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By quaternization of l-alkyl(aryl, aralkyl)-2-methyl-4, 5-diarylim - 
idazoles with a-bromo ketones and by subsequent eyclization of the 
quaternary salts of imidazole, a number of arylpyrrolo[1, 2-a]imida- 
zoles were obtained. A study was made of the effect of different bases 
on the process of cyclization and the yield of pyrroloimidazole deriva- 
tives. The structure was established of certain intermediate products of 
the reaction involving the closure of the pyrrole ring. 

In the course  of previous  inves t iga t ions  [1, 2] we 
synthes ized a number  of a ry lpyrro lo[1 ,  2 -a ] imidazoles .  
By means  of the reac t ion  between 1, 2-d isubs t i tu ted  
imidazoles  (XXXVI-XLII) and a -b romoke tones ,  the 
b romides  of 1-a lkyl(aryl ,  a r a l k y l ) - 2 - a l k y l - 3 - p - k e -  
toa lkyl(ara lkyl) imidazole  (I-XIII), Table  1) were  ob- 
tained.  Heating of the b romides  of compounds 1TI, VI, 
VIII, X, XI, and XIII in an aqueous solution of sodium 
bicarbonate  led to the format ion  of the a r y l p y r r o l o i m -  
idazoles of compounds XVII, XXII, XXVI, XXVIII, 
XXIX, and XXXII (Table 2), with sa t i s fac tory  yields .  
However,  under  these condit ions,  the reae t ion  r e -  
quired prolonged boi l ing (6 hr) and large  volumes  of 
solvent  because  of the poor solubi l i ty  of the qua te rnary  
sa l t s  of imidazole  in water  (1 g in 200-300 ml).  The 
b romide  of compound VII did not undergo eycl izat ion 
under  the above-ment ioned  condit ions.  

By conducting the eyel izat ion reac t ion  of the qua-  
t e r n a r y  sal ts  of imidazole  in ethanol in the p re sence  
of a s t ronger  base ,  sodium ethoxide, it was possible  
to reduce the reac t ion  volumes  by a factor  of ten and 
to shor ten  the dura t ion of the p rocess  to 15-60 rain. 
Thus, the pyr ro lo imidazo les  of compounds XVIII, 
XIX, XX, XXI, XXIII, XXIV, XXV, XXVII, XXX, and 
XXXI (Table 2) were  obtained. 

In the case of the b romide  of 1 - e t h y l - 2 - m e t h y l - 3 -  
phenacy l -5 -ch lo ro imidazo le  (XXXIV) a more  detai led 
study was conducted of the different  bases  in the p ro -  
cess  of its i n t r a m o l e c u l a r  cyel iza t ion (Table 3). It was 
es tabl i shed that only s t rong bases ,  sodium aleoholate,  
caust ic  alkal is ,  carbonates ,  and b ica rbona tes  of the 
alkal i  meta l s  and secondary  amines ,  lead to the fo r -  
mat ion  of high yields  of 1 - e t h y l - 2 - c h l o r o - 6 - p h e n y l -  
pyrrolo[1,  2 -a ] - imidazo le  (XXXIID. With weak bases ,  
the cycl izat ion reac t ion  of compound XXXIV does not 
proceed to complet ion or does not proceed in genera l .  
The p rocess  ceases  on the format ion  of in t e rmed ia te  
products  of c losure  of the pyr ro le  r ing,  or  the anhy-  
drobase  of imidazole,  dur ing  the action (with p ic r ic  

*For P a r t  XXXVI, see [11]. 

acid) the p ic ra te  of 1 - e t h y l - 2 - m e t h y l - 3 - p h e n a c y l - c h l o r -  
imidazole  (XXXV) was formed.  

Not only the base  used but also subst i tu tes  in the 
imidazole  r ing  of the qua te rnary  sal t  affect the f o r m a -  
t ion of pyr ro lo imidazo les .  Thus, the qua te rnary  sa l t s  
based on the 1, 2-d isubs t i tu ted  der iva t ives  of 4, 5 -d i -  
phenyl imidazole  read i ly  undergo cycl izat ion even with 
the r e s idues  of al iphatic  ketones in posit ion 3 with the 
format ion  of the cor responding  pyr ro lo imidazoles .  
Substi tution in posi t ion 1 of the imidazole  nucleus  ap-  
paren t ly  has no impor tant  effect on the course  of the 
reac t ion .  

Unsuccessful  a t tempts  were  made to induce cyc l iza -  
t ion of the qua te rna ry  sal ts  of imidazole  containing the 
NO 2 group in posi t ion 5 or the CH2OH group in posit ion 
2 of the imidazole  nucleus  (I, II, IV, V). In the case of 
the n i t ro  compounds of IV and V, both on heating in 
aqueous NaHCO 3 and also in an alcoholic solution of 
sodium ethoxylate, there  was in tens ive  saponif icat ion 
of the reac t ion  ma ss .  F rom the products of the r e a c -  
t ion of compound IV, 1, 2 -d ime thy l -5 -n i t ro imidazo le  
(XLI) was isolated as a r e su l t  of cleavage of the o r ig i -  
nal  qua te rnary  salt ,  as this oceured in case of ce r ta in  
halogenides of 5 -ch loro imidazole  [2]. 

