 5-(p-nitrophenylazo) derivatives of thiazolidin-4-one 
exist in the azo tautomeric form; the 5-phenylazo and p-tolylazo 
derivatives of thiazolidin-4-one are mixtures of the azo and hydrazone 
tantomers. 

It is known from the literature [i] that derivatives 
of 2-iminothiazolidin-4-one are capable of reacting 

with diazonium salts through the mobile hydrogen 
atoms in the methylene group. Products of the coupling 
of 2-phenyliminothiazolidin-4-one (I) and 2-(p-tolyl- 

imino)thiazolidin-4'one (II) with diazonium salts in 

an alkaline medium have been described [2,3], and it 

has been shown that the azo derivatives of I and II are 

readily reduced to the corresponding 5-amino deriva- 

tives with sodium hydrosulfite in ethanol [4]. The 
structure of the coupling products obtained has not 

been studied. It is known that the coupling reaction of 

diazonium salts with various compounds containing 

active methylene groups can take place over wide pH 
ranges of the medium and, in particular, benzimi- 

dazo [2, l-b]thiazolidin-3-one readily reacts with ben- 
zenediazonium salts in glacial acetic acid in the 

presence of sodium acetate [5]. 

The object of the present work was to study the 
interaction of I and II with diazonium salts in an acid 

medium and to investigate by fIR and UV spectroscopy 

the structure of the products obtained. We have shown 

that I and II take part in the azo coupling reaction with 

diazotized aniline, p-nitroaniline, p-sulfamoylaniline, 
and p-toluidine in glacial acetic acid in the presence of 

sodium acetate at a pH of the medium of 4.5-5. The 

properties of the 5-arylazo derivatives of I and II (Ill- 

X) are given in the table. The coupling of I and II with 

two equivalents of the diazonium salts in an acid me- 

dium gave azo compounds identical withthosedescribed 

above. 

, O ~ C - - N - - R  I 
I L 

R~--N= N--C~s/C =N--R 
n l - x  

III R=R2=C6Hs; R~=H 
IV R=C6Hg RI=H; R2=p-NO2C~H4 
V R=CGHs; RI=H; R2=p-CH~C~H4 

VI R=p-CH3CGH4; RI=H; R2=p-NO2CsH4 
VII R=p-CH3CsH4; RI=H; R2=CsHs 

VIII R=CH2C6Hs; R~=CH2C6Hs; R2=p-NO2C6H4 
IX R=C6Hs; RI=H; R2=p-H2NSO2C~H4 
X R=p-CH3C6H4; RI=H; R2=p'H2NSO2C6H4 

The phenylazo  compounds  syn thes i zed  d i f f e r  f r o m  
ana logous  compounds  d e s c r i b e d  in the l i t e r a t u r e  [2, 3] 

with r e s p e c t  to the c o l o r  of the c r y s t a l s ;  the m e l t i n g  

points of III, VII, and IX did not correspond to the 
melting points for these compounds in the literature: 

they were higher than the latter by 117, 88, and 205 ~ C, 
respectively. Compounds III-VIII were reduced at the 

N==N bond with sodium hydrosulfide neither in ethanol 

nor in aqueous solutions of caustic soda, ammonia, 

and sodium carbonate. 

To study the structure of the phenylazo derivatives 
synthesized, compounds Ill-VIII were subjected to a 
spectroscopic investigation in the IR and UV regions. 

