
SYNTHESIS AND REACTIONS OF AZIDES 

OF HETEROCYCLIC COMPOUNDS 

HI.* CYANINE DYES BASED ON AZIDES OF BENZOTHIAZOLE AND BENZIMIDAZOLE 

I. A. Ol'shevskaya and V. Ya. Poehinok UDC 547.789.6.07:668.8 

Cyanine dyes containing azido groups in the 5 or  6 position of the benzazole r ing were obtained 
f rom qua te rnary  salts  of azides of benzothiazole and benzimidazole.  The introduction of an 
azido group into the dye molecule resul ts  in a considerable bathochromic effect. 

5-Azido- (I) and 6-azido-2-methylbenzothiazole  methiodides (i1) and 5 -az ido - l -pheny l -2 -me thy l -  (HI) 
and 6-azido-1,  2-dimethylbenzimidazole ethiodides (IV), which were descr ibed in [2], were used for  the syn- 
thesis  of cyanine dyes containing azido groups in the 5 or  6 posit ion of the benzazole ring. 
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V R=5-Na; VI R=6-Na; VII R=5-Na, R'=H, R"=C=,Hs, n=0; VIII R=L6-Na, R'=H, 
R"=C_~Hs, n=0; IX R=R'=f-Na, R"=CHa, n=l; X R=R'=6-Na, R"=CHa, n=l; XI 
R=5-Na, R'=H, R"=CHa. n=l; XII R=6-Na, R'=H, R"=CHa, n=l; XIII R=5-Na.R'= 
=CH3, X=S; XIV R=6-Na, R'=CH3, X=S; XV R=5-Na. X=N-C6Hs, Y=S; XVI R=6-Na, 
X=N-CHa, Y=S; XVII R=5-Na, X=N-C6Hs, Y=CH=CH; XVIII R=6-Na, X=N-CHa, 
Y=CH=CH; XIX R=5-Na, R'=CzHs. X=N-C6Hs; XX R=6-Na, R'=C2Hs, X=N-CHa 

In contras t  to the qua ternary  salts of benzothiazole azides, the qua te rnary  salts of the benzimidazole 
azides do not fo rm symmet r i ca l  carbocyanines  in either acetic anhydride or pyridine.  When we ca r r i ed  out 
the reac t ion  in nitrobenzene, the azide qua te rnary  salts decomposed.  

On the basis  of data f rom the IR spec t ra  of the cyanine dyes (V-XX), it can be concluded that on pas s -  
ing f rom qua te rnary  salts  to cyanine dyes the azido group in the lat ter  is retained and par t ic ipates  in the 
conjugation sys tem.  The IR spec t ra  of the cyanine dyes contain bands of the a symmet r i ca l  s t retching vibra-  
tions of the azido group at 2105-2123 cm -~ (Tables 1 and 2). 

To c lea r  up the question of the effect of the azido group on the color  of the cyanine dyes we used dyes 
of the benzothiazole ser ies ,  for which s tyry ls  (V, VI), monomethylidynecyanines (VII, VIII), symmet r i ca l  
(IX, X) and unsymmet r ica l  (XI, XII) carbocyanines,  and merocyanines  (XIII, XIV) were obtained. We were 
unable to obtain this se r i e s  for imidacyanines.  F r o m  a compar ison of the absorption maxima of the dyes 
that we obtained and the corresponding unsubstituted dyes the following conclusions can be drawn. The in- 
t roduction of an azido group into the benzazole r ing of the cyanine dye leads to a considerable shift in the 

* See [1] for  communicat ion II. 
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TABLE I.  Cyanine Dyes  f rom Benzoth iazo l e  Az ides  

Compound k m a x ,  nm 

V* 540 
VI* 535 

VI 1 430 
VIII  434 

IX* 576 
X* 580 

XI* 566 
XII* 570 

XIII* 530 
" XIV* 536 

log 

4,70 
4.74 
4,97 
4,91 
5,15 
5,15 
5,07 
5,09 
4,78 
4,79 

Xma x of the dye 
without an azido 
group, nm (log ~ ) 

