
S Y N T H E S I S  O F  P O L Y M E T H I N E  D Y E S  F R O M  5 - A L K O X Y -  

f i - P H E N Y L B U T A D I E N Y L  S A L T S  OF H E T E R O C Y C L I C  B A S E S  

A.  V.  K a z y m o v  a n d  E ,  P .  S h e h e l k i n a  UDC 547.789.1.3.6.07:668.8 

f i -Phenyl-subs t i tu ted  dicarbocyanine dyes or  f l -phenyl-subst i tuted hemicyanine dyes, r e spec-  
tively, are  obtained in the condensation of 6-ethoxy-fl-phenylbutadienyl salts of heterocycl ic  
bases  (I) with quaternary  salts of heterocycl ic  bases or amines.  Depending on the react ion 
conditions~ c~-phenyl-~-ethoxyallylidene derivatives of ketomethylene compounds or T-phenyl-  
substituted te t ramethyl idynemerocyanine  dyes are obtained in the condensation of I with keto- 
methylene compounds. 

The ethoxy group in 6-alkoxy-fi-phenylbutadienyl salts of heterocycl ic  bases  (I) [1] is labile, and I 
readily reac t  with quaternary  salts of heterocycl ic  bases  (II) to give symmet r ica l  or  unsymmetr ica l  fl- 
phenyl-substi tuted dicarbocyanine dyes (III) [2]. The prepara t ion of III has been described [3-5], but the 
yields of the dyes are low [4-5], and, in addition, relatively hard- to-obta in  compounds were used in the 
synthesis  [3]. 

The react ion of I and II proceeds in the presence  of tr iethylamine in absolute alcohols or in chloro-  
form and gives IIIa-j .  If Z 1 and Z 2 have appreciably different basici t ies (for example if Zt is 3-ethylbenzo- 
thiazolium and Z 2 is 1-methylpyrrol inyl ium),  it is bet ter  to c a r r y  out the react ion in chloroform, since a 
symmet r i ca l  f i -phenyl-subst i tuted thiadicarbocyanine dye impurity is formed in alcohoI. The use of n-butyl 
alcohol proved to be favorable in the condensation of I 

ZI=CHC~CHCH~w'~S IV + r o x Z2--CH3( I I  ) ~+ 
o/).., n.. j _ _ %  ~ x - z , - c .  =cc.  =c,,ogH~o xzTc .=cc .  =c.c.=z~ 

va-e I I 111 a-j 
C2Hs / 

s causc(~ 
C2HsO--CH~CHC-~ ~ O//~,,.. N O .  ~--S)~S ~ O S  j , / ~ N  / NNS + CH2CH (OC2H5) 2 t  " " 

I I 
C2H5 C2H 5 

Vl a IV VII 

/ 
@ co.5,o  0,s 

= C H C H = C H C = - - - S  [.--~ ~ ..%-4;H=ccH=cHNHc U s 
O~|N|%S~.. J "~/ "N~ 6 I I c t o j  

C2H5 1 C211s 
C2H5 x 

IX 

X~ I, C104, TsO; Z 1 and Z 2 are nitrogen-containing heterocyclic residues (see Tables 1 and 3), 

and If, which contain l-ethyl-2-quinolinylium residues (Table i). 

The formation of T,phenyl-substituted tetramethylidynemerocyanine dyes (V) might have been ex- 
pected in the condensation of I with ketomethylene compounds, for example, with 3~ethylrhodanine (IV). 
However, it was found that the reaction between I and IV proceeds "anomalously." 
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T A B L E  3. Y - P h e n y l - S u b s t i t u t e d  T e t r a m e t h y l i d y n e m e r o c y a n i n e  D y e s  

( V I I a - g )  
~ H5 

Z I = C H - - C = C H  C H = ~ - - ~ - - R ~  

O//%N}N 
I 
R2 

C o m -  
p o u n d  z, R, R~ Appearance 

VIII a 
Vll lb 

VI[I,c 
VlIld 
VIII e 

VIIIf 

VIII g 

3-Ethyl-2-benZothiazotinyI 
1,3,3-Trimethyl-4,5 -benzo-2- 

indoleninyl 
3-Ethyt-2-benzothiazolinyl 
3-Ethyl-2-benzothiazolinyl 
3-Ethyl-5-methoxy-2-benzo- 

thiazolinyl 
3- Ethyl- 5 -methoxy-2 -ben zo- 

thiazolinyl 
3-Ethyl-5,B-dimethyl-2 -benzo- 

thiazolinyl 

CHa 
CHa 

CHa 
CsHs 
CHa 

C~Hs 

CHa 

C z H s  
C~Hs 

o-CICsH4 
Cdts 
C6H5 

n-CBH~a 

C6H5 

Blue prisms 
Blue needles 

Blue needles 
Blue prisms 
Blue prisms 

Blue needles 

Blue prisms 

TABLE 3. 

