
CYANINE DYES FROM 8,9-DIHYDRO-IIH-NAPHTHO- 

[2' , I '  :4,5]THIAZOLO [2,3-c ] [I,4]OXA Z INIU M SALTS 

V. P. Khilya and G. I. Galatsan UDC 668.8' 541.651:547.789.6' 867 

The condensation of the anhydride of diglycolic acid with 2-aminothionaphthol has given 
naphtho[2,1-d] th iazol-2-ylmethoxyacet ic  acid, f rom which e s t e r s  and the amide and 
hydrazide  have been obtained. The li thium te t rahydroaluminate  reduction of the methyl  
e s t e r  of the acid has given a carbinol  which has been conver ted  by react ion with phospho- 
rus  t r ib romide  and subsequent  heating into 8 ,9 -d ihydro- l lH-naph tho[2 ' , l ' : 4 ,5 ] th iazo lo -  
[2,3-c] [1,4]oxazinium bromide .  F r o m  this qua te rnary  sal t  have been synthesized cyanine 
dyes,  the deep colorat ion of which is due to the s trong e lect ron-donatIng action of the 
subst i tuent  in the a position of the polymethine ch romophore .  

The cyanine dyes obtained prev ious ly  [1 ] f rom 3 ,4-d ihydro- lH-benzoth iazo lo  [2,3-c] [1,4]oxazinium 
sal ts  (I) have been tes ted for  the i r  sensi t iz ing action on s i lve r  halide emuls ions .  The resu l t s  of the tes ts  
showed that these dyes have no advantages over  industr ia l  s ens i t i ze r s .  However,  according to a Belgian 
patent  [2], these dyes are  valuable highly intensive sens i t i ze r s  for co lor  f i lm. The addition to the emul -  
sions of s tab i l i ze rs  containing mercap to  groups fur ther  increases  the activity of these sens i t i ze r s .  In 
view of these s ta tements  of the patent,  we have undertaken the synthesis  of benzo der iva t ives  of these 
cyanines f rom sal ts  of s t ruc tu re  (II). Fo r  this purpose,  by condensing diglycolic anhydride with potass ium 
2-aminothionaphthoxide under the conditions descr ibed  by Kiprianova et  al. [3] we obtaIned naphtho [2,1-d]- 
th iazo l -2-y lmethoxyace t ic  acid (Ill), the es te r i f ica t ion  of which in methanol or ethanol in the presence  of 
d ry  hydrogen chlor ide  led to the methyl  or ethyl e s t e r  (IV or  V, respec t ive ly) .  The la t te r  were used to ob- 
tain the amide (VI), the hydrazide (VII), and the alcohol (VIII). Compound (VIII) was conver ted  into the 
bromide f rom which, by in t ramolecula r  alkylation, the qua te rnary  sal t  (IX), and then (II), were  obtained. 

CIO~" X- \ 
| II, IX k 

III IV-VII VIII 

II*XmCIO4I IX X=Br; IV R=OCH3; V R=OC2Hs; VI R=NH2; VII R=NHNH 2 

The methylene group in position 11 of the sal t  (II) proved to be fa i r ly  act ive,  which permi t ted  the 
synthesis  by the usual  methods of s ty ry ls ,  sy m m et r i c a l  and unsymmet r i ca l  carbocyanines ,  dicarbocyanines ,  
and merocyan ines .  Table 2 gives information on the dyes obtained (X-XVI), which may be cons idered  as 
thiacyanines substi tuted in the polymethine chain in which the -CH2CH20- substi tuent is included in a ring 
and is the re fore  fixed in one plane with the naphthothiazole nucleus and the polymethine chromophore .  

