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A new method is offered for synthesiz ing hi therto unknown com-  
pounds of the pyrrolo[1, ~ - a ] b e n z i m i d a z o l e  series, involv ing  

heating quaternary salts prepared from 1, 2-dialkylbenzimidazoles 
and a-halogenoketones with sodium carbonate solution. The me- 
thod is used to prepare 6 bases iso-electtonic with the correspond- 
ing inr~olizine derivatives. The salts of the pyrrolo[], g-a]benzi- 
midazoles give g series of cyanine dyes, those with a chain at the 
1, 1' positions, and those with one at the 3, 3' positions. The anom- 
alous value of the vinylene shift of the absorption maximum ob- 
served on passing from monomethine- to trimethinecyanines, is 
due to steric hindrance in molecules of monomethineeyanines. 

8 t a t t i n g  f r o m  the f o r m u l a  of i ndo l i z ine ,  which i s  
one of the  nonbenzenoid  h e t e r o a r o m a t i c  compounds .  
i t  is  t h e o r e t i c a l l y  p o s s i b l e  to p a s s  to f o r m u l a s  of a 
s e r i e s  of compounds  i s o - e l e c t r o n i c  with it,  and con-  
t a in ing  two h e t e r o a t o m s .  The f o r m u l a s  of the i s o -  
e l e c t r o n i c  ana logs  of indol iz ine  can be a r r i v e d  at  by  
r e p l a c i n g  a v iny lene  group  in the l a t t e r  by the h e t e r o -  
a t o m s  O, S, Se, o r  an NR group  (R = H, Alk ,  A r ) ,  
when the f o r m u l a s  of compounds  I - I V  a r e  obta ined,  
w h e r e  the indo l i z ine  10 r r - e l ec t ron  s y s t e m  is  obta ined  
by the coupl ing  of two 5 e l e c t r o n  r i n g s .  

I X = O  

f X\/__.~ I I  X = S  

"= - -nx .~  I I I  X = S e  

I - t v  IV X = N R  

P r e v i o u s  p a p e r s  d e s c r i b e d  the p r e p a r a t i o n  of p y r -  
ro lo[2 ,  1 -b ] t h i azo l e  (IX) [1, 2] and i so - indo lo [1 ,  2 - b J -  
benzo th i azo l e  (V) [3, 4]. H i the r to  compounds  of t ypes  
I, III, and IV have not  been d e s c r i b e d  in the l i t e r a -  
t u r e .  Compounds  of the  p y r r o l o [ 1 ,  2 - a ] b e n z i m i d a z o l e  
(VI) and i s o - i n d o l o [ 1 ,  2 - a ] b e n z i m i d a z o l e  (VII) s e r i e s  
a r e  a l so  unknown. Compounds  of s t r u c t u r e s  whose  
ske l e tons  c l o s e l y  r e s e m b l e  VII a r e  known [5 -8] ,  but  
they  a r e  not i s o - e l e c t r o n i c  ana logs  of indo l i z ine  and 
do not  have  i t s  c h a r a c t e r i s t i c  s y s t e m  of bonds .  
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In the p r e s e n t  work  i t  is  shown that  d e r i v a t i v e s  VI 
can  be ob ta ined  by the s a m e  method  as  p y r r o l o [ 2 ,  1 -b ] -  
t h i a z o l e s  [1]. Hea t ing  1, 2 - d i a l k y l b e n z i m i d a z o l e s  wi th  
a - h a l o g e n o  ke tones  g ives  q u a t e r n a r y  s a l t s  VIII and 
t r e a t m e n t  of t h e s e  with sod ium c a r b o n a t e  c o n v e r t s  
t hem to p y r r o l o [ 1 ,  2 - a ] b e n z i m i d a z o l e s  I X - X I V .  

