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New tricylic heterocyclic systems and their methyl derivatives are 
synthesized. They are 2-methylimidazo[5, 4-e]benzo- l ' ,  2', 3 ' -  
thiadiazole, 2-methylimidazo[5, 4-g]benzo-l ' ,  2', 3'-tb.iadiazole, 
1, 2-dimethylimidazo[5, 4-g]benzo- l ' ,  2', 3 '-thiadiazole,  and 1, 2- 
dimethylimidazo[5, 4-g]benzo- l ' ,  2', 3 '- thiadiazole.  Quaternary 
salts of the 1, 2-dimethyl derivatives are used to prepare symmetrical 
and unsymmetrical trimethinecyar, lnes and dimethinemerocyanines 
containing rhodanine groups. The absorption maxima of the dyes are 
displaced towards the long wavelength region compared with imi- 
dacarbocyanines. It is shown that when 1, 2-dtmethyl-5-aminoben- 
zoimidazole is thiocyanated, thethiocyanogroup enters the benzoimi- 
dazole ring at position 4, and that 1, 2-dimethylimidazo[5, 4-el 
benzo-l', 2', 3'-thiadiazole is less basic than its isomer 1, 2-dimethyl- 
imidazo[5, 4-g]benzo-l', 2', 3'-thiadiazole. 

A p r e v i o u s  p a p e r  [1] d e s c r i b e d  the s y n t h e s i s  of 1, 
2 -d im e thy l imidazo[4 ,  5 - f ]  b e n z o - 2 ' ,  1 ' ,  3 ' - t h i a d i a z o l e  
(E), f rom whose  q u a t e r n a r y  s a l t  a number  of cyanine  
dyes  w e r e  p r e p a r e d .  

The p r e s e n t  p a p e r  d e s c r i b e s  the s y n t h e s i s  of 1 , 2 -  
d ime thy l imidazo [5 ,  4 - e ] - b e n z o - l ' ,  2 ' ,  3 ' - t h i a d i a z o l e  (I), 
and 1 , 2 - d i m e t h y l i m i d a z o [ 5 ,  4 - g ] b e n z o - l ' ,  2 ' ,  3 ' - t h i -  
adiazole (II), isomeric with E. 

, , ,  

Compounds of th is  type  have not been  d e s c r i b e d  in 

the l i t e r a t u r e .  
We s y n t h e s i z e d  I s t a r t i n g  f rom 4, 5 - d i a m i n o b e n z o -  

1 ' ,  2 ' ,  3 ' - t h i a d i a z o i e  [2], which was condensed  with 
a c e t i c  anhyd r ide  to g ive  2 - m e t h y l i m i d a z o [ 5 , 4 - e ] b e n z o -  
1 ' ,  2 ' , 3 ' - t h i a d i a z o l e  (llI),  and the l a t t e r  was then 

a l k y l a t e d  to b a s e  I. 

1CH3)2SO4 I 
NH! C~  NaOH 

III 

Compound IT was s y n t h e s i z e d  by th iocyana t ing  1, 
2 - d i m e t h y l - 5 - a m i n o b e n z o i m i d a z o l e  [3]. T h i o c y a n a -  
t ion of b e n z o i m i d a z o l e  and i ts  d e r i v a t i v e s  had not  
p r e v i o u s l y  been  i nves t i ga t ed .  We th iocyana t ed  1 , 2 -  
d i m e t h y l - 5 - a m i n o b e n z o i m i d a z o l e  unde r  the c o n d i -  
t ions  which we used  fo r  2 - m e t h y l - 5 -  (and 6 ) a m i n o -  
b e n z o t h i a z o l e s  [4]. The th iocyano  g roup  was  r e d u c e d  
to m e r c a p t o  by hea t ing  the t h iocyana t e  IVwi th  aqueous  
sodium su l f ide ,  and d i a z o t i z i n g  the r e s u l t a n t  V gave 

b a s e  II. 

N 
N\ ~ , ~ "  )/CClli _ -  ~ jCCH~ NH4SCN 

CII 3 L 

H 2 N / ~  ~N 
SNa V 

When 1, 2 - d i m e h t y l - 5 - a m i n o b e n z o i m i d a z o l e  is  
t h iocyana ted ,  the th iocyano group  can e n t e r  at  po-  
s i t ion  4 o r  6. We proved  that  i t  e n t e r e d  at  pos i t i on  
4, by r e t r o s y n t h e s i z i n g  1I f rom 6 , 7 - d i a m i n o b e n z o - 1 ,  
2, 3 - t h i a d i a z o l e :  

H 

N" V ~'NH 2 

The p roduc t  ob ta ined  by a lky la t ing  2 - m e t h y l i m i -  
d a z o [ 5 , 4 - g ] b e n z o - l ' ,  2 ' ,  3 ' - t h i a d i a z o l e  (VI) with 
d ime thy l  su l fa te  in a lka l ine  solu t ion ,  gave  an u n d e -  
p r e s s e d  m i x e d  me l t i ng  point  with b a s e  II p r e p a r e d  
f rom IV. 