As can be seen f rom Table 2, the absorption maxima of the cyanine dyes f rom sal t  (II) are displaced 
considerably  into the long-wave par t  of the spec t rum as compared  with the absorption maxima of the 
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TABLE 1 

Comp. R 

llI COOH 
IV COOCHa 
V COOC~Hs 
VI CONH~ 
VII CONHNH~ 
VIII CH~OH 

m p ,  

186 
85 
68 

180 
176 
95 

Empirical 
formula 

C,,HuNOaS* 
ClsH,aNOaS 
CIsH,sNOaS 
CI4H,2N202S 
C,~H]aNaO=S 
C,~H,aNO~S 

FoUnd, 

S 11,4 
~ 11,2 

10,7 
N t0,4 
N 14,5 

12,4 

Calc., 
% 

S 11,7 
S 11,2 

10,6 
N 10,3 
SN 14,5 

12,4 

A B 

5 0 

58 66 
31 
12 

- -  35 

Rj. ~o~ T Yield, 

C ~176 

o 34 
5 55 
62 56 
1~ 64 

34 
15 52 

* F o u n d ,  %: N 5 2 .  C a l c u l a t e d ,  %: N 5.1.  
$ So lven t  s y s t e m s  fo r  c h r o m a t o g r a p h y :  A,  e thy l  a c e t a t e ;  B, d i e h l o r o -  
e t h a n e -  m e t h a n o l  (9 : 1) ; C ,  d i c h l o r o e t h a n e -  m e t h a n o l  (95 : 5). 

TABLE 2. C h a r a c t e r i s t i c s  of  the D y e s  S y n t h e s i z e d  

Comp. Formula* 

X A = C H B  $ 
Xl A=CHCH=CHB $ 
XII A=CHCH=C 
XIII A=CHCH=D 
XIV A=CHCH= E 
XV A=CHF 
XVI BCH=G 

), mox,ibevi- IBal~o- I 
rap, ] =" , . chromic , 
~ rim, [atton, is_hift, n mj. I 

278 
270 
207 
257 
275 
350 
284 

EtOH inm 

Empirical I s, % Yield, 
formula "j I~ % 

I 

38 118 C291-I2~BrN~O2S2 I 10,9! 11,2 23 
34 122 IC3,H2aBrN202S2 ' 11,2 10,9 60 
19 50 C27H2sC1N2OsS ] 6,3 i 6,1 79 
i6 19 53 'C2sH21CIN~OsS2 112,01 12,1 54 

621CesH2aCIN2OsS i 59 5,8 36 
18 !C23H2,ClN~OsS 619 6,8 63 

69 23,3 14 60 iC2oH~6N2()2Sa 23,11 

676 --  
772 
592 ~7 
611 
64O , 0,5 
548 95 
584 25 

A 

_ 

t 
r CH 3 C2H ~ 

E= ; F= Nlc"0:,; G=o:Qs~.  s 
I I C,2115 C211~ 

TAXi,  in comparison with the analogous dyes from salt (I); A~2, in 
c o m p a r i s o n  wi th  the ana logous  dyes  f r o m  2 - m e t h y l b e n z o t h i a z o l e  
e t h i o d i d e .  
$ B r o m i d e .  

a n a l o g o u s  t h i a c y a n i n e s  u n s u b s t i t u t e d  in the  p o l y m e t h i n e  c h a i n .  As in the  c a s e  of the dyes  f r o m  s a l t  (I), the 
o b s e r v e d  b a t h o c h r o m i c  e f f e c t  m u s t  be  a s c r i b e d  to  the e l e c t r o n - d o n a t i n g  a c t i o n  of  the  oxygen  a t o m  f o r m i n g  
p a r t  o f  a c y c l i c  s y s t e m ,  s i n c e  t h e r e  i s  no s t e r i e  h i n d r a n c e  in the m o l e c u l e s  of t h e s e  d y e s .  Th is  c o n c l u s i o n ,  
in p a r t i c u l a r ,  fo l lows  f r o m  the f ac t  t ha t  in th i s  s e r i e s  of dyes  a n o r m a l  v iny l ene  d i f f e r e n c e  of  96 nm (X and 
XI) i s  o b s e r v e d .  The a b s o r p t i o n  c u r v e s  of  the  dyes  ob ta ined  have  n a r r o w  and s h a r p  a b s o r p t i o n  m a x i m a  
r e s e m b l i n g  in shape  the a b s o r p t i o n  c u r v e s  of the c ya n ine  dyes  f r o m  2 - m e t h y l b e n z o t h i a z o l e  e t h i o d i d e .  Th is  
s i m i l a r i t y ,  and a l s o  S t u a r t - B r i e g l e b  m o d e l s ,  c o n f i r m  the c o p l a n a r i t y  of  the m o l e c u l e s  of the new d y e s .  