Com- 
pound 

VIlla 
Vlllb 
VIIIe 
VIIId 
VIII e 
VIIlf 
VIII g 

( C o n t i n u e d )  

] ,Mp, ~ 
(irom 
ethanol) 

100 
272 
140 
22fi 
195 
205 
252 

Empirical 
formula 

C29H2sNaOS* 
CasHaN30 
C29H24CINaO 
C34H=vNaOS 
CaoH27N302S 
CasHaTNBO2S 
CaH29NaOS 

Found, % 

70,0 
77,8 

N 8,3 
74,4 
75,3 

63 
4,5 
5,l 

6,3 
6,0 

Calc., O/o. 

- - C  H 

6919 4,8 
77,7 5,2 

N8,5 
74,6 6,6 
75,7 6,0 

. . . .  Xma x. nm 
(log s) Yield,% 

608 (5,07) 39 
614 (4,97) 40 
610 (5,01) 88 
612 (4,98) 48 
623 (5,03) 43 
616 (5,1) 41 
620,(5,1) 52 

* F o u n d :  N 9 . 0 % .  C a l c u l a t e d :  N 9 . 1 % .  

8 0  

~ .  8C 

"~ 4c 

E 

I 

i ...'~ ..~ d . . . . . . .  iiJ~,~'!~i ;,2 ~ ~." ,~ 
. . . , .~ . , . , '~  .~ ...... ! " " "il !~ ~i i j f " il �9 ~ : 

i.i i.,i i 

3200 3000 2800 18OO 16OO 14OO 12OO 10OO 800 700 6OO 500 " % c m  ~-1 

F ig .  1. IR  s p e c t r u m  of 3 - e t h y l - 5 - ( c z - p h e n y l - T - e t h o x y a l ] y l i d e n e  ) -  
r h o d a n i n e  (Via)  o b t a i n e d :  1) f r o m  3 - e t h y l r h o d a n i n e  a n d  VII;  2) 

f r o m  3 - e t h y l r h o d a n i n e  a n d  I. 

T h u s  a y e l l o w  c o m p o u n d  w i t h  mp 108 ~ a n d  X m a x  410  n m  w a s  i s o l a t e d  i n  a l l  c a s e s  in  t h e  c o n d e n s a t i o n  

of  I c o n t a i n i n g  b e n z o t h i a z o l i u m ,  4 , 5 - d i p h e n y l t h i a z o l i u m ,  5 - p h e n y l b e n z o x a z o l i u m ,  5 , 6 - d i m e t h y l b e n z o t h i a -  

z o l i u m , 5 - m e t h o x y b e n z o t h i a z o l i u m ,  2 - q u i n o l i n y l i u m ,  a n d  4 - q u i n o l i n y l i u m  r e s i d u e s  w i t h  3 - e t h y l r h o d a n i n e .  

There is a band at 1714 cm -I in the IR spectra of the compound, which attests to the presence in the prod- 

uet of a C =O bond related to the rhodanine ring [6]. The analytical data for this product made it possible 
to assign the Via structure to it. The formation of Via can apparently be explained by the fact that sub- 

stitution of the heteroeyelie residue of salt I by a ketomethylene residue occurs during the reaetion between 

I and 3-ethylrhodanine, and thus the phenyl group is found in the o~ position of the polymethine ring. 

We also studied the condensation of benzoylacetaldehyde tetraethylacetal (VII) [7] with 3-ethylrhodanine 
in acetic anhydride. One might have expected the formation of Via or the isomeric product with a phenyl 

group attached to the T-carbon atom in this ease. However, the identical melting points, the identical char- 

acter of the IR spectra (Fig. i), and the absence of a melting-point depression in mixtures with Via made it 
possible to assign the Via structure to the product obtained from VII and 3-ethylrhodanine. 
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The condensation of I with other ketomethylene compounds proceeds s imilar ly:  3-substi tuted rhoda- 
nines, 3-ethyloxazolidinethione, and 1-phenylthiohydantoin give VIb-g (Table 2). 

