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ABSTRACT

Alkylzinc bromides have been efficiently prepared by the direct insertion of zinc metal (dust, powder, granule, shot), activated with 1−5 mol
% I2, into alkyl bromides in a polar aprotic solvent. The zinc reagents thus formed undergo Ni- and Pd-catalyzed cross-coupling with aryl
halides to produce functionalized alkylarenes in excellent yields.

Organozinc compounds are very useful and versatile reagents
for a variety of transformations in organic synthesis,1

particularly those involving carbon-carbon bond formation
via Pd- and Ni-catalyzed cross-coupling reactions (Negishi
coupling).2 Although alkylzinc compounds can be prepared
by various methods,1 oxidative insertion of zinc metal into
alkyl halides is the most direct and attractive. However,
unlike alkyl iodides, the less expensive and more accessible
alkyl bromides and chlorides are usually unreactive to normal
zinc insertion and require the use of highly reactive zinc to
achieve oxidative insertion.3 The only published solution to

this problem is the procedure reported by Knochel et al., in
which zinc dust is first activated by sequential treatment with
1,2-dibromoethane and Me3SiCl and then reacted with alkyl
bromides in the presence of a catalytic amount of an alkali
iodide (0.2 equiv) to generate the corresponding alkylzinc
compounds.4 We report herein a novel, remarkably simple
and general procedure for the preparation of alkylzinc
compounds from unactivated alkyl bromides and chlorides
that uses a catalytic amount of I2 for activation of zinc (dust,
granules, powder, shot).5

For illustration, treatment ofn-octyl bromide with zinc
dust (1.5 equiv), activated with I2 (5 mol %), in N,N-
dimethylacetamide (DMA) affordedn-octylzinc bromide in
excellent yield (>90%). Formation of the corresponding zinc
reagent was established by hydrolysis and iodinolysis of the
reaction mixture, producingn-octane in 98% yield and
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1-iodooctane in 91% yield, respectively (Scheme 1). The
n-octylzinc bromide thus formed readily participated in the
Ni-catalyzed cross-coupling6 with 4-chlorobenzonitrile (0.8
equiv) to give 4-octylbenzonitrile in 94% yield (Table 1).

The iodine effect is remarkable. Even with the use of 1 mol
% I2, the zinc insertion proceeded smoothly and was
complete within 9 h. However, in the absence of I2, the
conversion was only 20% even though zinc dust was
activated with 1,2-dibromoethane and Me3SiCl (Table 1).
This zinc insertion can also be performed in other polar
aprotic solvents such as DMF, DMSO, DMPU, and NMP,
giving comparable results as shown in Table 1. The sub-
sequent Ni-catalyzed cross-coupling reactions with 4-chloro-
benzonitrile in these solvents also proceeded readily, with
little (<2%) or no formation of homocoupling byproduct
4,4′-dicyanobiphenyl. On the other hand, when less polar
solvents such as diethyl ether, THF, dioxane, DME, and
acetonitrile were used, virtually no zinc reagent formed under

similar conditions. It is noteworthy that other forms of zinc
metal such as zinc powder (-100 mesh), granular zinc (-30
+ 100 mesh), and even zinc shot (1-2 mm) have been
successfully employed in this procedure (Table 1).

Conceptually, the iodine in this process can play a novel
dual role: (1) the relative redox potentials between “I2 +
2ef 2I-” and “Zn f Zn2+ + 2e” allows a reaction to occur
between iodine and zinc and thus delivers a clean, reactive
surface on the metal and (2) the I- generated can convert
the alkyl bromide into the corresponding alkyl iodide, which
is a more reactive substrate toward oxidative zinc insertion.
Indeed, the formation of small amounts ofn-octyl iodide
was observed during the zinc insertion reaction.

Alkyl chlorides can also be used as substrates in this zinc
insertion reaction. The presence of a stoichiometric amount
of a bromide salt, as found by Knochel (e.g., LiBr4 or R4NBr,
etc.), is required in addition to the iodine catalyst (Scheme
2).

