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New polymethine dyes with an indolo[3,2-d]thiazole res idue a re  described,  and their  spectral  
proper t ies  are  d iscussed.  Replacement  of the vinylene group in the naphtho[1,2-d]thiazole 
res idue by an NH group leads to a considerably g rea te r  bathochromic shift of the absorption 
maximum of ea rbo -  and merocyanines  as compared  with replacement  by a sulfur atom. The 
basici ty of the indolo[3,2-d]thiazole residue is higher than the basic i ty  of the naphtho[1,2-d]- 
thiazole and thionaphtheno [3,2-d]thiazole res idues .  

Naphthothiazole and thionaphthenothiazole derivatives that are  carboeyanine dyes a re  effective spec-  
t ra l  sens i t izers  of s i lver  halide mater ia l s  [1-3]. 

We have synthesized various c lasses  of polymethine dyes (II-IV) with a new heterocyel ic  base 
res idue - indolo [3,2-d]thiazole - in order  to study their  color  and investigate their  photographic proper t ies .  

The positions of the absorption maxima of the synthesized ca rbo -  and merocyanines  and, for com-  
parison,  the corresponding benzothiazole, naphtho[1,2-d]thiazole, and thionaphtheno[3,2-d]thiazole der iva-  
t ives,  as well as the hypsochromic  shifts for unsymmet r ica l  carbocyanines and the basici t ies  (A), m e a s -  
ured for  the ethylates of symmet r i ca l  carbocyanines ,  a re  presented in Table 1. 

The positions of the absorption maxima of p-dimethylaminostyryl  dyes that are  derivat ives of the 
synthesized base, benzothiazole,  and naphtho [1,2-d]thiazole are  presented in Table 2 along with the ca lcu-  
lated hypsochromic  shifts .  

The data in Table 1 demonst ra te  that all of the carbocyanines  and merocyanines  derived f rom indolo- 
[3,2-d]thiazole are  more  deeply colored than the corresponding naphtho [1,2-d]thiazole and thionaphtheno- 
[3,2-d]thiazole derivat ives  (by 35 and 30 nm, respect ively,  in the case  of symmet r i ca l  carbocyanines) .  

Thus rep lacement  of the vinylene group by NH leads to a considerably g rea te r  bathochromic shift of 
the absorption maxima of c a rbo -  and merocyanines  as compared  with rep lacement  by a sulfur atom; this 
can probably be explained by the difference in the degree of conjugation with the p r imary  chromophore  of 
the 7r e lectrons of the indole ring as compared  with the benzene and thiophene rings (in the case  of dyes 
with a thionaphtheno [3,2-d]thiazole residue) .  
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Z is an indolo[3,2-d]thiazole residue, Z' is an indolo[3,2-d]thiazole, benzoxazole, 
benzothiazole, benzoselenazole, napththothiazole, or a derivative residue, R and R' are 
alkyl or sulfoalkyl groups, A = H or alkyl, n = 0 or 1, and X is an acid residue. 
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T A B L E  1. C h a r a c t e r i s t i c s  of C a r b o -  and M e r o c y a n i n e s  

