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The formylation, acetylation, hydroxymethylation, azo coupling, nitrosation, nitration, and chlo- 
romercurat ion of pyrrolo[1,2-a]imidazole derivatives were studied. The PMR spectra were 
used to establish that all of these reactions proceed at the 5 position or, if it is occupied, at 
the 7 position of the two-ring system. When the 5 and 7 positions are free,  the formation of 
5,7-disubstituted pyrrolo[1,2-a]imidazoles is possible. 

In developing the research accomplished in [2-6] in order  to obtain the inaccessible (by direct synthe- 
sis) functional derivatives of pyrrolo[1,2-a]imidazole and to compare the reactivity of this heterocycle with 
other condensed pyrrole-containing systems with a common nitrogen atom, we studied the electrophilic sub- 
stitution reactions in this ser ies  of pyrrolo[1,2-a]imidazole derivatives, which were reported only briefly 
in [7]. The starting substances were 1-propyN2-chtoro-6-(p-bromophenyl)-7-methyl- ,  t-ethyl-2,3-diphenyt- 
5,6-dimethyl-, 1,2,3,6-tetraphenyl-, and 1-benzyl-6-(p-tolyl)pyrroto[1,2-a]imidazoles {I-IV) [4-6], t -e thyl -  
5,6-diphenylpyrrolo[1,2-a]-2-imidazolone (V) [4], and the 1-methyl-6-(p-chlorophenyl)- and 1-ethyl-2-chlo- 
ro-5,6-diphenylpyrrolo[1,2-a]imidazoles (VIII, IX) described in this paper. 

It was established that the formylation, acetylation, hydroxymethylation, azo coupling, nitrosation, and 
chloromercuration of I-V, VIII, and IX proceed with great  ease under mild temperature conditions. 

As one should expect in analogy with the eleetrophilic substitution reactions in the indolicine [8], pyr-  
rolo[2,1-b]thiazole [9], and pyrrolo[1,2-a]benzimidazole [10, 11] series,  in this case the pyrrole ring carbon 
atom adjacent to the common nitrogen a t o m -  the 5 position of the pyrroloimidazole two-ring system - also 
undergoes pr imary electrophilic attack. Thus X, XI, XIV, XV, XVII, and XIX, respectively, are obtained 
from the Vilsmeier formylation of I, the acetylation of IV with acetic anhydride, and the hydroxymethylation 
of I with formaldehyde, the azo coupling of III with p-bromobenzenediazonium borofluoride, the nitrosation 
of I with nitrous acid, and the chloromercuration of IV with mercur ic  chloride. 

If there is any substituent in the 5 position, the electrophilic substitution reactions proceed at the 7 
position of the two-ring system. Thus, for example, XII and XX, respectively, are formed in the acetylation 
of XI with acetic anhydride in the presence of sodium acetate and in the chloromereuration of II with me r -  
curic chloride. 

When the 5 and 7 positions are free,  the substitution reactions of such pyrrolo[1,2-a]imidazoles may 
proceed to form 5,7-disubstituted products. Thus XII, XIII, and XVI, respectively, are obtained in the acet- 
ylation of IV and VIII with acetic anhydride in the presence of sodium acetate and in the azo coupling of IV 
with p-bromobenzenediazonium borofluroide. 

It is interesting to note that the dimethylaminomethylation of I under the conditions of the synthesis of 
Mannich bases of the indolicine ser ies  [12] gives XIV, which is probably explained by the ease of the compet- 
itive hydroxymethylation or by hydrolysis of the 5-dimethylaminoethyl derivative of I. 
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Attempts to nitrate the pyrrolo[1 ,2-a] imidazole  derivat ives with a nitrating mixture led to re sinifica- 
tion, which is apparently explained by the instability of this heteroeycl ic  sys tem to the action of strong min-  
e ra l  acids.  We were able to obtain dinitro compound XVIII by substitution of the acetyl  groups by a nitro 
group by the action of HNO 3 on the corresponding 5,7-diacetyl  derivative (XII) in glacial  acetic acid, as de- 
scr ibed fo r  the synthesis  of nitro derivat ives of indolicine [13] and pyrrolo[1,2-a]benzimidazole  [11]. The 
nitrat ion of VIII with concentrated HNO 3 in acet ic  acid does not give XVI]-[ - the nitrate of VIII was isolated 
f rom the react ion mixture.  

