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Substituted 1- (3-methyl-2-benzothiazol in idenyl) -5-  (phenylaminothlocarbo)thioc arbohydr  az -  
ides are  cyc l ized  under  the influence of potassium fe r r i cyan ide ,  hydrogen peroxide,  or  f e r -  
r i c  chlor ide  to subst i tuted 1- (3-methyl -2-benzoth lazo l in idenyl ) -5- (2-benzoth iazo ly l ) - l ,2 ,4 ,5-  
t e t raza -3-mercap topen tameth iny lcyan ine  bases ;  unsymmet r i ca l  1 - (3 -methy l -2 -benzo th iazo l -  
inidenyl) -5 - (3 -ary1-4-phenyl-2- th iazoly l )  -1,2,4,5 - t e t raz  a-3 -mercaptopent  amethinylcyanine 
bromides  are  fo rmed  by the action of w-bromoacetophenone.  

We have previous ly  es tabl ished [2] that the same reac t ion  products ,  viz. ,  2 - (p - to ly lazo) -5 -a ry lamino-  
1 ,3 ,4- thiadiazoles ,  a re  fo rmed  by the oxidative cycl izat ion of 1- (p- to ly l ) -5-  (arylaminothiocarbo) th iocarbo-  
hydraz ides  under  the influence of an alkaline potassium fer r icyanide  solution, hydrogen peroxide,  or  f e r r i c  
chlor ide .  Substituted 1 ,5 -b i s (2 -benzo th iazo ly l ) - l ,2 ,4 ,5 - te t raza -3-mercap topen tameth iny lnorcyan ine  bases  
are  obtained by the cycl izat ion of substi tuted 1,5-bis(phenylaminothiocarbo)thioearbohydrazides  under  the 
same condit ions.  

The condensation of th iocarbohydrazide  with 2-methyl th io-3-methylbenzothiazol ium methylmethosul -  
fate (1) in water  yielded 1-(3-methyl-2-benzothlazol in idenyl) th iocarbohydrazide  (II) [3]. By react ion of the 
la t te r  with aryl  isothiocyanates  in alcohol, we obtained substi tuted 1- (3-methyl -2-benzoth iazol in idenyl ) -5-  
(phenylaminothioc arbo)thioc arbohydr  azides (III). 

The oxidative cycl iza t ion of III under  the influence of alkaline potassium fe r r i cyan ide  solution, hydro-  
gen peroxide,  or  f e r r i c  chlor ide yields substi tuted 1- (3-methyl-2-benzothiazol in idenyl) -5-  (2-benzothiazolyl)-  
1 ,2 ,4 ,5 - te t raza-3-mercap topentameth lny lcyanine  bases  (IV), the absorption maxima of which in ch lo roform 
lie at 542-558 nm. 
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TABLE 1. Charac ter i s t i c s  of the Compounds Obtained 

C=N--N=C--N=N--C.-,..JI / J  

I SH I I 
eli a IX CIf~ 

C o m -  
pound 

I l i a  
I lib 
IIIc 
lIkl 
IVa 
IVb 
IVc 
IYd 

Via 
VIb 
vie 
VId 

VIIIa 
VIIIb 
VIIIe 
VIIId 

IX 

mp a 

184--185 
196--197 
197--198 
200--201 
217--218 
221--222 
235--236 
236--237 
224--225 
240--241 

Lmax (lg e)b 

320 (4,24) 
317 (4,22) 

Empirical f~mula 

113--114 544 
119--120 544 
106--107 545 
118--119 545 
83--84 565 

111--112 580 
79--80 580 

107--108 570 
211--212 332 

620 

542 (4,54) 
544 (4,43) 
558 (4,56) 
548 (4,51) 
542 (4,51) 
544 {4,36) 

CIsHIe, NsSa 
C 17HIs'N6S a c a 
ClsH29N~OSs u 
CI6HIsCIN6S3, e 
Cl6H'l~Sa 
C17HI4NsSs 
C~d-I~r,N~OSa f 
C I~HI~CIN~S 3 
C~7HI,N, Sa 
C,8Ht~N~S~ 

(4,15) 
(4,00) 

(4,06) 

(3,98) 
(4,44) 
(4,38) 

C24H19BrN~Sa 
CgsH21BrN6Sa 
C26H~aBrN~OS3 
C~4HIsBrC1N6~3 
C31H~B~N6S3 
Cs3H27BfN~S3 h 
CssHsIBrNGOzS8 i 
CsIH=IBrCIzN,Sa 
CITH~sN6SsJ 

iou2 
21,51 

21,9~ 
20,6 c 
2o,1~ 

21,1{2 
21,15 
14,79 
13,89 
13,32 
13,43 
12,97 
11,89 

16,09 

calc. 

