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The structure of 2-methylthieno[2, 3-g]benzothiazole, previously 
obtained by potassium ferricyanide oxidation of 5-thioacetylamino- 
thionaphthene in alkaline solution, is proved. A synthesis of this base 
is effected by heating 5, 5'-diacetylamino-4, 4'-dithionaphthenyl- 
disulfide with zinc dust in acetic acid--acetic anhydride. Quino- 
(2)monomethyl-, carbo-, mero-, dimero-, and thiocyanato dyes are 
obtained, as well as styryi dyes containing a thieno[2, 3-g]benzothi- 
azole group, and their colors are investigated. 

Me thy l th i eno [2 ,  3 - g ] b e n z o t h i a z o l e  and s o m e  c y a n i n e  
dyes  d e r i v e d  f r o m  it h a v e  p r e v i o u s l y  b e e n  d e s c r i b e d  
in the  p a t e n t  l i t e r a t u r e  [2]. 2 - M e t h y l t h i e n o [ 2 ,  3 - g ] b e n -  
z o t h i a z o l e  was  p r e p a r e d  by o x i d i z i n g  5 - t h i o a e e t y l -  
a m i n o t h i o n a p h t h e n e  (I) wi th  p o t a s s i u m  f e r r t c y a n i d e  in 
a l k a l i n e  s o l u t i o n .  T h a t  m i g h t  be  e x p e c t e d  to g ive  two 
i s o m e r i c  c o m p o u n d s  II and I l l .  
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T h e  a u t h o r s  of the  p a t e n t  ob t a ined  only  one b a s e  by 
the  r e a c t i o n ,  and d id  not  p r o v e  i t s  s t r u c t u r e .  

We h a v e  r e p e a t e d  the  s y n t h e s i s  of the  b a s e  d e -  
s c r i b e d  in the  p a t e n t  [2]. It  led  to  i s o l a t i o n  of a c o m -  
pound m e l t i n g  po in t  8 5 ~  ~ C. T o  s h o w  the  s t r u c t u r e  
of t h i s  c o m p o u n d ,  2 - m e t h y l t h i e n o [ 2 ,  3 - g ] b e n z o t h i a z o l e  

(II) was  s y n t h e s i z e d  by  the  equa t ion :  

-CHaCOO H , I !  

(eH3co)2o 
I I tv 
CH a C H  s 

B a s e  II o b t a i n e d  in tha t  w a y g a v e  an u n d e p r e s s e d  
m i x e d  m e l t i n g  po in t  wi th  the  s u b s t a n c e  o b t a i n e d  by  
o x i d i z i n g  5 - t h i o a c e t y l a m i n o t h i o n a p h t h e n e  I w i th  p o -  
t a s s i u m  f e r r i c y a n i d e  in a l k a l i n e  s o l u t i o n ,  w h i c h  r e s u l t s  
in t h i a z o l e  r i n g  c l o s u r e  at  p o s i t i o n  4 of t he  t h i o n a p h -  

t h e n e  r ing .  
T r e a t m e n t  of t he  b e n z o t h i a z o l e  II w i th  a l k y l a t i n g  

a g e n t s  g a v e  q u a t e r n a r y  s a l t s ,  f r o m  wh ich  m o n o m e t h -  

i n e - 2 - q u i n o ,  c a r b o - ,  m e r o - ,  d i m e r - ,  and r h o d a c y a -  

n ines ,  a s  w e l l  a s  s t y r y l  dyes ,  w e r e  s y n t h e s i z e d  by  

the  u s u a l  m e a n s .  

* F o r  P a r t  III s e e  [1] 

P o s i t i o n s  of a b s o r p t i o n  m a x i m a  of s y m m e t r i c  
e a r b o c y a n i n e s ,  d i m e t h i n e m e r o c y a n i n e s ,  and t h i e n o -  
[2, 3 - g ] b e n z o t h i a z o l e  d e r i v a t i v e s  a r e  g iven  b e l o w  and  
a l s o ,  f o r  c o m p a r i s o n ,  t h o s e  of the  c o r r e s p o n d i n g  

d y e s  c o n t a i n i n g  a b e n z o t h i a z o l e  g roup .  A S F - 2 M  
s p e c t r o p h o t o m e t e r  was  u s e d  to ob ta in  the  a b s o r p t i o n  
s p e c t r a  c u r v e s  of e t hano l  s o l u t i o n s  of the  d y e s  p r e -  

p a r e d .  

