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The debenzylation of N-benzyl-subst i tu ted 1H-pyrrolo[1,2-a] imidazoles  and 4H-pyr ro lo -  
[1,2-a]benzimidazoles under the influence of sodium in liquid ammonia was studied. F rom 
the IR and PMR spec t ra  it was established that the compounds obtained have the s t ruc tures  
of 7H-pyrrolo[1,2-a] imidazole  and 3H-pyrrolo[1,2-a]benzimidazole  derivat ives .  The de- 
benzylation of 2 ,3-diphenyl-4-benzylpyrrolo[1,2-a]benzimidazole  proceeds with the s imul-  
taneous reduction of the pyrrole  ring and the formation of 1H-2,3-dihydro-2 ,3-diphenyl-  
pyrrolo[1 ,2-a]benzimidazole .  

The synthesis  of N-alkyl(aryl ,  aralkyl)-subst i tuted 1H-pyrrolo[1,2-a] imidazoles  [2-4] and 4H-pyr ro lo -  
[1,2-a]benzimidazoles [2,5-8] has been descr ibed.  In order  to obtain derivatives of the indicated he re to -  
cycles  without substituents attached to the nitrogen atom of the imidazole ring, we studied the debenzylation 
of severa l  N-benzyl-subst i tu ted 1H-pyrrolo[1 ,2-a] imidazoles  and 4H-pyrrolo[1 ,2-a]benzimidazoles .  The r e -  
actions were ca r r i ed  out using sodium (4-8 g-atom) in liquid ammonia,  as descr ibed for removal  of the 
benzyl group in the imidazole se r ies  [91 and other  ni trogen-containing he terocyeles  [10]. The corresponding 
debenzylated derivat ives of pyrrolo[1,2-a] imidazole  (VI and VII) and pyrrolo[1,2-a]benzimidazole  (XIX and 
XX), the s t ruc tures  of which could be established by means of IR and PMR spectroscopy,  were obtained as 
a resul t  of debenzylation of 1 -benzyl -6- (p- to ly l ) -  and 1-benzyl-2 ,3 ,6- t r iphenylpyrrolo[1 ,2-a] imidazoles  (II 
and III) and 1-benzyl-6-phenyl  (or p-methoxyphenyl)pyrrolo[1,2-a]benzimidazoles  (XIII and XIV). 

A study of the IR spec t ra  of VI, VII, XIX, and XX showed that they do not contain an NH group and con-  
sequently are not der ivat ives  of 1H-pyrrolo[1,2-a] imidazole  and 4H-pyrrolo[1,2-a]benzimidazole .  It r e -  
mained to assume that, at the instant that the N-CH~CGH 5 bond is reduced, a proton migra tes  f rom the imino 
group of the imidazole ring to the a or fi position of the pyrrole  ring. 

For  the solution of this problem we studied the PMR spect ra  of the debenzylated compounds (VI, VII, 
XIX, and XX) and of a number of N-substi tuted 1H-pyrrolo[1,2-a] imidazoles  (II-V) and 4H-pyr ro lo[1 ,2 -a ] -  
benzimidazoles  (XI~-XVIII). It was established that the PMR spec t ra  of the 1-alkyl(aryl ,  a ra lky l ) - sub-  
stituted 1H-pyrrolo[1 ,2-a] imidazoles  (II-V, Table 1) are charac te r i zed  by the presence of proton signals at 
5.13-5.50 ppm (the 7 position), 6.44 ppm (the 2 position), and 6.52-6.81 ppm (the 3 position). The signals 
of the proton in the 5 position of the two-r ing compounds are found in the spec t ra  along with the signals of 
the protons of the benzene ring of the substituents at 6.7-7.5 ppm. In the PMR spect ra  of 4-alkyl(aralleyl)- 
pyrrolo[1 ,2-a]benzimidazoles  (XVI-XVIID the signals of the protons in the 3 posi t ion are observed at 5.55- 
5.59 ppm, while the signals of the proton in the 1 position are observed at 6.9-8.0 ppm along with the s ig-  
nals of the protons of the benzene rings of the t h ree - r ing  compounds and the substituents.  