Pyrazolones  proved to be an exception in this reaction, since 7-phenyl-subs t i tu ted  te t ramethyl idyne-  
merocyanine dyes (VIIIa-g) (Table 3) formed readily in the condensation of them with I in absolute alco-  
hols in the presence  of tr iethylamine.  

We were able to obtain te t ramethyl idynemerocyanine dyes V by react ion of I with 3-ethylrhodanine in 
absolute methanol in the presence  of sodium methoxide. An a -phenyl -subs t i tu ted  te t ramethyl idynemero-  
cyanine dye (IX) was obtained by the react ion of Via with 2-methyl-3-ethylbenzothiazol ium tosylate in abso- 
lute methanol in the presence  of tr iethylamine.  In addition to IX, we isolated, as an impurity, a product 
with mp 183 ~ and Xmax 668 nm, which corresponds  to a /3-phenyl-subst i tu ted thiadicarboeyanine dye (com- 
pare  this with IIIa). 

A f l-phenyl-subst i tuted tetramethylidynehemicyanine dye (X) was obtained in the react ion of salt I 
(Z 1 = 3-ethylbenzothiazolium) with aniline in alcohol. 

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

3,3 ' -Diethyl-9-phenyl thiadicarbocyanine Iodide (IIIa). A mixture of 0.23 g (0.5 mmole) of 2-(6-ethoxy- 
f l-phenylbutadienyl)-3-ethylbenzothiazolium iodide, 0.15 g (0.5 mmole) of 2-methyl-3-e thylbenzothiazol ium 
iodide, 4 ml of absolute ethanol, and 0.3 ml of t r iethylamine was refluxed for 15 rain, and the result ing 
c rys ta l s  were removed by fil tration and washed with alcohol to give 0.24 g (80%) of a product with mp 183 ~ 
(from ethanol) and ~max 668 nm (rap 184-185 ~ ~max 667 nm [5]). 

3 ,3 ' -Diethyl-4 ' ,5 , ,9- t r iphenyl thiathiazolodicarbocyanine Perchlora te  (IIIb). A mixture of 0.23 g 
r 

(0.5 mmole) of 2-(6-ethoxy-fi-phenylbutadienyl)-3-ethylbenzothiazolium iodide, 0.27 g (0.5 mmole) of 2- 
methyl-3-ethyl-4,5-diphenyl thiazol ium iodide, 3 ml of chloroform, and 0.4 ml of t r iethylamine was held at 
room tempera ture  for 3 h. The dye was precipi tated by the addition of ether and converted to 0.3 g of the 
perchlora te  (Table 1). Compounds IIIc-j  (Table 1) were s imilar ly  obtained. 

3-Ethyl-5-(a-phenyl-~/-ethoxyal lyl idene)rhodanine (Via). A. A mixture of 0.23 g (0.5 mmole) of 2- 
(6-ethoxy-fi-phenylbutadienyl)-3-ethylbenzothiazolium iodide, 0.08 g (0.5 mmole) of 3-ethylrhodanine, 4 ml 
of absolute ethanol, and 0.16 ml of t r iethylamine was refluxed for 1 min The c rys ta l s  were removed by 
filtration and washed with alcohol, and dissolved in benzene. The benzene solution was chromatographed 
on aluminum oxide to give 0.13 g of product (Table 2). The other VI were s imilar ly  obtained (Table 2). 

B. A mixture of 0.3 g (2 mmole) of 3-ethylrhodanine, 0.6 g (2 mmole) of benzoylacetaldehyde te t ra -  
ethylacetal (VII), and 5 ml of acetic anhydride was heated at 130 ~ for 4 h. The acetic anhydride was re -  
moved by vacuum distillation, and alcohol was added to the residue. The c rys ta l s  were removed by f i l t ra-  
tion and washed with alcohol to give 0.44 g (71%) of a product that was identical to that descr ibed above in 
method A. 

? ! T 1-Pheny l -3 -methy l -4 - (3 -e thy l -2 -benzo th iazo l iny l idene-2 -pheny lbu teny l idene) -5 -pyrazo lone  (VIIIa). 
A mixture of 0.46 g (1 mmole) of 27 (5-ethoxy-fi~phenylbutadienyl)-3-ethylbenzothiazolium iodide, 0.17 g 
(1 mmole) of 3 -methy l - l -pheny l -5 -pyrazo lone ,  4 ml of absolute ethanol, and 0.32 ml of t r iethylamine w a s  
held at room temperature ,  and the result ing c rys ta l s  were removed by fil tration and washed with alcohol 
to give 0.18 g of product (Table 3). The other VIII were s imilar ly  obtained (Table 3). 