Condensa t ion  of V with benzoyl  c h l o r i d e  in a l k a -  
l ine  so lu t ion  led  to the i so l a t i on  of 1, 2 - d i m e t h y l - 5 -  
p h e n y l i m i d a z o [ 5 , 4 - g ] b e n z o t h i a z o l e  (VII). 

~Ha ~:H 3 
~\ n \  

SNa u CGH~C__ S "VII 

B a s e s  I, IT, and VII g ive ,  on hea t ing  with e thyl  
t o s y l a t e ,  the q u a t e r n a r y  s a l t s  V I I I - X ,  f rom which 
the cyanine  dyes  l i s t e d  in the tab le  w e r e  s y n t h e s i z e d  

by the u sua l  me thods .  

i - -  I 

VIII ~Hs 

X = 1, CH3C6H4SO3 

The da t a  in the t ab le  show that  a l l  dyes  a b s o r b  
in a l o n g e r  wave leng th  r eg ion  of the  s p e c t r u m  than 
i m i d a c a r b o c y a n i n e s .  A b s o r p t i o n  m a x i m a  of dyes  
f rom q u a t e r n a r y  s a l t s  of b a s e  1I a r e  s o m e w h a t  d i s -  
p l a c e d  t o w a r d s  the s h o r t  wave  r eg ion  of the s p e c t r u m  
c o m p a r e d  with the a b s o r p t i o n  m a x i m a  of dyes  f rom 
q u a t e r n a r y  s a l t s  of b a s e  I. In the  c a s e  of dye XI the 
shi f t  is  24 m~,  whi le  fo r  dye  XVII i t  is  31 mp. It is  
known [4, 5] tha t  in the s e r i e s  of u n s y m m e t r i c a l  c y -  
anine  d y e s  con ta in ing  one and the s a m e  h e t e r o c y c l i c  
r ing ,  the  shi f t  is  g r e a t e r ,  the  g r e a t e r  the  d i f f e r e n c e  
in b a s i c i t y  be tw e e n  the h e t e r o c y c l i c  r i n g s  going to 
m a k e  up the dye  m o l e c u l e .  Hence i t  can be  conc luded  

that  b a s e  II in the dyes  i s  m o r e  b a s i c  than I. 
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EXPERIME NTA L 

2-Methylimidazo [5 ,4 -e ]benzo- l ' ,  2', 3 ~-thiadiaz ole 
(III). A mix tu r e  of 6 g (0.036 mole) 4, 5 - d i a m i n o b e n z o -  
1, 2, 3 - th iad iazo le  [2], 50 m l d i l u t e  HC1 (1:1), and 1 
ml  AcOH was refluxed for 2 hr. After  t r ea t ing  with 
charcoal ,  the f i l t ra te  was ne tura l i zed  with aqueous 
ammon ia .  The prec ip i ta te  of Ill  was f i l te red  off, and 
washed with water ,  yield 4.1 (60%), co lo r l e s s  need-  
les, mp 262 o C (ex aqueous EtOH). Found: N 29 
29.37%. Calculated for CsHGN4S: N29.47%. 

I, 2-Dim ethylimidaz 0[5,4-e] benzo-I ~, 2', 3 ,-thi- 
adlazole (I). I0 ml EtOH was added to a solution 
of 6 g (0.0312 mole) III in 150 ml 5% NaOH, the 
whole stirred and over a period of 5 hr 12.6 g (0.I 
mole) Me2SO q added. Then the mixture was held at 
95 ~ C for 30 rain, while being stirred. After standing 
for I0 hr the solid was filtered off, and washed, first 

with 5% NaOH, then with water, yieldofI3.44g(54%), 
mp 165 ~ C (decomp). 

1, 2 - D i m e t h y l - 5 - a m i n o - 4 - t h i o c y a n o b e n z  imidaz ole 
(IV). A solut ion of 4.83 g (0.03 mole)  1, 2 - d i m e t h y l - 5 -  
aminobenzo imidazo le  and 6.9 g (0.09 mole)  NH4CNS in 
100 ml  MeOH was s t i r r e d  and held at -8  ~ to - 1 0  ~ C, 
while a solut ion 5.13 g (0.032 mole)  b romide  in 50 ml  
MeOH sa tu ra ted  with NH4Br was added, over  a per iod 
of 2 hr.  After  that the mix tu r e  was s t i r r e d  for a 
fu r the r  2 hr ,  the solid f i l t e red  off, washed with wa te r  
and EtOH, and dr ied  in a v a c u u m - d e s i c c a t o r .  Yield 
of IV 4 g (63%). 

The mo the r  l iquors  were  neu t r a l i zed  with aqueous 
ammonia ,  when a white c ry s t a l l i ne  powder (1.45 g) 
was prec ip i ta ted ,  mp above 300 ~ C. I t d i d n o t  d i sso lve  
when t r ea ted  with a m m o n i u m  sulfide. Evident ly  it 
was the product  of i s o m e r i z a t i o n  of IV to 5 - a m i n o -  
1 , 2 - d i m e t h y l i m i d a z o [ 5 , 4 - g ] b e n z o t h i a z o l e ,  conf i rmed  
by the high mp, and e l e m e n t a r y  ana lys i s .  Found: S 
14.85; 14.77%. Calculated for C10H10N4S: S 14.63%. 

