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A number of dimethine and ),-alkoxytetramethine merocyanines de- 
rived from 3-ethyl-4-thioxothiazolidin-2-one have been synthesized 
by the condensation of 5-anilinomethylene-a-ethyl-4-thioxothiazoli- 
din-2-one, obtained by the action of phosphorus pentasulfide on the 
corresponding 2, 4-dione, with quaternary salts of some 2-methyl- and 
2-B-alkoxypropenyl-substituted heteroeyclie bases. The color and pho- 
tographic properties of the dyes obtained have been studied. 

Merocyanines derived f r o m  3-a lkyl -  or  3 - a r y l - 4 -  
thioxothiazolidin-2-ones (Ia), unlike the i somer ic  dyes 
with 3-alkyl-  or  3-aryl -2- th ioxothiazol id in-4-one r e s i -  
dues (Ib) [1] have been little studied so far .  In 1954, 

Table 1 

Absorption Maxima of the Dimethine 
Merocyanines Ia and b, nm 

Com- 
pound Z in formulas I 

Type of 
merocyanine 

la i Ib [11] 

3,3-Dimethylindolenine 550* 503 
Benzoselenazole 578 524 
Benzothiazole 576** 524*** 
5 -Methyl. 1,3,4-thiadiazole 558 514 
4,5-Diphcnylthiazole 591 553 ze 
2-Quinoline 604 565 

*N-Methyl derivative 
**5'70 nm [3] 

**~ $27 nm [3] 

Nys [2, 3] proposed a method for  obtaining the d imeth-  
ine merocyanines  Ia by the action of phosphorus penta-  
sulfide on the corresponding dyes derived f r o m  3-a lkyl -  
and 3-a ry l th iazo l id ine-2 ,4-d iones  (Io) and descr ibed  
some of the i r  p roper t i es .  According to these papers  
[2, 3], the react ion takes place in boiling pyridine,  

>c--~, 
>L,~Z~=CH--CH=~"- -~  ta A = S; B=  0 

I b A = O : B = S  
A d" ~B Ic A = B = 0 

C~Hs I 
| ,~-d C2Hs rd A = 5 = S 

requi r ing  60 hr in some  cases ,  and is some t imes  ac -  
companied by the format ion of der iva t ives  of 3 -a lky l -  
or  3-aryl th iazol id ine-2 ,  4-dithiones (El). 

We decided to at tempt  to obtain the dimethine m e r o -  
cyanines Ia in a s i m p l e r  manner ,  s ta r t ing  f r o m  the 
readi ly  available [4, 5] 5 -an i l inomethylene-3-e thy l -  
thiazolidine-2,  4-dione (lI). 

S"~-"F:CHN H CeH~ P---Ss ~ S'~'-"~- C H N H C6H ~ 

I I 
C~H 5 II C2H ~ l l |  

X C2H ~ 

:XV, J =CH --CH 

C~H5 S ~ '~O 

IV C2H 5 

It was found that II r eac t s  read i ly  with phosphorus pen- 
tasulfide in pyridine at 100 ~ C and the react ion product 
differs  f rom 5-ani l inomethylene-3-ethylrhodanine.  
Even at the ordinary  t empera tu re ,  it condenses with 
2-methylbenzothiazole  methiodide to fo rm the known 
3- ethyl-  5- (3 ' -  ethyl-2 ' -benzothiazolinyl  ideneethylidene)- 
4-thioxothiazolidin-2-one (IV) [2, 3]. It is evident that 
in the action of phosphorus pentasulfide on II, as in the 
case  of the cor responding  dimethine merocyanines  
[2, 3], the rep lacement  of the carbonyl oxygen in po- 
sition 4 by an a tom of sulfur  takes  place with the fo r -  
mation of a 4-thioxothiazol idin-2-one der ivat ive  with 
the s t ruc tu re  Ill. The synthesis  of dimethine m e r o c y -  
anines with 3, 3-dimethylindolenine,  benzoselenazole,  
5 -methy l -  1 ,3 ,4 - th iad iazo le ,  4, 5-diphenylthiazole,  and 
2-quinoline res idues  was ca r r i ed  out s imi la r ly .  

