
The PMR spect ra  of the N-oxides and the quaternary salts were obtained f rom solutions in D20 with a 
JEOL-PS-100  spec t romete r  at room temperature .  The chemical  shift of D20 was 4.70 ppm. 
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R E S E A R C H  IN T H E  I M I D A Z O L E  S E R I E S  

XCII.* REDUCTION OF SOME PYRROLO[1,2-a]IMIDAZOLE 

A ND PYRROLO[1, 2-a]BENZIMIDA ZOLE DERIVATIVES 

A.  A.  D r u z h i n i n a ,  P .  M.  K o c h e r g i n ,  
R.  M.  P a l e i ,  a n d  O. N. M i n a i l o v a  

UDC 547.76.785 : 542.942 

The reduction of pyrro lo[1 ,2-a] imidazole-2-one  and pyrrolo[1,2-a]benzimidazole  derivatives,  
which leads to the formation of 2 ,3-dihydropyrrolo[1,2-a] imidazole derivatives and der iva-  
tives of the previously unknown 1,2,3,3a- te trahydropyrrolo[1,2-a]benzimidazole ,  was studied. 
A me thodwas  developed for  the prepara t ion of 5- and 7-amino derivatives of pyr ro lo[1 ,2-a] -  
imidazole by reduction of the corresponding ni t roso-  and arylazo-subst i tu ted pyr ro lo[1 ,2-a] -  
imidazoles .  

Little study [2] has been devoted to the reduction of derivatives of polynuclear  sys tems with a bridged 
nitrogen atom that include a pyrroloimidazole  fragment.  In developing research  [3, 4] on the t ransformat ions  
of compounds of the pyrrolo[1 ,2-a] imidazole  and pyrrolo[1,2-a]benzimidazole  ser ies  we studied the reduction 
of some derivat ives of these sys tems .  

A method for the prepara t ion of 2 ,3-dihydropyrrolo[1,2-a] imidazole  derivatives f rom 1,2-dialkylimidazo- 
lines and a-ha lo  ketones was proposed in [5]. In o rder  to develop other methods for  the synthesis of these 
compounds we ca r r i ed  out the reduction of pyrro lo[1 ,2-a] imidazol -2-ones  (I, II) with lithium aluminum hydride 

*See [1] for  communication XCI. 
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in ether.  
rnent of the pyr ro le  ring. 

It was established that only the carbonyl group is reduced under these conditions without involve- 

O•NN/•6H• LiAIH4 N R 

N / ~ C ~ H  s 

%H5 C2H s 

I, I1 I11, IV 

!,111 R=C6H5; II, IV R=H 

The action of sodium in alcohol on 2-phenyl-4-methylpyrrolo[1 ,2-a]benzimidazole  (V) leads to reduction 
of the py r ro l e  ring and formation of 1 ,2 ,3 ,3a- te t rahydro-2-phenyl -4-methylpyrro lo[1 ,2-a]benzimidazole  (VI). 

N Na ~ N  

I I 
CH 3 CH3 
V V! 

The s t ruc tures  of the synthesized dihydropyrroloimidazoles  (III, IV) and te t rahydropyrro lobenzimtdazole  
(VI) were confirmed by data f rom the PMR spectra,  in which the distinct signals of protons of both methylene 
and methylidyne groups are  observed.  

In o rde r  to synthesize amines of the pyrrolo imtdazole  ser ies  we also studied the reduction of 5-nitroso,  
5-arylazo,  and 7 -a ry lazo  derivat ives of this heterocyele  (X-XII) [4]. Reducing agents that reduce the functional 
groups without involvement of the pyr ro le  ring were also used in this reaction. 

~ N ~ C 6 H s  N R N ~ [ ~ N ~ C ~ H s "  

C6HsCH ~ C6H 5 C6HsCH 2 C6H5 CsHsCH21 Cell51 

IX X, Xl Xlll 

r------ N - - - ~ ,  C6H5 , N-------/CG H5 

C2H 5 N=NC6HdCOOH'~ C2H 5 NH2 

XII XIV 

g R-NO; Xl R=N~N%H4COOH-o 

Compounds X-XII are  easi ly reduced by zinc in glacial acetic acid or  by sodium hydrosulfite in aqueous 
alcoholic alkali to the corresponding 5- o r  7-amino derivatives XIII and XIV. The latter,  in contras t  to the 
1-amino derivat ives  of pyrrolobenzimtdazole  [2], are  stable in the base form. 