It follows from a consideration of the IR spectra of 
III-VIII (Fig. i) that in the region of vibrations of dou- 

ble bonds, a band with a frequency of 1555 cm -I ap- 

peared in the spectrum of III which was absent from 
the spectrum of the initial I. A similar band in the 
1550-1575 cm -I range is found in the IR spectra of 

the other azo compounds studied IV-VIII. The band 

mentioned does not overlap the band of the stretching 
vibrations of the C-~N bond and the bands due to the 

vibrations of the aromatic ring. All the above facts 

p e r m i t  the band in the 1550-1575 cm -1 reg ion  to be 
a s c r i b e d  to the s t r e t c h i n g  v ib ra t i ons  of the N ~ N  bond. 
The IR s p e c t r a  of III, V, and VII have bands with f r e -  
quenc ies  of 3385, 3380, and 3375 cm -1, r e s p e c t i v e l y ,  
while  in the s p e c t r u m  of V the 3380 cm -1 band is p a r -  
t i c u l a r l y  s t rong .  The re  a r e  no absorp t ion  bands in this 
r eg ion  in the IR s p e c t r a  of IV and VI. In the s p e c t r u m  

of VIII, in the r eg ion  of v ib ra t ions  of the NH bond, both 
the absorp t ion  band with the f r equency  of 3375 cm -1 
and the band with a f r e q u e n c y  of 3265 em -1 due to the 

s t r e t c h i n g  v ib ra t i ons  of the r ing  NH bond a r e  absent .  
The s p e c t r a l  data d i s c u s s e d  p e r m i t  the conc lus ion  that 
III, V, and VII ex is t  in the f o r m  of a m ix tu r e  of azo 
and hydrazone  t a u t o m e r s  with an o v e r w h e l m i n g  p r e -  
dominance  of the azo f o r m ,  while  IV, VI, and VIII 

have  the azo s t r u c t u r e .  

The r e s u l t s  of the s tudies  in the IR reg ion  a re  con-  
f i r m e d  by inves t iga t ions  in the UV reg ion .  It fol lows 
f r o m  a c o n s i d e r a t i o n  of the UV s p e c t r a  of III, IV, V, 
and VII (Fig.  2) that  the bands with absorp t ion  m a x i m a  
at 376 ,418 ,  396, and 394 nm a r e  due to the p r e s e n c e  
of the N~--N group in the compounds  s tudied.  The d i s -  
p l a c e m e n t  of the absorp t ion  m a x i m u m  of the N ~ N  
group to the l ong -wave  pa r t  of the s p e c t r u m  by 42 nm 
in the s p e c t r u m  of IV caused  by the p r e s e n c e  of a 
n i t ro  group in the chain of conjugated double bonds 
with the azo group is  a con f i rm a t ion  of the ex i s t ence  
of IV in the azo f o r m  [6, 7 ,8] .  The absorp t ion  m a x i m a  
at 236 and 239 nm o b s e r v e d  in the UV s p e c t r a  of III, 
V, and VII and absent  f r o m  the s p e c t r a  both of the 
in i t i a l  I, which has one abso rp t ion  m a x i m u m  at 264 nm, 
and of IV, a r e  appa ren t ly  connected  with the p r e s e n c e  

of the hydrazone  t a u t o m e r i c  f o r m  in III, V, and VII. 
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Fig, I. IR spectra of the 5-arylazo deriva- 
tives of thiazolidin-4-one: I) 2-phenylimi- 
nothiazolidin-4-one; Ill) 5-phenylazo-2- 
phenyliminothiazolidin-4-one; IV) 5-(p- 
nit rophenylazo)- 2- phenyliminothiaz olidin- 
4-one; V) 5-(p-tolylazo)-2-phenylimino- 

thiazolidin-4-one; Vl) 5- (p- nitrophenyl- 
azo)-2- (p- tolylimino)thiazolidin-4-one ; 
VII) 5-phenylazo-2- (p-tolylimino)thiazo- 
lidin-4-one ; VIII) 5- (p-nitrophenylazo)- 
3 - be nz yl- 2 - be nz yliminothiazolidi n- 4- one. 