* See [I] for communication LVII. 
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T A B L E  I .  C h e m i c a l  Shi f t s  in  the P M R  S p e c t r a  of P y r r o l o [ 1 , 2 - a ] -  
i m i d a z o l e  and P y r r o l o [ 1 , 2 - a ] b e n z i m i d a z o l e  D e r i v a t i v e s  

R~ a ~q ~ R 2 N 8 9 

o I 3"[" 
R ~ R ~ R ~ R~ 

I-V VI, VII XII|-XVI]I XlX, XX 

Comp. Substiments Chemical shifts 5, ppm 

II 

III 

IV 

V 

VI 

VII 
XIII 

XIV 

XV 

XVI 

XVII 
XVIII 

XIX 
XX 

R~=C~H~CH~, R~,=R~=R~=H, 
R4=C~H~CHrp 

RI=C~H~CH~, RZ~Ra=R4=C6Hs, 
Ra:H 

R~=R~--R~=C~Hs, R4=CH3, RS=H 

R~=C~H?, R2=CI, R3=H, 
R~=C~H4Br-p, Rs=CH~ 

R~=R~=H, Rs=CsH4CH~-p 

R~=Ra=H, R~=C~H~, R~=C~H~CH~ 

R~=R~=H, R~=C~H~OCHo-p, 
R~=C~H~CH~ 

RI=H, R~=Ra=C~Hs, R4=C6H~CH~ 

RI=R3=H, R2=C~H~, R~=CH3 

Ri=H, R~=CsH4Br-p, Ra=R4=CHa 
R~=R4=CHa, R~=C~H4C~Hvp, Rs=E 
R=C~Hs 
R=C~H~OCHrp 

2,29-CH~; 4,82-CH2; 5,50-H(7); 6,44-H(~); 
6,81-H(a); 6,8- 7,5-H(~), C6H~, C~H~ 

5,13-C~H~CH2, H(7); 6,9--7,3-H(~), CnHs 

2,22-CHs<6); 5,46-H(7); 6,5--7,5-H(5), 
CsHs 

0,991-C H3CH:CH~, 1,77-CH3CII2CH~; 
3,94-CH3CH2CH2; 

2,26-CH3m; 6,52-H(3); 6,74-H(5); 
7,28-C6H4 

2,64-CHa; 4,70-CH2; 6,7--7,5-H(2~, H(3), 
C~H4 

4,64-CH~; 7,08-H(5). 
5,25-CH2; 5,83-H(3); 7,0--8,0-C6H4, C6H5, 

H(l) 
3,79-OCH~, 5,24-CH2; 5,69-H(3), 7,08-- 

8,0-C6H4, C~H~, C6H5, H(l) 
5,04-CH~, 7,0--7,6-C6H5, C~Hs, C~Hs, 

C6H4, H(~) 
3,44-CH3m, 5,55-H(3), 6,9--8,0-C6H4, 

C~Hs, H(t) 
2,38-CH3(3), 3,72-CHa(4), 
2,80-CH3(~), 3,60-CHs(4), 5,59-H(a); 
5,15-CH~(~), 6,8--8,0-C6H4, CsHs, Hm 
5,38-CH~(~), 3,87-OCH~, 6,8--8,0-C~H4, 

C~H4OCHa, Hm 

O u r  a s s i g n m e n t  of the  c h e m i c a l  sh i f t s  of the  p r o t o n s  in the  p y r r o l o [ 1 , 2 - a ] i m i d a z o l e  and p y r r o l o [ 1 , 2 - a ] -  
b e n z i m i d a z o l e  r i n g s  i s  in  a g r e e m e n t  wi th  the  r e s u l t s  of o t h e r  i n v e s t i g a t o r s  of the  P M R  s p e c t r a  of p y r r o l e  
d e r i v a t i v e s  [11] and p y r r o l o [ 1 , 2 - a ] b e n z i m i d a z o l e  d e r i v a t i v e s  [12], in which  the s i g n a l s  of the p r o t o n s  of the  
ol p o s i t i o n  of the  p y r r o l e  r i n g  a p p e a r  at  w e a k e r  f i e l d  than  the  s i g n a l s  of the  fi p r o t o n s .  