* F o r  p r e v i o u s  p a r t s  s ee  [1-4] .  
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If sod ium b i c a r b o n a t e  o r  t r i e t h y t a m i n e  i s  used  i n s t e a d  
of  sod ium c a r b o n a t e ,  p y r r o l o [ 1 ,  2 - a ] b e n z i m i d a z o l e s  
a r e  not  f o r m e d .  The b a s e s  ob ta ined  a r e  p u r e r  if  s o d i -  
um sul f i te ,  inh ib i t ing  oxida t ion  of the  p roduc t s ,  i s  
p r e s e n t  dur ing  the hea t ing  of q u a t e r n a r y  s a l t s  VIII 
with sod ium b i c a r b o n a t e .  The b e n z i m i d a z o l e  r i n g  b e -  
ing highly  ba s i c ,  q u a t e r n a r y  s a l t s  with a - h a l o g e n -  
ke tones  a r e  v e r y  e a s i l y  ob ta ined  ( r a the r  m o r e  e a s i l y  
than in the t h i azo l e  and benzo th i azo le  s e r i e s ) ,  so tha t  
h e r e  i t  i s  p o s s i b l e  to sYnthes ize  the m o s t  d i v e r s e  
subs t i tu ted  p y r r o l o [ 1 ,  2 - a ] b e n z i m i d a z o l e s .  

Unl ike  p y r r o l o [ 2 ,  1 - b ] t h i a z o l e s  and p y r r o l o [ 1 ,  - 
2 - b ] b e n z o t h i a z o l e s ,  p y r r o l o [ 1 ,  2 - a ] b e n z i m i d a z o l e s  
a r e  r a t h e r  s t r o n g  b a s e s ,  g iv ing with m i n e r a l  ac id s  
s a l t s  which can be c r y s t a l l i z e d  f rom w a te r* .  With 
p i c r i c  ac id  they  f o r m  p i c r a t e s .  

The  s t r u c t u r e  of p y r r o l o [ 1 ,  2 - a ] b e n z i m i d a z o l e ,  
and t h e s e  of  the  o the r  10 v - e l e c t r o n  h e t e r o c y c l i c  c o m -  
pounds,  a r e  not only r e p r e s e n t e d  by the n o n p o l a r  
f o r m u l a s  VI, but a l so  by d ipo la r  s t r u c t u r e s  Via, VIb 
w h e r e  the e n t i r e  r i ng  has  an a r o m a t i c  s ex t e t  of  e l e c -  
t r o n s .  Such compounds ,  with enhanced e l e c t r o n  den-  
s i t y  in the p y r r o l e  p a r t  of the mo lecu le ,  
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should r e a c t  r e a d i l y  with e l e c t r o p h i l i c  r e a g e n t s .  
P r e l i m i n a r y  e x p e r i m e n t s  showed that  VI d e r i v a -  

t i v e s  l ack ing  a subs t i t uen t  at  pos i t ion  1 o r  3, indeed 

*The ques t ion  of the s t r u c t u r e  of  the  s a l t s  wil l  be 

c o n s i d e r e d  in a subsequen t  p a p e r .  
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r eac t  with e lee t rophi l ic  reagents ,  and that the i r  sa l t s  
give cyanine  dyes with the appropr ia te  i n t e r m e d i a t e s .  
Heating XI with acet ic  anhydride  gives a l - a c e t y l  de-  
r iva t ive  XV. and XIII gives a 3 -ace ty l  der iva t ive  XVI. 
The IR spec t rum of this  compound has an in tense  ab-  
sorpt ion band at 1620-1640 cm -1, co r r e spond ing  to 
a earbonyl  group. Both 1- and 3-ace ty l  de r iva t ives  
a re  eas i ly  hydrolyzed with hot hydrochlor ic  acid, With 
spl i t t ing off of an acetyl  group, and format ion  of a 
sal t  of XI and XIII r e spec t ive ly .  In this  r e spec t  the 
acetyl  de r iva t ives  of pyrro lo[1 ,  2 - a ]benz imidazo le  
r e s e m b l e  the acyl de r iva t i ve s  of i so- indolo[1 ,  2 - b ] -  
benzothiazole  [3], and 5- and 7-acyl  de r iva t ives  of 
pyrrolo[2,  l -b ] th i azo le  [1]. S imi l a r  p r o p e r t i e s  a re  
possessed  by all compounds with an aeyl group on a 
carbon  atom where  there  is  enhanced e l ec t ron  den-  
s i ty  (1- and 3-acyl  de r iva t ives  of indol iz ine ,  acy l -  
methylene  bases ,  ere). 

