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ABSTRACT

The viability of solid-supported boronic acids as reagents for Suzuki couplings and nucleophilic additions to aldehydes and enones was
successfully demonstrated. This metal-catalyzed cleavage strategy allows the synthesis of a series of functionalized biphenyl products, benzylic
alcohols, and â-substituted ketones.

Solid-phase reactions play an important role in parallel
synthesis and combinatorial chemistry, particularly in the area
of medicinal chemistry, where their potential has emerged
as a result of the possibility of automation.1 A considerable
amount of attention has been focused on adapting and
exploiting the advantages of solid-phase synthesis (SPS) for
the production of libraries of nonoligomeric, small organic
molecules for biological screening.2 In this context, transition-
metal-promoted reactions serve as efficient methods because
they proceed under mild conditions and are compatible with
many functional groups.3 For instance, solid-phase Suzuki
coupling has been largely developed mainly by reacting a
resin-bound aryl halide with a solution-phase boronic acid.4-5

However, this strategy suffers from the fact that there is a
limited number of commercially available aryl boronic acids.6

We recently reported the preparation of a macroporous
support (1) that can be employed to efficiently immobilize
and transform functionalized arylboronic acids.7,8 One of the
major advantages of this boronate linker system is its possible
use in a resin capture process.9 Since the biaryl subunit is
an important pharmacophore, present in a variety of biologi-
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cally active compounds,10 we wished to determine whether
the synthesis of this structure could be carried out from
supported arylboronic acids.

To the best of our knowledge, only one linear-solid-phase
strategy was so far reported based on immobilization of
boronic acids, which enables the concomitant formation of
a carbon-carbon bond and the functionalization within the
cleavage step.11,12 In this traceless approach, attachments of
boronic acids were indirectly achieved in a multistep
procedure and with the help of an auxiliary amide-containing
spacer.

We describe herein the successful use of supported boronic
acids2 as reagents not only in the Suzuki cross-coupling
reactions but also in addition reactions to aldehydes and
enones by metal-catalyzed cleavage procedures (Scheme 1).

With the lack of an auxiliary spacer, our strategy offers the
additional advantage of attachment of boronic acids in a
single step by direct loading.

To find an efficient procedure for the Suzuki coupling of
supported arylboronic acids2, preliminary experiments have
been performed on a model system. The resin-bound
phenylboronic acid was treated with 4-iodomethoxybenzene
under standard palladium coupling conditions.13 Analysis of
the resulting crude mixtures showed the presence of two
compounds: the desired product along with biphenyl derived
from homocoupling of the organoborane.14 Several combina-
tions of catalyst and base were tested to optimize the yield
and to lower the formation of the side product. The best result
was obtained with [Pd(dppf)Cl2] in association with K3PO4

(dppf ) 1,1′-bis(diphenylphosphanyl)ferrocene). By using
this catalytic system and 5 equiv of 4-iodomethoxybenzene,
the yield of the desired biaryl product was 67%, the crude

product still being contaminated by 5% of the homocoupling
product (Scheme 2).15

This cleavage was further examined with different aryl
ring systems, and the liberated products were isolated in
moderate to good yields (Table 1). As significant demonstra-

tion of the potential of this cleavage strategy and the
usefulness of resin1 to generate new aryl boronic acids, the
coupling reaction was realized with a functionalized resin-
bound boronic acid, which was obtained from an UGI four-
component condensation (entry 5).9 1H NMR of the crude
material isolated from the resin indicated the formation of
only the desired product3f (no homocoupling) along with
the excess of the 4-iodomethoxybenzene.
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Scheme 1

Scheme 2

Table 1. Suzuki Coupling-Release of Various Functionalized
Resins

a Yields of isolated products based on the loading of the resin1 (1 mmol/
g). All compounds were purified by flash chromatography on silica gel.
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Recently, it was demonstrated that the transmetalation
between boron and rhodium provided another C-C bond-
forming reaction via the 1,2-addition of aryl or 1-alkenyl-
boronic acids to aldehydes16 and the 1,4-addition toR,â-
unsaturated ketones.17 A catalytic asymmetric 1,4-addition
to enones has been reported by Hayashi and co-workers.17b,c

The efficiency of the protocol was also demonstrated in
similar addition reactions of organotrifluoroborate salts.18 We
envisioned that supported boronic acids also could be good
reagents for the aforementioned Rh(I)-catalyzed reactions.
To the best of our knowledge, no examples of successful
application of these reactions on solid phase have been
described so far. Of particular interest is that, in contrast to
biphenyl, the structures obtained in these reactions are more
rarely found in pharmaceutical compounds, which makes this
process attractive for the preparation of original libraries.