EXPERIMENTAL 

The IR spectra of mineral oil suspensions of the compounds were recorded with a UR-10 spectrometer. 

The PMR spectra of CDCI 3 and CCI 4 solutions of the compounds were recorded with a JNM-4H-100 spectrom- 
eter with tetramethylsilane as the internal standard. 

1-Ethyl -5 ,6-diphenylpyrrolo[1 ,2-a] imidazol -2-one  (I) was prepared  by the method in [6]. 

1-Ethyl-6~phenylpyrrolo[1 ,2-a] imidazol-2-one (II). This compound, with mp 109-110 ~ (from methanol), 
was obtained in 197o yield by the method used to prepare  I. Found: C 74.0; H 6.4; N 12.170. C14H14N2 O. Cal- 
culated: C 74.3; H 6.2; N 12.3%. 

1-Ethyl -2 ,3-dihydro-5 ,6-diphenylpyrrolo[1 ,2-a] imidazole  (IH). A solution of 3 g (0.01 mole) of I in 230 
ml of ether  was added with s t i r r ing  to a solution of 4.5 g (0.12 mole) of lithium aluminum hydride in 520 ml of 
absolute ether, and the mixture  was refluxed for  2 h, after  which it was allowed to stand at 18-20 ~ for 24 h. 
It was then t rea ted  with 18 ml of water,  and 270 ml of 10% H2SO 4 was added until the precipi ta ted lithium and 
aluminum hydroxide dissolved completely.  The ether  layer  was separated,  washed with saturated NaC1 solu- 
tion, and dried with MgSO 4. The ether  was removed by distillation to give 2.6 g (9170) of a product  with mp 
116-118 ~ (from ethanol). PMR spect rum (CDCI3) , ppm: 1.21, 3.05 (CH2CH3); 3.49 (3-CH2); 3.99 (2-CH2); 5.33 
(7-H); 6.9-7.3 (C6H5). Found: C 83.4; H 7.1; N 9.8%. C20H20N2. Calculated: C 83.3; H 7.0; N 9.77o. 
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1-Ethyl-2 ,3-dihydro-6-phenylpyrrolo[1 ,2-a] imidazole  (IV). This compound was prepared by the method 
used to synthesize pyrrolo imidazole  III. It was isolated in the form of the picrate ,  with nap 119-201 ~ (from 
nitromethane), in 20% yield. Found: C 54.5; H 4.3; N 15.6~0. CI4H16N2"C6H3N3OT. Calculated:  C 54.4; H 4.3; 
N 15.9%. 

1 ,2 ,3 ,3a-Tetrahydro-2-phenyl-4-rnethylpyrrolo[1 ,2-a]benzimidazole  (VI). Lumps of sodium [10 g (0.4 g-  
atom)] were added in the course  of 5 rain to a refluxing solution of 2.5 g (0.01 mole) of 2-phenyl-4-methyl -  
pyrrolo[1,2-a]benzimidazole  (V) [7] in 100 ml of absolute ethanol, after  which the mixture was refiuxed for 30 
rain. It was then cooled and t reated with 100 ml of water, and the precipi ta te  was removed by fi l trat ion and 
washed with water  and alcohol to give 0.9 g (36~) of a product with nap 104-106 ~ (from ethyl acetate). FMR 
spectrum (CC14), ppm: 3.32 (1-H and 2-H); 2.20 (3-H)i 4.92 (3a-H); 2.69 (n-CH3). Found: C 81.7; H 7.0; N 
11.2%. CITHIsN2. Calculated: C 81.6; H 7.2; N 11.2e/o. 

1,2-Dibenzylimidazole (VII). This compound, with mp 190-192 ~ (3 ram) and mp 75-77 ~ was obtained in 
52% yield by benzylation of 2-benzimidazole under the conditions of the synthesis of 1-benzyl-2-methyl imidazole  
[8]. Found: C 82.4; H 6.4; N 11.1%. C17HI~N 2. Calculated: C 82.2; H 6.5; N 11.3%. 