Fig.  1. Steric h ind rance  
in a molecule  of dye XIX 

(plane pro jec t ion) .  

Der iva t ives  of pyrro lo[1 ,  2 - a ]benz imidazo l e  give 
two s e r i e s  of eyan ine  dyes.  XI gives cyanine  dyes 
when the polymethine  ehatn s t a r t s  at posi t ion 1, while 
i s o m e r i c  XHI gives  dyes with the chain at posi t ion 3. 
There  is  a subs tan t i a l  d i f fe rence  in the co lo rs  of these  
two types of dyes.  Lengthening  of the i n t e r n a l  chain 
by two carbon  a toms in molecu les  of dyes which a re  
s t y r e n e s  (see compounds XVII, xvr r t ) ,  quite unex-  
pec tedly  r e s u l t s  not  in a ba thochromic ,  but in a hyp-  
sochromic  shift  of the absorp t ion  m a x i m u m  (by 13 
m#).  With the s y m m e t r i c a l  monometh ine  

ClO, Ctt~ ClO 4 CIt 
l 

XVII ~+rnax,5281Tl~l ( ~  x v l l l  

~. ma,r, 515 m~.I 

N(CHa) ~ 

dyes XIX and XX, the t r a n s i t i o n  leads,  as would be 
expected,  to deepening  of the co lor  (by 44 m#) .  

ICH+ CH z 

CH~ ClO~ CH 3 g~ 

CH . E 

CN 3 

XlX, n = O ,  ;'. ...... 569 mg 
XXI, n = l .  > ....... 608 mr1 

X l ,  n = 0 ,  ;%,,,,. 613 m ~  
I X l l ,  n=l ,  ;'.,.,,,.,. 678 lng  

T r i m e t h i n e c y a n i n e s  XXI and XXII were  prepared  
by condensing the pe rch lo ra t e s  of XIII and XI, r e -  
spect ively,  with B-e thoxyaero le indie thylace ta l  in di-  
me thy l fo rmamide .  Compar i son  of absorp t ion  maxima 
of t r i m e t h i n e e y a n i n e s  and monometh inecyan ines  shows 
the v inylene  shift for dyes with a polymethine  chain at 
posi t ions  1 .1 '  to be 65 rag, and with 3 . 3 ' - c y a n i n e s ,  
to be 39 mt~. Obviously the di f ference found for the 
v inylene  absorpt ion  maxima is cons ide rab ly  less  than 
that usua l ly  found for eyanine  dyes.  For  example in 
the case  of th iaeyan ines ,  the v inylene  shift of the ab-  
sorpt ion m a x i m u m  on pass ing  f rom monometh ine th ia -  
cyanines  to t r i m e t h i n e t h i a c y a n i n e s  is 135 mg, and on 
pass ing  f rom t r i m e t h i n e t h i a c y a n i n e s  to pen tame th ine -  
th iacyanine ,  it  is  94 mg [9]. Pos s ib ly  such an abnor -  
ma l ly  low value of the v inylene  d i f ference  for dyes 
which a re  de r iva t ives  of VI is  connected with s t e r i c  
h indrance  in the molecu les  of monometh ineeyan ines .  
P ro jec t ions  of molecu les  of monometh inecyan ines  
drawn with the r ight  covalent  and i n t e r f e r e n c e  radi i ,  
and valence angles  (Figs.  1 and 2)+ show that the re  
is  r ea l l y  s t e r i c  h indrance  in the molecu les  of these  
dyes.  

Fig.  2. Sterie h ind rance  
in molecu le  of dye XX 

(plane project ion) .  

EXPERIMENTAL 

QUATERNARY SALTS 

I-Acetonyl-2, 3-dimethylbenzimidazolium bromide (XXV). 2 g 
(0.014 mole) I, 2-Dimethylbenzimidazole [I0] and 1.9 g (0.014 mole) 
brom~acetone in I0 ml toluene were heated for I0 rain at 100% The 

crystals were washed with benzene, then with ether, yield 3.2 g (0.0tl 
mole, 82z]0, mp 234~ PrOH). Found: Br 28.07, 28 19~ calculated 
for C~2H~sBrN20:Br 28.21%. 

