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A novel and expeditious method to access 1-alkyl-2-aryl-5-nitrobenzimidazoles has been developed.
Enlisting solvent-free conditions, 2-fluoro-5-nitroaniline, a primary amine, and substituted aldehyde
were melted together in one-pot to generate a variety of 1-alkyl-2-aryl-5-nitrobenzimidazoles.
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Benzimidazoles are a widely used motif in drug discovery. In
particular, 1-alkyl-2-aryl-substituted benzimidazoles appear in
numerous patents and publications for a variety of targets. Some
recent examples are inhibitors of HIV replication,'* hedgehog path-
way, ' and histone deacetylases.'® One method to access 1-alkyl-2-
aryl-substituted benzimidazoles is via a multistep process (Scheme
1).12 First, a substituted nitrobenzene undergoes a SyAr (nucleo-
philic aromatic substitution) reaction with a primary amine to af-
ford the substituted nitroaniline. Reduction of the nitro group
followed by benzimidazole formation with the requisite aldehyde
provides the 1-alkyl-2-aryl-benzimidazole.

In connection with a drug discovery program we required a meth-
od to quickly access a variety of 5-substituted-1-alkyl-2-aryl benz-
imidazoles in a parallel approach. Most of our requisite analogs
could be accessed through a 1-alkyl-2-aryl-5-nitrobenzimidazole.
We chose to start our investigation with 2-fluoro-5-nitroaniline
from which we could potentially derive our requisite compounds.
We initially explored a multistep process as described in Scheme
1, but soon realized that the primary amine addition to 2-fluoro-
5-nitroaniline (1) in the SyAr reaction was not general with some
leading to very little conversion and others taking several days to
complete. In the literature there are not very many examples of SyAr
with compound 1. Examples that are in the literature generally take
at least 48 h to complete and the product is obtained in low yield.'**
The poor reactivity of 1 is most likely due to the electron-donating
amino group. One option we did consider was starting with 1,5-dini-
tro-2-fluorobenzene and performing a selective nitro reduction to
the requisite diamino compound after the SyAr with the amine
(Scheme 1, where R! = 5-nitro and LG = F). As expected the SyAr
reactions proceeded smoothly with a variety of amines, but access
to our final benzimidazoles was tedious since this method required
a selective reduction of the 1-nitro group to the amine followed by
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Table 1
Various conditions attempted for the one-pot 1,2-disubstituted benzimidazole
formation

OZN\@[NHZ o
F

HaCO _~ NH,
1 3
OCHj3
Entry Solvent Temperature Time Result
(h)
1 EtOH Reflux 16 No reaction
2 DMF Reflux 16 No reaction
3 DMSO 160 °C 16 No reaction
4 NMP 200 °C 16 Partial conversion, 2%
5 NMP 100-200 °C 2 Partial conversion, 5%
(microwave)
6 None 100 °C 8 Partial conversion,
22%
7 None 140 °C 8 Complete, 65%
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the benzimidazole formation. Although this method was productive,
we felt that it was not practical for a parallel synthesis method.

We then turned our attention back to our initial investigation
with 2-fluoro-5-nitroaniline (1) because this would ultimately pro-
vide the most straightforward route. We attempted to explore a
one-pot procedure to access the requisite benzimidazoles that
would be highly amenable to a parallel approach. We explored var-
ious conditions by combining 2-fluoro-5-nitroaniline (1), 2-
methoxyethyl amine and benzaldehyde in one-pot using air as
the oxidant.* Some of the conditions are highlighted in Table 1.
The solvent, temperature, and time were all investigated, but most
conditions gave the unreacted starting material (Table 1, entries 1-
3) or very little product (Table 1, entries 4 and 5: 2% and 5% iso-
lated yield, respectively). Only the starting material and product
were observed in the reaction mixture for entries 4-6. In one of
our last attempts to probe this reaction we combined the above re-
agents neat and heated them to 100 °C for 8 h and partial conver-
sion was observed with an isolated yield of 22%. When the
temperature was raised to 140 °C for 8 h we gratifyingly observed
excellent conversion and an isolated yield of 65%.°

