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Palladium-catalyzed couplings of organometallic reagents with
aryl and vinyl electrophiles (eq 1) have become classic methods
for generating carbon-carbon bonds.1 Not only sp2-hybridized
but also sp3-hybridized organometallics can be employed. On the
other hand, palladium-catalyzed couplings in which the halide/
triflate is sp3-hybridized are rather uncommon.1-3

Slow oxidative addition of alkyl halides/triflates to palladium
and facileâ-hydride elimination (eq 2) are two likely causes for
this comparative lack of success. Indeed, to date most palladium-
catalyzed couplings of alkyl electrophiles have involved substrates
that are activated toward oxidative addition and that lackâ
hydrogens (e.g., benzyl halides). For the Suzuki reaction in
particular, among alkyl halides/triflates, only iodides have been
shown to couple with any generality (Pd(PPh3)4, 60°C; 45-71%
yield).4,5 On the other hand, to the best of our knowledge, there
are no examples of Suzuki reactions of alkyl bromides that possess
â hydrogens. In this communication, we describe a method for
achieving Suzuki cross-couplings of a variety of alkyl bromides
under surprisingly mild conditions (room temperature; eq 3).

Like alkyl halides/triflates, aryl chlorides were long considered
to generally be unsuitable partners in palladium-catalyzed cou-

plings, due in part to a reluctance to undergo oxidative addition.6

In view of recent reports that the use of bulky, electron-rich
phosphines can lead to palladium catalysts effective for reactions
of aryl chlorides,7 we decided to pursue the possibility that such
ligands might also be useful in couplings of alkyl halides. As a
test reaction, we chose to examine the unprecedented Suzuki
cross-coupling of an alkyl bromide that containsâ hydrogens (1-
bromododecane) with an alkylborane (B-n-octyl-9-BBN).

We were pleased to discover that Pd(OAc)2/PCy3, in the
presence of K3PO4‚H2O, serves as an efficient catalyst for this
alkyl-alkyl coupling process (Table 1, entry 1). Among the
ligands that we have investigated, PCy3 is uniquely effective
(entries 2-13). Under otherwise identical conditions, we observe
no cross-coupling in the presence of triarylphosphines (mono-
dentate: entries 2-5; bidentate: entries 6-7), a phosphite (entry
8), and an arsine (entry 9). Other electron-rich trialkylphosphines
are also markedly less useful than PCy3 (cone angle: 170°).8 For
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Table 1. Suzuki Coupling of an Alkyl Bromide: Ligand Surveya

a In the case of bidentate ligands, 4% of the ligand was used.
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example, more hindered P(t-Bu)3 (entry 10; cone angle: 182°),
less hindered P(n-Bu)3 (entry 11; cone angle: 132°), and bidentate
dcpe (entry 12) afford little or none of the desired product. In
fact, among the other trialkylphosphines that we have examined,
only P(i-Pr)3 furnishes a significant amount of the target
compound (entry 13; cone angle: 160°).

We have established that Pd(OAc)2/PCy3/K3PO4‚H2O catalyzes
the room-temperature Suzuki cross-coupling of an array of
â-hydrogen-bearing alkyl bromides with alkyl- and vinylboranes
(Table 2).9,10 The mildness of these conditions for coupling alkyl
bromides contrasts with the higher temperatures employed in
Suzuki’s reactions of alkyl iodides (60°C).5a As shown in entry
1, Pd(OAc)2/PCy3 cross-couples unfunctionalized partners in
excellent yield (93%). The process tolerates a wide range of

functional groups, including amines, alkenes, esters, alkynes,
ethers, and nitriles (entries 2-7). Furthermore, alkyl bromides
can be coupled selectively in the presence of alkyl chlorides (entry
8), and vinylboranes can serve as coupling partners (entry 9).

As is the case for Suzuki reactions of sp2-hybridized halides/
triflates, our cross-couplings of alkyl bromides are not highly
moisture-sensitive. In fact, water (from K3PO4‚H2O) is an
important component of the reaction systemsessentially no
coupling occurs when anhydrous K3PO4, rather than K3PO4‚H2O,
is employed. By adding 1 equiv of water to reactions with
anhydrous K3PO4, we obtain the reactivity afforded by K3PO4‚
H2O.11

By 11B NMR spectroscopy, we have investigated the role of
water in our Suzuki cross-coupling system. When we introduce
anhydrous K3PO4 into a THF solution ofB-n-hexyl-9-BBN, the
11B NMR spectrum does not change (δ 78). On the other hand,
when we mix B-n-hexyl-9-BBN with K3PO4‚H2O (1:1), the
resonance atδ 78 is replaced by a signal atδ 4, which corresponds
to the hydroxyl-bound “ate” complex.12,13 For Suzuki reactions,
such four-coordinate boron adducts are believed to play a key
role in transmetalation (R-PdLn-X + R1

3B(OH)- f R-PdLn-
R1).4,14

In summary, we have developed the first method for achieving
Suzuki cross-couplings of alkyl bromides that containâ hydro-
gens, under surprisingly mild conditions (room temperature). This
work represents a significant expansion in the scope of the Suzuki
reaction. We are currently exploring other palladium-catalyzed
couplings of alkyl halides and triflates.
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Table 2. Room-Temperature Suzuki Cross-Coupling of Alkyl
Bromides (eq 3): Reaction Scope

a Prepared by hydroboration with 9-BBN of the corresponding
alkene/alkyne and used without purification.b Isolated yield, average
of two runs.c 1.05 equiv of R-(9-BBN) was used.
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