3- Ethyl- 5- (3 '-ethyl-2 '-benzothiazolinylidene-~,-phenylbutenylidene)thiazolidine- 2- thion-4-one (Va). 
A mixture of 0.23 g (0.5 mmole) of 2-(5-ethoxy-f i-phenylbutadienyl)-3-ethylbenzothiazol ium iodide, 0.08 g 
(0.5 mmole) of 3-ethylrhodanine, 2 ml of absolute methanol, and 0.3 g of sodium methoxide was refluxed 
for 1 h, and the result ing c rys ta l s  were removed by fil tration and washed with alcohol to give 0.15 g (65%) 
of blue needles with mp 182 ~ (from ethanol) and ~,max 630 nm (log ~ 4.89). Found: N 6.3%. C24H22I~2OS3 . 
Calculated: N 6.2~0. 

37 E thy l -5 - (3 ' -e thy l -4 ' ,  5 ' -diphenyl-  2 ' - thiazol inyl idene-?-phenylbutenylidene)thiazol idine-  2- thion-4-_ 
one (Vb). This compound was s imilar ly  obtained in 50%yield as blue plates with mp 211 ~ (from ethanol) 
and },max 660 nm (log ~ 5.21). Found: N 4.9%. C38H28N2OS2. Calculated: N 5%. 

3- Ethyl- 5- (1 ' -ethyl-  2 ' -  dihydroquinolinylidene~?-phenylbutenylidene)thiazolidine-2-thion- 4-one (Vc). 
This compound was s imilar ly  obtained in 59% yield as blue needles with mp 193 ~ (from ethanol) and Xmax 
640 and 690 nm (loge 4,57 and 4.89). Found: N 6.2%. C26H24N2OS 2. Calculated: N 6.3%. 
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3-Ethyl- 5- (3'-ethy~-2'-benz~thiaz~inylidene-(~-pheny~butenylidene)thiaz~idine-2-thi~n-4-~ne (IX). 
A mix tu re  of 0.18 g (0.5 mmole)  of 2 -me thy l -3 - e thy lbenzo th i azo l i um tosy la te ,  0.16 g (0.5 mmole)  of Via, 
3 ml of absolute  methanol ,  and 0.2 ml of t r i e thy lamine  was ref luxed for  1 h. The methanol  was removed  
by d is t i l l a t ion ,  and the res idue  was d i s so lved  in benzene.  The benzene solut ion was f i l t e r ed  to remove  
the undissolved  so l ids ,  and the f i l t r a t e  was ch romatographed  on a luminum oxide to give 0.17 g (68~) of 

IX as blue p r i s m s  with mp 197 ~ (from alcohol) and ~.max 630 nm (log e 5.1). Found. N 6.3%. C24H22N2OS3. 
Calcula ted:  N 6.2~. The insoluble  r e s idue  was c r y s t a l l i z e d  f rom alcoho] to give 0,05 g (16%) of a subs tance  
with mp 183 ~ and ~max 66S mw dog~ 5.40), which were  in ag reemen t  with the phys ica l  cons tants  obtained 
for IIIa. 

2 - (6 -An i l ino - f l -pheny lbu tad ieny l ) -3 -e thy lbenzo th i azo l ium P e r c h l o r a t e  (X). A 0.23-g (0.5 mmole)  
sample  of 2 - (6 -e thoxy- f l -pheny lbu tad i eny l ) -3 -e thy lbenzo th i azo l ium iodide was d i s so lved  by warming  in. 
5 ml of absolute  ethanol,  0.4 ml of ani l ine  was added, and the mix tu re  was ref luxed for  2 h. The dye was 
p r e c i p i t a t e d  by the addi t ion of e ther  and conver ted  to 0.15 g (62%) of the p e r c h l o r a t e  as red  p r i s m s  with 
mp 209-210 ~ (from ethanol) and ~max 534 nm (log~ 4.84) (in chloroform). Found: N 5.8%. C25H23CIN204S. 
Calculated: N 5.8%. 

The IR spectra of KBr pellets of the crystalline samples were recorded with a UR-10 spectrophotom- 
eter. The electronic spectra of I0 -4 -5 �9 10 -2 M ethanol solutions were recorded with an SF-10 spectro- 
photometer. 
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