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Previously unknown symmetrical and unsymmetrical l~, B'-dialkoxyte- 
tracarbocyanine and 8, 8'-dialkoxypentacarbocyanine dyes have been 
synthesized by the condensation of 8-aikoxy-substituted hexamethine 
and octamethine hemieyanines with quaternary salts of B-alkoxypro- 
penyt derivatives of heterocyctic bases. Tetracarbocyanines with a 
symmetrical structure have also been obtained by the direct interaction 
of quaternary salts of 8-alkoxypropenyl derivatives of heterocyclic 
bases with malonaldehyde dianil~ 

It  h a s  p r e v i o u s l y  b e e n  s h o w n  t h a t  t he  c o n d e n s a t i o n  

o f / 3 - a l k o x y - s u b s t i t u t e d  t e t r a m e t h i n e  h e m i c y a n i n e  d y e s  

(I; n = 1) w i t h  q u a t e r n a r y  s a l t s  of  f l - a l k o x y p r o p e n y l  

d e r i v a t i v e s  of  h e t e r o c y c l i c  b a s e s  (II) r e a d i l y  f o r m s  

s y m m e t r i c a l  and  u n s y m m e t r i c a l  t r i c a r b o c y a n i n e s  

c o n t a i n i n g  a l k o x y  g r o u p s  in the  f l , / 3 '  p o s i t i o n s  of  t he  

p o l y m e t h i n e  c h a i n  (I l l ;  n = 1) [1, 2]. 
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W e  h a v e  r e c e n t l y  s y n t h e s i z e d  h i g h e r  v i n y l e n e  h o m o l o g s  

of  I (n = 1, 2) [2, 3] .  In c o n n e c t i o n  w i t h  t h i s ,  i t  a p p e a r e d  

of  i n t e r e s t  to  a t t e m p t  to  c a r r y  ou t  t h e  c o n d e n s a t i o n  of 

t h e  h e x a r n e t h i n e  a n d  o c t a m e t h i n e  h e m i c y a n i n e s  s o  

o b t a i n e d  w i t h  t he  s a l t s  II ,  w h i c h  m i g h t  b e  e x p e c t e d  to 

f o r m  t h e  p r e v i o u s l y  u n k n o w n  fl ,  fi ' - d i a l k o x y - s u b s t i t u t e d  

t e t r a c a r b o c y a n i n e  and  p e n t a e a r b o c y a n i n e  d y e s  HI (n = 

= 2, 3). W h e n  t r i e t h y l a m i n e  w a s  a d d e d  to  a m i x t u r e  of  

t h e  e t h i o d i d e  of  2 - f l - e t h o x y -  w - a c e t a n i l i d o h e x a t r i e n y l -  

b e n z o t h i a z o l e  (IV) and  t he  e t h y l  e t h o s u l f a t e  of  2 - f l -  

e t h o x y p r o p e n y l b e n z o t h i a z o l e  (V) in a n h y d r o u s  e t h a n o l ,  

an  i n t e n s e  b l u e - g r e e n  c o l o r a t i o n  i m m e d i a t e l y  a p p e a r e d  

a n d  g o l d e n  c r y s t a l s  r a p i d l y  b e g a n  to s e p a r a t e .  T h e  dye  

o b t a i n e d  w a s  f o u n d  to b e  3, 3 ' - d i e t h y l - 9 ,  1 5 - d i e t h o x y t h i a -  

t e t r a c a r b o c y a n i n e  i o d i d e  (III; Y = Y '  = S; R = R '  = Alk  = 

= C2H5; X = l;  n = 2).  S i m i l a r l y ,  2 - / 3 - e t h o x y - w - a c e t a n -  
i l i d o o c t a t e t r a e n y l - b e n z o t h i a z o l e  a n d  V, on b e i n g  h e a t e d  

f o r  5 r a in  in  b o i l i n g  e t h a n o l  in t h e  p r e s e n c e  of  t r i e t h y -  

l a m i n e ,  g a v e  3, 3 ' - d i e t h y l - 9 ,  1 7 - d i e t h o x y t h i a p e n t a c a r b o -  

c y a n i n e  i o d i d e  (III, Y = Y '  = S; R = R '  = Alk  = CfH5; 

X = I; n = 3) .  In t h i s  way ,  a s e r i e s  of  s y m m e t r i c a l  

a n d  u n s y m m e t r i c a l  t h i a -  and  s e l e n a t e t r a c a r b o c y a n i n e  

and  p e n t a c a r b o c y a n i n e  d y e s  w a s  o b t a i n e d  [3].  I t  w a s  

f o u n d  t h a t  t h e  s y m m e t r i c a l  t e t r a c a r b o c y a n i n e s  (I l l ,  n = 

= 2) c a n  a l s o  b e  s y n t h e s i z e d ,  a l t h o u g h  in l ow  y i e l d s ,  

b y  t h e  d i r e c t  i n t e r a c t i o n  of  2 m o l e s  of  t h e  p r o p e n y l  

salt with 1 mole of malonaldehyde dianil in acetic anhy- 
dride in the presence of triethylamine at 15~ ~ C [4]. 
The absorption maxima of the dyes Ill are displaced to 
the short-wave region in comparison with those of 
compounds unsubstituted in the polymethine chain, as 
in other cases [5, 6]. The fl,/5 '-diaikoxytetra- and 
-pentaearbocyanines exhibit a greater sensitizing 
action than dyes not containing alkoxygroups. However, 
they sensitize silver halide emulsions to shorter rays. 

EXPERIMENTAl. 