The c a l c u l a t e d  d e v i a t i o n s  f o r  the u n s y m m e t r i c a l  d y e s  show tha t  the  b a s i e i t y  of  the h e t e r o c y c l i c  
n u c l e u s  in the  m o l e c u l e s  of the  d y e s  f r o m  the s a l t  (H) is  a l m o s t  equa l  to the  b a s i c i t y  of  a qu ino l ine  n u c l e u s .  

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

The c h r o m a t o g r a p h y  of c o m p o u n d s  (III-VIII)  was  p e r f o r m e d  on p l a t e s  in a thin l a y e r  of  M e r c k  s i l i c a  
g e l  G, and the  s p o t s  w e r e  r e v e a l e d  wi th  iod ine  v a p o r  (Table  1). 

2 - N a p h t h o [ 2 . , 1 - . d ] t h i a z o l - 2 - y l m e t h o x y a e e t i c  A c i d ( H I ) .  To a f r e s h l y  p r e p a r e d  hot  (50~ m e l t  of 
p o t a s s i u m  2 - a m i n o - l - t h i o n a p h t h o x i d e  o b t a i n e d  f r o m  25 g (0.11 mole )  o f / 3 - n a p h t h y l e n e t h i a z t h i o n i u m  
h y d r o x i d e  [4, 5J w e r e  a d d e d  20 m l  of  g l a c i a l  a c e t i c  a c i d  and 13.2 g (0.11 mole )  of  f i n e l y  g r o u n d  d t g l y c o l i e  
a n h y d r i d e  [6]. A f t e r  the end  of the  e x o t h e r m i c  r e a c t i o n ,  the  m i x t u r e  was  h e a t e d  at  100~ fo r  30 ra in ,  and 
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then a 10% solution of caus t ic  po tash  was added to give an alkaline reac t ion  and the mix tu re  was f i l t e red .  
The deco lor ized  f i l t ra te  was neu t ra l i zed  with hydrochlor ic  acid to Congo Red. The product  that  deposi ted 
was c r y s t a l l i z e d  f rom acet ic  acid .  Yield 16 g. 

Methyl E s t e r  of (III) (IV). A suspens ion of 7 g (25 mmoles)  of (III) in 120 ml  of  methanol  was sa tu -  
r a ted  with d ry  hydrogen chlor ide until the solid m a t t e r  had dissolved,  and was then boiled for  3 h. The 
res idue  a f t e r  the alcohol  had been dis t i l led  off was  made alkaline with sodium carbonate  solution.  The p r e -  
cipi tate  that  deposi ted was i l l ,  r ed  off and washed with wa te r  until  m i n e r a l  sa l t s  had been e l imina ted  c o m -  
p le te ly .  The yield of (IV) was 4 g; co lo r l e s s  pla tes  ( f rom heptane) .  

The ethyl e s t e r  of (III) (V) was obtained s i m i l a r l y  to compound (IV). 

The Amide of (III) (VI). A mix tu re  of 0.5 g (17 mmoles )  of (IV) and 10 ml  of d ry  methanol  was s a t u -  
r a t ed  with a m m o n i a  and was lef t  for  2-3 days .  The prec ip i ta te  was f i l t e red  off and c rys t a l l i zed  f rom 
ethanol .  Thin c o l o r l e s s  need les .  Yield 0.3 g. 

Hydrazide of (III) (VII). A m i x t u r e  of 0,5 g (17 mmoles )  of (IV) and 0.5 ml  of 85~c hydraz ine  hydra te  
was heated  a t  100~ for  45 min,  and then 15 ml  of d ry  methanol  was added (complete dissolution) and hea t -  
ing was continued for  another  2 h.  The (VII) was c ry s t a l l i z ed  f rom ethanol .  Yield 0.17 g. 