1-methyl- 2- ethylbenzimidazoie bromophenylaeylate (XXVI). Pre- 
pared similarly to XXV, using 7 g (0. 044 mole) 1-methyl-2-ethyl- 
benzimidazole and 8.'7 g (0.044 mole) bromoacetophenone in 25 ml 
toluene (40 rain heating). Yield 18.4 g (0.0aT mole, 85%), colorless 
prisms, n~p 239 ~ (ex PrOH), Found: Br 22.06, 21.98%, calculated for 
C~d I.~,BrN20:Br 22.24~ 

loMethyl-2-ethylbenzimidazole was obtained by methytating 
2-ethylbenzimidazole with MezSO4, similarly to [10], yield 48~ 
mp 62 ~ 

1-Methyl-2-ethyl-3-acetonylbenzimtdazolium bromide (XXVII). 
Prepared from 11.4 g (0. 071 mole) 1-methyl-2-ethylbenzimidazole 
and 9.8 g (0.071 mole) bromoaeetone. The product was washed re- 
peatedly with acetone and ether, yield 14.4 g (0.049 mole. 08%) 
mp 266 ~ (ex PrOH). found: Br 27.06, 27.09%, calculated for 
C,3tI~=BrN~O: Br 26.88%. 

I, 2- Dimethyl- 3-(butan- 2'- on- 3' - yl) benzimldazolinium bromide 
(XXVIll), 15 g (0.102 mole) 1, 2-dimethylbenzimidazole, 15. (~ g 
(0. 103 mole) methyl -a-bromoethyl ketone, and 20 ml toluene were 

heated together for 45 rain at 100 ~ The product which came down 
after 14 hr was reerystaI1izcd, and washed with acetone and ether. 
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Yield 20 g (0. 067 mole, 65%), mp 255* (ex iso-PrOH). Found: Br 27, 
27.13; 27.00~ calculated for C~aHnSrNiO:Br 26.88%. 

PYRROLO[I, 2- a]BENZIMIDAZOLES 

2, 4-Dimethylpyrrolo[1, 2-a]benzimldazole (IX). 4 g XXV was 
heated for 2 hr at 80~ * with 180 ml 0.7% Na2CO a solution, con- 
raining 1.6 g sodium sulfite. A pale yellow oil formed, which crys- 
tallized on cooling. It was extracted with ether, yield 1.2 g (46%), 
colorless plates, mp 90 ~ (ex MeOH). Found: N 18.19; 15.28%, calculate 
for CmH,~N. : N 15.21~ 

2, 4-Dimet.hylp~olo[l, 2-aJbenzimtdazollum pelmhlorate (XXIX). 
3 g impure base IX was dissolved in 6 ml hot HC1 (1:1), 2.5 ml 42% 
HC104 added, and after cooling the product filtered off, washed with 
water, acetone, and ether. Yield 4, 8 g (939) ,  colorless needles, mp 
199~ ~ (ex EtOH). Found: C1 12.33; 12.29; N10.02; 10.20%. cal- 
culated for C,~H,eN~. HClO, : c] 12.45; N 9.840/0. 

2-Phenyl-4-methylpyrrolo 1 ,2-a  henzlmidazole (X). Prepared 
similarly to base IX, colorless needles, mp 114 ~ (ex ErOH). Found: 
N 11.51; 11.68%, calculated for CtTHI4N2:H I:N 11.39%. 

2-Phenyl-4- methylpyrrolo[l, 2- a]benzimldazollum chloride, mp 
273 ~ (ex water). Found: C; 12.48; 12.34% , calculated for C,THI4N2-HCI. 
Cl 12.54%. 

2-Phenyl-4-methylpyrrolo[l ,  2-a]benzimidazollnlum iodide, ob- 
tained by treating the hydrochloride with KI, yellow needles, mp 276 ~. 
Found: N 7.37; 7.23%o, calculated for CITH14N 2 , HhN 7.48~ 

2, 3, 4-Trimethylpyrrolo[1, 2-aJbenzimidazole (Xl). 3 g XXVII 
was heated with 120 ml 0.70]0 Na2CO a solution for 40 min at 90-95".  
Yield 1 g (50%), colorless plates, mp 99* (ex MeOH), which turned 
green on keeping in air. Found: N 14.12; 14.32%, calculated for 
C~aHI4N~ : N 14.13%. 

