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Deeply co lored  cyanine dyes have been synthes ized  f rom the p rev ious ly  unknown 3 - m e t h y l -  
12H-naphtho[1,2-b]thiazolo[3,2-d][1,4]thiazinium sa l t s .  It is a s sumed  that  the deep co lor  of 
the new cyanines  is connected with the convers ion  of the nonaromat ic  1,4- thiazine r ing in 
the dye molecule  into an a romat i c  thiazine ring with three  double bonds in a s i x - m e m b e r e d  
ring. 

A s e r i e s  of cyanine dyes f rom der iva t ives  of thiazolo[2,3-c]  [1,4]benzothiazine has  been desc r ibed  
p rev ious ly  [1]. These dyes p roved  to be more  deeply co lored  compounds than the co r respond ing  th iacya-  
nines.  

In o rde r  to obtain deeply co lored  cyanines we have made the thiazolobenzothiazine molecule  m o r e  
compl ica ted  by introducing another  benzene ring into it. By condensing po tass ium 2 - a m i n o - l - t h i o n a p h t h -  
oxide [2] with monochloroace t ic  acid in an alkaline medium we obtained compound (I) [3]. By reac t ion  with 
phosphorus  pentasulf ide,  this compound was conver ted  into the thioxo der iva t ive  (II) and f rom this by r e a c -  
tion with a - b r o m o  carbonyl  compounds (where R = H, in the f o r m  of an acetal)  we obtained the qua te rna ry  
sa l t s  (IID. 
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In the sa l t s  obtained, the methylene group in posit ion 12 proved  to be suff icient ly act ive to p e r m i t  
the synthes is  by the usual  methods of dyes of in te res t  to us (VI-XI, Table 1). These dyes a re  co lored  
somewhat  more  deeply than the analogous dyes f rom 1-methyl th iazolo[2 ,3-c][1 ,4]benzothiazinium sa l t s  
(IV) [1] and cons iderab ly  more  deeply than the dyes f rom 2 ,4 -d imethy l -3 -phenyl th iazo l ium sa l t s  (V) [4] 
(Table 1). The calcula ted  deviat ions for  the u n s y m m e t r i c a l  dyes showed that  the bas ic i ty  of the th iazolo-  
naphthothiazine nucleus In the dyes approx ima tes  to that  of a quinoline nucleus .  Compounds (VI-XI) can 
be cons ide red  as cyanines  in which the hydrogen a tom in the ~ posit ion of the polymethine chain has been 
r ep laced  by a naphthylthio group,  and this is fixed in the plane of the dye molecu le .  
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X=O, Xma x 756 nm [5]; X=S, Xma x 654 am [1]; X=Se, Xma x 626 nm [6]. 

S imi la r  compounds a re  known in the l i t e r a tu re .  Thus, for  example ,  dyes of the gene ra l  fo rmula  (XII) 
a re  fa r  more  deeply co lored  than the N,N'-diphenyl thiazolocyanine unsubst i tuted In the polymethine chain 
(Xmax 566 nm) [4]. 
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TABLE 

C~ t 

I 
VI' A=CH B + 

VII A=CHCH=CH B 
VIII A=CHCH~ C , - 

IX A=CHCH= D __ 
X A=CHCH~ E 

Xl A=CH F 

1. C h a r a c t e r i s t i c s  of the Dyes Synthesized 

I = ~  0 kmax ~ 
Form~" rap. ~-- ~ ~ Empirical ~. ~ ~ l o g o u ~  ]~- 

*C f o r m u l a  , o "~ 

---- I ' 
237 668 C31H2,CIN204S4 19,6 197 654 566 40 
247 750 C3sH2sBrN2S4 19,4 1915 ] 657 34 
212 586 21 C28H~CIN204S2 11,3 11,6 5~0 534 85 
177 611 li C~sH21C1N204S~ 17,1 17,2 609 558 61 
223 637 ,5 C~sH~3C1N204S2 11,3 11,6 i 630 589 58 
231 524 1 C24H21CIN204S~ 13,0 , 12,8 I -- 504 81 

* II s 

clo; I 
CH 3 

I ( tN 5 
C2115 

B r o m i d e .  

According to the l i t e r a tu re  [5,6], the unusual ly  deep colora t ion of these dyes is due t e a  tendency to 
the t r an s fo rma t ion  of the oxazine,  th iazine,  and se lenazine  r ings  into a roma t i c  r ings  with three  double 
bonds in a s i x - m e m b e r e d  r ing,  which mus t  enhance the e lec t ron ic  action of the oxygen, sulfur ,  and se l en i -  
um a toms and, consequent ly,  the i r  capac i ty  for  deepening the color ,  as well .  The dyes f rom the sa l t  (IIIb), 
in pa r t i cu l a r  the s y m m e t r i c a l  ca rbecyan ines  (VI) and (VII), f o r m  one more  example  of this type of e l e c -  
t ronic  t rans i t ions  connected with the a romat iza t ion  of the thiazine r ing.  