The acetylation of 2-chloro-substituted pyrrolo[l,2-a]imidazoles (I, IX) proceeds unusually. When 
these compounds were heated with acetic anhydride in the presence of sodium acetate, pyrrolo[l,2-a]imid- 
azolones (XXI, XXII) were isolated. The formation of X-XI and XXII is apparently explained by the ease of 
acetylation in the 5 or 7 positions and subsequent aeetolysis of the chlorine atom under the influence of so- 
dium acetate; hydrolysis of the intermediate 2-acetoxy-5 (or 7)-acetylpyrroloimidazoles leads to the corre- 
sponding 2-hydroxypyrroloimidazoles, which are isomerized to XXI and XXII. Compound X-XI was also syn- 
thesized by heating l-ethyl-2-methyl-3-deeyl-5-ehloroimidazolium chloride (VI) [4] in acetic anhydride in 
the presence of sodium acetate, during which, in addition to closing of the pyrrole ring, the other processes 
indicated above, which are associated with acetylation of the pyrrole ring and aeetolysis of the chlorine atom 
in the imidazole ring of the two-ring system, also took place. 

,rv-----N----vr-C6 H 5 CH3COONa 

~2H5 

~ ~1._.....~.C6 H 5 ~ N-----CT--C6 H 5 
C , ~ X N ~ s H  5 CH---~3COO.~N '~z~r - -  

L HsC2 H5C2 COC"3 

IX + Ci-  

XXI VI 

It is interest ing to note that the azo coupling of V with p-bromobenzenediazonium borofluoride p ro -  
ceeds at the 7 position of the two-r ing  sys tem ra the r  than at the active me thy lenegroup  of the imidazole 
ring, which at tests  to the high aromat ic i ty  of the pyr ro le  ring in pyr ro lo[1 ,2-a] -2- imidazolone  derivat ives.  

The s t ruc tu res  of X-XXIII were established by means  of IR and PMR spectroscopy.* The IR spectra  
of X-XIV, XVII, XVIII, and XXI-XXIII contain absorpt ion bands of the corresponding functional groups - CO, 
OH, NO, or  NO 2 - while the signals of the protons in the 5 o r  7 or  5,7 positions of the two-r ing sys tem that 
were observed in the PMR spect ra  of s tar t ing compounds I-V, VIII, and IX are  absent in the PMR spect ra  
of X-XVIII, and XXI-XXIII. The s t ruc tu res  of XIX and XX were assumed by way of analogy, since it was dif- 
ficult to r ecord  their  PMR spect ra  because of the presence  of a m e r c u r y  atom. 

Among the proper t ies  of the compounds that we obtained, one should note the ease of deacetylation of 
XI-XIII  on heating in water  in the presence  of mine ra l  acids, as is also observed in aeetyl der ivat ives  of in- 
dolicine [8], pyrrolo[1,2-b] thiazole  [14], and pyrrolo[1,2-a]benzimidazole  [10]. 

E XPE RIME NTA L 

1,2-Dimethyl-3-(p-chlorophenaeyl)imidazolium Bromide (VII). This salt was obtained in 90% yield 
from 1,2-dimethylimidazole and p-ehlorophenacyl bromide via the method in [3] and had mp 200-202 ~ (from 
absolute ethanol). Found: N 8.3~0. CI3HI4BrCIN20. Calculated: N 8.5~0. 

!-Methyl-6-(p-chlorophenyl)pyrrolo[l,2-a]imidazole (VIII). This compound was obtained by the ey- 
clization of VII under the influence of sodium ethoxide via the method in [5]. 

l-Ethyl-2-ehloro-5,6-diphenylpyrrolo[l,2-a]imidazole (IX). A solution of 3 g of V in 30 ml of POCI 3 
was refluxed for 1 h, the POCI 3 was removed by vacuum distillation, and 50 ml of water was added to the 
residue. The mass was heated up to the boiling point and filtered. The filtrate was cooled and neutralized 
with NaHCO3, and the precipitate was removed by filtration and washed with water to give 2.55 g of product. 

