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Synthetic Methods and Reactions; 34'. Coupling of
Benzylic and Allylic Halides and Debromination of
vic-Dibromides with Vanadium(I1I) Chloride/Lithium
Tetrahydroaluminate, VCl;/LiAlH,, Reagent

Tse-Lok Ho, George A. OLap*
Department of Chemistry, Case Western Reserve University,
Cleveland, Ohio 44106, U.S.A.

Recently we described some of our studies relating to the
vanadium(I])ion reduction of organic compounds. In acidic
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solution the hydrodehalogenation of «-haloketones?, deoxy-
genation of sulfoxides?, reduction of benzils and quinones®,
hydrogenative cleavage of aryl azides®, and reductive dimeri-
zation of tropylium salts® with vanadium(11) chloride proceed
smoothly and with good yields.

Reductions in nonaqueous media are also of great interest
because nonacidic conditions can be employed and potential
problems of substrate solubility can be eliminated. We now
report the coupling of benzylic and allylic halides and debro-
mination of vic-dibromides with a vanadium(II) reagent in
tetrahydrofuran. A literature search showed that dicyclopen-
tadienylvanadium has been utilized to couple benzyl chlor-
ide” 1o give a 53 % yield of bibenzyl based on gas chromato-
graphic analysis. A kinetic study of dichlorotetrakis[pyri-
dine]vanadium-promoted reductive dimerization® of benzyl
halides has also been reported. The difficult availability of
the reagents, however, precludes their synthetic applications.

We now wish to describe a convenient and easy to apply
generation of a vanadium(I1) reagent by the lithium tetrahyd-
roaluminate reduction of vanadium(III) chloride in anhyd-
rous tetrahydrofuran. In order to compare its reducing power
with that of the titanium(II) reagent of McMurry®, identical
molar ratios of VCl3 to LiAlH, were used in the reagent
mixtures. Dehalogenative coupling of benzylic and allylic
halides was accomplished with yields comparable or better
than those using the Ti(I1) reagent!®. vic-Dibromides are simi-
larly converted in good yields into the corresponding alkenes.
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The'\/(ll) systems are experimentally more convenient than
the Ti(Il) systems since vanadium(1I1) chloride is stable to
air, whereas titanium(II1) or (IV) chloride precursors are
sensitive to oxygen and moisture. The mixing of VCl; and
LiAlH, is only mildly exothermic and therefore less hazar-
dous. Furthermore, the aqueous workup of reaction mixtures
of the V(I1) reductions is not attended by the formation
of voluminous sludges as in the Ti(I[) reactions.
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Table. Reductive Couplmg and Dehalogendtxon of Halides with V(11) Reagent
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Extension of the use of our V(II) reagent to couple benzylic
alcohols and aromatic ketones'! has, however, not been as
successful owing to the relatively low reduction potential of
V(II) species. Benzyl alcohol was recovered unchanged,
benzhydrol undergoes coupling to the extent of approxi-

19 G. A. Olah, G. K. Surya Prakash, Synthesis 1976, 607.

'" G. G. Olah, G. K. Surya Prakash, unpublished observations.

2 L. H. Slaugh, J. H. Raley, Tetrahedron 20, 1005 (1964).

'3 Handbook of Chemistry and Physics, 52 Ed., Chemical Rubber
Co., Cleveland, Ohto, 1971.

14 E. H. Farmer, C. G. Moore, J. Chem. Soc. 1951, 131.

mately 40%. Thus the nonaqueous system holds no special
advantage over the conventional acidic V(1) reagent!? for
coupling of these compounds.

Reaction of Halides with VCl;/LiAlH, Reagent:

In a two-necked flask equipped with magnetic stirrer, serum cap,
and a refluxing condenser connected to a nitrogen purge was
placed a suspension of vanadium(I11) chloride (2.36 g, 15 mmol)
in dry tetrahydrofuran (20 ml). Lithium tetrahydroaluminate (190
mg, 5 mmol) was added, and after 5 min the halide (5 mmol)
was introduced from a syringe as a neat liquid or in the case
of solids, as a tetrahydrofuran solution (5 ml). The reaction mixture
was then refluxed for the time indicated in the Table, and subse-
quently quenched with water (80 ml). Benzene extraction (2 x 30
ml) of the aqueous solution yielded, after drying and evaporation,
the hydrocarbon product which was distilled or recrystallized.
The physical and spectral properties of the products were identical
to these reported for pure, authentic materials.
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