44 KHIMIYA GETEROTSIKLICHESKIKH 8OEDINENII 

The ex is tence  of the 5-azo  de r iva t ives  of I and II 
in one fo rm or  the o ther  probably  depends on the na-  
t u r e  of the subs t i tuen t  en t e r i ng  into conjugat ion with 
the azo group. The p r e s e n c e  of the e l e c t r o n - a c c e p t i n g  
n i t ro  group in the p a r a  pos i t ion  of the benzene  r ing  
with r e spec t  to the azo group in IV, VI, and VIII causes  
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Fig.  2. UV spec t r a  of 
5 - a r y l a z o  de r iva t ives  
of t h i azo l id in -4 -one :  
1) 5 - p h e n y l a z o - 2 - p h e -  
ny l imino th i azo l i d in -4 -  
one (III); 2) 5 -pheny l -  
a z o - 2 -  (p - to ly l imino) -  
t h i azo l i d in -4 -one  (VII); 
3) 5- (p - to ly lazo) -2-  
pheny l imino th iazo l id in -  
4 -one  (V); 4) 5 - ( p - n i -  
t rophenylaz  o)- 2 -pheny-  
l i m i n o t h i a z o l i d i n - 4 - o n e  

(IV), 

a d i s p l a c e m e n t  of the t au tomer i c  equ i l i b r ium in the 
d i r ec t i on  of the azo fo rm,  while a methyl  group favors  
an i n c r e a s e  in the content  of the hydrazone  fo rm in the 

t a u t o m e r i e  m i x t u r e  (IR s p e c t r u m  of V). 
On the bas i s  of data in the l i t e r a t u r e  on the ex i s -  

t ence  in  the hydrazone  f o r m  of p roduc t s  of the azo 
coupl ing  of rhodanine  with diazo compounds in an a l -  
ka l ine  med ium [9,10] an analogous  s t r u c t u r e  may  be 
a s s u m e d  for  the a ry lazo  de r iva t i ve s  of I and II de-  
s c r i b e d  in  the l i t e r a t u r e  [2,3].  In view of th i s ,  it ap-  
pea red  to us to be of i n t e r e s t  to compa re  the IR and 
UV s p e c t r a  of the azo de r iva t i ve s  of I and II syn the-  
s ized  in  the p r e s e n t  work with the spec t r a  of the azo 
de r i va t i ve s  d e s c r i b e d  in  the l i t e r a t u r e .  However,  a t -  

tempts  to obtain azo compounds of I and II by coupling 
the l a t t e r  with d iazonium compounds in an a lka l ine  
med ium,  both under  the condit ions desc r ibed  in the 
l i t e r a t u r e  and with modif ica t ions  of them,  were  un-  
s u c c e s s f u l - t h e  unchanged I o r  II, contaminated  with 
r e s inous  products  of the decompos i t ionof the  d iazonium 
compound in an a lkal ine  med ium,  were  recovered  f rom 

the reac t ion  m i x t u r e s .  

EXPERIMENTAL 

The IR spec t ra  of the azo compounds I I I -XII I  were  
r eco rded  on a UR-10 i n f r a r ed  spec t rophotomete r  us ing  
LiF ,  NaC1, and KBr p r i s m s .  The samples  were  s tud-  
ied in  the fo rm of tab le ts  molded in  KBr.  The UV spec-  
t r a  of compounds I, III, IV, V, and VII were  m e a s u r e d  
on an SF-4  spec t ropho tomete r  in methanol  a t  a concen -  
t r a t i on  of the subs tances  of i x 10 -4 m o l e ~ 1 .  