Acyl Derivatives of Pyrrolo[l,2-a]imidazole (X-XIII, XXI, and XXII). A) A 1.48-g (0.01 mole) sample 
of POCI 3 was added dropwise with stirring to 3 ml of DMF cooled to 0 ~ and the solution was allowedto stand 
at 18-200 for 15 min. A solution of 3.4 g (0.01 mole) of I in 15 ml of DMF was then added dropwise with stir- 

*We thank Yu. I. Pomerantsev for recording the IR spectra of the compounds. 
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r ing and cooling (2-5~ The r eac t i on  m a s s  was s t i r r e d  at 18-20 ~ for  1 h and poured over  ice. The mix ture  
was neu t ra l i zed  with 2 N NaOH and al lowed to stand overnight .  The p r ec ip i t a t e  was removed  by f i l t r a t ion  
and washed with w a t e r  to give 2.09 g of X. 

B) A mix ture  of 1 g of I, IV, VI, o r  VII, 1 g of sodium aceta te ,  and 10 ml  of ace t ic  anhydride was r e -  
fluxed for  30 rain (in the p r e p a r a t i o n  of XI) o r  2 h (XII, XIII, XXI, XXII). The e x c e s s  ace t ic  anhydride was 
r emoved  by vacuum dis t i l l a t ion ,  and the r e s idue  was ex t r ac t ed  with e ther .  The e t h e r  solut ion was washed 
with w a t e r  and d r i ed  over  MgSO4, and the solvent  was removed  by d is t i l l a t ion .  Compound XII was s i m i l a r l y  
obtained from XI in 67~ yield. 

C) A mixture of 2 g of VI, 0.9 g of sodium acetate, and 20 ml of acetic anhydride was reflu.xed for 2 h 
and worked up as described in experiment B to give 0.7 g (38%) of XXI. 

Compound XII is readily converted to starting IV in high yields on refluxing in 10% HCI. 

•-Pr•py•-2-ch••r•-5-hydr•xymethyl-6-(p-br•m•phenyl)-7-methy•pyrr•••[••2-a]imidaz••e (XIV). A) 
A 0.4-ml (5 mmole) sample of 37% CH20 was added to a solution of 0.35 g (i mmole) of I in 2 ml of DMF or 
ethanol, and the mixture was allowed to stand at 18-20 ~ for 15 rain. The resulting precipitate was removed 
by filtration and washed with acetone. 

B) A 1.13-g (0.01 mole) sample of 40% aqueous dimethylamine was added to 0.82 g (0.01 mole) of 37% 
CH20 in 20 ml of DMF, and the mixture was stirred at 18-20 ~ for 15 min. A 3.5-g (0.01 mole) sample of I 
was added, and the precipitate was removed by filtration and washed with acetone to give 2 g of product. 
This product did not depress the melting point of XIV obtained as described in experiment A. 

Arylazo Derivatives of Pyrrolo[l,2-a]imidazole (XV, XVI, XXIII). A suspension of 5 mmole of p-bro- 
mobenzenediazonium borofluoride in 5-10 ml of methanol was added to a solution of 5 mmole of HI or V in 
5-10 ml of acetic acid, and the resulting solution was allowed to stand for 24 h (in the preparation of XXIII) 
or for 5 days (XV) in a dark place. The resulting precipitate was removed by filtration. Compound XVI was 
similarly obtained from IV as in the preparation of XXIII, except that the reaction was carried out with the 
addition of 6 mmole of sodium acetate and 2 ml of acetic anhydride. 

l-Propyl-2-chloro-5-nitroso-6-(p-bromophenyl)-7-methylpyrrolo[l,2-a]imidazole (XVII). A solution 
of 0.07g (i mmole) of sodium nitrite in 1 ml of water was added with stirring at 18-20 ~ to a solutionof0.35g 

(i mmole) of I in 5 ml of acetic acid. The reaction mixture was stirred at the same temperature for 15 rain, 
cooled, and made alkaline to pH 9 with 2 N NaOH. The orange precipitate was removed by filtration and 
washed with water. The substance became bright-green after drying at 50 ~ . 

