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The development of a reagent for the efficient synthesis of 5- and 6-membered azoles at room
temperature is proposed. A variety of substituted 2-aminobenzimidazoles are synthesized in
good to excellent yields. The ability to incorporate various protecting groups makes the imidoyl
dichloride reagent amenable to a large number of syntheses. The reagent is applied to the total
2-aminobenzimidazole
phenylimidazo[4,5-b]pyridine (PhIP), from 2-chloro-3-nitropyridine in >60 % yield in 6 steps.

containing carcinogen, 2-amino-1-methyl-6-

2009 Elsevier Ltd. All rights reserved.

1. Introduction

The 2-aminobenzimidazole core is an integral component
of many compounds having interesting biological activity.
This core is found in antagonists against glucagon receptor,’
Goa histone methyltransferase,® IL-1 receptor-associated
kinase-4,> inducible T-cell kinase,* and H3z-receptor.’
Additionally, drugs with this core have shown antimicrobial
and antifungal activity including inhibition of the growth of
gram-negative bacteria and inhibition of biofilm formation.®
Furthermore, 2-aminobenzimidazoles have been reported to
have antiproliferative and cytotoxic activity against a variety
of cancer cells.”/Because of the diverse biological functions
of this class of compounds, a synthetic route that is
applicable to multiple substrates, easy to perform and high
yielding ' would facilitate exploration of the immense
opportunities for useful bioactivity that is afforded by this
core.

Common methods for generating 2-aminobenzimidazoles
include cyclization of o-phenylenediamines with cyanogen
bromide, reaction of 2-chlorobenzimidazoles with amines
at high temperatures, activation of o-phenylenediamine as a
thiourea followed by cyclization and desulfurization using
mercury(Il) oxide, or reflux of an aryl isothiocyanate with a
o-phenylenediamine using a carbodiimide reagent.®
However, because of high temperatures, long reaction times
and/or low yields involved in these methods, a rapid and

efficient production of 2-aminobenzimidazoles amenable to
a variety of functionality is desired.
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Scheme 1. Synthesis of CBZ-protected imidoyl dichloride, 6.
2. Results and Discussion

We were inspired by a paper’ utilizing a
carbonimidodithioic ester reagent that selectively reacted
with anilines in the presence of a free carboxylic acid.
However, the reaction necessitated heating in DMF at 150 °C
for gh. We hypothesized that replacement of the thioethers
with chlorides would allow for a more rapid reaction,
perhaps even at room temperature. The reagent,
carboxybenzyl protected imidoyl dichloride (6), was
synthesized (Scheme 1) beginning with carbon disulfide and
ammonia. The thioethers were installed by reaction with
methyl iodide, and the CBZ-protecting group was easily
attached under normal conditions. Lastly, the thioethers
were substituted using chlorine condensed in CCl,. 6 is an
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oil that is stable for months in the freezer. The reaction of
6 with 1,2-phenylenediamine proceeded mildly within 1 hr at
room temperature in either tetrahydrofuran or
dichloromethane with potassium carbonate as the base
(Table 1, entry 1). The use of triethylamine resulted in longer
reaction times and produced impurities as identified by 'H
NMR of the crude product (data not shown).

Table 1. Scope of reaction with aryldiamines.”
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entry R, R, product  Yield (%)
1 H H 8a 75
2 Br H 8b 76
3 F H 8c 71
4 Cl H 8d 78
5 Cl Cl 8e 97
6 CN H 8f 70
7 OCH; H 8g 70
8 NO, H 8h 81
9 COH H 8i 70

* Reaction conditions: 7 (0.1 mmol) and K,CO; (0.25 mmol)
were suspended in THF (1 mL). 6 (0.12 mmol) in THF (1 mL)
was added and the reaction stirred for 1 hr at RT.

® Reaction performed on 1 mmol scale.

We tested the scope of our reagent by reacting 6 with a
variety of commercially available o-phenylenediamines
(Table 1, entries 2-9) for 1 hr at room temperature with
potassium carbonate in tetrahydrofuran. Each reaction
proceeded in good to excellent yield under mild conditions.
The reaction is tolerant of electron-releasing (entry 7) and
electron-withdrawing groups (entries 2, 3, 4, 5, 6, 8)
substituents. Of note, only the 2-aminobenzimidazole was
formed even in the presence of a free carboxylic acid (entry
9).