1, 2 -Dime thy l imidazo  [5 ,4 -g]benzo-1  ' ,  2 ' ,  3 ' - t h i -  
adiazole (II). 4g (0.0183 mole)  IV was added in p o r -  
t ions to a solut ion of 9.6 g (0.04 mole)  sodium s u l -  
fide in 10 ml  water ,  held at 55o-60 ~ C. The solut ion 
was heated for a f u r t he r  10 rain,  cooled to 0 ~ C, and 
neu t r a l i zed  with 50% AcOH. The p rec ip i t a t e  of 1 , 2 -  
d i m e t h y l - 5 - a m i n o - 4 - m  e r cap tobenzo imidazo le  was 
f i l t e red  off, washed with water ,  and d i sso lved  in 
40 ml  5% NaOH. 1.2 g NaNO 2 was added to the so lu -  
t ion, and the m i x t u r e  added dropwise ,  over  a per iod 
of 20 min,  with s t i r r i n g ,  to 50 ml  HC1 (1:1), held at 
0 ~ C. Af ter  s tanding  for  1 hr,  the p rec ip i t a te  was f i l -  
t e red  off, and r e c r y s t a l l i z e d  from water ,  yield of 
II 1.42 g (42%), mp 197 ~ C. Found: N 27.17; 27.19%. 
Calculated for CsHsN4S: N 27.45%. 

2-Methy l im idazo [5, 4-g] benzo-1  ' ,  2 w, 3 v - t h i a d i a -  
zole (VI). 4.98 g (0.03 mole)  6 , 7 - d i a m i n o b e n z o - 1 ,  2, 
3 - th i ad i azo l e  [7] was ref luxed 1 hr  with a m i x t u r e  of 
45 ml  di lute  HC1 (1:1) and 5 ml  AcOH, and the p r o -  
ducts  then neu t r a l i zed  with aqueous ammonia .  Yield 
of VI 4.56 g (80%), mp 233 ~ C (ex aqueous EtOH). 
Found: N 29.10; 29.08%. Calculated for  CsH~N4S- 
N 29.47%. 

Alkylat ion of VI with Me2SO 4 in alkali  gave a 
51% yield of base  I I m p  197 ~ C. Undepressed  mixed 
mp with a spec imen  of II p repared  from IV. 

1 , 2 - D i m e t h y l - 5 - p h e n y l i m i d a z o [ 5 , 4 - g l b e n z o t h i a -  
zole (VII). 6.54 g (0.03 mole) IV was added in sma l l  
por t ions  to a solut ion of 14.4 g (0.06 mole) Na s u l -  
fide in 20 ml  water ,  held at 60~ ~ C, a f t e rwh ich the  
solut ion was heated at 80 ~ C for 10 min,  and f i i t e r ed .  
The f i l t ra te  was cooled to0  ~ C, s t i r r e d a n d h e l d a t 0  ~  
while 10 g benzoyl  chlor ide and 5% NaOH (sufficient 
to keep the solut ion alkal ine)  were  added. The p r e -  
c ipi tate  was d isso lved  in di lute HC1, t rea ted  with 
charcoa l ,  and neu t ra l i zed  with ammonia .  Yield 3.52 
g (40%), co lo r l e s s  needles ,  mp 249 ~ C (ex n i t r o m e -  
thane). Found: S 11.68; 11.72c~. Calculated for  
Cle~H13N3S: S 11.46%. 

1 , 2 - D i m e t h y l i m i d a z o  [5,4 -e ]benzo-1  ' ,  2 ' ,  3 ' - t h i -  
adiazole ethiodide (VIII, X=  I). Equ imolecu la r  
amounts  of base  I and ethyl tosyla te  were  heated to -  
ge ther  for  3 h r  at 120~ ~ C. The r e su l t an t  tosylate  
was conver ted  to iodide in the usua l  way, yie ld  61%, 
mp 275~ ~ C (decomp, ex EtOH). Found: I 35.15; 
35.13%. Calculated for  CIIH13IN4S; I 35.27%. 

Tosy la tes  of II and VII were  p repa red  s imi l a r l y .  
VII tosyla te  c ry s t a l l i z ed  from wate r  as white, long 
needles ,  conta ining wa te r  of c rys t a l l i za t ion ,  mp 
262 ~ C. Found: S 12.75; 12.62%. Calcula ted for 

C25H2~N303S. H20: S 12.87%. 
Ethiodide of base IImp 282 ~ C (ex EtOH). 

The dyes were prepared in the usual way, and 

were purified by recrystallizing from EtOH. From 
tosylate VII were synthesized only symmetrical tri- 

methinecyanine XXIII and the dimethinemerocyanine 

containing a rhodanine group XXIV. It was not pos- 

sible to purify an unsymmetrical trimethinecyanine. 

The table gives the formulas of the dyes and their 
elementary analyses. 
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