On boi l ing the b romide  of 1 - me t hy l - 2 - oxyme thy l -5 -  
ch lo ro -3 -n -b romophenacy l imidazo le  (ID in an a lcohol-  
ic solut ion of sodium ethoxide the anhydrobase  of com-  
pound XV (the eno l -be ta in  according  to the te rminology  
of KrShnke [3]) was obtained. 

Compound XV and also the anhydrobases  of com-  
pounds XIV and XVI a re  formed dur ing the act ion of 
NaOH on sal ts  of compounds I, II, and XI in the cold, 
as had been previous ly  observed by us in other cases  
[2]. The anhydrobase  of compound XVI, in cont ras t  to 
compounds XIV and XV, on heating in water  in the ab-  
sence of an a lkal ine  agent is a lmos t  quant i ta t ively con-  
ver ted  into the pyr ro lo imidazole  of compound XXIX. 

The s t r uc t u r e  of the eno l -be ta ines  of compounds 
XIV-XVI was conf i rmed by data of the e l emen ta ry  anal -  
ys i s  and by a study of IN and UV spect ra .  In the IN 
spec t ra  of these  compounds there  is not absorpt ion  band 
of the CO group (Fig. 1.) which indicates  that their  
s t r uc t u r e  r e s e mb l e s  that of the O-beta ines .  Cer ta in  
anhydrobases  of the pyr id ine  s e r i e s  have a s i m i l a r  
s t ruc tu re  [4]. In the UV spect ra  of the O-beta ines  there  
is one dis t inc t  absorpt ion  max imum or a shoulder  in the 
240-265 nm region.  In the UV spec t ra  of the py r ro lo -  
imidazoles ,  for  example compounds XXVIII, XXIX, 
and XXXI (Table 2), there  a re  two absorpt ion  maxima 
in the 245-280 and 360 nm regions  (Fig. 2), 
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T a b l e  3 

E f f e c t  o f  t h e  N a t u r e  o f  t h e  B a s e  o n  C y c l i z a t i o n  o f  t h e  S a l t s  o f  I m [ d a -  

z o l e  o f  X X X I V  

Base Duration of  Yield of  XXXV isolated, 
boiling, hr X•  % 5% 

%HsONa 
NaOH 
Ca(OH)~ 
Ba(OH)2 
N a2CO~ 
NaHCOs 
CaCO~ 
CH3COONa 
NH4OH 
~sobutylamine 
Piperidine 
Pyridine 

5 
2 

10 
5 
5 
5 

�9 10 
20 
20 
10 
10 
10 

79 
79 
79 
47 
63 

63--84 
Traces 
Traces 
Traces 

15 
55 

8 

20 
5--16 

79 
75 
9O 
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E X P E R I M E N T A L  

The bromide of 1-ethyl-  2- methyl-  3- phenaeyt- 5- chloroimidazole 
(XXXIV) [I], 1-ethyl-2-methyl-4 ,5-diphenyl imidazole  (XXXVI) [I], 

U 

)600 3200 2800 2400 206)0 1830 1500 uIDO ~200 !20G~ro. -) 

Fig. 1o Ill spectra, a) anhydrobase of 1-methyl-2-  
oxymethyl-3-n-bromophenacyl-5-chloroimidazole 
(XV); b) anhydrobase of 1,4, 5-triphenyl-2-methyl- 

3 -n-nitrophenaeylimidazole (XVI). 
l-phenyl- 2- mahyl-4, 5- diphenylimidazole CAXXVII) [i] and 1 ~-oxy- 
phenyl-2-methyl-5-nitroimidazole ~I.tl) [5] were previously prepared. 

1-Methyl-P-oxymethyl-5-chloroimidazole (XXXVII) was obtained 
by heating 1-methyl-5-chlorimidazole [6] with a 409o aqueous solution 
of CH~O in a sealed tube for 18 hr at 145-150" C. When the reaction 
was conducted for 4 hr at 120 ~ C [7], a mixture of the original and 
final products was formed which was difficult to separate, 

1-Dfmethyl-4,  5-diphenylimidazole (XXXIX)was obtained by 
methylation of the previously prepared 2-methyl-4,  5-diphenylimida- 
zole [1] by methyl iodide, as described for 1, 2-dimethylbenzimida- 
zole [8]. Picrate. mp 198-199 ~ C (from ethanol). Found, %: C 57.74; 
H 3.91; N 14.12. Calculated for C17H16Nz �9 CsH3N30 T, %: 57.86; H 4.01; 
N 14.67. 

1- Benzyl- 2- methyl- 4, 5- diphenylimidazole (XL) [9] and 1, 2- di- 
methyl-5-nitroimiflazole (XLI) [10] were obtained according to well 
known methods. 