Com- 
pound 

IV 

VI 

VII 

VIII 

IX 

Z in formulaII [ Z' in formula II [Xmax,nm 
[in meth- 

(R=R'=C21Is, n=l and A=H) lanol 

Benzothiazole 
Indolo[3,2-d]~i- 
azole 

Nal~htho[l,2-d ]- 
tniazole 

Thionaphtheno[3, 
2-d]thiazole 

Indolo[3,2-d]thi- 
azole 

Thionaphteno[3, 
2-d]ffiiazole 

Indolo[3,2-d]thi- 
azole 

Thionaphtheno[3, 2 
2-d]thiazole 

Indolo[3,2-d]thi- 
azole 

Naphtho[l,2-d]- 
thiazole 

Indolo[3,2-d]thi- 
azole 

Benzothiazote 
Indolo[3 2-d]- 

thiazol'e 
Naphtho[1,2-d]- 

tfiiazole 
Thionaphtheno[3, 

2-d]thiazole 
Benzothiazole 

Benzothiazole 

Naphtho[l, 2-d]- 
thiazole 

Naphtho[1,2-d]- 
thiazole 

Benzoxazole 

Benzoxazole 

Benzoselenazole 

558 
632 

597 .~ 

6026 

587 

580 ~ 

607 

6026 

550 

542 

583 

Hypso- 
chromic At  
shift*, 
rim 

2,84 
4,1 �9 10 -~ 

1,154 

3,5. 10 -1 

Z in formula Ill 

Indolo[3,2-d]thiazole 
Naphtho[1, 2-d]thiazole 
Thlonaphtheno[3,2-d]thiazole 

576 
542 z 
5533 

8,0 

0 

7,5 

2,5 

8,5 

1,0 

19,0 

11,0  
26,5 
19 

pK a 

- -  0 , 6 6  
1 ,79 

- 0 . 0 4  

* The  h y p s o c h r o m i c  sh i f t s  a r e  the  d e v i a t i o n s  of the  a b s o r p t i o n  m a x i m a  
f r o m  the  a r i t h m e t i c  m e a n  v a l u e s  c a l c u l a t e d  (An the  c a s e  of u n s y m m e t r i -  
c a l  c a r b o c y a n i n e s )  f r o m  the  a b s o r p t i o n  m a x i m a  of the  c o r r e s p o n d i n g  
s y m m e t r i c a l  dyes  wi th  i n d o l o [ 3 , 2 - d ] t h i a z o l e  and b e n z o s e l e n a z o l e  (X m a x  
5 72 nm) [9], b e n z o t h i a z o l e ,  naphtho [1,2--d] thiazole  o r  b e n z o x a z o l e  (X m a x  
485 nm) [10] r e s i d u e s ,  o r ,  in  t h e  c a s e  of d i m e t h y l i d y n e m e r o c y a n i n e s ,  
f r o m  the  a b s o r p t i o n  m a x i m a  of  t he  c o r r e s p o n d i n g  s y m m e t r i c a l  c a r b o -  
c y a n i n e s  and m o n o m e t h y l i d y n e o x a n i n e  - a d e r i v a t i v e  of 3 - e t h y l r h o d -  
an ine  (X m a x  542 nm) .  
t The  A v a l u e  is  t he  m o l a r  c o n c e n t r a t i o n  of h y d r o c h l o r i c  a c id  tha t  i n -  
d u c e s  c o n v e r s i o n  of  the  c a r b o c y a n i n e s  (1 ' 105 M so lu t i on  in 57% ethanol)  
to t h e  d i a c i d  s a l t  [4,8]. 

T A B L E  2. C h a r a c t e r i s t i c s  of the  S t y r y l  Dyes  

Compound 

X[ 

Z in formula IV (R = CzH s) 

B enzothiazole 
Naphtho[1,2-d]thiazole 
hldoloE3,2-d]thiazole 

Xma x, nm 
(in ethanol) 

528 
542 
506 

Hypsochromic 
shift, nm* 

56 
61,5 

115 

* T h e  h y p s o c h r o m i c  sh i f t s  a r e  the  d e v i a t i o n s  of the  a b s o r p t i o n  m a x i m a  
of the  s t y r y l  dyes  f r o m  the  a r i t h m e t i c  m e a n  v a l u e s  c a l c u l a t e d  f r o m  t h e  
a b s o r p t i o n  m a x i m a  of t he  c o r r e s p o n d i n g  s y m m e t r i c a l  c a r b o c y a n i n e s  
and M i c h l e r ' s  b lue  h y d r o l  in  n i t r o m e t h a n e  (A m a x  610 nm) .  

I t  i s  s e e n  f r o m  a c o m p a r i s o n  of the  h y p s o c h r o m i c  sh i f t s  of u n s y m m e t r i c a l  c a r b o c y a n i n e s ,  d i m e t h y l -  
i d y n e m e r o c y a n i n e s  (Tab le  1), and p - d i m e t h y l a m i n o s t y r y l  dyes  (Tab le  2 ) t h a t  t he  b a s i c i t y  of the  i n d o l o -  
[3 ,2 -d ] th i azo le  r e s i d u e  i s  h i g h e r  than  t h e  b a s i c i t y  of  bo th  the  n a p h t h o [ 1 , 2 - d ] t h i a z o l e  and t h i o n a p h t h e n o -  " 
[3 ,2 -d ] th i azo le  r e s i d u e s  ( s ee  a l so  the  e x p e r i m e n t a l  A v a l u e s  in T a b l e  1). 
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E X P E R I M E N T A L  

2-Methylindolo[3,2-d]thiazole.  This compound was obtained as co lo r l e s s  needles ( f rom ethanol) with 
mp 242-243 ~ by heating 2 -hydroxy-3-ace tamido indole  with phosphorus pentasulf ide in xylene [11]. UV spec -  
t r u m  (in ethanol): ~max, nm (~ . 10-4): 229 (6.75), 278 (2.43). 

2-Methyl-3-(N-sulfopropyl)indolo[3,2-d]thiazolium Betaine. This compound was obtained in 75% yield 
by refluxing 2-methylindolo [3,2-d]thiazole with an equimolar amount of propane sultone in xylene for 20 h. 
The light yellow prisms (from anhydrous ethanol) melted above 300 ~ Found,%. C 50.2; H 4.4; N 9.1; S 
20.5. CI3HI4N203S 2. Calculated,%: C 50.3; H 4.5; N 9.0; S 20.7. 

3-(N -Sulfopropyl) -I' -ethyl-6' -methylindolo [3,2-d]thiaz oloquino-2' -monomethylidynecyanine Betaine 
(XII). This compound was obtained in 78% yield by heating 0.3 g (0,001 mole) of 2-methyl-3-(N-sulfopropyl)- 
indolo[3,2-d]thiazolium betaine with 0.25 g (0.001 mole) of l-ethyl-6-methylquinoline-2-sulfo betaine in 15 
ml of anhydrous ethanol for 60 rain on a boiling-water bath in the presence of triethylamine. The dark-red 
prisms (from ethanol) melted above 300 ~ and had ~tmax 522 nm (in ethanol). Found,U: C 62.6; H 5.2; N 
8.7; S 13.4. C25H25N303S 2. Caleulatedyc: C 62.6; H 5.2; N 8.7; S 13.4. 