In this way we have been able to develop a new, 
considerably  more  convenient,  genera l  method for  ob- 
taining dimethine merocyanines  der ived f r o m  3-e thyl -  
4- thioxothiazol idin-2-one [6], and it was found that the 
dyes separa ted  f r o m  the react ion mixture  in the p r a c -  
t ically pure  state.  

Table 2 

Absorption Maxima of the 
Te t rameth ine  Merocyanines  

Va and b,  nm 

Corn- Formulas V I Type of 
dye 

pound ~ ~ ] v~ lvbl, ,  J 

l S OCH3 634 584 
2 OC~Hs] 635 584 
3 Se !OCHa I 637 585 

F u r t h e r m o r e ,  by using the considerable  mobil i ty  of 
the hydrogens of the methyl  group in the qua te rna ry  
sal ts  of 2-f l -a lkoxypropenyl-subst i tu ted he terocycl ic  
bases  (cf. [7-9]) ,  by their  condensation with III we 
have synthesized some prev ious ly  unknown T-alkoxy-  
substi tuted te t rameth ine  merocyanines  derived f rom 
3- ethyl-  4-thioxothiaz ol idin-2-one (Va). 

C:H~ I 
V a, b C2H5 i VI C2H 5 



C H E M I S T R Y  O F  H E T E R O C Y C L I C  C O M P O U N D S  177 

Table 3 

Type of 
com-  

p o u n d  

la 

Ia 

la 

Ia 

la 

la 

Va 

Va 

Va 

Quaternay 
salt used* 

QS-1 

QS-2 

QS-2 

QS-4 

QS-5 

QS-6 

QS-1 

QS-2 

QS-3 

o 
Mp, C 

209--210 

260--261 

258--259 [2 

(264--7, 
- -265 lal) 

249--250 

224--225 

244--245 
(244121) 

236--237 

201--202 

220--221 

C h a r a c t e r i s t i c s  of t h e  M e r o e y a n i n e  D y e s  

t Found, % I Calculated, % I 
External 

form 

Lustrous 
blue 
prisms 

Golden 
green 
prisms 

Golden 
green 
prisms 

Empirical 
formula 

ClsH2oN2OSa 

C16HIsN2OS2Se 

CisH~6N2OSa 

CI~H~NeOS3 

C~4HmN2OS3 

ClsH!sN2OSa 

CIgH2oN202S~ 

C2oH22N202S;3 

C19H20N2OzS~Sc 

Golden 
green 
needles 

Golden 
green 
prisms 

Golden 
green 
prisms 

Gray- 
blue 
needles 

Golden 
green 
needles 

Golden 
green 
needles 

Yield 

% 

aAt 1o5-20 ~ C with a time of 20 hr, the yield was also 60%. b30 min in the boiling water bath. c20 hr 
at 15-20 C. 

*or Quaternay salt component, 

52.5 

63,0 

60.0 a 

57.0 

49.0 

61.5 

59.9b 

62.0 

50.0c 
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% O 2  5 ~ X= SO4CH3,  1, CIO 4 
Yll X C2H5 

W h e n  IV w a s  h e a t e d  f o r  a l o n g  t i m e  w i t h  m e t h y l  i o d i d e  
a n d  m e t h a n o l  in a s e a l e d  t u b e ,  t h e  s a l t - l i k e  p r o d u c t  of  
m e t h y l a t i o n  a t  t h e  t h i o n e  s u l f u r  [3,  10] w a s  o b t a i n e d ,  

and  to t h i s ,  t h e  s t r u c t u r e  of  5 - ( 3 t - e t h y l - 2 t - b e n z o t h i a -  
z o l i n y l i d e n e e t h y l i d e n e ) - 4 - m e t h y l t h i o t h i a z o l i d i n - 2 - o n e  
m e t h i o d i d e  (VI) w a s  a s s i g n e d .  T h i s  q u a t e r n a r y  s a l t ,  
t h e  s t r u c t u r e  of  w h i c h ,  in  v i e w  of t h e  l o w  b a s i c i t y  of  
t h e  n i t r o g e n  a t o m  of  t h e  t h i a z o l i n o n e  n u c l e u s ,  i s  o b -  

v i o u s l y  c l o s e  to  t h a t  of  f o r m u l a  VII  (X = I) ,  we  e a s i l y  

o b t a i n e d  b y  t h e  a c t i o n  of  t h e  d i m e t h y l  s u l f a t e  on  t h e  
dye  IV w i t h  s u b s e q u e n t  t r e a t m e n t  of t h e  p r o d u c t  f o r m e d  
(VII ,  X = SO~CH~) w i t h  p o t a s s i u m  i o d i d e  in a q u e o u s  

m e t h a n o l i c  s o l u t i o n .  

