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Pyrrolobenzimidazoles can be regarded as privileged scaffolds 
in pharmaceutical research.1–4 The commonly used routes 
for  their synthesis include rhodium-catalyzed cyclizations of 
N-alkenylbenzimidazoles,5,6 cyclocondensation of pyrrolidones 
with o-bromoanilines,7 annulation of benzimidazoles via intra
molecular nucleophilic substitution8 and cyclopropylimine re
arrangement of 2-cyclopropylbenzimidazolium salts.9 Other 
approaches to 2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazoles by 
radical cyclization of alkylbenzimidazoles10 and iodocyclization 
of 2-alkynylbenzimidazoles11 have been reported.

Earlier we have proposed12,13 an original method for the 
preparation of 6-(arylmethylidene)octahydropyrrolo[1,2-a]pyri
midines and 5-(arylmethylidene)hexahydropyrrolo[1,2-a]imid
azoles based on the interaction of alk-4-ynals with aliphatic 
diamines in the KOH–DMSO medium. Then, this approach 
was  extended14 onto amino alcohols and amino thiols giving 
the corresponding fused oxazoles, oxazines and thiazoles with 
exocyclic double bond. Recently we have shown that the use of 
o-aminobenzylamine and o-aminobenzyl alcohol as a binucleo
philic agent in reactions with alk-4-ynals in NH4Br–KOH–DMSO 
system led to 1-arylmethylidene-1,2,3,3a-tetrahydro-5H-pyrrolo
[1,2-a][3,1]benzoxazines and 1-arylmethylidene-1,2,3,3a,4,5-hexa
hydropyrrolo[1,2-a]quinazolines.15

Taking into account these results, we proposed that involvement 
of o-diaminoarenes into such a process would allow us to access  
1-methylidenepyrrolobenzimidazole by the reaction sequence 
including oxidative cyclization into the corresponding benzimid
azoles and intramolecular hydroamination of the triple bond 
by the action of benzimidazolic NH group. At present, only few 
examples of such compounds bearing iodo-, phenyl- and phenyl
ethynyl substituents in methylidene fragment, have been described,11 
in all cases they were obtained as less sterically hindered E-isomers.

As a catalyst of the first step, condensation of alk-4-ynals 
with o-diaminobenzene, NH4Br was chosen, since it had been 
successfully employed16 in analogous reactions with aromatic 
aldehydes. Stirring of equimolar amounts of aldehydes 1a–f 
and o-diaminobenzene in dry DMSO in the presence of NH4Br 
at room temperature for 24 h, according to NMR spectra leads 
to the selective formation of corresponding 2-substituted benz
imidazoles 2a–f (Scheme 1). Note that despite of reported data,16 
where four-fold excess of NH4Br was used, we found that 20 mol% 
of this salt was enough for our purpose. In separate experiments, 
benzimidazoles 2a,b were isolated in individual state in 68 and 
74% yields, respectively.

The sequential addition of 1.5-fold excess of freshly powdered 
KOH to the solutions of benzimidazoles 2a or 2b in DMSO with 
stirring at 50 °C for 48 h (for 2a) or 24 h (for 2b) caused their full 
conversion giving (E)-1-arylmethylidenepyrrolobenzimidazoles 
3a,b in 48–56% isolated yield based on starting aldehydes 1a,b.

Similar attempted use of alk-4-ynals with a-protons to the 
carbonyl group was unsuccessful. Thus, addition of KOH to 
the  solution of benzimidazole 2c, which had been obtained 
by the interaction of aldehyde 1c with o-diaminobenzene, yielded 
only polymeric products. Probably, the side processes involving 
relatively acidic hydrogen atoms at a-position to the benzimid
azole fragment proceed significantly faster than the intramole
cular hydroamination of the triple bond. In the meantime, the 
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replacement of KOH with less basic K2CO3 and increase in the 
reaction temperature to 90 °C allowed us to synthesize the target 
pyrrolobenzimidazoles 3a–f from aldehydes 1a–f regardless of 
their substitution pattern in reasonable yields (see Scheme 1).† 
Note that in this case the stereoselectivity of final product forma
tion changes dramatically, and instead of E-isomers of compounds 
3 more sterically hindered Z-isomers were formed in all cases. As 
it can be seen from the data obtained, replacement of phenyl 
group with more electron-withdrawing 2-thienyl or 3,4-difluoro
phenyl one, as well as introducing two alkyl groups into a-posi
tion of the starting aldehyde sufficiently facilitate intramolecular 
cyclization of benzimidazoles 2, which, most likely, is due to 
increase in polarization of the triple bond.

Most likely, such significant difference in stereoselectivity 
depending on the base used can be explained as follows. In 
case of strongly basic KOH, benzimidazoles 2 undergo fast and 
complete deprotonation giving anions 4, which was confirmed 
by the characteristic upfield shifts of signals of aromatic protons 
in benzimidazole system. Then the latter give vinylic anions Z-5 
as a result of 5-exo-dig-cyclization. Such stereoselectivity is in 
accordance with known data on intramolecular hydroamination 
of alkynes under the action of imidazoles17 and indoles18 under 
basic conditions. Due to high basicity of KOH–DMSO medium, 
these anions have enough time to isomerize into more thermo
dynamically stable E-5 (such isomerization of vinylic anions 
derived from intramolecular addition of N-centered anions to 
the triple bond of alkynes in basic medium has been postulated, 
see ref. 19), which then trap proton from the reaction medium, 
forming E-isomers of 1-arylmethylidenepyrrolobenzimidazoles 3. 

If less basic K2CO3 is used, benzimidazoles 2 are deprotonated 
only to a little extent, and once intermediates Z-5 are formed, they 
are protonated immediately by the action of starting compound 

2, generating anions 4, which participate in the next reaction 
cycle, and Z-isomers of products 3 (Scheme 2). 

Identification of E- and Z-isomers of benzimidazoles 3 was 
performed based on the 2D NOESY proton spectra. In case of 
E-isomers of 3a and 3b this spectrum shows correlations between 
methine proton at double bond and the proton at the 8-position, 
as well as between methylene fragment at the 2-position and 
o-protons in phenyl group. NOESY spectra of Z-isomers of 
compounds 3 exhibit characteristic correlations between olefinic 
proton and CH2 fragment at the 2-position, and also between 
o-protons in aromatic group and the proton at the 8-position.

In summary, we have developed a new one-pot transition metal-
free synthesis of 1-arylmethylidene-2,3-dihydro-1H-pyrrolo
[1,2-a]benzimidazoles from alk-4-ynals in DMSO–NH4Br–base 
system. Important feature of this method is the possibility of 
controlling the stereoselectivilty of five-membered ring closure, 
which provides exclusive formation of E- or Z-isomers of target 
products depending on the base used. 
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