On i n s p e c t i o n  of t he  P M R  s p e c t r a  of the d e b e n z y l a t e d  p y r r o l o [ 1 , 2 - a ] i m i d a z o l e  (VI and VII) and p y r -  
r o l o [ 1 , 2 - a ] b e n z i m i d a z o l e  (XIX and XX) d e r i v a t i v e s ,  i t  i s  s e e n  tha t  t hey  do not  c on t a in  s i g n a l s  c o r r e s p o n d i n g  
to  the  p r o t o n s  iv. the  7 and 3 p o s i t i o n s ,  r e s p e c t i v e l y ,  whi le  t h e r e  a r e  d i s t i n c t  s i g n a l s  wi th  an i n t e n s i t y  of 
two p r o t o n  un i t s  at  4 .64 -4 .70  ppm (VI and VII) and 5 .15-5 .38  ppm (XIX and XX), wh ich  shou ld  be a s s i g n e d  to 
the  s i g n a l s  of the  p r o t o n s  of the  CH 2 g r o u p .  T h e i r  l o c a t i o n  at  c o m p a r a t i v e l y  weak  f i e ld  i n d i c a t e s  the p r e s -  
ence  of  s y s t e m s  of  a r o m a t i c  o r  c o n j u g a t e d  double  bonds  nex t  to  the  CH 2 g r o u p  and i s  thus  in a g r e e m e n t  wi th  
the  concep t  r e g a r d i n g  t h e i r  7 and 3 p o s i t i o n s ,  r e s p e c t i v e l y .  

Thus ,  i t  was  e s t a b l i s h e d  tha t  VI and VII a r e  7 H - p y r r o l o [ 1 , 2 - a ] i m i d a z o l e  d e r i v a t i v e s ,  whi l e  XIX and 
XX a r e  3 H - p y r r o l o [ 1 , 2 - a ] b e n z i m i d a z o l e  d e r i v a t i v e s .  The  f i r s t  of t h e s e  compounds  have  not  been  r e p o r t e d ,  
whi l e  the  s e c o n d  a r e  known only  in the  f o r m  of  one r e p r e s e n t a t i v e  - 1 , 3 , 3 - t r i m e t h y l p y r r o l o [ 1 , 2 - a ] b e n z i m i d -  
a z o l e ,  ob ta ined  by the c o n d e n s a t i o n  of o - p h e n y l e n e d i a m i n e  wi th  the  n i t r i l e  of ( ~ , ~ - d i m e t h y l l e v u l i n i c  ac id  [13]. 

CH2C6H 5 
II, 1[I V l ,Y l l  

N Na N I 

CH2C6H 5 
XIIL XIV XIX, XX 

II, Vl RE=R2=ll, R3=CsFI4-p; Il l , VII R~=R~=R3=C6Hs; XIII, XIX R=CoIIs; 

XIV, XX R=C6H4OCH3- p 

772 



It  should be noted that this sor t  of i somer i za t i on  has  not been desc r ibed  in l - subs t i t u t ed  2 -a lky l (a ry l ) -  
aminopy r ro l e s  or  any o ther  compounds with analogous s t r u c t u r e s .  

The action of sodium (8.4 g-a tom)  in liquid ammonia  on 2 ,3 -d i a ry l -4 -benzy lpy r ro lo [1 ,2 -a ]benz imid -  
azoles ,  fo r  example  XV, r e su l t s  in reduct ion of the py r ro l e  r ing along with debenzylat ion,  and 2 ,3-d ihydro-  
2 ,3 -d ipheny l - lH-pyr ro lo [1 ,2 -a ]benz imidazo le  (XXI) is fo rmed.  The s t ruc tu re  of XXI was conf i rmed  by IR 
and PMR spec t r a :  by the absence of a band f rom the valence  v ibra t ions  of the NH group and by the p resence  
of a mul t ip le t  f rom the signals  of the protons  of the hydrogenated pyr ro le  r ing.  

C~gs ~ e~H5 

C6HsCH 2 C6H S C6H5 

XY XX! 

E X P E R I M E N T A L  

The 1H-pyr ro lo [1 ,2 -a ] imidazo le  (III-V, Table 1) [3,4] and 4H-pyr ro lo [1 ,2 -a ]benz imidazo le  (XVI-XVIII) 
[6] der iva t ives  were  p r e p a r e d  as descr ibed  prev ious ly .  

l-Benzyl-2-methyl-3-(p-methylphenacyl)imidazolium Bromide (1). This was obtained in 79~ yield by 
the reaction of l-benzyl-2-methylimidazole [9] with p-methylphenacyl bromide by the method in [14] and 

had mp 210-212~ (by precipitation by ether from absolute ethanol). Found ~: Br 20.9. C20H21BrN20. Cal- 
culated ~c : Br 20.7. 

l-Benzyl-6-(p-tolyl)pyrrolo[l,2-a]imidazole (]I). This was obtained in 47~c yield by cyclization of I in 
ethanol in the presence of sodium ethoxide by the method in [4] and had mp 113-115 ~ (decomp., from ethanol). 