21,63 

21,86 
21,09 
19,61 

21,09 
20,37 
14,81 
14,45 
13,72 
13,94 
12,82 
12,25 

15,95 

Yield, 70 

82 
6O 
66 
84 
86 
95 
92 
95 
77 
85 
54 
48 
46 
39 
47 
52 
38 
41~ 
25 

aThe crys ta l l i za t ion  so lvents  w e r e  alcohol  for  IIIa-Vb, c h l o r o f o r m -  
benzene  for VIa-VIIId, and c h l o r o f o r m  for IX. 
bThe so lvents  were  benzene  for IIIa-IIId and c h l o r o f o r m  for IVa-IX. 
CFound %: 
dFound %: 
eFound %: 
f Found %: 
gFound %: 
hFound %: 
i Found % : 

S 23.99.  Calculated %: S 23.89. 
S 22.64. Calculated %: S 22.24. 
C1 7.91. Calculated %: C1 8.38. 
C1 8.30. Calculated %: C1 8A6.  
Br  12.08. Calculated 2 :  Br  12.18.  
Br  10.51.  Calculated 2 :  Br 10.74.  
Br  + 2C1 19.95. Calculated 2 :  Br  + 2C1 20.8.  

S-Methy l  d e r i v a t i v e s  V w e r e  i s o l a t e d  by  m e t h y l a t i o n  of IV with me thy l  iodide in  a lcohol ic  a lka l i .  The 
r e a c t i o n  at the t h i o m e t h y l  g roup  [4] c o n f i r m s  the f o r m a t i o n  of V. 

Compounds  I l l  r e a c t  with w - b r o m o a c e t o p h e n o n e  in a lcohol  to f o r m  u n s y m m e t r i c a l  dyes ,  v iz . ,  1 - ( 3 -  
m e t h y l - 2 - b e n z  o th iazo l in ideny l )  -5 - (3 - a r y l - 4 - p h e n y l - 2 - t h i a z o l y l )  - 1 , 2 , 4 , 5 - t e t r a z a - 3 - m e r c a p t o p e n t  a m e t h i n y l -  
cyan ine  b r o m i d e s  (VD. 

The  c o n d e n s a t i o n  of 1 , 5 -b i s  ( a r y l a m i n o t h i o c a r b o ) t h i o c a r b o h y d r a z i d e s  (VII) with w - b r o m o a c e t o p h e n o n e  
in  a lcohol  l eads  to •-(3-ary•-4-pheny•-2-thiaz••inideny••-5-•3-ary•-4-pheny•-2-thlaz••ium•-••2•4•5-tetraza- 
3 - m e r c a p t o p e n t a m e t h i n y l c y a n i n e  b r o m i d e s  (VIII). 

S~C -:N--N :~C-- N N --t~S---CH CH--SII I S--CH 
N--Cx~CC6H 5 

~%;'u" n/ sl. I B; I s. E B~ 
J C6H4R- p C6H4R CH 3 VI VIII C,6H4R'P 

The a b s o r p t i o n  m a x i m a  of VIII in  c h l o r o f o r m  l ie  at 560-580 n m .  

To c o m p a r e  the c o l o r s  of 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  dyes ,  we ob ta ined  1 - ( 3 - m e t h y l - 2 - b e n z o -  
t h i a z o l i n i d e n y l ) - 5 -  ( 3 - m e t h y l - 2 - b e n z o t h l a z o l i u m ) - l ,  2 , 4 , 5 - t e t r a z  a - 3 - m e r c  a p t o p e n t a m e t h i n y l c y a n i n e  iodide 
(IX) (absorp t ion  m a x i m u m  in  c h l o r o f o r m  620 nm) by the r e a c t i o n  of I and II (Table  1). 

As s e e n  f r o m  T a b l e  1, on c o m p a r i n g  the a b s o r p t i o n  m a x i m a  of the two s y m m e t r i c a l  dyes ,  VIIIb and 
IX, with the a b s o r p t i o n  m a x i m u m  of u n s y m m e t r i c a l  dye VIb, the dev ia t ion  for  the l a t t e r  i s  56 urn, which is  
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in agreement  with the data in [5, 6]. Dyes s imi la r  to IVa and IX, which contain a hydrogen atom instead of 
an SH group in the meso position, were previously  [7, 8] p repared  by another route - oxidative coupling of 
the appropriate substituted hydrazines  with 2-benzothiazolone formalazine in the presence  of fe r r ic  chloride.  

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

1- (3-Methyl-2-benzothiazol inidenyl)-5-  (phenylaminothiocarbo)thiocarbohydrazide (Ilia). C ompound II 
[1] [1 g (4 mmole)] was dissolved in alcohol, an alcohol solution of 0.54 g (4 mmole) of phenyl isothiocyanate 
was added to the resul t ing solution, and the mixture  was heated for 15 rain. It was then cooled, and the p r e -  
cipitate was f i l tered and washed with alcohol and ether  to give 1.27 g (52%) of a product with mp 184-185 ~ 
(from alcohol). 

Compounds I I Ib-d were obtained under s imi la r  conditions. 