528 (5,04) 6 
528 (5,,04) 9 
422 (4,91) 7 
422 (4,91) 7 
558 (5,16) s 
558 (5~16) 6 
558(5,,15) s 
55~ (5,15) s 
5~1 (<96p 
521 (4,96) 6 

Empiricalformula YasN3' c m ' l  

12 212,3 
7 2116 
8 2115 

12 2105 
18 2114 
22 2110 

8 2120 
12 2114 
9 2114 

15 2120 

*See  [2] for the synthes i s  of the dyes.  

TABLE 2. 

Corn - 
pound mp~ ~ 

XV 2 1 4 ~ 1 6  
XVI 2 I0~2:h2 

XVII 
XVIII 

XlX 169----170 
XX 1981200 

Cyanine Dyes  

Empirical Fo a~ 
formula _ _  _ _  

N [ S ,  N [ S I 

C27HzsINgS 
C92H23IN6S 
C~gH231N6 
Co4H2slN6 
C22H29N6OS2 
C'17H ,oN6OS2 

f rom B e n z i m i d a z o l e  Azides  

N ;:~'., .'~ ~.., [ 0 �9 

'14,6 5,6 14,2 5,4 522 
1,6,0 I 6,2 15,8 I 6,0 522 
14,01 - -  14,,3[ - -  574 
16,2 - -  16,0 - -  5,34 
18,8 18,9 18,9 13,9 5,24 
21,6 1,6,4 21,9 16,1 526 

5,03 5179 5 
4~7 500~ 22 

5599 15 
4,92 5219 l~ 
5,13 5119 

- -  5119 15 

2110 60 
2115 40 
2110 50 
2112 57 
2110 34 
2110 45 

absorpt ion m a x i m u m  to the long-wave  port ion of the spectrum,  and this shift i s  somewhat  greater  for  thia-  
cyanines  than for imidacyanines .  Two az ido  groups in the 5,5' or  6.6' pos i t ions  of the thiacarbocyanine  
cause  a bathochromic  effect  that i s  twice  that of one azido group in the 5 or 6 pos i t ion  (Table 1). The ab- 
sorpt ion  m a x i m a  of the cyanine dyes containing an az ido  group in the 6 pos i t ion of the benzoth iazo le  ring 
differ only s l ight ly  f rom the absorpt ion m a x i m a  of the 5 -az ido  der ivat ives .  

In [3] it i s  noted that the sl ight di f ference  in the co lor  of the 5,5'-  and 6,6' -subst i tuted th iacarbocya-  
nines  is  a s soc ia ted  with the equal poss ib i l i ty  of  conjugation of the subst i tuents  with the polymethine  chain 
of the dye through both the ni trogen atom and the sulfur atom. The sulfur atom of the th iazo le  ring i s  an 
e l ec tron  conductor  only with respec t  to e l ec t ron-donor  substituents  and does  not part ic ipate  at all  or par-  
t ic ipates  only weakly  in conjugation if  there  is  an e l e e t r o n - a c c e p t o r  substituent in these  pos i t ions  [4]. The 
absence  of conjugation through the sulfur atom for e l e c t r o n - a c c e p t o r  subst i tuents  explains the great  differ-  
ence  in the co lor  of th iacarbocyanines  that contain e l e c t r o n - a c c e p t o r  subst i tuents  in the 5, 5' and 6, 6' pos i -  
t ions .  The s m a l l  d i f ference  in the absorpt ion m a x i m a  of th iacarbocyanines  that contain azido groups in the 
5, 5' and 6, 6' pos i t ions  provides  a bas i s  for a s suming  that the azido group acts  as an e l ec tron-donor  subst i -  
tuent in this  c a s e .  In numer ica l  value its  bathoehromic  effect  approaches  the effect  of the acetamido  group 
[4]. The aee tamido  group does  not cause  deviat ions  when it i s  introduced into one ring of the th iaearbo-  
eyanine [5]. We observe  the s a m e  thing when an az ido  group is  introduced into one benzoth iazo le  ring of 
the  dye. 