8, 8 '-Diethyl-9, 15 -diethoxy~hiatetracarbocyanine iodide. 
a) To 0.85 g (0.001 mole) of IV and 0.38 g (0.001 mole) of V in 

10 ml of anhydrous ethanol was added 0.15 g (0.0015 mole) of triethy- 
lamine (TEA), whereupon an intense blue-green coloration appeared 
and golden green crystals gradually deposited. After 20 hr, the pre- 
cipitate was filtered off and washed with water, ethanol, and ether. 
Yield 0.68 g (84.8%), mp 185~ ~ C. 

b) A mixture of 0 .%g (0.002 mole) of V, 0.22g (0.001 mole) of 
malonaldehyde dianil. 2 ml of acetic anhydride, and 0.2g (0.002 
mole) of TEA was left for 20 hr at 20~ ~ C and was then dituted 
with ether. The precipitate that deposited was washed with ether and 
dissolved in 180 ml of ethanol, and an equal volume of a 10~ 
solution of potassium iodide was added. The yield was 0.28 g (42%), mp 
166~ ~ C. For purification, the dye was crystallized from ethanol 
Green prisms with a bronze tinge, mp 171~ ~ C (deeomp); kma x 
780 nm (here and below, Xma x is given in ethanol). Found, ~ 
I 18.28. Calculated for CalHastNaOaS2 �9 CfHsOH, %: I 18.02. Per- 
chlorate: golden green prisms (from ethanol) mp 186~ C. Found, 
%: C1 5.62. Calculated for CaIHasC1N2OsS ~, % C1 5.66. 

8, 3 '-Diethyl-9, 15 -dimethoxyselenatetraearboeyanine iodide, 
Obtained in a similar manner to the preceding case (a), from 0.29 g 
(0.0005 mole) of 2-8-methoxy-w-acetanilidohexatrienyIbenzoselena- 
zole ethiodide and 0.20 g (0.0008 mole) of the ethyl methyl sulfate 
derivative of 2-8-methoxypropenylbenzoseIenazole (VI) in 5 ml of 
anhydrous ethanol in the presence of 0.1 g (0.001 mole) of TEA. Yield 
0.20 g (85%), mp 144~ ~ C; b) from 0.40 g (0.001 mole) of VI, 
0.11 g (0.0005 mole) of malonaldehyde dianil, and 0.2 g (0.002 mole) 
of TEA in 2.0 ml of acetic anhydride. Yield 0.10 g (28%), mp 144 ~ 
145" C. Golden green prisms with mp 148~ ~ C (after two washings 
with boiling ethanol); kma x 790 nm. Found, %: I 17.38. Calculated 
for C29HalN2OzSe2, %; I 17.52. 

8, 8 '-Diethyl-9-ethoxy-15 - methoxythiaselenatetracarbocyanlne 
iodide. A mixture of 0.27 g (0.0005 mole) of IV, 0.20 g (0.0005 mole) 
of VI, 6 ml of anhydrous ethanol, and 0.I g (0.001 mole) of TEA was 
heated in the boiling water bath for 2 minutes. After 20 hr, the crystal- 
line precipitate was filtered off. Yield 0.20 g (62%), mp 151 ~ ~ C. 
Golden green plates with mp 152~ ~ C (after washing with boiling 
ethanol); X.ma x 785 nm. Found, %: I 18.15. Calculated for 
Ca0HsaINzOfSSe, % I 18.36. 

8, 3 '-Diethyl-9,17-diethoxythfapentaearbocyanine iodide. A 
mixture of 0.57 g (0.001 mole) of 2-8-ethoxy-w-acetanilidooctate- 
traenylbenzothiazole ethiodide (VII), 0.38 g (0.001 mole) of V, 10 ml 
of ethanol, and 0.2 g (0.002 mole) of TEA was heated in the boiling 
water bath for 5 min. The crystalline precipitate that separated on 
cooling was filtered off and washed with water, ethanol, and ether. 
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Yield 0.32 g (48%). mp 131~ ~ C. Golden green needles, mp 145 ~ 
146 ~ C (from methanol), k 880 nm. Found, %: I 17. 92. Calculated aX 
for Cs~Hs~INsOeS2.CHsOH , ~ I 17.71. Perehlorate: golden green needles, 
mp 149~ ~ C (from methanol). Found, %: C1 5.66. Calculated for 
CasHs~C1NsO~Sz, %: C1 5.40. 

3.3 '-Diethyt-9, 17 -dimethoxyselenapentacarbocyantne iodide. 
Obtained simi/arly to the preceding compound from 0.30 g (0.0005 
mole) of 2-g-methoxy-w-acetanilidooctatetraenylbenzoselenazole 
and 0.20 g (0.0005 mole) of VI in 7 ml of ethanol in the presence of 
0.1 g (0.001 mole) of TEA. Yield 0.15 g (40%). Dark green prisms with 
mp 151~ ~ C; X 890 nm. Found. %: l 16.70. Calculated for 

m a x  
C~lHs~INzOzSez, %: I 1G.91. 

3.3 '-Diethyl-9 -ethc~xy-17 - methoxythiaselenapent aearbocyantne 
iodide. From 0.28 g (0.0005 mole) of VII and 0.20 g (0.0005 mole) of 
VI in 10 ml of ethanol in the presence of 0.1 g (0.001 mole) of TEA. 
Yield 0.17g/49%). Golden green needles with mp 13!~ C; 
~'max 885 nm. Found, %: I 17.40. Calculated for CszHsaIN~OzSSe, %: 
I 17.69. 

The authors express their deep gratitude to G. F. Kurepina, K. I. 
Pokrevskaya, and I. A. Viteb~kaya for investigating the coloration 
and photographic properties of the dyes. 
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