E X P E  RTME N T A  L 

3 ,4-Dthydro-2H-naphtho[1 ,2-b] [1 ,4] th iaz ine-3- th ione  (II). A m i x ,  re of 5.45 g (25 mmoles )  of (I) [3] 
and 2.67 g (12 mmoles )  of phosphorus  pentasulf ide in 35 ml  of pyridine was heated with s t i r r i ng  at  100~ 
for  50 min,  and the r e d - b r o w n  solution was poured into 200 ml  of wa te r .  An oil s epa ra t ed  out which 
gradual ly  sol idif ied.  Yield 5.6 g (95%). Fo r  pur i f icat ion,  a benzene solution of compound (II) was pa s sed  
through a column of a lumina .  Yellow pla tes ,  mp 206~ (f rom toluene).  Found, %: S 27.7. C12H9NS 2. Ca l -  
culated,  %: S 27.7. 

_l.2H-Naphtho [1,2-b]thiazolo [3,2-d] [1,4]thiazinium P e r c h l o r a t e  (IIIa). To a solution of 1 g (4.2 mmoles )  
of (II) in 50 ml  of benzene was added 1.8 g (9 mmoles)  of b romoaee ta ldehyde  and the mix tu re  was boiled 
for  1 h .  The dark  res inous  product  was d isso lved  in water ,  the solution was t r ea t ed  with act ivated carbon,  
and the r equ i red  sa l t  was prec ip i ta ted  with sodium pe rch lo ra t e .  Yield 0~  g (13%), yellow needles  with mp 
228~ (f rom wa te r ) .  Found,%:  S 17.9. C14H10CINO4S2. Ca lcu la ted ,%:  S 18.0. 

.3-Methyl-12H-naphtho[1,2-b] thiazolo[3,2-d][1,4] thiazinium P e r c h l o r a t e  (IIIb). A mix ture  of 4 g (16.8 
mmoles )  of (ID and 3.3 g (24 mmoles )  of b romoace tone  in 200 ml  of benzene was boiled for  1 h. The da rk  
g r a y  prec ip i ta te  was washed  with benzene .  Yield 1.3 g (207c). The compound obtained was conver ted  into 
the pe rch lo ra t e  - co lo r l e s s  pla tes  with mp 216~ ( f rom ethanol) .  Found, %: C1 10.5; S 17.3. CtsHI2C1NO4S 2. 
Calcula ted ,  %: C1 10.4; S 17.4. 

3 -pheny l -12H-naph tho  [1,2-b]thiazolo [3,2-d] [1,4]thiazinium P e r c h l o r a t e  (Hie) was obtained in a 
s i m i l a r  manne r  to (IIIa) f rom (II) and bromoacetophenone with a yield of 22%. Light -yel low c r y s t a l s  with 
mp 219~ (from ethanol) .  Found, %: S 14.8. C20Ht4C1NO4S 2. Calculated,  %: S 14.8. 

..B..is (3 -me thy l -12H-naph tho  [1,2-b]thiazolo [3,2-d] [1,4]thiazine-(12) } monomethinec yanine P e r c h l o r a t e  
(VI). A mix tu re  of 0.185 g (0.5 mmole)  of (IIIb) and 0.18 g (1.2 mmole)  of diethoxymethyl  aceta te  [7] in 3 
ml  of pyridine was boiled for  10 rain.  After  cooling, the dye was f i l t e red  off and was washed with ethanol 
and e the r .  Yield 0.12 g. 

Bis{3-methy~-~2H-naphth~[1~2-b]~aiaz~[3~2-d][1~4]thiazine-(12)) t r imethine~yanine Bromide  (VII). 
A mix tu re  of 0.18 g (0.5 mmole)  of (IIIb) in the f o r m  of the b romide  and  0.18 g (1 mmole)  of ~ - e thoxy-  
aero le in  diethyl ace ta l  in 5 ml  of pyridine was boiled for 5 min .  After  cooling, the dye was f i l te red  off and 
was washed with hot wa te r ,  ethanol,  and e t h e r .  Lus t rous  green  needles .  Yield 0.11 g. 
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The unsymmetrical dyes (VIII-XI, Table 1) were obtained by condensing (IIIb) with the appropriate 
formyl derivatives in acetic anhydride and were purified by recrystallization from acetic acid. 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
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