1 - (3 -Methyl -2 -benzothiazolinidenyl) -5 -  (2-benzothiazolyl) -1 ,2 ,4 ,5- te t raz  a-3 -mercaptopent  amethinyl-  
cyanine Base (IVa). A. A total of 20 ml of aqueous alcohol (1 : 1) and 0.2 g (5 mmole) of sodium hydroxide 
were added to 0.77 g (2 mmole) of IIIa.  The solution was f i l tered and added with s t i r r ing  to an aqueous 
solution of 1.96 g (5 mmole) of potass ium ferr icyanide .  The mixture was s t i r r ed  at room tempera tu re  for 
1 h. The result ing precipi tate  was fi l tered,  washed with water ,  alcohol, and ether ,  and vacuum dried to give 
0.66 g (86%) of dark-viole t  c rys ta l s  with a metal l ic  lus ter  and mp 217-218 ~ . 

B. An aqueous solution of fe r r ic  chloride was added to a suspension of 0.4 g (1 mmole) of IIIa in 
water ,  the mixture was refluxed for 30 rain and cooled, and the precipi tate  was fi l tered and washed with 
water ,  alcohol, and e ther .  It was then dissolved in chloroform,  and the solution was f i l tered.  The solvent 
was removed,  and the residue was vacuum dried to give 0.34 g (88%) of IVa with mp 217-218 ~ . 

C. A total of 20 ml  of a 2% alcohol solution of KOH and 5 ml of 30% hydrogen peroxide were added to 
0.4 g (1 mmole) of IHa. The mixture was s t i r r ed  for  30 min, neutral ized with hydrochlor ic  acid, and the r e -  
sulting precipi ta te  was washed with water ,  alcohol, and ether ,  and vacuum dried to give 0.2 g (53%) of a 
product  with mp 217-218 ~ 

The products  obtained via methods B and C did not depress  the melt ing point of the compound obtained 
via method A. 

_!7 (3 -Methyl -2 -benzothia zolinidenyl ) -5 -  (2 -benzothiazolyl) -1,2,4,5 - t e t raz  a-3 -methylthiopent amethinyl - 
cyanine Base {Va). A total of 0.6 ml of a 10% alcohol solution of KOH and 0.2 ml of methyl  iodide were  
added to 0.38 g (11 mmole) of IVa, and the mixture was allowed to stand for 6 h. It was then t rea ted  with 
water ,  and the precipi ta te  was fi l tered,  washed with water ,  alcohol, and ether and vacuum dried to give 0.3 g 
(77%) of a product with mp 224-225 ~ Compound Vb was obtained under s imi la r  conditions. 

1 - (3-Methyl-2-benzothiazolinidenyl) -5 -  (3,4-diphenyl-2-thiazolyl) -1,2,4, 5 - t e t r a z a - 3 - m e r c a p t o p e n t a -  
methinylcyanine Bromide (Via). A total of 1.94 g (5 mmole) of IIIa and 1 g (5 mmole) of ~ -b romoace tophen-  
one were mixed, 5 ml of ethanol was added, and the mixture was heated for 1 h. The alcohol was removed 
by distillation, and the residue was dissolved in chloroform and passed through a column filled with alumi-  
num oxide with c h l o r o f o r m - b e n z e n e  (1 : 3) as the eluent. Evaporation of the solvent and vacuum drying of 
the residue gave 1.52 g (47%) of a product with mp 113-114 ~ 

Compounds VIb-d were obtained under s imi la r  conditions. 

1 - (3,4-Diphe ny1-2-thi az olinide nyl ) - 5 - (3,4 - diphenyl - 2-thi a z o lyl ) -1,2,4,5-tet  ra  z a - 3 -me rc  aptopent a - 
methinylcyanine Bromide (VIIa). A mixture of 1.88 g (5 mmole) of VIIa and 2 g (10 mmole) of r 
acetophenone in 5 ml of alcohol was heated for  1 h. The alcohol was removed,  and the residue was d is -  
solved in ch loroform and chromatographed on aluminum oxide as descr ibed above to give 1.54 g (4T/c) of a 
product  with mp 83-84 ~ 

Compounds VIIb-d ~vere obtained under s imi lar  conditions. 

17 (4-Methyl-2-benzothiazolinidenyl) -5 -  (3-methyl-2-benz othiazolyl) -1,2,4,5 - te t r  az a - 3 - m e r c  aptopenta- 
methinylcyanine Iodide (IX). An aqueous solution of 0.61 g (2 mmole) of I was mixed with an alcohol solution 
of 0.5 g (2 mmole) of II, and the mixture was heated at 90 ~ for 1 h. It was then cooled with ice, and the color- 
less precipitate of 1,5-bis(3-methyl-2-benzothiazolyl)thiocarbohydrazide methyl methosulfate, which gradual- 
ly turned blue in air, was filtered. The latter was oxidized with alcoholic alkali and acidified with hydro- 
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chloric acid. The filtered blue-green crystals  were washed with alcohol and ether, dissolved in alcohoI, 
and a saturated aqueous potassium iodide solution was added. The precipitated iodide was filtered, washed 
with alcohol and ether, and vacuum dried to give 0.26 g (25%) of a product with mp 210-211 ~ (from chloro- 
form). 

1, 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
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