
CHEMISTRY OF HETEROCYCLIC COMPOUNDS 385 

PYRAZOLOBENZOTHIAZOLES AND THEIR CONVERSION TO CYANINE DYES 

S. G. Fridman and D. K. Golub 

Khimiya Geterotsiklicheskikh Soedinenii, Vol. 3, No. 3, pp. 481-485, 1967 

UDC 547.722+547.789.6+543.422+543.422+668.814 

Thiocyanation of 5- and 6-aminoindazoles gives 5-amino-4-rhiocya- 
noindazole and G-amino-7-thiocyanoindazole. Sodium sulfide reduc- 
Non of these aminothiocyano derivatives, followed by cyclization with 
acetic anhydride gives 2-methylpyrazolo[5, 4-g] benzothiazole and 
2-methylpyrazolo[4, 5-g]benzothiazole. Dimethyl sulfate alkylation 
in alkaline solution gives 2, 6-dimethylpyrazolo[5, 4-g]benzothiazole 
and 2, 8-dimethylpyrazolo[4, 5-g]benzothiazole. Quaternary salts of 
the latter were used to synthesize symmetrical and unsymmetrical 
trimethinecyanines, monomethineeyanines, and dimethinemerocya- 
nines containing the thioeyano group, as well as styryl dyes. It is 
found that 2-rnethy!pyrazelo[4, 5-g]benzothiazole is less basic than 
2-methylpyrazolo[5, 4-g]benzothiazole and more basic than unsub- 
stimted benzothiazole. 

The  p r e s e n t  p a p e r  p r e s e n t  s a cont inuat ion  of a 
s e r i e s  of r e s e a r c h e s  which we have  c a r r i e d  out on the 
s y n t h e s i s  of condensed  t r i c y c l i c  h e t e r o c y e l i c  c o m -  
pounds ,  and cyan ine  dyes  d e r i v e d  f rom them [1]. The 
p r e s e n t  w o r k  a i m e d  to p r e p a r e  new t r i c y c l i e  h e t e r o c y -  
c l i c  compounds :  2 - m e t h y l p y r a z o l o [ 4 ,  5 - g ] b e n z o t h i a -  
zo le  (I) and 2 - m e t h y l p y r a z o l o [ 5 ,  4 - g ] b e n z o t h i a z o l e  

(II): 
N- -N .  ~--____~. 

! H 

The s t a r t i n g  compound fo r  s y n t h e s i s  of b a s e  I was 6 -  
a m i n o i n d a z o l e ,  fo r  s y n t h e s i s  of b a s e  It, 5 - a m i n o i n d a -  
zole .  They w e r e  t h iocyana t ed ,  and the th ioeyano  d e -  
r i v a t i v e s  r e d u c e d  with  sod ium su l f ide  to m e r c a p t o  
d e r i v a t i v e s .  The l a t t e r  w e r e  then  c y c l i z e d  to the 
c o r r e s p o n d i n g  p y r a z o l o b e n z o t h i a z o l e s  (equat ions 1 

and 2 below).  
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Fig.  1. UV s p e c t r a  
in EtOH. 1) 2 - M e -  
t h y l p y r a z o l o [ 4 ,  5-g]  
benzo th i azo l e ;  2) 2, 
8 - d i m  e thy lpy  r a z o l o  
[4, 5 - g ] - b e n z o t h i a -  
zoie ;  3) 2 - m e t h y l - 8 -  
e thy lpy  r a z o l o  [4, 5 - g ]  

b e n z o t h i a z o l e .  

T h i o c y a n a t i o n  of a m i n o i n d a z o l e s  has  not  h i t h e r t o  

been  d e s c r i b e d .  In th i s  r e a c t i o n  the th ioeyano  g roup  

can enter at position 5 or 7 (with 6-aminoindazole), 
or at position 4 or 6 (with 5-aminoindazole). 
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Fig. 2. UV spectra 
in EtOH. 1) 2 -Me-  
t h y l p y r a z o l o [ 5 , 4 - g ]  
benzo th i azo le ;  2) 2, 
6 - d i m  e t h y l p y r a z o l o  
[5 ,4-g]  - b e n z o t h i a -  

zole .  

