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XII*. DYES FROM 7-BROMONAPHTHO [1,8-bc]THIOPYRAN-3 (2H)-ONE 

S. I .  S a e n k o  a n d  M. A.  M o s t o s l a v s k i i  UDC 668.816.5:543.422.6 

A number  of new thioindigoid dyes have been synthesized.  They have been subjected to 
photochemical  i somer iza t ion .  The absorpt ion  s p e c t r a  of the dyes synthesized have  been 
compared  with the absorpt ion  s p e c t r a  of analogous dyes not containing bromine~ The 
spec t r a  of the cis f o r m s  a re  l ess  sens i t ive  to the introduction of a b romine  a tom than 
those of the t rans  f o r m s .  

The p resen t  paper  desc r ibes  a s e r i e s  of new thioindigoid dyes capable  of r e v e r s i b l e  photochemical  
c i s - t r a n s  i somer i za t i on .  We have shown previous ly  [2] that when naphtho[1,8-be]thiophen-2(2H)-one 
(perinaphththiolactone, I) is halogenated, substi tution takes  place in posit ion 6, and subs tances  I I - IV a r e  
obtained f r o m  I: 

CH 
S - - C ~ O  - -  = 0  HOOCH H COCH 3 

7 4 ~  

I X II,III XIVV X VI.VII 

X 
VIII, IX trans- X-XH 

II X=CI; I11 X=Br; IV X=Ct; V X'---Br; VI X=CI;:VII X=Br;VIII X.=CI; |XX=Br; 
X X=CI; Xl X=Br; XII X=H 

We have now obtained a fu r the r  conf i rmat ion  of the s t ruc tu re  II by convert ing it (via IV, VI and VIII) 
into the dye X, identical  according to its absorpt ion s p e c t r u m  with the 7 ,7 ' -dichloroper inaphththioindigo ob- 
tained by E. P. Gendrikov by a method el iminat ing doubt as to the posit ion of the halogen. The absorpt ion  
max ima  of the t rans  and cis f o r m s  of the dyes X and XI in t r ich lorobenzene  a r e  compared  with the spec t r a l  
c h a r a c t e r i s t i c s  of unsubsti tuted perinaphththioindigo (XII) in Table 1. 

The convers ions  of XII into the 7 ,7 ' -d ich loro  and into the 7,7~-dibromo de r iva t ives  a r e  accompanied  
by prac t ica l ly  identical  shifts  of Xmax in the long-wave direct ion,  the spec t r a  of the cis f o r m s  being less  
sens i t ive  to the introduction of a subst i tuent  than the spec t r a  of the t rans  f o rms .  

A s e r i e s  of u n s y m m e t r i c a l  dyes with the genera l  fo rmula  A, solutions of which in benzene undergo 
photochemical  t r ans  ~ cis and cis ~ t r ans  i somer iza t ion ,  has been synthes ized by the condensat ion of IX 

*For  Communication XI, see  [1]. 
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T A B L E  1. In f luence  of a Ha logen  A t o m  on the  S p e c t r u m  of the  Sym= 
m e t r i c a l  Dye 

Dye 

X e 
XI 

XII 

l 
_ trans isomer 

~'max. nm Zma~-- ~max Xll,rlm 

650 12 
6'51 13 
638 0 

cis isomer 

~'rnax-- 
~'max' nm ~'max xII,r lm 

520 6,5 
521,5 8 
513,5 0 

AX max trans- 
cis, nm 

130 
129,5 
124,5 

* A c c o r d i n g  to [3], f o r  the  t r a n s  f o r m  of  7 , 7 ' - d i e M o r o p e r i n a p h t h t h i o -  

indigo ,  Xma x 650 nm,  e m a  x 3 .0 -104 ,  and  fo r  the  c i s  f o r m X m a  x 520 
nm,  e m a  x 2.0 �9 104. 

