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It has been shown that the reaction of monomethinccyanines con- 
raining 4-bcnzopyrylium residues with quaternary salts of derivatives 
of 2-[0", 5 ", 5'-trime~ylcyel0hex-1 '-en-3'-ylidenc )-methyl]benzo- 
thiazole leads to the mission of the pyrylium ring and the addition of 
the quaternary salt to the position of mission. The reaction gives 
tet~aearboeyanines containing an o-hydroxyphenyl or an o-aeeto~o/- 
phenyl substiment in the polyrnethine chain in addition to a hydro- 
carbon ring. 

P rev ious ly ,  one of us  has  d e s c r i b e d  a r e a c t i o n  b e -  
tween u n s y m m e t r i c a l  benzopyry lomonometh ineeyan ines  
of type I and compounds  with act ive methy l  o r  m e t h y l -  
ene  groups  [1, 2]. It was shown that  ff q u a t e r n a r y  sa l t s  
of 2 - m e t h y l - s u b s t i i n t e d  n i t rogen  he t e rocyc le s  we re  
used  as the nucleophi l ie  components  in  this  r eac t ion ,  
d i ca rbocyan ines  con ta in ing  o-hydroxyphenyl  groups  as 
subs t i tuen t s  in  the po lymeth ine  cha in  w e r e  obta ined 
[1]. The r eac t i on  of I with cycl ic  ke tomethy leus  c o m -  
pounds f o r m s  t e t r a m e t h i n e m e r o c y a n i n e s  and the r e -  
act ion with propenyl  de r i va t i ve s  of q u a t e r n a r y  s a l t s  of 
n i t rogen  he te rocyc le  t r i c a r b o c y a n i n e s  [2]. It appeared  
of i n t e r e s t  to s tudy the appl icab i l i ty  of this  r e a c t i o n  fo r  
the syn thes i s  of dyes  with longer  po lymeth ine  cha ins ,  
in  p a r t i u c l a r  t e t r a c a r b e c y a n i n e s .  This  d e s e r v e d  a t t e n -  
t ion because  dyes of this  type a re  p h o t o s e n s i t i z e r s  for  
photo e m u l s i o n s  in  the IR reg ion  of the s p e c t r u m  [3] 
and methods fo r  t he i r  syn the s i s  a re  inadequate ly  de -  
veloped.  

In the p r e s e n t  work  we s tudied the r e a c t i o n  of m o n o -  
me th inecyan ines  of the type of I with q u a t e r n a r y  sa l t s  
of 2 - [ ( l ' , 5 ' , 5 ' - t r i m e t h y l c y c l o h e x - l ' - e n - 3 ' - y l i d e n e ) m c t h -  
yl]benzothiazolc  of type II. As a r e s u l t  of the r eac t ion ,  
du r ing  which the p y r y l i u m  r i n g  opened,  t h i a t e t r a c a r b o -  
cyan ines  were  fo rmed  with hyd roca rbon  r e s i d u e s  and 
o-hydroxyphenyl  subs t i t uen i s  in  the ch romophore  (nT). 
The r e a c t i o n  took p lace  when the r e a c t a n t s  were  hea ted  
b r i e f ly  in  the wa t e r  bath in pyr id ine  in  the p r e s e n c e  of 
an e q u i m o l e c u l a r  amount  of t r i e t h y l a m i n e .  With an e x -  
cess  of t r i e t h y l a m i n e ,  in  addi t ion to the t e t r a c a r b o c y -  
anine,  the d i ca rbocyan ine  IVwas  fo rmed  in  c o n s i d e r a b l e  
amount .  In t h e p e r f o r m a n c e  of the r eac t ion ,  the mi x t u r e  
had to be pro tec ted  f r o m  sunl ight ,  s ince  the dyes f o r m e d  

are  uns t ab le  to light. The r e a c t i o n  i s  bes t  c a r r i e d  out 
in  the p r e s e n c e  of a s m a l l  exces s  of ace t ic  anhydr ide .  
In  th is  ease ,  the phenolic  hydroxyl  of the dye is  ace ty -  
la ted,  which i s  shown by the p r e s e n c e  in  the IR s p e c t r a  
of the compounds  fo rmed  of a band c h a r a c t e r i s t i c  for  
the ca rbony l  group (at 1760 em- l ) .  