It is  known that  [2, 3] in e l e c t r o p h i l i c  subs t i t u t ion  
r e a c t i o n s  of 6 - a m i n o i n d a z o l e s ,  the  subs t i t uen t  e n t e r s  
at p o s i t i o n  7, whi le  with 5 - a m i n o i n d a z o l e s  i t  e n t e r s  
at  p o s i t i o n  4. 

F o r  th i s  r e a s o n  it can be deduced  that  t h i o c y a n a -  
t ion of 6 - a m i n o i n d a z o l e  g ives  6 - a m i n o - 7 - t h i o c y a n o i n -  
dazo le  (III, equat ions  1), so that  the r e s u l t a n t  p y r a -  
z o l o b e n z o t h i a z o l e  has  s t r u c t u r e  I: 

M__MU N~NH N--NH N--NH 

V ~NH: v ~NH v ~NH 
2 Ill 2 ~ I 

Similarly thiocyanation of 5-aminoindazole gives 
5-amino-4-thiocyanoindazole (IV, equations 2), and 
the second isomeric pyrazolobenzothiazole isolated 
has the structure If: 

. . ~  N--CH N--C~ 
HN - HN SCNHN SNa 

NH2 '''~ ~ N H  2 v ~NH 2 IV 

.N__A % 

II 

Alky la t i on  of i ndazo l e s  in a lka l i ne  so lu t ion  u sua l l y  
g ives  t -  and 2 - a l k y l i n d a z o l e s  [4, 5]. The UV s p e c t r a  
of 1 - a l k y l i n d a z o l e s  r e s e m b l e  the a b s o r p t i o n  s p e c t r a  
of unsubs t i t u t e d  i n d a z o l e s ,  and d i f f e r  g r e a t l y  f rom the 
a b s o r p t i o n  s p e c t r a  of 2 - a l k y l i n d a z o l e s  [6]. 

A l k y l a t i o n  of p y r a z o l o b e n z o t h i a z o l e s  with d i m e t h y l  
and d ie thy l  su l f a t e s  in a lka l i ne  so lu t ion  would be e x -  
p e c t e d  to give, in the case of base I, two isomeric 

compounds A and B: 
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Dyes with Pyrazo lobenzo th iazoIe  Rings 

~--NCH3 CR3 N--NI 

I I 
CaR s I car s 

p.--__c. = Nc"'  
CHaN \ - S 

B =  -- ~ XN~ v 
I I 

C2H s I C2H5 

Dye number 

VII 

VIII 

IX 

XI 

Dye structure and name 

A--CH-----CH--CH--A' 
Bis(3- e thyi-8-  methylpyrazoloC4 , 6-g] 

benzothiazole-  2)trimethinecyanine 
iodide 

/S 

I 
CaR s 

(3- Ethyl-8- methylpyrazolo[4, g-g] 
benzothiazole-2)(g-ethylbenzo-  
thiazole- 2)trimethineeyanine 
iodide 

o+C. cC  
I 
CaNs 

3- Ethyl- 5- (3- ethyl- 8 - m ethylpyrazolo 
[4, 5-g]benzothiazole-  2- ethylidene)- 
th iazol id ine-2- th ione-4-one 

/S 
A_CH=C " ~  \N...-<..SJ 

I 
C~H5 

(3- Ethyl- 8- methylpyrazolo[4, 5-g] 
benzothiazole-  2)(3- ethylbenzo- 
thiazote-  2)monomethinecyani ne 
iodide 

A--CH~ C H - - ~ -  N(CH3) ~ 

2 -p-  Dim ethylami nostyryl- 8 - methyl-  
pyrazolo~4, 5-g]benzothiazole 
m ethiodide 

