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

2 - M E  T H Y L T H I O N A P H T H E N O T H I A Z O L E S  

V.* THIENO[3,2-e]BENZOTHIAZOLE DERIVATIVES AS DYES 

Z .  I .  M o s k a l e n k o  UDC 547.735.789:543.422.6:668.8 

A n u m b e r  of quino(2)monomethylidyne-,  c a r b o - ,  m e r o - ,  d i m e r o - ,  and rhodacyanines  (thieno- 
[3,2-e]benzothiazole der iva t ives)  were  synthes ized.  It is  shown that  r e p l a c e m e n t  of the 
vinylene group by a sulfur  a tom in cae of the benzene r ings  of the naphtho[1,2-d]thiazole 
r e s idues  in the cyanines  and merocyan ines  does not affect  the posi t ions of the i r  absorpt ion 
m a x i m a .  

Severa l  cyanine dyes - th ieno[3 ,2 -d]benzo th iazo le  de r iva t ives  - h a v e  been descr ibed  in the patent  
l i t e ra tu re  [2,3]. I t  s eemed  of in t e re s t  to make  a m o r e  detai led study of the p rope r t i e s  of var ious  po lymeth-  
ine dyes with thieno[3,2-e]benzothiazole r e s idues ,  which are  i s o s t e r e s  of the cor responding  2 -me thy l -  
naphtho[1,2-d]thiazole de r iva t ives ,  which have been extens ive ly  studied and a re  finding prac t ica l  applicat ion.  
For  this ,  we synthes ized a number  of quino(2)monomethylidyne-,  c a r b o - ,  m e r o - ,  d i m e r o - ,  and rhoda-  
cyanines .  Of the known [2,3] methods for  the p repara t ion  of 2-methyl thieno[3,2-e]benzothiazole  (IV), we 
se lec ted  that  p resen ted  in the scheme  below (I -~ IV) because  of the g r e a t e r  access ib i l i ty  of the s ta r t ing  
compounds.  In this case ,  substant ia l  changes that  make it poss ib le  to s impl i fy  the synthes is  were  in t ro -  
duced into the individual s teps  of the synthes is  of IV. 

S [ / I ~  0 CII3CSNII 2 "" . . . . . . .  S 250 ~ 
. . . . . . .  C[(3-0i' - ~ . C H 3  S -  ~N ~ O S CHa 

k 5  \~=J 
I II III IV 

s - ~  s 

I X I I 
C:It~ {:211;, C2H 5 

X - X l l ,  X a ~ X l l a  XXI, XXIa  

X R =H, Xl R=CH3, Xll R=C2H~; X--Xll, XXl Z=thieno[3,2-e]benzothiazole; Xa-XIIa, 
XXla Z= naphflm[1,2-d]thiazole 

Compound IV was conver ted  to qua te rnary  sa l t s  (V and VI) by the action of methyl  and ethyl tosy la tes .  
Dyes based  on V and VI were  obtained by the usual methods adopted for  the synthes is  of such types of c o m -  
pounds [4-6]. A compar i son  of the absorpt ion s p e c t r a  of the ca rbocyanines  (X-XII) and the d imethyl idyne-  
merocyan ines  (XXI) of thieno[3,2-e]benzothiazole (Table 1) with the s p e c t r a  of the cor responding  i so s t e r i c  
naphtho[1,2-d]thiazole dyes (Xa-Xrra [7,8] and XIIa [9]) demons t r a t e s  that  r e p l a c e m e n t  of one vinylene 
group in the benzene r ings of the naphtho[1,2-d]thiazole r e s idues  by a sulfur  a tom has  p rac t i ca l ly  no effect  
on the posit ions of thei r  absorpt ion max ima .  The same  dependence is  also observed  in other  c l a s s e s  of 
dyes that  a re  thieno[3,2-e]benzothiazole de r iva t ives .  

The magni tudes  of the hypsochromic  shif ts  of merocyan ines  XXI and XXIa (26.5 and 25.5 nm, r e s p e c -  
t ively),  ca lcula ted  f rom the absorpt ion m a x i m a  of the cor responding  s y m m e t r i c a l  dyes ,  demons t r a t e  that the 
bas ic i t i e s  of the thieno[3,2-e]benzothiazole and naphtho[1,2-d]thiazole r e s idues  a re  e x t r e m e l y  c lose .  

* See [1] for  communicat ion IV. 
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E X P E R I M E N T A L  

4,5,6,7-Tetrahydro-4-thionaphthenone (I). This compound was obtained by the react ion of ~-(c~- 
thienyl)butyryl chloride with anhydrous stannic chloride in benzene [10]. 

5-Bromo-4,5 ,6 ,7- te t rahydro-4- thionaphthenone (iI). This compound was synthesized by the action of 
bromine on I in absolute ether  at 0 ~ [11]. 