In the p r e s e n t  work,  in addi t ion to I [4], the m o n o m e t h -  
i ne c ya n i ne s  I a - g  g iven in  Table  1 were  syn thes ized  
by the condensa t ion  of 4 - m e t h o x y b e n z o p y r y l i n m  sa l t s  
with subs t i tu ted  3 - e t h y l - 2 - m e t h y l b e n z o t h i a z o l i n e s .  Al l  
these  compounds  d i s so lve  in  e thanol  with an orange  
co lora t ion .  
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*Here, and subsequently, the values o f  kma x arc given for  alcohol solutions. 

Sta r t ing  f r o m  these  dyes  and the q u a t e r n a r y  sa l t  
II, and a lso  i t s  5 -me thoxy  (Ha), 6 -me thy l  (Hb), and 
6 , 7 - t e t r a m e t h y l e n e  (IIc) d e r i v a t i v e s ,  the t h i a t e t r a -  
c a r b o e y a n i n e s  (Ill,  I ~ a - h )  (Table  2) have been  s y n -  
thes ized  by the s c h e m e  given above. It  is  i n t e r e s t i n g  
to note  that the abso rp t ion  m a x i m u m  of the t e t r a c a r b o -  
cyanine  HI is  d i sp laced  25 a m  to the long-wave  r eg ion  
in  c o m p a r i s o n  with the abso rp t ion  m a x i m u m  of the 
analogous t e t r a c a r b e c y a n i n e  not con ta in ing  an o - h y -  

Ta b l e  1 
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T a b l e  2 
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T a b l e  3 

M o n o m e t h i n e e y a n i n e s  I a - g  
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T a b l e  4 

T h i a t e t r a e a r b o c y a n i n e s  I I I a - h  
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d r o x y p h e n y l  s u b s t i t u e n t  i n  t h e  c h r o m o p h o r e ,  w h i l e  t h i s  

g r o u p  in  t he  m e s o  p o s i t i o n  of  a t h i a e a r b o c y a n i n e  d o e s  

no t  a f f e c t  i t s  c o l o r a t i o n  [5] and  in  p o s i t i o n  9 of  a t h i a -  
d i c a r b o c y a n i n e  s h i f t s  t h e  a b s o r p t i o n  m a x i m u m  in  t h e  
l o n g - w a v e  d i r e c t i o n  by  o n l y  14 n m  [1]. 

I t  w a s  n o t e d  p r e v i o u s l y  t h a t  b e n z o t h i a p y r y l o m o n o -  

m e t h i n e e y a n i n e s  ( fo r  e x a m p l e ,  V) r e a c t  w i t h  a g r e a t e r  
d i f f i c u l t y  t h a n  t h e i r  o x y g e n  a n a l o g s  w i t h  c o m p o u n d s  

h a v i n g  a c t i v e  m e t h y l  g r o u p s .  The  m o n o m e t h i n e c y a n i n e  
V d o e s  no t  r e a c t  a t  a l l  w i t h  c o m p o u n d s  of  t y p e  1T u n d e r  

t h e  c o n d i t i o n s  g i v e n  above .  The  l o w e r  e l e c t r o n  a f f i n i t y  
of  V a s  c o m p a r e d  w i t h  I w a s  d i f f i c u l t  to  p r e d i c t  b e f o r e -  
hand .  

I 
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i j  

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

The monomethinecyanines ( h - g )  were obtained by the following 
l~Oeedure. The derivatives of 3-ethyl-2-methylenebenzotbiazoline 
were obtained by the general method [6], i . e . ,  by the treatment with 
caustic soda of the eo~responding quaternary salt in aqueous acetone. 
The product obtained by the dilution of the filtrate with water was 
washed with lee water. They were white amorphous substances. 