3- Benz yl-  2 - b e n z y l i m i n o - 5 -  (p- n i t rophenylazo) th ia -  
z o l i d i n - 4 - one  (VIII). A solut ion of 0.69 g (0.005 mole) 
of p - n i t r o a n i l i n e  in 2 ml  of concent ra ted  HC1 diluted 
with 1 ml  of wa te r  was diazot ized with 0.4 g of sodium 
n i t r i t e  in 1 ml  of water .  The r e su l t ing  p - n i t r o b e n z e n e -  
d iazonium sal t  was added over  15 rain at room t e m p e r -  
a tu re  with v igorous  s t i r r i n g  to a solut ion of 1.48 g 
(0.005 mole) of 3 - b e n z y l - 2 - b e n z y l i m i n o t h i a z o l i d i n - 4 -  
one in 50 ml  of g lacia l  acet ic  acid conta in ing  4.0 g of 
anhydrous  sodium aceta te .  The solut ion became  orange  
yellow and deposi ted a m i c r o c r y s t a l l i n e  p rec ip i t a te .  
It was s t i r r e d  for  6 h r  and then the p rec ip i t a t e  was f i l -  
t e r ed  off and r e c r y s t a l l i z e d  f rom methanol  and then 
f rom acetone.  Orange-ye l low c r y s t a l l i n e  powder with 
mp 204~  (52%). Found,  %: C 61.64; H 4.24. Calcu-  

lated for  C2aH~NaOaS, %: C 62.02; H 4 2 6 .  
5- Phenylazo-  2 -pheny l imino th i azo l i d in -4 -  one (III). 

A solut ion,  p r e p a r e d  with heat ing,  of 0.93 g (0.01 
mole) of an i l ine  in 3 ml  of concen t ra ted  HC1 diluted 
with 3 ml  of wa te r ,  was diazot ized with 0.72 g of so-  
dium n i t r i t e  in 3 ml  of water .  The solut ion of benzene -  
d iazonium sal t  was added over  30 rain to a solut ion of 
1.9 g (0.01 mole) of I in 60 ml  of glacial  acet ic  acid 
conta in ing  2.0 g of anhydrous  sodium aceta te  (pH 4 . 5 -  
5.0) with v igorous  s t i r r i n g  and cooling to 0 -5  ~ C. The 
homogeneous  golden yellow solut ion obtained was kept 
in the r e f r i g e r a t o r  for  18 h r  and was then poured into 
200-300  ml  of wa te r .  The III was f i l t e red  off and r e -  
pea tedly  washed on the f i l t e r  with hot water .  It was 
pur i f ied  by th ree  r ep rec ip i t a t i ons  f rom solut ions  in 
2% sodium hydroxide with acet ic  acid and subsequent  
r e c r y s t a l l i z a t i o n  f rom acet ic  acid.  

5 - A r y l a z o  Der iva t ives  of 2 - A r y l i m i n o t h i a z o l i d i n - 4 - o n e s  

Corn- t poU~ 

I I I 250 
IV 290 
V 240 

VI 289 
VII 240 

IX 290 
X 288 

Empirical formula 

CIsHI2N4OS �9 H20 
CI~Hu,NsOsS �9 1.5 H20 
CIeHI4/N4OS 
Cj~H~3NsOsS �9 1.5 H20 
CIeHI4N4OS �9 H20 
CtsHI3NsOsS2 �9 H~O 
C16HzsNsO3S~" 1.5 H20 

Found, % 

C It S C 

57.64 4.67 10,36 I 57.35 
49.16 3.89 7,88 I 48.91 
62,18 4,74 10.27 ] 61.93 
50.40 3.94 8.43 [ 50.26 
58.54 4.82 8.95 I 58.53 
45.60 3.82 16.14 45.08 
46.20 4.59 14A0 46,15 

Calculated, % 

tI S 

4.45 U).I9 [ 
3,80 8.1oL 
4.51 1o.32 I 
4.18 8,37 I 
4.87 9.75 [ 
3.81 16.28 
4.32 15,2o 

Yield, 
% 

32 
40 
38 
40 
31 
36 
38 
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Compounds  I V - X  w e r e  ob ta ined  in a s i m i l a r  m a n -  
ne r  to III; they  c o n s i s t e d  of ye l low or  o r a n g e - y e l l o w  
m i c r o c r y s t a l l i n e  p o w d e r s  ( f rom ace t i e  acid) so lub le  in 
ace t i c  ac id ,  ace tone ,  and e thanol .  On d i s so lu t ion  in 
a lka l i ,  they  have c r i m s o n - r e d  o r  v io le t  so lu t ions .  
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