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The biaryl unit is present in many natural products, pharma-
ceuticals, and ligands for homogeneous catalysisaddition,
biphenyls and terphenyls, particulartyterphenyls, are of interest
as building blocks of hostguest complexes? Palladium-

catalyzed cross-coupling has become one of the methods of choice

for the synthesis of unsymmetrical biaryIsThis 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 complexéyest described as
zirconacyclopropenes, are nucleophilic in nature and display rich
reaction chemistry:# Herein we report a one-pot procedure for
the synthesis of multisubstituted biaryl ameterphenyl 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-diene$. We reasoned that a zirconocene-stabilized benzyne
complex likewise might transmetalate to a Pd(ll) oxidative
addition comple¥ (Figure 1). Thus, reaction df with 2 would
produce a mixture of regioisome3sand3a, which, after reductive
elimination, would give regioisomersand4a, respectively. Our
previous results indicated that insertion into the less hindered
C—Zr bond to give3 would predominaté yielding 4 as the major
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product. The CG-Zr bond could then be cleaved with iodine (or
other electrophiles) to provide the synthetically versatile biaryl
iodides.

In practice, heatind, bromobenzene, and a catalytic amount
of Pd(0) at 60°C, followed by treatment of the crude reaction
mixture with a 20% DCI solution in BD, yielded three products,
identified as6, 7, and 8 (Scheme 1}! We believe that the
deuterium-containing produ8tis produced from the intermediate
9. We propose the reaction pathway shown in Scheme 2.
Oxidative addition of bromobenzene to Rdproduces10.
Subsequent transmetalation df with 10 gives 12 (and its
corresponding regioisomer). Reductive elimination fraf
affords the desired produ6t Further Pd-catalyzed reaction ®f
(or more likely its regioisomer) with O producesl 3, which yields
the triaryl byproduct by reductive elimination. The byproduct
7 is formed from the intermediatd5, which arises by a
transmetalation from aryl zirconocerié prior to the benzyne
formation; the absence of deuterium incorporation into the
deuterium quenching experiment indicates thatoes not arise
from the deuteriolysis of an intermediate which contains-&€
bond.

The use of 1.5 equiv (relative to Pd) of DPEpttds or DPPP
17yields9 (and the corresponding products with-RPh, 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)!3

1) n-BuLi, THF, -50°C

2) Conditions

3) ArBr (1 equiv.),

Ligand (6-9 mol %),
Pd,(dba)s, (2-3 mol %), 60 °C

1.5 equiv

Conditions:

For R = Me: Cp,Zr(CHg)Cl, —50°C — RT, 16

For R =Ph: Cp,Zr(CH3)Cl, ~50°C - 0 °C, 16

For R = OMe: Cp,Zr(iso-butyl)Cl, -78 °C— -50°C — RT, 17

PhyP(CHy)3PPhy
17

(11) In a separate experiment, protonolysis of the reaction mixture yielded
three products, identified & 7, and protio8 based on GC/MS analysis and
comparison to the literaturdd NMR spectra.
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(13) See Supporting Information for experimental details.
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Table 1. Preparation of Biaryls for R= Me, Ph Table 2. Preparation of Biaryls for R= OMe

Product Yield? meta : ortho ratio® ArBr Product Yield® meta : ortho ratio®
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2Yields refer to isolated mixture of isomers which wa85% pure
by 'H NMR, GC, and elemental analysikDetermined by GC analysis
of the isolated product.Incomplete conversion of starting material
was observed. A small amount of ArBr was detected in the crude to the methyl group increases the ratefefiydride abstraction,
reaction mixture by GC. in addition to lowering the rate of the transmetalation frbrto

form 15.%7

~ The procedure tolerates several common functional groups, |n summary, a one-pot method for the synthesis of 3-aryl-2-
including oxygen-containing substrates such as ethers, dioxolanesjodo-1-substituted benzene derivatives has been developed. This
and ortho-esters. Compounds containing aromatic carbon methodology allows for the synthesis of polysubstituted biaryls
chloride bonds and benzophenone protected anilines can also beindm-terphenyls while increasing the level of functionalization
successfully employett. The reaction is highly regioselective, of one of the aryl rings by one. These results provide the
giving the desired:undesired regioisomer=27:1 ratio. foundation for further investigations into cross-coupling reactions

In the case of the anisole derivatives (Table 2), the use f Cp  of metal-stabilized complexes of unsaturated organic molecules.
Zr(Me)Cl resulted in formation obrtho-coupled desiodobiaryl,
such a7, as the major product. By employing &(iso-butyl)- Acknowledgment. The authors gratefully acknowledge the National
CI**> and DPPP as the ligand, the desired product was selectivelynstitutes of Health (GM 34917) for financial support of this work. We
formed. We attribute the discrepancy in reactivity between also thank Merck, Pfizer, and Novartis for additional support. D.P. thanks
substrates with RB= OMe and those with B= Me or Ph to the the Universidad de Santiago de Compostela (Spain) for funding. We thank
difference in steric bulk of the respective substituents R, which Erbrjorﬁepziri)r} Sac:]'ghéIorB? g'ritt?j DYPE]pr]‘Pfﬂmﬁ?ﬁ?g'mfthy're”t?)% .
affects the rate of benzyne formation from a precursor such as s cr)na?liscrigt’ a - Bryant . rang forheip € preparation o
14.16 Due to the relatively small size of the methoxy group, when '
the alkyl group on Zr is methyl, transmetalation to form an  sypporting Information Available: Experimental procedures and
intermediate such &k5 predominates, regardless of the phosphine spectroscopic and analytical data for relevant compounds (PDF). This
ligand used. The much larger size of the-butyl group compared material is available free of charge via the Internet at http:/pubs.acs.org.
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