T A B L E  2 .  p r o p e r t i e s  of the  Dyes  of  G e n e r a l  F o r m u l a  A 

:om = 
ound 

XIII 
XIV 
XV 

XVI 
XVII 

XVIII 

H 
6-OC2Hs 
4-CHa; 
6-C1 
6-CI 
5,6 benzo 
7-Cl 
6, 7-( l ' -  
chloro- 
benzo) t" 

: trans 
form 

598 2,86 
2,9 
2,71 

597, 2,79 
622 2,93 

1i15 --  

iCal ct lat- CiS Found, form Empirical 
formula ~- 

j J ! 

485 
470 
482 

485, 
511 

507 

,46 C2oHgBrO2S2 
,57 C=HlzBrOsS2 
,39 C21HIoBrCIO~S~ 

,55 C~oHsBrCIO2S2 
14 C~4HxoBrC102S2 

C~4HIoBrC102S2 

56,84 1,58 56,47 
56,32 2,43 56,2~ 
53,21 1,96 53,23 

5~,42 1,68 52,24 
56,78 1,54 56,54 

55,89 1,78 56,54 

2,13 
2,79 
2,12 

t,75 
1,97 

1,97 

6 
5 
6 

7 
10 

39,2 
I 6,5 

3 60,3 

5,5 40,7 
4 49,4 

3 174,1 

* AX = Xmax fo r  s u b s t a n c e  A - Xma x f o r  s u b s t a n c e  B. 
The  dye  is  s p a r i n g l y  s o l u b l e  in b e n z e n e .  

with the  p - d i m e t h y l a m i n o a n i l s  of  ~ "bs t i tu t ed  b e n z o [ b ] t h i o p h e n e  qu inones  (Tab le  2). 

. . . .  

trans form cis form 
A X=Bn B x~[t 

A c o m p a r i s o n  with t he  a b s o r p t i o n  s p e c t r a  of the  d y e s  of f o r m u l a  B s y n t h e s i z e d  p r e v i o u s l y  [4] shows  
tha t ,  a s  in the  c a s e  of the  s y m m e t r i c a l  dye  XI, the  i n t r o d u c t i o n  of a b r o m i n e  a t o m  into the  m o l e c u l e  of one 
of t he  dyes  XI I I -XVII I  l e a d s  to a m o r e  p r o n o u n c e d  sh i f t  in the  l o n g - w a v e  d i r e c t i o n  of Xma x of t h e  t r a n s  
f o r m  (shif t  of 5 -9  nm)  than  2tma x of  the  c i s  f o r m  (shi f t  of  1 - 6  nm) .  

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

3 - A c e t o x y - 7 - c h l o r o n a p h t h o [ 1 , 8 - b c ] t h [ o p y r a n  (V1). A m i x t u r e  of 25.3 g (0.085 mole )  of S - ( 8 - c a r b o x y -  
4 - c h l o r o n a p h t h y l ) t h i o g l y c o l i c  a c i d  and 5.3 g (0.065 m o l e )  of  CH3COONa was b o i l e d  in 132 ml  (1.4 mo le )  of 
a c e t i c  a n h y d r i d e  fo r  30 min .  Then i t  was p o u r e d  into 1300 m l  of i ce  w a t e r ,  and  the p r e c i p i t a t e  was  f i l t e r e d  
off, w a s h e d  with w a t e r  and d r i e d .  Yie ld  23 g (97.5%),  m p  105-106~ A f t e r  c r y s t a l l i z a t i o n ,  m p  112 .5-113~ 
( f rom e thanol ) .  Found,  %: C1 12 .81%.  C a l c u l a t e d  fo r  C14H9C102S, %: C1 12.81.  

3 - A c e t o x y - 7 - b r o m o n a p h t h o [ 1 , 8 - b c ] t h i o p y r a n  (VII) was o b t a i n e d  f r o m  5.9 g (0o017 m o l e )  of  S - ( 8 - c a r -  
b o x y - 4 - b r o m o n a p h t h y l ) t h i o g i y c o l i c  ac id ,  18 m l  (0.19 moie )  of a c e t i c  a n h y d r i d e ,  and 1 g (0.012 mole )  of 
CHaCOONa in a s i m i l a r  m a n n e r  to VI. Yie ld  4.68 g (84.3%), m p  96-99~ A f t e r r e c r y s t a l H z a t i o n ,  m p  102~ 
f f rom e thano l ) .  Found ,  ~ :  B r  24.90.  C a l c u l a t e d  fo r  C14HgBrO2S, %: Br  24.87. 