Picrate, yield 84%, yellow plates, mp 164" (ex EtOH). Found: 
N 16,50; 1647%, calculated for C,3HI~N='CaHaNaOr:N 1G.39%. 

2, 8, 4-Trirnethy!pyrrolo 1, 2-a benzimidazolium perchlorate (XXX), 
from the base and HC104, yield 92%, mp 212 ~ (ex water). Found: 
Cl 11.90; 12.03%, calculated for C,aHI4N2. HCIO4:C1 11.87%. 

1-Aeetyl-2,  3, 4-=imethylpy~olo[1, 2-a]benzimidazole (XV). 
0.4 g base XI and 3 ml Ae20 were refluxed together for some minutes. 
The product which came down on cooling filtered off and washed with 
AczO and EtOH. Yield 0.25 g (52%), colorless needles, mp 199 ~ 
(ex EtOH). Found: N 11.84; 11.99%, calculated for C~sH,~N20: 

N 11.66%. 
Hydrolysis of product XV, 0.15 g compound XV, 1 ml cone HC1, 

and 3 ml water were refIuxed together for 5 rain, then 0.8 ml 42% 
HC104 added. The crystals that precipitated were filtered off, washed 
with water, then with EtOH, and finally with ether, yield 0.2 g, mp 
212 ~ (ex water). Undepressed mixed mp with XXVII. 

1, 4-Dimethyl-2-phenylpyrrolo[l, 2-a]ben.zimidazole (XID. 3 g 1. 
2-dimethylbenzimidazole, 4.4 g phenyl-a-bromoethyl ketone, and 

7 ml toluene were heated together for 30 rain at 100 ~ . On long stand- 
ing the oil that had formed solidified. It was washed with ether, where- 
upon it gave 5.5 g (74%), quaternary salt. 5.3 g of the salt was dis- 
solved in 200 ml 0.8% NazCOa solution, the suspension formed ex- 
tracted with ether, and the transparent solution heated for 1 hr at 90 *- 
95 ~ Base XII came down as a pale yellow oil, which solidified on 
cooling, yield 3.2 g (88%). Recrystai1ization from MeOH gave 1.84 g 
(539)  large yellow plates, mp 145~ *. Found: N 10.51; 10,609,  
calculated for CIsHlr, Nz: N 10.76% 

Picrate, yield 95%, yellow needles mp 185 ~ (ex EtOH). Found: 
N 14.44; 14.51%, calculated for C~,HL~N= .CGH.~NaO7 : N 14.31%. 

Hydroxide of bale XII, 1 g Base was dissolved in hot HC1 (1:1), 
a small amount of sodium sulfite added, and 0.9 g KI. The salt came 
down as an oil, which rapidly crystallized. The product was washed 
with water, EtOH, M e ~ O ,  and ether. Yellow needles, yield I. 06 g 
(75%), mp 245* (ex acidified water). Found: N 7.43; 7.31%, cal- 
culated for C~.~HI~N~,HI: N 7.22%. 

1, 4-Dimethyl-2-phenylpyrrolo[1, 2-a]benzimidazolium per- 
chlorate, pale yellow crystals, mp 208* (ex water, acidified with 
HC1). Found: CI 9,53: 9,62%, calculated for CIsHlsN ~" HC10~: C1 

9, ,%9. 

1, 2, 4-Trimethylpyrrolo[1, 2-a]benztmtdazole (XIII). Prepared 
from 7 g XXVIII (heated for 1 1/2 hr at 80*), yield 3.2 g (69%), re- 
crystallization from MeOH gave 1, 1 g (24%), colorless plates, mp 96 ~ 
which slowly turned red in air. Found: N 14.02; 14.16%, calculated 
for Cl3HI4N2: N 14.13%. 

I, 2, 4-TrLrnethylpyrrolo[l, 2-a]benzimldazollum perehlorate 
(XXXI), prepared similarly to XXIX, yield 99%, colorless needles, mp 
178 ~ (ex EtOH). Found: C1 11.96; 12.02%, calculated for Claitl4N 2 �9 
Cl 11,7801o. 