Formula 

C25H25I N6Se 

C~aH2alN4S2 

C18HlaON4Sa 

Ca!H21IN4S2 

CajHaalN~S 

S,% 

Yield, % 
Calculated 

10.66 44 

1 1 . 7 2  3 4  

23.88 30 

i2.30 46 

25.91"* 55 

*Uncorrected rap. 
'*::'Iodine content. 
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Dye number 

XII 

XIII 

xiv 

XV 

XVI 

Dye structure and name 

B --CH=CH--CH= B' 

Bis(8-ethyt- 6-methylpyrazoto 
[5, 4-g]benzothiazole-2)  
tr iemethinecyanine iodide 

S 

Nf v 

C2 H 5 

(3- Ethyl-6- methylpyrazolo[G 4-g] 
benzothiazole- 2)(8- ethylbenzo- 
thiazole-2)trimethinecyanine 
iodide 

B = CH - - C H = C - - - - C  
t t 

, 1 
C2H s 

8- Ethyl- 5(8- ethyl- 6 - methylpyrazolo 
[5, 4-g]benzothiazole-2-  ethylidene)- 
thiazolidine- 2- thione- 4- one 

B-C.:KN~/, 
I 
c2H 5 

(8- Ethyl- 6 - methylpyrazolo[5, 4- g] 
benzotb_iazole- 2)(8-ethylbenzo- 
thiazole-  2)monomethineeyanine 
iodide 

B-c.~cM--O--mc.9, 
2- - Dimethvlaminostvrvl- 6-methyl- 

P - -  " i - pyrazolo[5, 4-g]benzothlazo e 
methiodide 

Formula 

C2sH2sI N5S2 

C23H231 N4S2 

CIsH18ON4S3 

C21H21IN4S2 

C21H2alN4S 

s, % 

23.79 
23.69 

12.21 
12.24 

24.14"* 
24.16 

Table 
(cont'd) 

Yield, % 
Calculated 

10.66 36 

11.72 30 

23.88 37 

12,30 39 

24.14"* 51 
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--No% "~'--"v~\ 
.~ ! s ~ "~  

VBN 

However, chromatography  of a luminum oxide ena -  
bled only one alkylat ion product  to be isolated e i ther  
in the case of base  I, or  in the case of base  II. 

It is poss ib le  to conclude,  from the fact that the UV 
absorp t ion  spec t rum plot of I r e s e m b l e s  that of its 
a lkylat ion product  (Fig. 1), that a lkyla t ion of I gives 
2, 8 -d ime thy lpyrazo lo [4 ,5 -g ]benzo th iazo le  (V). 

N - - N C H  

Ill; 

CI% 

c.3NjA 
~ Z  

vI 

Simi lar ly ,  the UV absorp t ion  spec t ra  of base  II 
and its a lkylat ion products  a re  al ike (Fig. 2); hence 
the a lkyla t ion product  of II is 2, 6 - d i m e t h y l p y r a z o l o -  
[5 ,4-g]benzoth iazo le  (VI). 

Heating V and VI with d imethyl  sulfate ,  ethyl 
tosyla te ,  o r  ethyl iodide, gives m o n o q u a t e r n a r y  
sa l t s ,  f rom which the cyanine  dyes given in the table 
were  syn thes ized  in the usual  way. 