7 - C h l o r o n a p h t h o [ 1 , 8 - b c ] t h i o p y r a n - 3 ( 2 H ) - o n e  (VIII). A so lu t i on  of  9.44 g (0.034 m o l e )  of 3 - a c e t o x y - 7 -  
c h l o r o n a p h t h o [ 1 , 8 - b c ] t h i o p y r a n  in 1100 ml  of g l a c i a l  a c e t i c  a c i d  was t r e a t e d  with 150 ml  (1.63 mole )  of conc .  
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HC1 and the mix tu re  was boiled for  15 min.  Then it was poured into 1500 ml  of ice water ,  and the p r ec ip -  
i tate was f i l te red  off, washed with water ,  and dried.  Yield 7.7 g (96.2~), mp 104-105~ After  r e c r y s t a l -  
l izat ion f rom aviation gasol ine,  mp 103-103.5~ (according to the l i t e r a tu re  [5] 98~ Found, %: C1 15.25. 
Calculated for  CnHrC1OS, ~0: CI 15.10. 

7-Bromonaphtho[1 ,8-bc] th iopyran-3(2H)-one  (IX) was obtained f r o m  1.12 g (3.48 mmoles )  of 3-ace-- 
toxy-7-bromonaphtho[1 ,8-bc] th iopyran ,  54 ml  of glacia l  acet ic  acid,  and 24 ml  (0.026 mole)  of conc.HCl in 
a s i m i l a r  manner  to VIII. Yield 0.92 g (94.8 %), mp 121-122~ After  r ec rys t a l l i za t ion  f r o m  aviat ion g a s -  
oline, mp  132-132.5~ (according to the l i t e r a tu r e  [5] 132-133~ Found, %: Br  28.51; S 11.47. Calcu- 
lated for  CI2H?BrOS, %: Br 28.62; S 11.48. 

7 ,7 ' -Dich loro-2 ,2 ' -b i (naphtho[1 ,8-bc] th iopyranyl idene) -3 ,3 ' -d ione  (X). A solution of 1.5 g (6.4 
mmoles )  of 7-chloronaphtho[1,8-bc] th iopyran-3(2H)-one in 390 ml  of ethanol was t r ea t ed  with 240 ml  
(0.67 mole)  of 10% NaOH solution, and oxidized with a i r  at the boi l  for  3 hr .  Then the prec ip i ta te  was f i l -  
t e red  off and was washed with hot water  and hot methanol .  Yield 0.85 g (57.0%). 

7 ,7 ' -Dibromo-2 ,2 ' -b i (naph tho[1 ,8 -bc] th iopyrany l idene) -3 ,3 ' -d ione  (XI) was obtained f r o m  1.5 g (5.4 
mmoles )  of 7-bromonaphtho[1 ,8-bc] th iopyran-3(2H)-one in a s im i l a r  manner  to X. Yield 0.76 g (51.0~).  
It f o rmed  violet  p r i s m s  f r o m  ni t robenzene  and did not me l t  below 400~ Found, %: C 52.06; H 1.76; Br 
28.58. Calculated fo r  Cz4H10Br202S2, %: C 52.00; H 1.81; Br  28.83. 

2- (7-Bromo-3-hydroxynaphtho[1 ,8-bc] th iopyranyl idene)benzo[b] th iophen-3(2H)-one (XIII). A mix tu re  
of 1 g (3.58 mmoles )  of 7-bromonaphtho[1 ,8-bcl th iopyran-3(2H)-one,  1 g (3.54 mmoles )  of 2 - (p -d[methy l -  
aminophenylimino)benzo[b]thiophen-3(2H)-one,  and 70 ml  of glacial  acet ic  acid was boiled under  ref lux for  
2 hr.  The product  was f i l te red  off and washed with hot acet ic  acid and hot methanol .  Yield 0.86 g (56.570), 
blue powder. It was r e c r y s t a l l i z e d  f rom o-xylene.  

The subs tances  given in Table  2 were  obtained s imi l a r ly .  
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