A solution of 0.01 mole of the eo~responding 3-ethyl-2-methylene- 
benzothiazole in 3 ml of glacial acetic acid was added to a solution 
of 0.012 mole of 4-methoxybenzopyrylium o-nitrobenzene sttlfonate 
[7], or its 7-methyl or 7-methoxy derivative (the latter were obtained 
by the addition of methyl o-nittobenzenesulfonate to, respectively, 
q-methyl- and 7-methoxyehromones [8]) in 15 ml of acetic anhy- 
dride. The mixture was heated at 100" C for 1 hr, and the product 
that precipitated on cooling was filtered off and crystallized. If the 
dye did not precipitate, the mixture was diluted with ether, and the 
product was triturated with 15 ml of ethanol and filtered. Table 3 
gives the yields, decomposition Points, and analytical results for the 
monomethineeyanides Ia-g. Compound Ie was crystallized from 
glacial acetic acid, Ia and Ig from a mixture of ethanol and nitro- 
methane, and the other substances from ethanol. 

2 -[(1 ' ,  5", 5 "-Trimethyleyelohex- 1' -en -3" -ylidene}methyl]-6, 7 - 
te~ame~yle, u e ~ | ~ 7 ~ l e  He) was obtained in a similar manner 
to II [9]. A mixture of 10 g (0.025 mole) of the ethyl tow/late of 2- 
methyl-6, 7-tetramethylenebenzothiazole and 6.9 g (0.05 mole) of 
isophorone was heated at 150~155" C for 17 hr. The reaction mixture 
was poured into 9.20 ml of water and extracted with ether (3 x 200 
ml). To the aqueous solution was added a solution of 8 g of potassium 
iodide in 15 ml of water. After standing for 3 bt at 0. C, the precipi- 
tate was filtered off, washed with 10 ml of ice water, and crystallized 
from methanol. Yield 2.7 g (23~ decomp, p. ~0--231" C. Found, 
%: S 6.49, 6.52. Calculated for CzsH~INS , %: S 6.68. 

2-[~1", 5", 5 ' - T r i m e t h y l c y c l o h e x - 1  ' - e n  -3  ' - y l i d e n e J m e t h y l ] - 5  - 
m e t h o x y b e n z o t h i a z o l e  ethiodide (Ha) and 2-[(1', 5', 5'-a-imefllylcyclo- 
hex-l'-en-3"-ylidene)methyl]-6-methylbenzothinzole ethiodide (IIb) 
were obtained by heating the ethyl tow/lates of the corresponding 5- 
methoxy- and 6-methylbenzothiazoles with isophorone at 135--140" C 
for 16 hr. The products were isolated in a similar manner to He. The 
yield of Ha was 20~ decomp, p. 231--232" C. The yield of lib was 
16~ deeomp, p. 229--230 ~ C. For Ha, found, %= S 6.91, 6.87. 
Calculated for CToHz6INOS; %: S 7.03. 

3, 3'-Diethyl-9,11-(B, B-dimethyltrimethylene )- 15 -(o -hydroxy - 
pl~ayl)thlatetracazbooyantlle iodide (Ill~ A mixture of 0.508 g of I 
0.425 g of II, 0.1 g of triethylamineo and 10 ml of pyridine was heated 
at 100. C for 5 min. The cooled solution was poured into a mixture of 
50 ml of ice water and 50 ml of ether, The solution was decanted off 
and the viscous oil that had separated was repeatedly washed with 
ether and water. The solidifying substance was filtered off, washed 
on the sintered glass filter with 5 ml of cold ethanol, and dissolved in 
fi0 ml of methanol heated to the boil. The solution was filtered, the 
filtrate was treated with a methanolin solution of potassium iodide, 
and the mixture was cooled in ice. The dye was filtered off and was 
washed with methanol, water, methanol, and ether. Green micro- 
crystalline product with a metallie luster. Yield 0.4 g (52~ decomp. 
p. 196" C. Found, %: S 8.33, 8.43. Calculated for C~H~IHzOS~, %: 
s 8.77. 

The other thiatetracarboeyanines were synthesized analogously, 
except that in the lxeparation of Illb--h 0.1g ml of acetic anhydride 
was added to the mixture (see Table 4). 
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