1,2-Dibenzyl-3-phenacyl imidazol ium Bromide (VIII). This compound, with mp 256-258 ~ (from absolute 
ethanol), was obtained in 70% yield f rom VII and phenacyl bromide by the method in [6]. Found: C 67.3; H 5.3; 
Br 16.8; N 6.0%. C25H23BrN20. Calculated: C 67.1; H 5.2; Br 16.9; N 6.2%. 

1-Benzyl-6 ,7-diphenylpyrrolo[1,2-a] imidazole  (IX). This compound, with mp 120-122 ~ (from ethanol), 
was obtained in 59% yield by refluxing bromide VHI in an alcohol solutior~ of sodium ethoxide by the method 
in [9]. Found: C 85.9; H 6.0; N 8.0~o C25H20N 2. Calculated: C 86.2; H 5.8; N 8.0%. 

1-Benzyl -5-ni t roso-6 ,7-diphenylpyrro lo[1 ,2-a] imidazole  6X). A solution of 0.35 g (5 mmole) of sodium 
nitri te in 1 ml of water  was added with s t i r r ing  at 18-20 ~ to a solution of 1.74 g (5 mmole) of IX in 25 rnl of 
glacial acetic acid, and the mixture was s t i r red  at the same tempera ture  for 15 rnin. It was then diluted with 
35 ml of water, and the aqueous mixture was cooled and made alkaline to pH 8 with aqueous NaOH solution. 
The precipi tate  was removed by fi l tration to give 0.75 g (40~/0) of green  plates with nap 193-195 ~ (from ethanol). 
Found: N 11.5~o. C25Hl~N30. Calculated: N 11.1~0. 

1-Benzyl-5-(o-carboxyphenylazo(-6 ,7-diphenylpyrrolo[1 ,2-a] imidazole  (XI). A solution of 1.75 g (4 
mmole) of IX in 200 ml of acetic acid was added to a solution of diazonium chloride prepared  by diazotization 
of 1 g (6.9 mmole) of anthranilic acid with NaNO 2 in 20 ml of acidified alcohol. The mixture was allowed to 
stand at 18-20 ~ for  24 h, af ter  which it was poured into water,  and the aqueous solution was neutralized to pH 
6-7 with ammonium hydroxide. The result ing precipi ta te  was removed by fi l tration to give 1.38 g (55~0) of 
red needles with nap 242-243 ~ (dec., f rom ethanol). Found: C 75.4; H 5.4; N 10.9%. C32H24N402- H20. Calcu- 
lated: C 74.7; H5.1 ;  N 10.9%. 

1-Ethyl -5 ,6-d iphenyl -7- (o-carboxylphenylazo)pyrro lo[1 ,2-a] imidazol -2-one  (XH). This compound, with 
nap 233-235 ~ (from 80% ethanol), was obtained in 98% yield as orange needles f rom pyrroloimidazolcne  I by 
the method used to p repa re  XI. Found: C 69.2; H 4.9; N 12.1%. C27H22N403" H20. Calculated: C 69.2; H 5.1; 
N 12.0%. 

1-Benzyl-5-arnino-6,7-diphenylpyrrolo[1,2-a]imidazole (XIII). A) Zinc dust (2 g) was added with stirring 
to a solution of 1 g (2.8 mmole) of X in 35 ml of glacial acetic acid, and the mixture was allowed to stand at 30 ~ 
for 2 h. It was then filtered, and 100 ml of water was added to the filtrate. The aqueous solution was neutralized 
to pH 8-9 with ammonium hydroxide and extracted with ether. The ether extract was washed with water, dried 
with MgSO4, and treated with an ether solution of hydrogen chloride. Workup gave 0.5 g (63~ of XHI hydro- 
chloride with mp 211-213 ~ (from methanol). Found: C 75.1; H 5.4; N 10.5%. C25H21N 3 �9 HC1. Calculated: C 
75.1; H 5.5; N 10.5%. 

B) Zinc dust (2.5 g) was added to a solution of 0.97 g (2 mmole) of XI in 100 ml of glacial acetic acid, 
and the mixture was s t i r red  at room tempera tu re  for 20 rain. It was then worked up by method A to give 0.75 g 
{81%) of XIII hydrochloride with nap 211-213 ~ No melt ing-point  depress ion was observed for  a mixture of this 
product  with a sample obtained by method A. 