l-Methyl-5, 7-dinitro-6- (p-ehlorophenyl)pyrrolo[l,2-a]imidazole (XVIII). A 5.4-g (0.084 mole) sample 
of 98~ HNO 3 was added dropwise with stirring to a solution of 3.95 g (0.0125 mole) of VI in 45 ml of acetic 
acid. The reaction mass was stirred at 18-20 ~ for 30 rain and diluted with 50 ml of water. The precipitate 
was removed by filtration and washed with water. The nitrate of VIII was isolated from the reaction of VIII 
with HNO~ under the indicated conditions. 

Chloromercuri Derivatives of Pyrrolo[l,2-a]imidazole (XIX, XX). A solution of 5.5 mmole of mer- 
curic chloride in 5 ml of ethanol was added to a solution of 0.5 mmole of II or IV in 25 ml of absolute etha- 
nol, and the mixture was heated to the boiling point and cooled. The precipitate was removed by filtration 
and washed with ethanol. 

Compounds VIII-XXIII are colorless, dark-red (XV, XVI, XXIII), green (XVII), or yellow (XVIII) sub- 
stances. They were purified for analysis by crystallization from ethanol (VIII, IX, XI-XIII, XVII, XXI, XXII), 
cyclohexane (X), ethyl acetate (XIV), aqueous DMF (XV, XVI), nitromethane (XVIII), or benzene (XXIII). 
C rude XIX and X-X were analyzed without purification. 

IR Spectra (em~i). The IR spectra of mineral-oil suspensions were recorded with a UR-10 spectrom- 
eter: X- 1615 (CO); XI- 1610 (CO); XII-- 1610, 1640 (CO); XIII- 1600, 1630 (CO); XIV- 3150 (OH); XVII-- 
1490 (NO); XVIII- 1310, 1460 (NOf); XXI- 1650, 1734 (CO); XXII- 1630, 1740 (CO). 

PMR Spectra. The PMR spectra of CDCI3, CC14, or CF3COOH solutions were recorded with a JNM- 
4H-100 spectrometer with tetramethylsilane as the internal standard. 

The chemical shifts in parts per million were as follows: VIII - 3.40 (CH3); 5.53 (HT); 6.84 (H5); 6.75 (H3); 
6.42 (H2); 7-7.5 (C~H4). X- 2.17 (CH3); 9.1 (CHO); 7.94 (H~); 0.98 (CH3CHfCH2); 1.78 (CH3CHfCI-12); 3.97 
(CH3CH2CH2); 7-7.5 (C6H4). XI- 1.96 (COCHs); 2.36 (C6II4CH3); 5.01 (CHfC6Hs); 6.82 (Hf); 8.13 (H3); 7-7.5 (C6H4); 
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5.48 (HT). XII--1.63 (COCH3(5)); (COCH3(D); 2.44 (C6H4CH3); 5.87 (CH2C6Hs); 6.81 (H2); 8.1 (H3). X I V - 0 . 8 6  
(CH2CH2Ctt3); 1.66 (CH2CH2CH3); 3.85 (CH2Ctt2CH3); 2.10 (CH3); 4.00 (CH2Ott); 7.38 (CH2Ott). XVI-2 .71  
(C6tt4CH3); 5.86 (CH2C6Hs); 7-7.8 (C6H4); 8.23 (H3). XVII -  0.96 (CH2CH2CH3); 1.78 (CH2CH2CH3); 3.94 (CI-I2CH2CH3); 
2.13 (CH3(7)); 8.12 (H3); 7-7.5 (C6H4). XXI-1 .22  (CH2CH3); 4.20 (CH2CH3); 1.81 (COCH3); 4.42 (CH2(3)). XXII -  
0.94 (CH2CH2Ctt3); 1.61 (CH2CH2CH3); 3.99 (CH2CH2CH3); 4.35 (Ctt2(3)); 1.83 (COCH3); 1.67 (Ctt3(~)). XXIII-  
1.36 (CH2CH3); 4.29 (CH2CH3); 4.59 (CH2(3)); and 7-7.5 (C6H5, C6H4). 
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