3,3'-Diethylindolo [3,2-d]thiazoloearbocyanine Iodide (V). This compound was obtained in 16~ yield 
by heating 0.68 g (0.002 mole) of 2-methylindolo[3,2-d]thiazole ethiodide with 24 g of ethyl orthoformate in 
I00 ml of acetic anhydride at 130-135 ~ for 10 rain. The dark blue prisms (from ethanol) had mp 243-244 ~ 
Found,%: C 52.5; H 3.9; S 11.2; I 22.2. C25H23IN4S 2. Calculated,%. C 52.6; H 4.0; S II.2; I 22.3. 

Unsymmetrical Chain-Unsubstituted C arbocyanines (VI, VII, VIII, and IX). These dyes were synthe- 
sized by heating 0.34 g (0.001 mole) of 2-methylindolo[3,2-d]thiazole ethiodide with an equimolar amount 
of 2-(fi-acetanilidovinyl)-substituted benzothiazole, naphtho [l,2-d]thiazole, benzoxazole, or benzoselen- 
azole ethiodides, respectively, at 100-105 ~ for 15 rain in I0 ml of pyridine in the presence of triethylamine. 
To isolate the dyes, ether was added to the cooled reaction mass, and the resulting precipitate or resinous 
mass was dissolved by heating in ethanol. The solution was treated with I0~ aqueous potassium iodide 
solution. The dyes were purified by recrystallization from ethanol (Table 3). 

Mesoalkyl-Substituted Unsymmetrical Carbocyanines (XIII-XX, XXII, and XXIII). These dyes were 
synthesized by heating 0.001 mole of 2-methylindolo[3,2-d]thiazole ethiodide or N-sulfopropylbetaine with 
0.001 mole of the ethylmethosulfates of 2-(fi-methylmereaptobutenyl) derivatives of naphtho[l,2-d]thiazole, 
5-methoxybenzothiazole, or benzoselenazole in I0 ml of anhydrous ethanol for 2 h on a boiling-water bath 
in the presence of triethylamine. To isolate the bromides of the 3,3'-diethylearbocyanines (XIII, XVI, and 
X-VIII), ether was added to the cooled reaction mass, and the precipitate was dissolved in hot ethanol. The 
solution was treated with I0% potassium bromide solution, and the dye was reerystallized from alcohol 
(Table 3). To isolate sulfobetaines XIV, XV, XVII, and XIX-XXIII, the reaction mixture was cooled, and the 
dye was removed by filtration, washed with anhydrous ethanol, and purified by recrystallization from an- 
hydrous ethanol (Table 3). 

3-Ethy•-5-[3'-ethylindolo[3•2-d]thiaz••inylidene-2'-ethylidene[thiaz••idine-2-thion-4-one (X). This 
compound was obtained in 31% yield by heating a mixture of 0.34 g (0.001 mole) of 2-methylindolo[3,2-d]- 
thiazole ethiodide, 0.30 g (0.001 mole) of 3-ethyl-5-(acetanilidomethylene)thiazolidine-2-thion-4-one, I0, 
ml of anhydrous ethanol, and 0.2 g (0.002 mole) of triethylamine on a boiling-water bath for 1 h. The dark 
violet plates melted above 300 ~ (from anhydrous ethanol). Found,~: C 55.6; H 4.25; N 10.8; S 24.8. 
CIsHI?NOS 3. Calculated,%. C 55.8; H 4.4; N 10.8; S 24.8. 

2-(p-Dimethylaminostyryl)indolo[3,2-d]thiazole Ethobromide (XI). This compound was synthesized 
in 35% yield by heating 0.34 g (0.001 mole) of 2-methylindolo[3,2-d]thiazole ethiodide with 0.22 g (0.0014 
mole) of p-dimethylaminobenzaldehyde in I0 ml of anhydrous ethanol for 1 h on a boiling-water bath in the 
presence of piperidine. The dark red prisms (from ethanol) had mp 216-217 ~ Found,Z: C 58.8; H 5.0; 
Br 18.5. C21H22BrN3S. Calculated,q: C 58.9; H 5.1; Br 18.6. 

2-(p-Dimethylaminostyryl)-3-(N-sulfopropyl)indolo[3,2-d]thiazolium Betaine (XXI). This compound 
was similarly obtained in 26~c yield from 0.30 g (0.001 mole) of 2-methyl-3-{N-sulfopropyl)indolo[3,2-d]- 
thiazolium betaine and 0.22 g (0.0014 mole) of p-dimethylaminobenzaldehyde. The violet prisms (from an- 
hydrous ethanol) had mp 295-296 ~ Found,~. C 59.7; H 5.1; S 14.4. C22H23N303S 2. Calculated,%: C 59.8; 
H 5.2; S 14.5. 
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