The data in the table show that the absorp t ion  
m a x i m a  of dyes from base  I a re  s l ight ly d isp laced  
towards  the long wavelength region  compared  with 
those of the dyes from base  II. Both s e r i e s  of dyes 
absorb  in the reg ion  of wavelengths  longer  than is 
the case  for  the i s o m e r i c  dyes with t h i a z o l o b e n z i m i -  
dazole  r ings  [7]. Dye VII is l e s s  bas ic  than dye XII. 
The bas i c i t i e s  of these  dyes were  a s s e s s e d  ac-  
cording to A, a quant i ty  c h a r a c t e r i z i n g  ease  of de -  
co lora t ion  of cyanine  dyes by hydroch lo r i c  acid [8 I. 
Fo r  XII, A = 1.1, while VII is only 21% deco lo r ized  
by 1.7 mole  HC1 per  l i t e r  of aqueous e thanol ic  so lu -  
tion. This is due to the d i f fe rence  be tween the s t r u c -  
t u re s  of I a n d  II. I h a s  a CN group at pos i t ion  6 in 
the benzoth iazole  r ing  which draws e l ec t rons  from the 
n i t rogen  atom of the thiazole  r ing,  so that I is l ess  
bas i c  than benzothiazole .  Base II has a n i t rogen  atom 
with a lone pa i r  of e l ec t rons  conjugated with the n i -  
t rogen  atom of the thiazole  r ing,  so that II is m o r e  
bas i c  than benzothiazole .  

EXPERIMENTAL 

6 - A m i n o - 7 - t h i o c y a n o i n d a z o l e  (III), A solu t ion  of 
2.6 ml  (0.05 mole)  b r o m i n e  in 40 ml  MeOH sa tu ra t ed  
with NH4Br was added dropwise ,  over  a per iod of an 
hour,  to 6.65 g (0.05 mole)  6 - a m i n o i n d a z o l e  [9], and 
11.4 g (0.015 mole)  NI4~CHS d isso lved  in 50 ml  MeOH 
cooled to - 5  ~ to - 1 0  ~ C, with s t i r r i n g .  The m i x t u r e  
was s t i r r e d  for 1 hr  longer ,  the p rec ip i t a t e  f i l t e red  
off, washed with water ,  then with EtOH, and dr ied  in 
a v a c u u m - d e s i c c a t o r .  Rec rys t a l l i z ed  from d ioxane-  
benzene  (1:1), m a s s  5 g (53%), co lo r l e s s  need les ,  

tu rn ing  pink in air .  Found: S 16.45; 16.55%. Calculated 
for C~H6N4S: S 16.38%. 

2 -Methy lpyrazo lo[4 ,5 -g]benzo th iazo le  (I). 8g 
(0.042 mole) III was gradua l ly  added to a solut ion of 
20.4 g (0.085 mole)  sodium sulfide in 15 ml  water  
which was s t i r r e d ,  and held at 60~ ~ C. The co lo r -  
less  solut ion obtained was heated for a fu r the r  10 rain 
at 80 ~ f i l tered,  and 20 ml  Ac20 added to the f i l t ra te .  
The mix tu re  was heated for 3 hr  on a boi l ing w a t e r -  
bath, cooled, and neu t ra l i zed  with ammonia .  The p r e -  
c ipi tate  of I formed was r e c y r s t a l l i z e d  from EtOH 
(charcoal).  Mass 6.2 g (78%), co lor less  needles ,  mp 
252~ ~ C (decomp). Found: S 16.79; 16.86~ Cal-  
culated for CgHTN3S: S 16.92%. 

5 -Amino indazo le  [5] was thiocyanated under  the 
condit ions desc r ibed  for  6 -amino indazo le .  Yield of 
impure  IV 73%. Crys ta l l i za t ion  from EtOH or  other  
solvent  is accompanied  by i s o m e r i z a t i o n  to an a m i n o -  
thiazole de r iva t ive  cha rac t e r i zed  by a high mp (309 ~ 
and insolubi l i ty  in aqueous sodium sulfide solution.  
Found: S 16.58; 16.52%. Calculated for  CsH6N4S: S 
16.83%. 

2-Methylpyrazolo[5,4-g]benzothiazole (If). This 
was prepared from crude IV by reduction with aqueous 
sodium sulfide followed by cyclization in Ac20 , si- 
milarly to I. Colorless needles, yield 46%, mp 188 ~ C 
(ex EtOH). Found: S 16.79; 16.69%. Calculated for 
C~HTN3S: S 16.92%. 