C7"~ c~"s B=Thieno(2, 3) 584 

I S=c'-cH=[--~ B=H 524 is] 

ci2.~ O//\N/'~'s B=Thieno(2, 3) 537 
EIH s 
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A = H  A~CH3 A~C~H~ 
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shift, mp 

26KJ 
25 

On p a s s i n g  f r o m  dyes  wi th  a b e n z o t h i a z o l e  g roup  
to the  c o r r e s p o n d i n g  th ieno[2 ,  3 - g ] b e n z o t h i a z o l e  d e -  
r i v a t i v e ,  a c o n s i d e r a b l e  b a t h o c h r o m i c  sh i f t  of the  
a b s o r p t i o n  m a x i m u m  is o b s e r v e d .  T h i s  k ind  of r e -  
l a t i o n s h i p  is  a l s o  found wi th  o t h e r  c l a s s e s  of d y e s  

c o n t a i n i n g  the  th ieno[2 ,  3 - g ] b e n z o t h i a z o l e  g roup .  
C o m p a r i s o n s  of h y p s o c h r o m i c  s h i f t s  of a b s o r p t i o n  

m a x i m a  of d i m e t h t n e m e r o c y a n i n e s  d e r i v e d  f r o m  
th ieno[2 ,  3 - g ] b e n z o t h i a z o l e  and b e n z o t h i a z o l e ,  c a l c u -  
l a t e d  on the  a b s o r p t i o n  m a x i m a  of the  c o r r e s p o n d i n g  

o x a z i n e  (Xma x 540 nm [5]) and c y a n i n e  dyes ,  m a k e  
it p o s s i b l e  to i n f e r  that  the  b a s i c i t i e s  of the  t h i e n o -  
[2, 3 - g ] b e n z o t h i a z o l e  and b e n z o t h i a z o l e  g r o u p s  a r e  

q u i t e  c l o s e  to one  a n o t h e r .  

EXPERIMENTA L 

5-Aeetylaminothionaphthene [5l was prepared by acetyIating the 
tin double salt of 5-aminothionaphthene hydroehloride. 2 ml A%O 
in 3 ml dry ether was added to a vigorously stirred suspension of 3 g 
(0. 007 mole)tin double salt of 5-aminothionaphthene in 10 ml water 
at 0"-2 ~ C. Then a solution of 3. 4 g (0. 085 mole) NaOH in 4 ml water 
was gradually added. The whole was stirred for 30 min, then left for 
1 hr. The precipitate was filtered off, washed with water, and dried. 
Yield 1.15 g (90%), mp 96"-98 ~ C, colorless needles (ex EtOH), mp 
107" C (the literature [6] gives mp 108 ~ C). 

5-Thioacetylaminothionaphthene (I). A mixture of 1.9 g (0.01 
mole) 5-acetylaminothionaphthene and 1.2 g (0. 006 mole) PzSs was 
gradually added to 25 ml stirred, boiling dry benzene, then the mix- 
ture was refluxed for 2 hr. After cooling, the benzene layer was 
poured off and the residue in the flask boiled with 100 mi dry benzene. 
The combined benzene solutions were extracted with 5% aqueous 
NaOH, the alkaline solution neutralized with 50% acetic acid and 
made slighly acid. The precipitate was filtered off, washed with water, 
and dried. Yield 1.3 g (61.9%), mp 126~ ~ C. Colorless needles 
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Com- 
pound 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

