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Abstract—An efficient synthesis of cyclopropylboronic acid is reported. This compound undergoes efficient Suzuki-type coupling
reactions with a range of aryl and heteroarybromides. © 2002 Elsevier Science Ltd. All rights reserved.

The cyclopropyl group is an increasingly common
structural motif in pharmaceutically active molecules
and is frequently included as a substituent in structure
activity relationship studies.! As part of a current drug
discovery program in our laboratories we required an
efficient and general method for introduction of unsub-
stituted cyclopropyl groups to aromatic and heteroaro-
matic compounds. The synthesis of such compounds
usually relies on the cyclopropanation of the related
vinyl compound by diazomethane,'® sulfoxonium ylid
chemistry? or other methods.? Direct introduction of
the cyclopropyl ring can be achieved using Negishi* or
Kumada® type couplings of organozinc and Grignard
reagents, but these procedures would not be compatible
with all functionalities. Alternatively, the Stille-coupling
of cyclopropyl(tri-n-butyl)stannane with a limited range
of substrates has been reported.®’

In recent years the palladium-catalyzed Suzuki cross-
coupling reaction of organoboranes with halides or
triflates has evolved into an efficient and mild method
for carbon—carbon bond formation that is tolerant of
many functional groups.® In many cases boronic acids
are isolable, air- and moisture-stable compounds which
can be stored at room temperature prior to use as
required, and we felt this would be a suitable procedure
for our needs. Indeed, the groups of Deng’ and
Marsden!? have both reported successful cross-coupling
reactions of substituted cyclopropylboronic acids with
bromoarenes and acrylates. Carboni et al. have pre-
pared the pinacol boronate esters of cyclopropylboronic
acid and substituted derivatives; however, no coupling
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reactions were reported.!! In all these procedures the
boronic acids or esters were prepared by cyclopropana-
tion of the related vinyl compounds, which in turn had
to be prepared. Recently, Soderquist has also demon-
strated the coupling reactions of B-cyclopropyl-9-BBN,
which was prepared via a circuitous route and used in
situ.'” However, we were unable to find any reports
concerning the preparation or use of unsubstituted
cyclopropylboronic acid, and we set out to explore the
possibility of utilizing this reagent.'!'

We elected to prepare the boronic acid via reaction of
cyclopropyl Grignard rather than attempt to cyclo-
propanate vinylboronic acid. Hence, addition of a THF
solution of commercially available cyclopropylmagne-
sium bromide to a slight excess of trimethylborate at
low temperature followed by slow warming to room
temperature and acidic quench gave a solution of the
desired boronic acid (Scheme 1). Ethereal solvents were
found to be the most efficient for removing the acid
from the aqueous layers and the boronic acid was
isolated as a white solid in 55% yield by trituration of
the crude mixture.!> The product typically contained
5-10% of boric acid (!'B NMR), which did not prove
to be detrimental to the following Suzuki reactions. The
acid was stored in a capped vial at room temperature,
without noticeable decomposition or loss of activity
over a period of several months.

Br
i (MeO)3B ©/
>—MgBr [>—B(OH),
ii H;O" Solvent, base,

temperature, catalyst

Scheme 1.
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Table 1. Suzuki coupling of cyclopropylboronic acid with bromobenzene
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Solvent Temperature (°C) Base Catalyst Assay yield % (6 h)
Toluene 100 K;PO, Pd(PPh;), 40

DME 80 K,PO, Pd(PPh,), 27

THF 65 K,CO, Pd(PPh,), 25 (48 h)

Toluene 100 K;PO, PdClL,dppf 40

Toluene/H,O 100 K,PO, Pd(PPh,), 58

Toluene/H,O 100 K;PO, Pd(OAc),/Pcy, 91

The reaction of cyclopropylboronic acid with bro-
mobenzene was chosen to screen conditions. Reactions
were run using 1.2 equiv. of the boronic acid and
monitored by HPLC after 6 h (Scheme 1 and Table 1).
Our optimum conditions were similar to those utilized
by Deng;® however, we found that the addition of water
to the reaction had a significant accelerating affect and
that the bulky tricyclohexylphosphine (Pcy;) ligand (10
mol%) in conjunction with palladium acetate (5 mol%)
gave the best conversion.

The scope of the reaction with aryl bromides was
explored using these optimized conditions (Table 2).
Using 1.3 equiv. of the boronic acid the coupling
proceeds smoothly with 2-, 3-, 4- and polysubstituted
aryl bromides and was found to be tolerant of ketone,
ester, aldehyde, amine, nitrile, fluoro and ether func-
tionalities, although no reaction with the phenol was

Table 2. Suzuki coupling of cyclopropylboronic acid with
aryl bromides

Br [>—B(OH), /\
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Pd(OAc),, Pcy3
Entry Starting material Product Yield®
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N Br
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o o)
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a|solated yield after chromatography

seen (entry 6).'%!7 Additionally, a dibromide gave the
double Suzuki product in moderate yield (60%, entry 9)
along with the product resulting from a single coupling
of the ortho-bromine.

Coupling of the boronic acid with heteroaromatic and
other bromides was also studied (Table 3). Substrates
including pyridines,'® quinolines and a furan gave good
yields of the desired products as did 2-bromonaphtho-
quinone (entry 6) and a vinyl bromide (entry 7). How-
ever, cyclopropylboronic acid did not react with
chlorobenzene, 1-chloro-4-nitrobenzene or phenyl trifl-
ate using the current reaction conditions. The Buch-
wald conditions recommended for Suzuki couplings of
aryl chlorides were also explored.! Coupling of the
boronic acid with 1-chloro-4-nitrobenzene gave a 20%
yield of the required product after 24 h, but only trace
amounts of product were seen in the reaction with
4-chlorobenzaldehyde after 48 h.?°

Table 3. Suzuki coupling of cyclopropylboronic acid with

other substrates
[>—B(OH),
R-Br — > R
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Scheme 2.

Finally, no reaction with phenols or amines was seen
using the recently published copper-catalyzed coupling
methods of Chan and Evans (Scheme 2).2!

In conclusion, we have demonstrated that cyclopropyl-
boronic acid can be prepared in good yield by straight-
forward reaction of the related Grignard reagent with
trimethylborate. The boronic acid is air and water
stable and participates in Suzuki-type coupling reac-
tions with a range of aryl, heteroaryl and vinyl bro-
mides to give the cyclopropyl adducts in good to
excellent yields. Further studies on the use of this
reagent and in particular optimization of the coupling
with aryl chlorides are underway in our laboratories.
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