The scope of this zinc insertion reaction is very broad.
Not only can many forms of zinc be used but also a variety
of functional groups such as halides, ethers, esters, nitriles,
amides, acetals, and alkenes are tolerated under the reaction
conditions (Table 2). These in situ-generated zinc reagents
readily participate in the Ni- or Pd-catalyzed cross-coupling
reaction with aryl halides to produce various functionalized
alkylarenes in excellent yields.7 It is noteworthy that organo-
zincs derived from bromides containing a terminal double
bond (1fand1g) produced significant amounts of isomer-
ization and other byproducts (10-20%) from their Ni-
catalyzed cross-coupling with 4-chlorobenzonitrile. However,
a switch from Ni to Pd led to formation of desired products
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The mixture was stirred at 23°C until the red color of I2 disappeared (ca.
2 min). Ethyl 4-bromobutyrate (1j) (1.95 g, 10 mmol) was added, and the
mixture was stirred at 80°C for 3 h. Completion of the zinc insertion
reaction was indicated by GC analysis of the hydrolyzed reaction mixture.
The mixture was cooled to 23°C, and 1.1 g (8 mmol) of 4-chlorobenzonitrile
and 105 mg (0.16 mmol) of Cl2Ni(PPh3)2 were added successively at 23
°C. The coupling reaction was complete at room temperature after 1 h as
checked by GC analysis. The reaction was quenched with 1 N HCl, and
the mixture was extracted with ethyl acetate (4× 20 mL). The combined
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evaporated. Flash chromatography on silica gel (98:2 hexane/ethyl acetate)
gave the cross coupling product3j as a clear, colorless oil (1.69 g, 97%).

Scheme 1

Table 1. Direct Zinc Insertion inton-Octyl Bromide under
Various Conditions

Zn
I2

(mol %) solvents
temp
(°C)

time
(h)

conversion
(%)a

yield of 3a
(%)b

dust 5 DMA 80 3 >99 94
dust 1 DMA 80 9 >98 89
dustc 0 DMA 80 9 20
dust 5 DMF 80 4.5 >99 88
dust 5 DMSO 80 3 >99 92
dust 5 DMPU 80 3 >99 96
dust 5 NMP 80 6 >98 95
powder 5 DMA 80 3 >99 92
granule 5 DMA 80 3 >98 94
shot 5 DMA 80 12 >98 88

a Conversion of n-octyl bromide.b GC yield. c Activated with 1,2-
dibromoethane and TMSCl.

Scheme 2
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(3f and3g) with high isomeric purities (entry 6 and 7, Table
2). Formation of zinc reagents from alkyl bromides was
usually complete within 1-3 h in DMA at 80°C. Reaction
of bromomethylcyclohexane (1b) was rather slow but
proceeded to completion within 24 h, and its subsequent
cross-coupling with 4-chlorobenzonitrile in the presence of
2 mol % Cl2Ni(PPh3)2 produced 4-cyclohexylmethyl-
benzonitrile in 94% yield. This sluggish zinc insertion may
result from a slower iodide-bromide exchange caused by
the steric hindrance of cyclohexyl group. For the same
reason, the reaction of the secondary alkyl bromide 2-bromo-
octane was very sluggish. On the other hand, the reaction of
the tertiary alkyl bromide 2-bromo-2-methylbutane with zinc
dust in DMA at 80°C was complete within 30 min and did
not require the use of a catalytic amount of iodine.8

In summary, we have disclosed a simple, general proce-
dure for the preparation of organozinc compounds from
unactivated alkyl bromides and chlorides. These organozinc
reagents have been shown to be excellent partners in Ni-
and Pd-catalyzed cross-coupling reactions. This ready access
to versatile alkylzinc reagents should facilitate the further
development of organozinc chemistry in organic synthesis.
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(8) For the comparison of the reactivity of different types of alkyl

bromides, see: ref 3b.

Table 2. Preparation of Alkylzinc Bromides and Their Subsequent Ni- or Pd-Catalyzed Cross-Coupling with Aryl Halidesa

a All reactions were carried out in DMA; RBr:Zn(dust):I2:ArX:Cl2Ni(PPh3)2 ) 1.0:1.5:0.05:0.8:0.016.b Isolated yields based on ArX.c Pd(PPh3)4 (2 mol
%) as a catalyst, isomeric purity>97%. d Pd(PPh3)4 (2 mol %) as a catalyst, isomeric purity 95%.
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