Name 

Dyes Derived f rom Thieno[2, 3-g]benzothiazole 

i Appearance and I 
ml EtOH taken 
per g of dye for 
recrystallization 

2-p-Dimethylaminostyryl- 6, 7-(thieno- 
2', 3')benzothiazole ethylethyl sulfate 

3, 1 '-Diethyl- 6, 7- (thieno-2", 3 ")quino- 
2'-thiacyanine iodide 

3, l'-Diethyl-6'-methyl-6, 7-(thieno-2" 
3 ")quino-2'-thiacyanine iodide 

3, l ' -Die thyl -6 ' -methoxy-6 ,  7-(thieno- 
2 ", 3 ")quino- 2' -thiaeyanine iodide 

3, 3 '-Diethyl-6, 7, 6', 7'-di(thieno-2", 3") 
thiacarbocyanine bromide 

3, 3 ' -Diethyl-9-methyl-6,  7, 6', 7 ' -d i -  
(thieno-2", 3 ")thiacarbocyanine bromide 

3, 3'  -Triethyl-6, 7, 6 ', 7 ' -  di(thieno-2", 
3")thiacarbocyanine bromide 

3 -Ethyl-5 -[3 ' -ethyl-6,  7 -(thieno-2 ", 3 ")- 
benzothiazolinylidene-2'-ethylidene]- 
thiazolidine-2-thion-4-one 

3, 3 ' -Diethyl-4-keto-4 ' ,  5 ' -  diphenyl-5- 
[3 "-ethyl- 6", 7 "- (thieno- 2", 3 ")benzo- 
thaizolinylidene -2" -ethyiidene] thiazo- 
linothiazolocyanine ethyl sulfate 

2(3 ' -Carbethoxyamylthiazolidine-2'-  
th ion-4 ' -on-5 ' -yl idene)-3-ethyl-5-[3  "- 
ethyl-6", 7"- (thieno-2", 3 ")benzothiazo- 
linylidene-2"-ethylidene]thiazolidin-4- 
one 

Violet 
needles 

100 

Orange 
needles 

400 

Orange 
needles 

5,00 

Orange 
needles 

8OO 

Dark green 
prisms 

200, 

Green 
needles 

180 

Green 
needles 

150 

Reddish- 
violet 
needles 

2500 

Green 
needles 

with me- 
tallic iri- 
descence 

150 

Green 
needles 

6000 

269--270 

247--248 

Formula 

C2aH2~N204S3 

C2zH21IN2S2 

C24H2aIN2S2 

C24H231 N20  S 2 

C2~H21BrN2S 

C2GH23BrN2S4 

C~.7H25BrN2S4 

C18HI6N2OS4 

607 CasHarNaOsSs 

585 C29HaINaO4S5 

5.82 
5.96 

5.45 
5.23 

5,11 
5.23 

4,93 
5,00 

4.74 
4.75 

4,79 
4,83 

4,78 
4,97 

6s 
6,92 

5.09 
5,10 

6.39 
6,45 

Cal- 
eH- 

lated 

5.71 

5,42 

5,28 

5.13 

5,02 

4.89 

4.78 

~.93 

5,39 

6.50 

Yield, 
% 

98.9 

692 

76,9 

81.4 

82.1 

48.6 

44s 

75,0 

65,5 

62,5 
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(ex 50% EtOH), mp 128~ ~ C (the patent [2] does not give the mp 
of 5-thioacetylaminothionaphthene). Found: N 6.46; 6.42%, calcu- 
lated for C10H~NS2: N 6.46%. 

5, 5'-Diaeetylamino-4, 4'-dlthionaphthenyl disulfide (IV). 2.4 g 
(0,01 mole) 5-Acetylamino-4-nitrothionaphthene in 45 ml 50% 
HzSO 4 was added to a solution of 2.7 g (0, 01 mole) Na sulfide, 0,36 
g (0.01 mole) S, and 0.44 g (0.01 mole) NaOH in 3 ml water at 0 ~ C. 
Then 0.75 g (0.01 mole) NaNO 2 in 3 ml water was added at the same 
temperature, the mixture left for 2 hr at room temperature, the solid 
filtered off, washed with water, and dried. Yield 1.5 g (38.2%), mp 
182~ C. Pale yellow needles (ex EtOH), mp 190~ ~ C. Found: 
S 28.53; 28.41%, calculated for C~t-I16N~O2S4: S 28.24%. 