Table 2
Exploration of substituted benzaldehydes

H
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OCHj3
Aldehyde Entry Yield (%)
H
o N 1 ortho 36
| /—OH 2 meta 71
- 3 para 40
o N 4 ortho 71
I _—OCHj@ 5 meta 63
o 6 para 79
o) X 7 ortho 67
| /—NHZ 8 para 77
H
o N 9 ortho 72
| Ph 10 meta 82
o 11 para 76
o N 12 ortho 80
| CN 13 meta 89
- 14 para 92
o B 15 ortho 60
| _CFs 16 meta 59
17 para 70
H
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%
H
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Table 3
Exploration of various primary amines

R—NH,
R
Aldehyde Entry Yield (%)
HoN
2 j/ 1 54
HaN o~ 2 77
H,N
2 \/\T/ 3 57
HaN~on 4 60
HzN\/\OCH3 5 65
HN~cn 6 49
HZN/\LO} ; 65
H,N N
2 | N 8 33
=
HoN
P @ 9 52
HoN
\/\© 10 74
H,N | X 11 ortho 24
/—OCH3 12 para 57
H,N
\© 13 0

Encouraged by this result, we set out to explore the generality
of this one-pot three-component reaction. The results are summa-
rized in Tables 2 and 3.

We first explored the scope of the reaction of substituted aryl
aldehydes with 2-fluoro-5-nitroaniline and 2-methoxyethyl amine
(Table 2). It should be noted that while a few substrates (in Tables
2 and 3) required less time and/or lower temperature for comple-
tion, we identified 8 h at 140 °C as the optimal conditions as a gen-
eral parallel synthesis protocol for this reaction. The yield proved
relatively independent of whether the substituent on the benzalde-
hyde was an electron-donating or electron-withdrawing group
that might significantly alter the reactivity (Table 2, entries
1-17). In addition, the placement of this substituent on the benz-
aldehyde (ortho, meta, para) also appeared to not have a significant
effect on the yield of the reaction. Heteroaryl aldehydes worked
equally well (entries 18 and 19). However, alkyl aldehydes (Table
2, entries 20 and 21) do not appear to work under these conditions.
Only the starting material was observed for entries 20 and 21
(Table 2).

Next we turned our attention to investigating various amines
with 2-fluoro-5-nitroaniline and benzaldehyde (Table 3). Both al-
kyl and heteroalkyl amines (entries 1-7) proved successful under
these conditions. Steric bulk close to the amine such as in entry
1 of Table 3 appeared to not have a significant impact on the yield
as compared to the others in the table. While benzyl and heterob-
enzyl amine derivatives (entries 8-12) provided good conversion,
aniline (entry 13) did not and only the unreacted starting material
was observed.

We postulate that the reaction proceeds first through the
SNAr reaction followed by the cyclization with the aldehyde and
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subsequent air oxidation to the benzimidazole.® Under inert reac-
tion conditions the reaction does not proceed and only the inter-
mediate SyAr product is isolated. Also, when we run this reaction
under the same conditions without any aldehyde we obtain an
excellent conversion to the substitution product suggesting that
this step occurs first. Currently, we have no explanation as to why
the substitution proceeds readily with 1 without a solvent as com-
pared to with a solvent (even in high concentration; up to 1 M).

In summary, we developed a highly efficient and novel method
to access a wide variety of 1-alkyl-2-aryl-5-nitrobenzimidazoles by
enlisting a solvent-free melt procedure using air as the oxidant.
The reaction is quite versatile and robust with a variety of
functional groups on the amine and the aryl moieties. This method
allowed for an expeditious route to a large library of 1-alkyl-2-aryl-
5-nitrobenzimidazoles without the need of the multistep method
that has been used by others to assemble these types of molecules.
Without the need for solvent or added oxidant, this reaction condi-
tion eliminates solvent waste and is both green and cost-efficient.
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