T h e  a b s o r p t i o n  s p e c t r a  of  t h e  d y e s  o b t a i n e d ,  and  

a l s o  of  C o m p o u n d s  HI a n d  VII ,  w e r e  m e a s u r e d  o n  a n  
S F - 1 0  s p e c t r o p h o t o m e t e r  in  1 x 1 0 - 4 / M  s o l u t i o n s  in  

e t h a n o l .  T a b l e  1 g i v e s  t h e  a b s o r p t i o n  m a x i m a  of  t h e  d i -  

m e t h i n e  m e r o c y a n i n e s  d e r i v e d  f r o m  3 - m e t h y l - 4 - t h i o x o -  

t h i a z o l i d i n - 2 - o n e  ( In) ,  and  a l s o ,  f o r  c o m p a r i s o n ,  t h o s e  

of  t h e  c o r r e s p o n d i n g  i s o m e r i c  d y e s  Ib.  

A s  c a n  b e  s e e n  f r o m  t h e s e  f i g u r e s ,  t h e  d i m e t h i n e  
m e r o c y a n i n e s  I a  h a v e  a c o n s i d e r a b l y  d e e p e r  c o l o r a t i o n  

(by  3 8 - 5 4  n m )  t h a n  t h e  c o r r e s p o n d i n g  i s o m e r i c  d y e s  

l b ,  w h i c h  c o n f i r m s  t h e  o b s e r v a t i o n s  m a d e  p r e v i o u s l y  

[3] on  t h e  b a s i s  of  t h e  s a m e  m e r o c y a n i n e s  w i t h  a b e n -  

z o t h i a z o l e  r e s i d u e  a n d  a l s o  o n  t h e  b a s i s  of  d e r i v a t i v e s  
of 4 - t h i o x o i m i d a z o l i d i n - 2 - o n e  a n d  t h e  c o r r e s p o n d i n g  
2 - t h i o x o - 4 - o n e  c o m p o u n d  [13].  A n a l o g o u s  c h a r a c t e r i s -  

t i c s  h a v e  b e e n  f o u n d  in  a n u m b e r  of  T - a l k o x y t e t r a -  
m e t h i n e  m e r o c y a n i n e s  (Va  a n d  b ) ( T a b l e  2).  

T h e  m e r o c y a n i n e s  o b t a i n e d ,  w i t h  t h e  e x c e p t i o n  of 
t h e  d y e s  w i t h  5 - m e t h y l - I ,  3 , 4 - t h i a d i a z o l e  and  4 , 5 - d i -  

p h e n y l t h i a z o l e  r e s i d u e s  p r o v e d  to b e  v e r y  w e a k  s e n s i -  

t i z e r s  of  s i l v e r  h a l i d e  e m u l s i o n s  (c f .  [2, 3]). 

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

5-Anilinomethylene-3-ethylthiazolidene-2, 4-dione (ii) was ob- 
tained by a published method [4, 5]. 

5-Anflinomethylene-3-ethyl-4-thtoxothiazolidin-2-one (Irr). At 
90-100 ~ C, 2.47 g (0.02 mole) of II was dissolved in 50 ml of anhy- 
drous pyridine and gradually, with stirring, 4.4 g (0.02 mole) of finely 
ground phosphorus pentasulfide was added, and then the mixture was 
stirred at the same temperature for 3 hr and was left overnight. The 
solution was decanted off and the sludge was washed 2-3 times with 
pyridine. After the pyridine had been distilled off in vacuum, the 
residue was mixed with 300 ml of water, and the precipitate that sep- 
arated was filtered off, washed with water and dilute (1 : 1) ethanol, 
carefully triturated with 10 ml of 50% ethanol, filtered off again, and 
washed with ethanol and petroleum ether (bp 60-80 ~ CL Yield 1.87 g 
(71%), mp 136-139" C. For purification, the product was crystallized 
from a mixture of benzene and petroleum ether (bp 60-80 ~ C) (1 : 1) 
and then from petroleum ether (bp 85-95* C). Yellow prisms with 
mp 160-151" C. kma x 437 nm. Found,%o: N 10.59, 10.61, Calcu- 
lated for C,2HlzN2OS2, %: N 10.60. 