2 -Naphtho[2 ,1-d] th iazol -2-y lmethoxyethanol  (VIII). A solution of 2 2 g (7.6 mmoles )  of (IV) in 25 ml  
of t e t r ahydro fu ran  was added dropwise to a s t i r r e d  solution of 0.17 g (4.4 mmoles )  of l i thium t e t r a h y d r o -  
a luminate  in 50 ml  of t e t r ahydro fu ran  at  -50~ the mixture  was s t i r r e d  at -50~ for  another  1 h, and then 
15 ml  of moi s t  e the r  was added dropwise  at -30~ and a solution of 1 2 g of caus t ic  soda in 7 ml  of wa te r  
at -20~ After  the r e m o v a l  of the a luminum hydroxide,  the f i l t ra te  was diluted with e ther ,  washed with 
wa te r ,  and dr ied  with sodium sul fa te .  The res idue  a f te r  the dist i l lat ion of the e the r  was c rys t a l l i zed  f rom 
a mix tu re  of heptane and carbon  t e t r ach lo r ide .  Light-yellow needles .  Yield 1.4 g. 

8 , 9 - D i h y d r o - l l H - n a p h t h o  [2' ,1 ' -4 ,5] th iazolo  [2,3-c ] [1,4]oxazinium P e r c h l o r a t e  (II). To a solution of 
0.8 g (3 mmoles )  of (VIII) in 20 ml  of ca rbon  t e t r ach lo r ide  at -15~ 1.1 g (4 mmoles )  of phosphorus  t r i -  
b romide  was added d ropwise .  The solvent  was dis t i l led off, the mixture  was heated at 100~ for  1 h and 
cooled,  and 15 ml  of wa t e r  was added followed by sodium carbonate  solution to an alkaline reac t ion .  The 
oil that  s e p a r a t e d  out was ex t rac ted  with e the r  and dr ied with ca lc ium chlor ide .  The res idue  a f te r  the 
dis t i l la t ion of the e the r  was hea ted  in xylene at 130-140~ for  2 h 30 min .  The b romide  (IX) fo rmed  was 
washed  on the f i l t e r  with xylene and with e the r .  Yield 0.58 g (56~c). The action of NaC104 in wa te r  on the 
(IX) gave (II) in the f o r m  of p la tes  with mp 298~ (f rom wate r ) .  Found, %: C1 10.6; S 9.6. C14HI2C1NOsS. 
Calcula ted,  %: C1 10.4; S 9.4. 

B i s { 8 , 9 - d i h y d r o - l l H - n a p h t h o  [2' ,1' :4,5]thiazolo [2,3-c] [1,4]oxazine-(l l)~ monomethinecyanine  Bromide  
(X). A mix tu re  of 0.18 g (1.2 mmole)  of d ie thoxymethyl  aceta te  and 0.18 g (0.55 mmole)  of (IX) in 3 ml  of 
pyridine was hea ted  to the boi l .  The dye fo rmed  prec ip i ta ted  ins tantaneously .  Heating was continued for 
another  10 rain.  After  cooling, the dye was f i l te red  off and was c rys t a l l i zed  f rom acet ic  acid.  Yield of (X) 
0.04 g.  

Bis { 8,9-dihydr o-11H -naphtho [2 ' ,  1 ' :4,5 ]thiaz olo [2,3-c ] [1,4 ]ox az ine - (11 ) ~ t r ime  thine cyanine Br om ide 
(XI). A mix tu re  of 0.12 g (0.3 7 mmole)  of (IX) and 0.12 g (0.82 mmole)  of fl - e thoxyacro le in  diethyl aceta l  
in 5 ml  of pyridine was rapidly  heated  to the boil .  A prec ip i ta te  of dye deposi ted immedia te ly ,  and this 
was f i l te red  off and was washed on the f i l t e r  with hot wa te r  and with sma l l  amounts of ethanol and e the r .  
Yield of (XI) 0.11 g. 

The dyes (XII-XVI) were  obtained by gene ra l  methods .  
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