1-Ethyl-2-chloro-6- phenylpyrrolo(1, 2-a)imldazole (XXXIII). A 
0.055 mole quantity of the base was added to a solution of 0.05 mole 
of the bromide of compound XXXIV in i0 ml of water (in 10 ml ethanol 
in the case of sodium ethoxide), the mixture was boiled, cooled, 
and the precipitate was removed by filtration. Compound XXXIII was 
obtained with a m p  of 82-84 ~ C (from ethanol). According to data in 
the literature [1], mp is 84-85 ~ C. After removal of XXXItI the aque- 
ous filtrate was washed with ether from resin-like substances, acidified 
with CH3COOH, an aqueous solution of picric acid was added, and the 
precipitate of the picrate of 1- ethyl- 2- methyl- 3- phenacyl- 5- chloro- 
imidazole (XXXV) was removed by filtration, and washed with ether, 
rap, 153-154 ~ C (from ethanol). According to data in the literature 
[1], the mp is 163-164 ~ C. In the case of isobutylamine, pipesidine, 
and pyridine it was impossible to isolate the picrate of compound 
XXXV because of the mixture of picrates of the corresponding amines. 

Bromides of l-alkyl(aryl)-2-alkyl-8-ketoalkyl(aryl) imidazole (I- 
XIII, Table 1). These compounds were obtained by boiling 1, 2-dia- 
lkylimidazoles of compounds XXXVI-XLII with the a-bromo ketones 
in acetone (5 hrs for I -V ,  and IX-XIII, and 20 hrs for VI-VIII) as de- 
scribed by us previously [1]. Compounds VI, VII, and IX are soluble in 
acetone and are isolated by precipitation with ether. 

Anhydrobases of  1-alkyl(aryl)-2-alkyl-3-phenacylimidazole CAN- 
XVI, Table 1). These compounds were obtained by adding 4090 NaOH 

to an aqueous soht ion of bromides of compounds I, II and XI, and the 
resulting precipitates were removed by filtration and washed with water. 

Pyrrol0[.[,2-a]imidazoles (XVII-XXXII, Table 2). Compounds 
XVII, XXII, XXVI, XXVIII, XXIX, and XXXII were obtained by boil- 
ing the bromides of compounds IlI, VI, VIII, X, XI, and XIII in an 
aqueous solution in the presence of NaHCO s (10 9o excess of the theoretical 
amounts) according to a previously described method [2]. For the 
synthesis of compounds XVIII-XXII, XXIII-XXV, XXVII, XXX, and 
XXXI the corresponding bromides of inidazole were prepared in the 
manner described for compound VI (the aliphatic bromoketones were 
used with 1009o excess and the reaction was conducted at room temper- 
ature for 48-72 hr). The thick caramel- l ike substances which formed 
were extracted by decanting from the solvent and were dissolved in 
anhydrous ethanol (5 ml/g bromide), a soht ion of sodium ethoxide was 
added (an equimolecular quantity calculated for a 100% yield of bro- 
mide), the mixture was boiled for 15 min (XXIII), 30 rain (XX, XXIV 
and XXVII), or 60 rain (XVIII, XIX, XXI, XXV, XXX, and XXI), 
cooled, and the precipitate was removed by filtration and washed with 
ethazlol. The anhydrobase of compound XV separated out on boiling 
the bromide of compound II in ethanol in the presence of sodium ethox- 
ide for 30 min. On boiling the bromide of compound IV in an aque- 
ous solution of NaHCO 3 as described above and with subsequent chroma- 
tography of the resinified mass in a column containing aluminum oxide, 
1, 2-dimetbyl-5-nitroimidazole (XLI)with a m p  of 135-13~  C 
was isolated. A sample of a mixture with pure XLI (rap 138-139 ~ C) 
[10] did not depress the melting point. The picrate had a m p  of 160- 
162 ~ C. According to data in the literature [10] the mp of picrate was 
162-163 ~ C. 

A) A 0.5 g quantity of compound XVlin 50 ml water was boiled 
for 5 hrs, cooled, and the precipitate was removed by filtration. A 
0,45 g (972%) quantity of a compound with a m p  of 235-237 ~ C was 
obtained (from a mixture of ethanol and dimethyl-formamide) which 
did not cause depression of the melting point on mixing with compound 
XXIX. 
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Fig. 2. UV spectra: 1) anhydrobase of 1-methyl- 
2 - o x y m e t h y l - 3 - p h e n a c y l - 5 - c h l o r o i m i d a z o l e  (XIV);  

2) a n h y d r o b a s e  o f  1 - m e t h y l  2 - o x y m e t h y l - 3 - n -  

b r o m o p h e n a c y l i m i d a z o l e  (XV);  3) a n h y d r o b a s e  o f  

1, 4 ,  5 - t r i p h e n y 1 - 2 - m e t h y l - 3 - n - n i t r o p h e n y l i m i d a -  

z o l e  (XVI);  4)  1, 2, 3 - t r i p h e n y l - 6 - 6 - n - n i t r o p h e n y l -  
p y r r o l o  1, 2 - a  i m i d a z o l e  (XXIX) .  
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