Synthesis of the dyes (Table 3). The merocyanines Ia and Va w e r e  

obtained from 0.26 g of HI in a mixture of 3 ml of pyridine, 0.4 ml of 

* W i t h  t h e  p a r t i c i p a t i o n  of  A. V.  B u t u z o v a .  

acetic anhydride, and 0.2 mt of triethylamine and the appropriate 
quaternary salt (QS) with heating in the boiling water bath for 1 hr. In 
Table 3, the following symbols are used for the initial QSs: 2, 3, 3- 
trimethylindolenine ethiodide--QS-ll 2-methylbenzoselenazole ethio- 
dide--QS-2; 2-methylbenzothiazole ethiodide-QS-3; 2, 5-dimethyl- 
1, 3, 4-thiadiazole ethyl tosylate derivative-QS-4; 2-methyl-4, 5- 
diphenylthiazole ethiodide-QS-5; quinaldine ethiodide-QS-6; 2-~- 
methoxypropylbenzothiazole ethyl methyl sulfate derivative-QS-7; 
2-~-ethoxypropenylbenzothiazole ethyl ethosulfate-QS-8; 2-g-meth- 
oxypropenylbenzoselenazole ethyl methyl sulfate derivative-QS-9. 

All the dyes were purified by crystallization from ethylene glycol 
monoethyl ether. 

3-Ethyl-2-[B-(3'-ethyl-4'-ethylthto-2'-thiazolinon-5'-yl)vinyl]- 
benzothiazollum methyl sulfate (VIII X = SO4CHs), A solution of 
0.35 g (0.001 mole) of 3-ethyl-5-(3'-ethyl-2'-benzothiazolinylidene- 
ethylidene)-4-thioxothiazolidin-2-one (IV) in 3 ml of anhydrous xylene 
was treated with 0.42 ml (0.004 mole) of dlmethyl sulfate and the mix- 
ture was heated for 1.5 hr at t i0 -120"  C (bath temperature). The 
red color of the solution gradually changed to light orange, and an oil 
collected on the bottom of the flask. On dilution with absolute ether 
and trituration, crystallization set in. The solid matter was filtered off 
and washed with absolute ether. Yield 0.42 g (90%). Orange crystals 
with mp 248-249* C. kma x 443 nm. The substance was used without 
further purification for the preparation of the ethindide and ethyl per- 
chlorate derivatives. 

Iodide VII (X = I), A hot solution of 0.48 g (0.001 mole) of the 
methyl sulfate VII in 12 ml of absolute methanol was mixed with an 
equal volume of 15% aqueous potassium iodide. The crystalline pre- 
cipitate that deposited on cooling was filtered off and washed with 
water, ethanol, and ether. Yield 039 g (80%0), mp 220-223 ~ C. Brown 
prisms from absolute methanol, m p  229-230 ~ C [3, 10], kma x 443 
(440 [3]) nm. Found, %: I 25.91; 26.05. Calculated for CzyHIolNzOSz, 
%: I 25.88. 

Perehlorate  VII (X = C104). In a similar manner to the preceding 
experiment, 6 ml of a 15% aqueous solution of sodium perchlorate was 
added to a solution of 0.24 g (0.0005 mole) of the methyl sulfate VII 
in 6 ml of absolute methanol. Yield 0.20 g (86%), mp 245-246 ~ C. 
After crystallization from absolute ethanol-orange crystals with the 
same melting point. Found, %: C1 7.54, 7.50. Calculated for 
C17HIgC1N~OsSz, %: C1 7.66. 

The authors express their deep gratitude to I. I. Levkoev for par- 
ticipating in the discussion of the results obtained and to G. F. Kurepina 
for the investigation of the color and photographic properties of the dyes. 
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