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The palladium-catalyzed coupling reaction between
boronic acids and alkenyl and aryl iodides is a powerful
and general method for the formation of carbon—carbon
bonds.! The availability of the reagents and the mild
reaction conditions all contribute to the versatility of this
reaction. The Suzuki coupling offers several additional
advantages, such as being largely unaffected by the
presence of water and having a broad range of functional
groups. Consequently, the coupling reaction has been
used extensively in the synthesis of natural products,
nucleoside analogs, and pharmaceutical compounds.
Although the Suzuki method has been extensively used
for the coupling of two sp? carbon atoms,? it also allows
the coupling of carbon atoms of other hybridization.® We
were interested in extending the Suzuki cross-coupling
reaction to cyclopropyl iodides to synthesize more com-
plex cyclopropanes.#® To the best of our knowledge,
there is no literature precedent for the oxidative insertion
of palladium(0) into a cyclopropyl iodide bond; however,
we felt that this process was feasible since cyclopropanes
are known to have some sp? character.> Cross-coupling
of vinyl halides and cyclopropylzincs” under Negishi's
conditions are known, but these reactions rely on the
insertion of palladium(0) into the sp? vinyl halide bond
in the oxidative insertion step of the catalytic cycle.
Herein, we report the first palladium-catalyzed cross-
couplings of iodocyclopropanes with vinyl boronate esters
and aryl boronic acids under Suzuki-type conditions.

For our initial studies, we examined the reaction
between iodocyclopropane 18 and vinylboronate ester 2°
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Table 1. Effect of Solvent and Base on the
Cross-Coupling Reaction
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Entry? Solvent Additive Conversion®
1 Benzene-H,0 (4:1) Nay,COy 25%
2 Benzene-H,0 (4:1) K2COg 30%
3 Benzene-H,0 (4:1) Cs,C0O5 35%
4 Benzene-H,0 (4:1) Cs,CO3 + BuyNCI 50%
5 DME-H,0 (4:1)  Cs,CO3 + BuyNCI  50%

6°  Benzene-H,0 (4:1) KpCOj+BusNCl  80%
7 DMF-H,0 (4:1)  K,COg+ BuyNCI >95%

a Reactions were carried out at 90 °C for 20 h using a mixture
of iodocyclopropane 1 (0.10 mmol), boronate ester 2 (0.15 mmol),
Pd(OACc); (0.01 mmol), PPh3 (0.05 mmol), and the additive (0.30
mmol). P Conversions were determined by *H NMR analysis and
are based on the remaining iodocyclopropane 1. ¢ In this case, 0.02
mmol of Pd(OACc); is used with 0.10 mmol of PPhs.

(Table 1). A satisfying 25% conversion to the cross-
coupled product 3 was observed when the precursors 1
and 2 were first submitted to standard Suzuki conditions
(entry 1) using sodium carbonate as the base in benzene—
water. Increasing the solubility of the base in the organic
phase slightly improved the conversion®® (entries 2 and
3), but the overall yield was still at an impractical level.
In order to further increase the solubility of the base in
the organic phase, a phase-transfer catalyst was used as
an additive. The addition of tetrabutylammonium chlo-
ride with cesium carbonate improved the conversion to
50% in both benzene—H,O or DME—H,0O mixtures
(entries 4 and 5). Conversely, using 20% palladium(0)
catalyst in benzene—H,O gave an 80% conversion (entry
6). Many other conditions were surveyed using different
bases, solvents, and catalysts in order to optimize the
conditions for the coupling. Gratifyingly, quantitative
conversion of iodocyclopropane 1 to the desired coupling
product 3 was obtained in DMF—H,0 at 90 °C using K-
COg3; as the base and Buy,NCI as an additive (entry 7).1!

The cross-coupling reaction of a variety of vinyl bor-
onate esters with cis- or trans-3-iodocyclopropylmethanol
derivatives 1, 4, and 6 were then carried out using these
optimized conditions (Table 2).

High yields of the cross-coupling products were usually
obtained with alkyl-substituted vinylboronate esters. In
most cases, the reaction was completed in less than 6 h.
However, moderate yields and lower reactivities were
obtained when the vinyl boronate ester moiety contained
an oxygen (entries 4 and 5). The cross-coupling reaction
is also applicable to cis-iodocyclopropane 6 (entry 3), and
it tolerates an unprotected hydroxyl group such as that
in 4 (entry 2).

With these results in hand, we next carried out the
Suzuki cross-coupling reaction on a variety of aryl- and
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Table 2. Cross-Coupling Reactions of Vinyl Boronate Esters with lodocyclopropanes

Entry® Boronate Ester lodocyclopropane time (h) Coupled Product Yield?
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a All the reactions were carried out at 90 °C in DMF—H,0 (4:1) using a mixture of the iodocyclopropane (0.40 mmol), the boronate
ester (0.60 mmol), Pd(OAc), (0.04 mmol), PPhz (0.20 mmol), K;CO3 (1.20 mmol), and BusNCI (0.80 mmol). ® Isolated yields.

Table 3. Cross-Coupling Reactions of Arylboronic

Acids?
o Yield (%)?
Entry  Boronic acid Product (method)®
1 PhB(OH), 14 ©/D/1\503n 80% (A)
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a Coupling reactions were conducted at 90 °C for 4—20 h using
the iodocyclopropane (0.40 mmol), the boronic acid (0.60 mmol),
Pd(OACc), (0.04 mmol), and PPh3 (0.20 mmol). ® Conditions used
are as follows. Procedure A: K;COj3 (1.20 mmol), BusNCI (0.80
mmol) in DMF—H;0 (4:1). Procedure B: K,CO3 (1.20 mmol),
BusNCI (0.80 mmol) in DME—H,0 (4:1). Procedure C: CsF (1.80
mmol) in anhyd DMF. ¢ Isolated yield.

heterocyclic-derived boronic acids (Table 3).> Phenyl-
boronic acid (14) gave very good coupling yields with both
the trans- and cis-iodocyclopropane 1 and 6 (entries 1 and
2). p-Substituted arylboronic acids were also smoothly
converted into the coupling products in high yields
(entries 3 and 4). One limitation of the coupling reaction
under these conditions surfaced when we attempted to
use o-substituted arylboronic acids. For example, the
coupling reaction using 2-methylphenylboronic acid gave
the desired compound in only 15% yield.®® The addition
of fluoride ion is known to facilitate the cross-coupling

(12) For the preparation of arylboronic acids see: Thompson, W.;
Gaudino, J. J. Org. Chem. 1984, 49, 5237—5243.

process via the possible formation of a stable trifluorobo-
rate intermediate in the transmetalation step.'* In our
case, the addition of CsF afforded the o-methylphenyl-
substituted cyclopropane product 22 in 80% isolated yield
(entry 5). Attempts to cross-couple heterocyclic-derived
boronic acids such as 2-thienylboronic acid under the
initial conditions (K,CO3, BusNCI) completely failed and
resulted in the exclusive formation of the deboronation
product.’®> Gronowitz® has shown that the use of DME
as the solvent was another means of preventing the
formation of the deboronation product. The desired
coupled products 24 and 26 were obtained in moderate
yields when DME was used as the solvent. The DMF—
CsF combination again produced the best results, afford-
ing the desired coupled products in 70 and 78% isolated
yield (entries 6 and 7).

In conclusion, we have reported the first cross-coupling
reaction of substituted cyclopropyl iodides with boronic
acids. This methodology represents the first insertion
of palladium(0) in a cyclopropyl halide bond, and it opens
the door to other palladium-catalyzed coupling reactions
involving cyclopropyl iodides.
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