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ABSTRACT

A library of benzimidazole-substituted potassium organotrifluoroborates was prepared via the condensation of various potassium formyl-
substituted aryl- and heteroaryltrifluoroborates with aromatic 1,2-diamines under oxidative conditions. The efficient Suzuki�Miyaura cross-
coupling of products thus formed to various aryl and heteroaryl bromides was achieved in good yields. Themethod allows the facile preparation of
benzimidazole-containing triaromatic products in two steps from simple potassium formyl substituted aryl- or heteroaryltrifluoroborates.

Over the past several decades, organoboron compounds
have proven to be supremely useful synthetic intermediates
for a wide variety of chemical processes. Boronic acids and
esters, in particular, are well suited for the formation of
carbon�carbonbonds.1However, traditional organoboron
compounds suffer from various vulnerabilities that place
real limits on their strategic usefulness for the construc-
tion of complex molecules.2 Organotrifluoroborates
have emerged as robust boronic acid surrogates that do
not suffer from many of those vulnerabilities.3 We there-
fore envision organotrifluoroborates continuing to be of
service in enabling the synthesis of much more complex
organoboron compounds for use in medicinal chemistry,
total synthesis, and organic materials discovery.
Heterocycles are among the most important subtypes

of organic molecules in the realm of both biomedical and

materials science. Benzimidazoles, in particular, have been
identified as one of a handful of “privileged scaffolds”4

found in a variety of natural and pharmaceutical
products.5 Employing privileged scaffolds in combinator-
ial syntheses would presumably maximize positive screen-
ing results for the resulting libraries. We have previously
demonstrated the usefulness of the trifluoroborate group
for synthesizing substituted triazole3b and oxazoline3e

heterocycles. The robustness of the trifluoroborate group
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was anticipated to render it suitable for the rapid synthesis
of a diverse library of 2-substituted benzimidazoles.
Thoughmanymodernmethods exist for the synthesis of

benzimidazoles,6 we elected to initiate these studies with a
method that allows maximal availability and variability in
the starting materials. Benzimidazoles substituted at the
2-position are typically constructed by condensation of
aryl 1,2-diamines with either aldehydes in the presence of
an oxidant (eq 1) or carboxylic acids in the presence of an
acid. We elected to use aldehydes as our starting materials
because of the greater variety of commercially available
derivatives.Amechanistic study showed that the oxidant is
essential for an efficient reaction; in the absence of oxidant,
a competing redox process results in the formation of 1,2-
disubstituted derivatives.7 Furthermore, for our particular
study, the formation of 1,2-disubstituted benzimidazole 3
would prevent isolation of the desired 1H-benzimidazole
2a, as organotrifluoroborates are not easily separated from
one another (eq 1). Therefore, it was imperative to find an
effective oxidant for the process that would tolerate the
trifluoroborate group.

Toward that end,webeganour investigationby surveying
the literature for oxidants known to promote the desired
condensation. All of the commonly utilized oxidants, in-
cluding I2,

8a CAN,8b 1,4-benzoquinone,8c PhI(OAc)2,
8d and

FeCl3,
8e failed to yield any of the desired trifluoroborate 2a,

with the protodeboronated benzimidazole 4 being the

major product. Use of bisulfite reagents9 gave a low
yield of the desired product after prolonged heating.
We eventually found that the best results came with the
use of molecular oxygen as an oxidant. Catalysis with
aqueous KHF2 allowed the reaction to be completed
at a reduced temperature, which seemed to be necessary
for preservation of the C�Bbond. The choice of solvent
turned out to be crucial for success; a 1:1 EtOH/CH3CN
solvent mixture provided the optimal environment.
An increase in the solvent ratio caused an unacceptable
increase in the rate of protodeboronation, while a
decrease in the ratio greatly retarded the reaction,
necessitating higher temperatures and reducing the
yield.