Found %: C 83.5; H 6.3; N 9.6. C20HIsN 2. Calculated ~: C 83.9; H 6.3; N 9.8. The picrate had mp 199-201 ~ 
(decomp., from acetic acid). Found ~: N 13.6. C20Ht$N 2 �9 C6H3N307. Calculated ~: N 13.6. 

6-(p-Tolyl)-7H-pyrrolo[l,2-a]imidazole (VI). Very small lumps of sodium [0.34 g (0.015 g-atom)] 
were added with stirring to a suspension of 1 g (0.0035 mole) of finely ground II in 30 ml of liquid ammonia. 
The reaction mass was stirred for I0 rain, 0.9 g (0.017 mole) of NHtCI was added, and the ammonia was re- 
moved by evaporation in air. Benzene (I00 ml) was added to the solid residue, and the mixture was refiuxed 
and filtered. The filtrate was evaporated, and the residue was washed with ether to give 0.4 g (58~) of color- 
less plates with mp 152-153 ~ (decomp., from ethanol). FoundS: C 79.5; H 6.1; N 14.0. C13H~2N 2. Calcu- 
lated~c: C 79.6; H 6.2; N 14.3. The picrate had mp 212-214 ~ (from acetic acid). FoundS: N 16.6. 
C~3HI~N 2 " C6H3N307. Calculated ~ : N 16.5. 

2,3,6-Triphenyl-7H-pyrrolo[l,2-a]imidazole (VII). This was obtained as described above in 36~ yield 
by debenzylation of Ill. The colorless crystals melted at 247-249 ~ (from anhydrous ethanol). Found ~: C 
86.2; H 5.5; N 8.2. C24HIsN 2 . Calculated ~: C 86.2; H 5.4; N 8.4. The picrate had mp 251-252 ~ (decomp., 
from dimethylformamide). Found ~: C 64.0; H 4.0; N 12.6. C~4HIsN 2 �9 C6H3N307. Calculated ~: C 63.9; H 
3.7; N 12.1. 

l-Benzyl-2-methylbenzimidazole (VIII). A. A solution of 27 g (0.109 mole) of the benzyl chloride salt 
of dimethylanfline in 15 ml of water and 13.2 g (0.I mole) of 2-methylbenzimidazole [15] were added to a 
solution of 4.2 g (0.105 mole) of NaOH in I00 ml of water. The mixture was heated and worked up as de- 
scribed for l-benzylbenzimidazole [16] to give 16.2 g (73~) of a product with bp 181-183 ~ (3 ram) and mp 
78-80 ~ (from water). Found%: C 80.8; H 6.3; N 12.5. C15HItN 2. Calcnlated~: C 81.0;H 6.3; N 12.6. In 
[17] this compound is described in the form of the hydrochloride with mp 297 ~ and the picrate with mp 197- 
199 ~ in [18]. 

B. A solution of 99 g (0.5 mole) of N-benzyl-o-phenylenediamine [19] in 500 ml of acetic acid was re- 
fluxed for 5 h, poured into water, and neutralized with ammonium hydroxide. The base was extracted with 
chloroform, the solvent was removed by distillation, and the residue was vacuum-distilled to give 88 g (80~ 
of VIII with bp 181-183 ~ (3 ram) and mp 78-80 ~ (from water). 

1,2-Dibenzylbenzimidazole (IX). This was obtained in 94% yield by benzylation of 2-benzylbenzimid- 
azole, as described for VIII, and had mp 149-151 ~ (from ethanol). Found ~: C 84.7; H 5.8; N 9.5. C21HIsN 2. 
Calculated%: C 84.5; H 6.1; N 9.4. 
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1-Benzyl -2-methyl -3-phenacylbenzimidazol ium Bromide (X). This was obtained in 82~ yield by the 
react ion of VIII with phenacyl bromide in acetone by the method in [5] and had mp 255-256 ~ (decomp., f rom 
water) .  Found %: C 65.2; H 4.8; Br 18.7; N 6.7. C23H21BrN20. Calculated ~ :  C 65.5; H 5.0; Br  19.0; N 6.7. 

1-Benzyl-2-methyl -3-(p-methoxyphenacyl)benzimidazol ium Bromide (XI). This was obtained in 77~ 
yield f rom VIII and p-methoxyphenacyl  bromide,  as in the case of X, and had mp 237-239 ~ (decomp., f rom 
methanol).  Found %: C 63.5; H 5.0; Br 18.2; N 5.9. C24H23BrN202. Calculated ~ :  C 63.8; H 5.1; Br  17.7; 
N 6.2. 