For initial studies, we opted to adapt the conditions
developed by Miyaura and co-workers for the arylation of
aldehydes.16aReaction of resin-boundp-methylphenylboronic
acid with 1 equiv of benzaldehyde, Rh(acac)(CO)2 (3 mol
%), and the ligand dppf (3 mol %) resulted in the formation
of the desired benzyl alcohol4a. The unreacted aldehyde
was easily removed using the diol resin1 as solid-support
scavenger of aldehydes.19 After cleavage, the crude product
was combined with polymer1 at reflux in THF in the
presence of PTSA (cat.) to afford4a in 62% yield and with
a high purity (>95%) (Table 2, entry 1). The increase of

the amount of benzaldehyde to 2 equiv resulted in a
significant drop in the product yield to 44%. A variety of
aldehydes were functionalized in this manner to give the

corresponding benzylic alcohols4 in moderate to good yields
but with a good purity (>95%) in all cases (entries 2-5).

The supported boronic acids2 were also useful reagents
for nucleophilic 1,4-additions to enones. Methyl vinyl ketone
(MVK) was chosen as representative substrate.20 By using
1.2 equiv of resin-bound phenylboronic acid in the presence
of Rh(acac)(CO)2 (3 mol %) and triphenylphoshine (6 mol
%), theâ-functionalized ketone5awas obtained in 50% yield
(Table 3, entry 1). The use of a large excess of MVK (5

equiv) noticeably improved the isolated yield to 60% (entry
2). The supported 1-hexenylboronic acid also reacted with
MVK using the same protocol, giving a comparable isolated
yield of the product5c (entry 4). In each case, the material
liberated from the resin was relatively pure (>95%) con-
taminated only with triphenylphosphine oxide.

In conclusion, we successfully demonstrated the viability
of supported boronic acids as reagents for Suzuki couplings
and nucleophilic additions to aldehydes and enones. This
metal-catalyzed cleavage strategy allows the synthesis of a
series of funtionalized biphenyl compounds, benzylic alco-
hols, andâ-substituted ketones. Added to the potential of
the resin1 to generate libraries of several new aryl boronics
acids as reagents, this strategy is particularly promising
toward high-throughput combinatorial library synthesis. We
are currently looking to expand this approach to other types
of reactions involving boronic acids.21
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Table 2. Arylation of Aldehydes with Supported Boronic
Acids

entry R1 R2 alcohol yield (%)a purity (%)b

1 4-MeC6H4 Ph 4a 62 >95
2 4-MeC6H4 4-ClC6H4 4b 43 >95
3 4-MeC6H4 4-F3CC6H4 4c 63 >95
4 4-MeC6H4 4-NCC6H4 4d 81 >95
5 Ph 4-NCC6H4 4e 56 >95

a Yields of isolated products based on the loading of the resin1 (1 mmol/
g). b GC purity of the crude reaction mixture. The mixture was passed
through silica plugs to remove excess ligand/metal before analysis.

Table 3. Conjuguate Arylation and Alkenylation of MVK with
Supported Boronic Acids

entry R1 MVK (equiv) ketone yield (%)a purity (%)b

1 Ph 1.2 5a 50 >95
2 Ph 5 5a 60 >95
3 4-MeC6H4 5 5b 47 >95
4 1-hexenyl 5 5c 55 >95

a Yields of isolated products based on the loading of the resin1 (1 mmol/
g). All compounds were purified by flash chromatography on silica gel.
b Determined by1H NMR (apart from triphenylphosphine oxide).
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