Table 1. Oxidative Condensation of Formyl-Substituted
Potassium Aryl and Heteroaryltrifluoroborates with
3,4-Toluenediamine
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With thedevelopmentofoptimal conditions foroxidative
condensation, we then examined the effect of substitutions
on the aldehyde moiety. The results of those studies are
shown in Table 1. Electron-neutral (entries 1 and 2) and
electron-poor (entries 3, 4, and 7) benzaldehyde derivatives
performed well under the reaction conditions, as well as
some heterocyclic aldehydes (entries 5 and 6). On the other
hand, electron-rich aldehydes proved too reactive under
the reaction conditions to prevent formation of 1,2-disub-
stituted benzimidazoles, even at temperatures as low as
�20 �C. In addition, the reaction is somewhat sensitive to
the amount of oxygen introduced; too much oxygen
oxidizes the trifluoroborate group to an alcohol under
the reaction conditions, often givingphenolic side products
in up to 15% yields by 1H NMR. The phenol derivatives,
when formed, could not be separated from the desired
benzimidazoles in most cases, presumably because of the
unexpectedly high degree of similarity in physical proper-
ties. A protocol that involves bubblingO2 into the reaction
mixture for 20 s before stirring under positive O2 pressure
gave the optimal results.
We then examined the effect of substitutions on the aro-

matic diamine moiety (Table 2). Electron-poor diamines
successfully couple to aldehydes, though the reaction times

are increased in all such cases relative to 3,4-diaminoto-
luene (entry 1).Mildly deactivated diamines, such as those
with halide substituents, react fullywithin 24h (entries 2, 3,
and 4), while the phenylcarbonyl-substituted diamine
completely reacts only after 36 h at 60 �C (entry 6). The
nitro-substituted diamine does not react fully under the
reaction conditions, even after 96 h (entry 5). The reaction
with 4-methoxy-1,2-diaminobenzene goes to completion
after 7 h, but oxidative side reactions with the diamine
lowered the yield considerably (entry 7).
To prepare benzimidazole derivatives for Suzuki�

Miyaura cross-couplings, boronates are usually incorpo-
rated by electrophilic borylation with a trialkyl borate,10

or bymetal-catalyzed borylation with a diboron reagent.11

Both methods suffer from functional group tolerance
issues, limiting the complexity that can be incorporated.
The method shown herein is unique in that it obviates
the need for such subsequent functionalization, allowing a
more convergent synthesis.
The benzimidazole-containing trifluoroborates so ob-

tained were then subjected to cross-coupling condi-
tions. Using a modified version of the conditions that
were previously developed for the cross-coupling of

Table 2. Oxidative Condensation of Potassium 4-Formyl Phe-
nyltrifluoroborate with Functionalized 1,2-Diaminobenzenes

aYield determined by 1H NMR.

Table 3. Cross-Couplings of Aryl and Heteroaryl Bromides
with Benzimidazole-Substituted Aryl and
Heteroaryltrifluoroborates
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heteroaryltrifluoroborates with heteroaryl halides,12 we
were able to couple unprotected benzimidazole derivatives

with organic halides (Table 3). Electron-rich aryl (entries 1
and 3), electron-poor aryl (entries 2 and 4), and heteroaryl
halides (entries 3 and 6) underwent cross-coupling in good
to excellent yields.
Finally, we thought it would be advantageous to be able

to carry out the oxidative condensation and the cross-
coupling reactions without having to isolate any inter-
mediates, especially in cases where an analytically pure
intermediate is difficult to obtain. The described sequence
is shown in Table 4. Operationally, after the oxidative
condensation was carried out to generate the benzimida-
zole, the crude reaction mixture was concentrated and
triturated with Et2O to remove most of the organic by-
products. The cross-coupling was then effected directly
on the crude organotrifluoroborate by the addition of the
aryl halide and catalyst system. In this manner, one can
quicklyobtainpharmaceutically relevant,5 elaboratedben-
zimidazoles from electron-rich aromatic aldehydes (entries
1, 2, and 6) and heteroaryl aldehydes (entries 3�6) in good
overall yields.
In conclusion, a series of 2-substituted potassium (1H)-

benzimidazoletrifluoroborates were prepared by conden-
sation of the corresponding aldehyde with aromatic 1,2-
diamines under oxidative conditions. When followed with
functionalization methods such as Suzuki�Miyaura cou-
pling, the power of the trifluoroborate group in enabling
the synthesis of libraries of complex molecules is particu-
larly evident.
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