2-Methylthieno[2, 3-g]benzothlazole (II), A solution of 5 g (0.025 
mole 5-thioacetylaminothionaphthene in 300 mI 5% aqueous NaOH was 
added to 40 ml of vigorously stirred 20% potassium ferricyanide solution. 
Then the reaction mixture was stirred for 2 hr at 0" C and for 3 hr at 
room temperature, the precipitate filtered off, washed with water, and 
dried. Mass 4. 9 g, mp 680-69 . C. Steam distillation followed by re- 
crystallization from petrol ether gave 4 g (80.8%), colorless plates, 
mp 85~ ~ C. Found: N 6.58; 6.74%, calculated for C10HTNS2: N 
6.83%. 

b) 1.32 g (0.03 mole) 5, 5'-Diaeetylamino-4, 4'-dithionaphthenyl- 
disulfide, 2 g Zn dust, 3 ml AceO, and 30 ml AcOH were refluxed 
together for 3 hr. Then the products were diluted with 60 ml water, 
and the whole made alkaline with 10% NaOH. The precipitate was 
filtered off, washed with water, and dried, yield 0.3 g (50.0%), mp 
85"-86 ~ C (ex petrol ether). Undepressed mixed mp with the base pre- 
pared by method (a). 

Picrate: yellowish green needles, mp 182"-183 ~ C (ex EtOH). 
Found: N 13. 11; 13. 16%, calculated for C10H~NSa. C6HsNsOm: N 
12.90% 

2-MethNthieno[2, 8-g]benzothiazole ethiodide. 0.6 g (0.003 mole) 
2-Methylthieno['2, 8-g]benzothiazole and 0.96 g (0. 0007 mole) ELI 
were heated together for 15 hr on a boiling water bath. The product 
was washed with dry acetone, yield 0.45 g (42.8%), mp 22?~ ~ C 
(decomp). Colorless prisms (ex EtOH), mp 286"-237 ~ C (decomp). 
Found: N 3. 69; 3. 75%, calculated for ClzHz2INS2: N 8. 870]o. 

Dyes (Table 3). The styryl dye V was prepared by heating 0. 001 
mole 2-methylthieno[2, 8-g]benzothiazole with 0.001 mole diethyl 

sulfate at 135 ~ C for 1-1/2 hr, then condensing the resultant quater- 
nary salt with 0,001 mole p-dimethylaminobenzaldehyde in 2 ml 

Ac20 by heating for 30 rain at 120" C. The monomethinecyanines 
VI-VIII were synthesized by heating together on a boiling water bath 
for 10-15 rain, 0. 001 mole of the diethyl sulfate of the base and 
0. 001 mole 2-ethylmercaptoquinoline ethiodide, or its 6-methyl- or 
6-methoxy- derivative, in 2 ml EtOH in the presence of 0. 002 mole 
EtaN. Carboeyanines IX-XI were prepared by condensing 0. 001 mole 
2-methylthieno[2, 3-g]benzothiazole ethylethyl sulfate with 0.002 
mole ethyl orthoformate, orthoacetate, or orthopropionate, respec- 
tively, in 3 ml dry pyridine at 135" C for 1 -1-1 /2  hr. The dimethi- 
nemerocyanine XII was synthesized by heating a mixture of 0. 001 
mole base ethylethyl sulfate with 0. 001 mole 5-acetanilinomethylene- 
3-ethylthodanine in 2 ml absolute EtOH, in the presence of 0.002 
mole EtaN, on a boiling water bath for 10 rain. The rhodaeyanine 
XlII and dimerocyanine XIV were obtained by heating 0.001 dimethi- 
nemerocyanine XIV with 0. 002 mole Me2SO 4 at 128" C for 15 rain, 
then reacting the resultant quaternary salt with 0.001 mole 2-methyl- 
4, 5-diphenylthiazole ethylethyl sulfate or 8-e-carbethoxyaminorho- 
danine ethylethyl sulfate respectively, in 3 ml dry pyridine at 125"- 
130 ~ C for 45 rain. All the dyes synthesized were purified by recrys- 
tallizing from EtOH. 
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