1 ,2-Dibenzyl-3-phenacylbenzimidazol ium Bromide (XII). This compound, like X, was obtained in 76~c 
yield f rom IX and phenacyl bromide and had mp 198-199 ~ (decomp., f rom water).  Found %: C 70.4; H 5.1; 
Br  16.0; N 5.4. C29H25BrN20. Calculated %: C 70.0; H 5.1; Br 16.1; N 5.6. 

2-Phenyl -4-benzylpyrro lo[1 ,2-a]benzimidazole  (XIII). This was obtained in 92% yield by the cyc l iza-  
tion of X in water  in the presence  of sodium bicarbonate by the method in [5] and had mp 123-124 ~ (decomp., 
f rom ethanol). Found%: C 85.8; H 5.7; N 8.8. C23H18N 2. Calcula ted%: C 85.7; H 5.6; N 8.7. 

2-(p-Methoxyphenyl)-4-benzylpyrrolo[1,2-a]benzimidazole  (X'IV). Like XIII, this was obtained in 95~ 
yield by cycl izat ion of XI and had mp 159-160 ~ (decomp., f rom dimethylformamide) .  Found %: C 81.6; H 
5.9; N 8.0. C24H20N20. Calculated %: C 81.8; H 5.7; N 7.9. 

2 ,3-Diphenyl-4-benzylpyrrolo[1,2-a]benzimidazole  (XV). Like XIII, this was obtained in 94~ yield by 
cycl izat ion of XII and had mp 157-158 ~ (decomp., f rom e thano l -d imethy l fo rmamide  (1:1)] .  Found %: C 
87.7; H 5.5; N 7.2. C29H22N 2. Calcula ted%: C 87.4; H 5.6; N 7.0. 

2-Phenyl -3H-pyrro lo[1 ,2-a]benzimidazole  (XIX). Minute lumps of sodium [1.3 g (0.6 g-atom)] were 
added with s t i r r ing  to a solution of 2.1 g (0.07 mole) of XIH in 250 ml of liquid ammonia.  The react ion 
m a s s  was s t i r red  for 10 min, 3.3 g (0.6 mole)  of NH4C1 was added, and the ammonia was removed by evapo- 
rat ion in a i r .  Water  (100 ml) was added to the solid residue,  and the precipitate was fi l tered and washed 
with water  to give 0.9 g (60%) of a product with mp 217-218 ~ (decomp., f rom methanol).  Found %: C 82.6; 
H 5.3; N 12.1. C16H12N 2. Calculated %: C 82.7; H 5.2; N 12.1. 

2-(p-Methoxyphenyl)-3H-pyrrolo[1,2-a]benzimidazole  (XX). Like XIX, this was obtained in 87~ yield 
by debenzylation of XIV and had mp 226-228 ~ [decomp., f rom e th 'anol -d imethyl formamide  (1 : 1)]. Found ~ :  
C 78.1; H 5.2; N 10.7. CITH14N20. Calcula ted%: C 77.8; H 5.4; N 10.7. 

2 ,3-Dihydro-2 ,3-d iphenyl - lH-pyrro lo[1 ,2-a]benzimidazole  (XXI). Very fine lumps of sodium [1.5 g 
(0.65 g-atom)] were added to a suspension of 3.1 g (0.077 mole) of finely ground XV in 500 ml of liquid am-  
monia.  The react ion mass  was s t i r r ed  for 10 rain and worked up as descr ibed for the preparat ion of XIX to 
give 1.4 g (58v/c) of color less  c rys ta l s  with mp 193-194 ~ (from ethanol) that were slightly soluble in ether  
and insoluble in water .  PMR spect rum (in CDC13): 4.55 ppm (1-CH2) , 4.13 ppm (multiplet, 2-CH, 3-CH), 
6.9-8.1 ppm (C6H5, C6H4). Found %. C 85.2; H 5.8; N 8.8. C22H16N 2. Calculated %: C 85.1; H 5.8; N 9.0. 

The PMR spect ra  were recorded  with a JNM-4H-100 spec t romete r  with te t ramethyls i lane as the in-  
ternal  s tandard:  the spec t ra  of II-IV, VI, VII, and XV in CDC13, of V and XVI in CC14, of XIII, XIV, XIX, and 
XX in dimethyl sulfoxide, and of XVII and XVIII in CHC13 were obtained. 
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