It is  known that the co lor  of m e r o c y a n i n e s  i s  shifted bathochromica l ly  when the bas ic i ty  of the h e t e r o -  
cyc l i c  res idue  bonded to the rhodanine ring by a po lymethine  chain i n c r e a s e s .  Th iamerocyanines  containing 
an az ido  group as  a substituent are  m o r e  deeply co lored  (by 9-15 n_m) than the unsubstituted dyes,  and this 
is  an indirect  conf irmat ion  of the fact that the az ido group acts  as  an e l ec tron-donor  substituent.  The s i -  
mi lar i ty ,  in an optical  respect ,  of th iacarbocyanines  that contain an azido group in the 5. 5' and 6, 6' p o s i -  
t ions  can be explained by the equal poss ib i l i ty  of conjugation of the az ido group in these  dyes through both 
the n i trogen  atom and the sulfur atom.  

EXPERIMENTAL 

The IR spec tra  of KBr pe l l e t s  w e r e  recorded  with a UR-10 s p e c t r o m e t e r .  The UV spec tra  of ethanol 
so lut ions  w e r e  recorded  with an S F - 4  spec trophotometer .  

( 3 -Methy l -5 -az ido -2 -benzo th iazo ly l )  (3 ' -Ethy l -2 ' -benzoth iazo ly l )monomethy l idynecyanine  Iodide (VII). 
A mixture  of 0.33 g (1 m m o l e )  of  5 - a z i d o - 2 - m e t h y l b e n z o t h i a z o l e  methiodide0 0.38 g (1 m m o l e )  of 2 - m e t h y l -  
mercaptobenzo th iazo l e  ethyltosylate ,  and 1 m m o l e  of tr ie thylamine  in absolute  ethanol was  ref luxed for 
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30 rain. The dye began to precipitate as the mixture was heated. The mixture was cooled, and the precipi- 
tate was removed by filtration and washed with alcohol to give 0.28 g (45%) of a product with mp 262-264 ~ 
(dec., from ethanol). Found %: N 14.3. S 13.0. C18HI6INsS 2. Calculated %. N 14.2: S 13.0. 

(3-Methyl- 6-azido-2-benzothiazolyl) (3'- Ethyl-2'-benzothiazolyl)monomethylidynecyanine Iodide (VIII). 
This compound was similarly obtained from 0.33 g (I mmole) of 6-azido-2-methylbenzotbiazole and 0.38 g 
(I mmole) of 2-methylmercaptobenzothiazole ethyltosylate. The yield of product with mp 225-228 ~ (dee., 
from ethanol) was 0.32 g (56%). Found %: N 14.17 S 13.2. CtsHt61NsS2. Calculated %: N 14.2. S 13.0. 

Unsymmetrical Carbocyanines XV and XVI. These dyes were obtained by heating equimolecular 
amounts of the corresponding quaternary salts (III or IV) with 3-ethyl-2-formylmethylenebenzothiazoline 
in acetic anhydride. The resulting dyes were removed by filtration, washed with alcohol and ether, and 
crystallized from alcohol (Table 2). 

Unsymmetrical Carboeyanines XVII and XVIII. These compounds were obtained by heating equi- 
molecular amounts of the appropriate quaternary salt (Ill or IV) and 2-w-acetanilidovinylquinoline in acetic 
anhydride in the presence of triethylamineo The dyes were purified by chromatography of chloroform 
solutions of them with a column filled with activity II aluminum oxide (Table 2). 

Merocyanines XIX and XX. These dyes were obtained by heating equimolecular amounts of the cor- 
responding ethiodides (Ill or IV) with acetanilidomethylene-N-ethylrhodanine in ethanol in the presence of 
triethylamine. The products were purified by chromatography of chloroform solutions of them on activity 
II aluminum oxide (Table 2). 
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