2, 8-Dimethylpyrazolo[4 ,  5-g]benzoth iazole  (V). 
1.9 g (0.01 mole) 2 -me thy lpyrazo lo [4 ,  5-g]benzo-  
thiazole  (I) was added to a solut ion of 1 g KOH in 25 
ml  dry  EtOH. The r e su l t an t  solut ion was s t i r r e d ,  and 
2.5 g (0.02 mole)  Me2SO 4 added, then the whole r e -  
fluxed for  i h r  on a wa te r -ba th .  Af ter  cooling the p r e -  
c ipi tate  was f i l t e red  off, washed with EtOH, and the 
solvent  v a c u u m - d i s t i l l e d  off f rom the f i l t ra te .  The 
l iquid res idue  was d i sso lved  in CHC13, and run  through 
an AI203 column. No i s o m e r s  could be detected.  After  
d i s t i l l ing  the eluate,  the l iquid left sol idif ied on 
standing.  Snow-white c r y s t a l s  (ex petrol  e ther) ,  m a s s  
0.85 g (42%), mp 103~ ~ C. Found: S 15.80; 15.88; 
N 20.67; 20.57%, Calculated for  C10HgN3S: N 20.68; S 
15.76%. P ic ra t e :  pale yellow needles  (ex EtOH), mp 
196 ~ C. Found: N19.62; 19.53%. Calculated for 
C16H12N6OTS: N 19.44%. 

2-Methy l -8 - e thy lpy razo lo  [4 ,5-g]benzoth iazo le  
was p r epa red  s i m i l a r l y  to V, f rom base  I and Et2SO 4. 
Color less  needles  (ex pe t ro l  ether) ,  y ie ld  60%, mp 
81 ~ C. Found: S 15.47; 15.55%. Ca lcu la tedfo r  C10HgN3S; 
S 15.76%. P ic ra te :  yel low needles  (ex EtOH). mp 172 ~ C, 
Found: N 18.59; 18.78%. Calculated for CnH14N6OTS: 
N 18.83%. 

2, 6 -Dime thy lpy razo lo [5 ,4 -g ]benzo th i azo l e  (VI) 
was p r e p a r e d  s i m i l a r l y  toV,  f rom base  I l and  Me2SO 4. 
Yield 61%, co lo r l e s s  needles  (ex petrol  ether) ,  mp 
103 ~ C. Found: S 15.47; 15.55%. Calculated for  
C10HgNaS: S 15.76%. P ic ra te :  yellow needles  (ex EtOH), 
m p 2 1 4  ~ C. Found: N 19.20; 19.26~. Calcula ted  for 
C16H12N3OTS: N 19.44%. 

2, 8 -Dimethy lpyrazo lo[4 ,  5 -g]benzoth iazo le  e th io -  
dicie was p r epa red  by heat ing together  for  3 hr ,  equ i -  
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m o l e c u l a r  amounts  of V and ethyl  t o s y l a t e ,  at  120 ~  3. 
130 ~ C, and then conve r t i ng  the  t o s y l a t e  to the  iodide  1927. 
in the u sua l  way. C o l o r l e s s  p l a t e s  (ex EtOH), y i e ld  4. 
65%, mp 251 ~ C. Found: I 37.05; 37.08%. Ca lcu l a t ed  for  1927. 
CIIHI2IN3S: I 36.81%. 5. 

2, 6-Dimethylpyrazolo[5,4-g]benzothiazole per- 6. 
chlorate was prepared similarly to V tosyiate. Soc., 
Found: C[ 10.96; 11.04%. Calculated for C12HI4CIN 3. 7. 
�9 O4S: CI 10.71%. 

2, 6-Dimethylpyrazolo[5,4-g]benzothiazole ethio- 
dide prepared by heating VI with Etl in a sealed tube 
for 6 hr, yield 73%. 
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