1-Ethyl-5 ,6-diphenyl-7-arninopyrrolo[1 ,2-a] imidazol-2-one (XIV). A) Zinc dust (1.65 g) was added to a 
solution of 1 g (2 mmole) of XII in 30 ml of glacial  acetic acid, and the mixture was heated at 100 ~ until it be-  
came completely co lor less .  It was then poured into water,  and the resulting suspension was neutralized to 
pH 8-9 with ammonium hydroxide and extracted with ether.  The solvent was removed by distillation to give 
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0.6 g (37v/o) of a product  with mp 177-179 ~ (from 8070 ethanol). IR spect rum:  3400 and 3280 (NH2) , 1680 (CO) 
cm -1. Found: C 71.1; H 6.1; N 12.0%. C20H19N30. H20. Calculated: C 71.6; H 6.0; N 12.5~. 

B) A total of 200 ml of 2 N NaOH and 5 g (0.3 mole) of sodium hydrosu!fite were added to a solution of 
2.3 g (5 mmole) of XH in 200 ml of 8070 ethanol, and the mixture was gradually heated to 80 ~ and allowed to 
stand at this t empera tu re  until it became completely co lor less  (1 h). It was then filtered, and the fi l trate was 
cooled and extracted with ether.  The ether  extract  was evaporated to give 0.3 g (19%) of a product  with mp 
177-179 ~ The product  was identical to the product  obtained by method A. 

1. 
2. 
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R E A C T I O N S  W I T H  E L E C T R O N  T R A N S F E R  

T O  N - A C Y L H E T E R O A R O M A T I C  C A T I O N S  

A.  K.  S h e i n k m a n ,  A.  P .  K u c h e r e n k o ,  
I .  V.  K u r k u r i n a ,  N. A.  K l y u e v ,  
a n d  E .  N. K u r k u t o v a  

UDC 547.785.5'82'833'836 

The behavior  of some benzoquinolines and imidazoles in reactions with acylating agents in the 
p resence  of zinc dust was investigated. The possibili ty of f r ee - rad ica l  hetarylat ion under these  
conditions of organic compounds by the intermediately formed N-acylheteroaromat ic  radicals  
was established. The s t ruc ture  of 2 ,2 ' -d iace ty l -  1 ,1 ' ,2 ,2 ' - te t rahydro-  1, l ' -d i isoquinolyl  was 
determined by means  of x - r ay  diffract ion analysis.  

The electrophil ici ty of N-heteroaromat ic  cations increases  as the e l ec t ron-accep to r  proper t ies  of the 
substituents attached to the heteroatom increases  [1] and becomes par t icu lar ly  high in the case of N-acylhe te ro-  
a romat ic  cations. The high electrophil ici ty of the la t ter  is manifested not only by the fact  that they can readily 
add to react ion centers  with increased e lectron density (the so-called hetarylat ion react ion [2]): reactions in- 
volving one-e lec t ron  t r ans fe r  to the heteroring,  which leads to the formation of N-acylheteroaromat ic  radicals ,  
are  also facilitated in this se r ies .  The anions themselves  of the corresponding salts [2] and various metals  
can act  as e lec t ron donors for  cations of this sort ,  and, in contras t  to N-alkylpyridinium salts, which are  r e -  
duced only by sodium amalgam under severe  conditions, the reduction of N-acyl  salts  proceeds at room tem-  
pe ra tu re  under the influence of zinc and even less  active metals  [3]. The resul t ing N-acylpyridine radicals 
are  extremely stable in some cases  and may exist  in the crystal l ine state for a ra ther  long time, but they most  
often immediately  recombine to give 1, l ' - d i a c y I -  1 ,1 ' ,4 ,4 ' - t e t rahydro-4 ,4 ' -d ipyr idy l s .  This react ion has been 
extended to N-acylpyridinium and benzopyridinium salts [4, 5]. However, N-acyl  salts of acridine were re -  
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No. 2, pp. 229-237, February,  1977. Original ar t ic le  submitted December 29, 1975; revis ion submitted May 
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