
A Combined Zirconocene Benzyne-Palladium
Cross-Coupling Route to Substituted Biphenyls and
Terphenyls

Michael Frid, Dolores Pe´rez,† Andrew J. Peat,‡ and
Stephen L. Buchwald*

Department of Chemistry
Massachusetts Institute of Technology

Cambridge, Massachusetts 02139

ReceiVed July 7, 1999

The biaryl unit is present in many natural products, pharma-
ceuticals, and ligands for homogeneous catalysis.1 In addition,
biphenyls and terphenyls, particularlym-terphenyls, are of interest
as building blocks of host-guest complexes.2,3 Palladium-
catalyzed cross-coupling has become one of the methods of choice
for the synthesis of unsymmetrical biaryls.4 This process is
primarily limited by the availability of the coupling partners,
particularly if the target biaryl has a complex substitution pattern.
Therefore, new methods for the efficient preparation of multi-
substituted biaryls are of interest.

Zirconocene-stabilized aryne complexes,5,6 best described as
zirconacyclopropenes, are nucleophilic in nature and display rich
reaction chemistry.7,8 Herein we report a one-pot procedure for
the synthesis of multisubstituted biaryl andm-terphenyl derivatives
from simple, readily available precursors that combines the
features of Pd-catalyzed cross-coupling methodology with the
chemistry of zirconocene-stabilized benzyne complexes.

In one version of the Negishi cross-coupling process, vinyl
zirconocene complexes are combined with vinyl halides to form
1,3-dienes.9 We reasoned that a zirconocene-stabilized benzyne
complex likewise might transmetalate to a Pd(II) oxidative
addition complex10 (Figure 1). Thus, reaction of1 with 2 would
produce a mixture of regioisomers3 and3a, which, after reductive
elimination, would give regioisomers4 and4a, respectively. Our
previous results indicated that insertion into the less hindered
C-Zr bond to give3 would predominate,5 yielding4 as the major

product. The C-Zr bond could then be cleaved with iodine (or
other electrophiles) to provide the synthetically versatile biaryl
iodides.

In practice, heating5, bromobenzene, and a catalytic amount
of Pd(0) at 60°C, followed by treatment of the crude reaction
mixture with a 20% DCl solution in D2O, yielded three products,
identified as6, 7, and 8 (Scheme 1).11 We believe that the
deuterium-containing product8 is produced from the intermediate
9. We propose the reaction pathway shown in Scheme 2.
Oxidative addition of bromobenzene to PdLn produces10.
Subsequent transmetalation of11 with 10 gives 12 (and its
corresponding regioisomer). Reductive elimination from12
affords the desired product9. Further Pd-catalyzed reaction of9
(or more likely its regioisomer) with10produces13, which yields
the triaryl byproduct6 by reductive elimination. The byproduct
7 is formed from the intermediate15, which arises by a
transmetalation from aryl zirconocene14 prior to the benzyne
formation; the absence of deuterium incorporation into7 in the
deuterium quenching experiment indicates that7 does not arise
from the deuteriolysis of an intermediate which contains a C-Zr
bond.

The use of 1.5 equiv (relative to Pd) of DPEphos12 16or DPPP
17 yields9 (and the corresponding products with R) Ph, OMe)
in a highly regioselective fashion under conditions that suppress
the formation of6 (Scheme 3). This optimized procedure affords
the biaryl iodide products in moderate to very good yield (Tables
1 and 2).13
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The procedure tolerates several common functional groups,
including oxygen-containing substrates such as ethers, dioxolanes,
and ortho-esters. Compounds containing aromatic carbon-
chloride bonds and benzophenone protected anilines can also be
successfully employed.14 The reaction is highly regioselective,
giving the desired:undesired regioisomer ing27:1 ratio.

In the case of the anisole derivatives (Table 2), the use of Cp2-
Zr(Me)Cl resulted in formation ofortho-coupled desiodobiaryl,
such as7, as the major product. By employing Cp2Zr(iso-butyl)-
Cl15 and DPPP as the ligand, the desired product was selectively
formed. We attribute the discrepancy in reactivity between
substrates with R) OMe and those with R) Me or Ph to the
difference in steric bulk of the respective substituents R, which
affects the rate of benzyne formation from a precursor such as
14.16 Due to the relatively small size of the methoxy group, when
the alkyl group on Zr is methyl, transmetalation to form an
intermediate such as15predominates, regardless of the phosphine
ligand used. The much larger size of theiso-butyl group compared

to the methyl group increases the rate ofâ-hydride abstraction,
in addition to lowering the rate of the transmetalation from14 to
form 15.17

In summary, a one-pot method for the synthesis of 3-aryl-2-
iodo-1-substituted benzene derivatives has been developed. This
methodology allows for the synthesis of polysubstituted biaryls
andm-terphenyls while increasing the level of functionalization
of one of the aryl rings by one. These results provide the
foundation for further investigations into cross-coupling reactions
of metal-stabilized complexes of unsaturated organic molecules.
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Table 1. Preparation of Biaryls for R) Me, Ph

a Yields refer to isolated mixture of isomers which was>95% pure
by 1H NMR, GC, and elemental analysis.b Determined by GC analysis
of the isolated product.c Incomplete conversion of starting material
was observed. A small amount of ArBr was detected in the crude
reaction mixture by GC.

Table 2. Preparation of Biaryls for R) OMe

a Yields refer to isolated mixture of isomers which was>95% pure
by 1H NMR, GC, and elemental analysis.b Determined by GC analysis
of the isolated product.
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