Table 2. Scope of reaction with substituted o-

phenylenediamines.
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entry R (%) (%) Yield 11 (%)
a Ethyl 72 98 89
b n-Propyl 85 99 93

c n-Butyl 85 99 73

d t-Butyl 98 98 70
e Benzyl 85 99 97
f Phenyl 98 99 70

Next, we expanded the screen to include N'-substituted 1,2-
phenylenediamines (Table 2). These were synthesized by a
traditional sequence starting from 1-fluoro-2-nitrobenzene.
The nucleophilic aromatic substitution proceeded in good to
excellent yields to produce 9a-f and reduction of the nitro
group to 10a-f through hydrogenation using platinum oxide
was essentially quantitative. When these compounds were
subjected to 6 at room temperature for 1 hr, the reaction
proceeded very well (11a-f). Even with more sterically
hindered substituents like r-butyl and phenyl (11d, 11f,
respectively) the reaction proceeded in good yield.

Table 3. Scope of reaction with alternative scaffolds.

entry product Yield (%)

SMNHCEZ

U\T qjﬁv

g =N
E | ,]: | ,]: NHCBZ 8
~F E
13
L MH T
2 [ :L | | —nhoaz B5
T TS
14

We investigated the synthetic utility of our new reagent
by expanding the scope of the starting material. As
illustrated in Table 3, the reaction with 1,8-
diaminonaphthalene (entry 1, 12) proceeded in a good yield
within 1 hr at room temperature. When 2-aminophenol
(entry 2, 13) or 2-aminothiophenol (entry 3, 14) were used,
the reaction proceeded favorably to produce the
corresponding benzoxazole and benzothiazole, respectively.
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Scheme 2. Synthesis of PhIP.

2-Amino-1-methyl-6-phenylimidazo|4,5-b]pyridine (PhIP,
20) is a known carcinogen produced amino acid
condensations during high temperature cooking of meat
and fish."” Previous syntheses of 20 have required steps at
high temperatures and proceeding in low yields." We
applied our CBZ-protected imidoyl dichloride reagent 6 as
the penultimate step (Scheme 2) and were able to produce
20 from the inexpensive 2-chloro-3-nitropyridine in >60 %
yield over 6 steps.
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Scheme 3. Synthesis of Boc-protected Imidoyl Dichloride,
22.

Initially, we chose a carboxybenzyl protecting group for
our imidoyl dichloride reagent for ease of monitoring the
reactions by TLC and removal by hydrogenation. However,
we predicted the chemistry could be amenable to additional
protecting groups. Indeed, we were able to prepare a t-
butyloxycarbonyl protected imidoyl dichloride (22) through
reaction of the S,S-dimethyliminiothiocarbonate (4) with
phosgene followed by t-butanol and finally the displacement
of the thioethers with chlorine. Similar to 6, reaction of 22
with 1,2-phenylenediamines afforded the 2-
aminobenzimidazoles (Table 4) rapidly and in good yields
regardless of the electronic nature of the ring substituents
(entries b-c) and the N-substitution (entry d). In addition,
reaction of 22 with 2-aminophenol afforded the
corresponding benzoxazole in good yield (entry e). We
predict that the imidoyl dichoride reagents would be
amenable, as well, to alternative amine protecting groups,
allowing for the rapid production of 2-aminobenzimidazoles
and related azoles that could be further derivatized as
desired.

Table 4. Scope of reaction with 22.
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entry R X Yield (%)

a H NH 81
b OCH, NH 70
c NO, NH 93
d H  N(CH,CH,CH,) 88
H o 57

3. Conclusions

Overall, we have developed a robust reagent tolerant of
multiple functional groups that allows for the rapid formation of
benzimidazole or alternative azole rings at room temperature.

Supplementary Material

Supplementary data (experimental procedures and spectral
data for all new compounds) associated with this article can be
found in the online version.
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