3-Acet'yl-1, 2, 4-trimethylpyrrolofl. 2-a]l~nzlmldazole (XVl), 
prepared similarly to XV, colorless long needles, mp 131" (ex EtOH). 
Found: ClaH14N2"CdqsNsOT, calculated for C~Ht~N20: N 11.66%. 
Heating the acetyl derivative with HC1 for g rain led to splitting off 
of the acetyl group and formation of XXXL 

8,4-Dimethyl-2-phenylpyrrolo[1,2-a]benztmtdazole (XIV), pre- 
pared* from 1 g XXVI by heating with NaOEt in EtOH, yield 66%, mp 
36 ~ (ex EtOH). Found: N 10.58; 10.60~ calculated for CIsH16N2: N 

I0.769, 

CYANINE DYES 

3-(p-Dimethylaminobenzylidene)-l ,  2-4-trimethylpy~olo 1, 2-a 
benzimidazolium perehlorate (XVII). 0.2 g salt XXXI, 0.1 g p-di-  
methylaminobenzaldehyde, and 2 ml Ac20, were boiled together for 
10 rain, the dye was filtered off and washed with Ac20, then with EtOH, 
and finally with ether. Yield 0.12 g (41%), mp 236" (ex EtOH). Found: 
C1 8.37; 8.41%, calculated for C22H24C1NsO41 C1 8.25%. 

1 - (p- Dlmethyla-minobenzylidene)- 2, 8, 4- t rlmethylpyrrolo[l, 2- a]- 
benzimidazolIum perehlorate (XVI/I), prepared similarly to the above 
dye, from salt XXX. Yield 69%0, mp 232 ~ (ex EtOH). Found: C1 8.081 
7,961 N 9.97%, calculated for C~H24C1NsO4:C1 8.25; N 9.77~ 

Bis ( I, 2, 4- trimethylpyrrolo[l, 2 - a]be nzimid azole - 3 )monomethine - 
eyanine perehlorate. (XIX). 0.3 g perchlorate XXXI, 0.3 g ortho- 
formic ester, and 2 ml pyridine were reflux'~d together for 15 rain. 
The dye was then precipitated with ether, and recrystallized from 
EtOH, yield 0.04 g (16%), mp 210: Found: C1 7.07; 7.10%, calcu- 
lated for C27H27C1N404:C1 6.999, 

Bis(2, 3, 4-trimethylpyrrolo[1, 2-a]benzimidazole- l )monomethlne-  
cyanine perchlorate. 0.3 g perchlorate XXX, 0.3 g dimethylforma- 
mide dimethylacetal [11, 12] and 2 ml dimethylformamide were re- 
fluxed together for 10 rain. Dye yield 0.15 g (58%), dark-green crys- 
tals, mp 290 ~ (ex EtOH), Found: C1%141 7.20%, calculated for 
C27HzTC1N404:C1 6.99%. 

Bis( 1, 2, 4 - trlmethylpyrrolo[1, 2 - a]be nzimid azo le - 8 )trimethLne - 
cyantne pemhlorate. (XXI). A solution of 0.3 g perehlorate XXXI, 
0.3 g 8-ethoxyaeroleindiethylacetal, 4 drops EtsN in 2 ml dimethyi- 
formamide was refluxed for 10 min. After 12 hr the dye was filtered 
off, carefully washed with dimethylformamide, EtOH, and ether. 
Yield 0, 14 g (56%), dark green needles, mp 245*, Found: Cl 6.87; 
7.00%, calculated for C2sH29C1N404:C1 6.65~ 

Bis(2, 3, 4.trimethylpyrrolo[1, 2.a]benzimidazole-1)tr imethine- 
cyanine perehlorate (XXII), 0. a g perchlorate XXX and 0.3 g t3-eth- 
oxyacroleindiethylacetal were dissolved in 3 ml dimethylformamide, 
and 4 drops EtaN added. The dye formed without heating, green nee- 
riles, yield 0.17 g (68%), mp > 350" (ex dimethylformamide), Found: 
C1 6.961 7.02%, calculated for CzsHzoC1NaO4: Cl 6.65%. 
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