2-Methyl-4,5-dthydrothieno[3,2-e]benzothiazole (III). A solution of 23 g (0.1 mole) of II in 100 ml of 
methanol was added with s t i r r ing  in the course  of 1 h to a refluxing mixture of 15 g (0.2 mole) of th ioacet-  
amide and 15 g (0.17 mole) of anhydrous sodium carbonate in 100 ml of methanol, and the mixture was 
s t i r r ed  for 30 rain, af ter  which 150 ml of methanoI was removed by distillation. Water  (500 ml) was added 
to the residue,  and the l iberated oil was extracted with e ther .  The base was extracted f rom the e ther  ex- 
t rac ts  with 3 N hydrochloric  acid. The acid ext rac t  was neutral ized with sodium carbonate,  and the r e su l t -  
ing oil was extracted with ether .  The ether  ext rac ts  were dried with calcium chloride,  and the ether  was 
removed by distillation to  give 15 g (71.4%) of co lor less  c rys ta l s  of III with mp 49 ~ [3]. 

2-Methylthieno[3,2-e]benzothiazole (IV). A mixture of 5.2 g (0.025 mole) of III and 0.8 g (0.025 g-  
atom) of sulfur was heated at 120 ~ for 10 rain, and the tempera ture  was then ra ised  to 250 ~ in the course  of 
an hour.  Water (30 ml) and 5 ml of 25% sodium hydroxide solution were then added to the dark crysta l l ine  
product,  and IV was removed  by s team distillation to give 4 g (80.0%) of co lor less  plates with mp 86-87 ~ 
(87.5 ~ [3]). The pierate of IV was obtained as yellow needles (from ethanol) with mp 176-177 ~ Found: N 
13.0%. C~0HTNS 2 �9 C6H3N~O 7. Calculated: N 12.9%. 

1,2-Dimethylthieno[3,2-e]benzothiazolium Tosylate (V). A mixture of 0.6 g (0.003 mole) of IV and 
0.6 g (0.003 mole) of methyl p-toluenesulfonate was heated at 135 ~ for 2 h. The result ing glassy  mass  was 
t r i tura ted with 3 ml of anhydrous acetone, and the crysta l l ine  product was removed by fil tration and washed 
with 2 ml of acetone to give 0.94 g (80.0%) of V with mp 191-193 ~ . Recrysta l l iza t ion f rom acetone gave 
color less  needles with mp 203-204 ~ Found: C 55.0; H 4.1; N 3.6; S 24.3%. C18HITNO~S 3. Calculated: C 
55.1; H 4.3; N 3.6; S 24.5%. 

1-Ethyl-2-methyl thieno[3,2-e]benzothiazol inm Tosylate  (VI). A mixture of 2 g (0.01 mole) of IV and 
2.5 g (0.012 mole) of ethyl p-toluenesulfonate was heated at 135 ~ for 6 h, and the result ing crysta l l ine  mass  
was t r i tura ted  with 5 ml of anhydrous acetone, removed by filtration, and washed with 2 ml of acetone ,to 
give 3.6 g (90.0%) of VI with mp 178-180 ~ Recrysta l l iza t ion f rom ethanol gave co lor less  needles with mp 
190-191 ~ (from ethanol). Found: C 56.2; H 4.6; N 3.7; S 23.6~c. C19H19NO3S 3. Calculated: C 56.3; H 4.7; 
N 3.4; S 23.7%. 

Monomethylidynecyanines (VII-IX, Table 1). These compounds were obtained by heating 0.001 mole 
of VI with 0.001 mole of 1-ethyl-2-ethylrnercaptoquinolinium iodide at 95-98 ~ for 10 rain and also by heating 
its 6-methyl  and 6-methoxy derivat ives in 2 ml of pyridine in the presence  of 0.003 mole of t r ie thylamine.  

Symmetr ica l  C arbocyanines (X-XIV, Table 1). These compounds were synthesized by the condensa-  
tion of 0.001 m o l e  of V or VI with 0.002 mole of ethyl or thoformate ,  ethyl orthoacetate,  o r  ethyl or tho-  
propionate in 3 ml of pyridine at 125 ~ for 30 rain. 

Unsymmetr ica l  Carbocyanines (XV-XX, Table 1). These compounds were obtained by the react ion of 
0.001 mole of qua ternary  salt  IV with 1-ethyl-2-(~-anil inovinyl)naphtho[1,2-d]thiazoliura tosylate,  1 -methy l -  
or  1 -e thy l -2- (~-methy lmercap topropenyl  or butenyl)naphtho [1,2-d]thiazolium methane (or ethane) sulfonate, 
as well as with the corresponding benzothiazolium salts,  respect ively,  in 2 ml of alcohol or  acetic an- 
hydride in the presence  of 0.002 mole of t r iethylamine at 100 ~ for 10 rain. 

Dimethyl idynemerocyanines (XXI and XXII, Table 1). These compounds were synthesized by heating 
a mixture of 0.001 mole of VI and 0.001 mole of 5-acetani l idomethylene-3-e thyl -  or -3-butylrhodanine in 
2 ml of alcohol in the presence  of 0.002 mole of t r ie thylamine.  

Dimerocyanine XXIII and Rhodacyanines XXIV-XXVI (Table 1). These dyes were obtained by heating 
0.001 mole of XXI or XXII with 0.002 mole of dimethyl sulfate at 125 ~ for 15 rnin and condensation of the 
products with 0.001 raole of 3-butylrhodanine and also by heating 2-methyl-3-e thyl-4 ,5-diphenyl th iazol ium 
ethanesulfonate and VI, respect ively ,  in 3 ml of pyridine at 125 ~ for 10-45 rain. 
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