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Abstract—The scope of organoboranes can be greatly enhanced by a boron–zinc exchange reaction, providing organozincs that
react with a broad range of electrophiles. Diastereomerically enriched diorganozincs can be obtained after hydroborations with
9-BBN-H, thexylborane and catecholborane. © 2001 Elsevier Science Ltd. All rights reserved.

Organozinc reagents are very useful organometallic
reagents. Many polyfunctional organozinc compounds
can be prepared1 and used efficiently for the formation
of new carbon�carbon bonds in the presence of cop-
per(I)2 and palladium(0)3 catalysts. Furthermore, the
carbon�zinc bond of secondary alkylzinc reagents
(except of benzylic zinc reagents) displays a high
configurational stability. This property prompted us to
investigate a general method for the preparation of
chiral secondary alkylzinc compounds. We have
demonstrated that a hydroboration/boron–zinc
exchange sequence allows access to a broad range of
these chiral organometallic species.4 Unfortunately, so
far only diethylalkylboranes could be converted to
organozinc reagents in satisfactory yields. This is a
strong limitation, since with many olefins Et2BH under-
goes hydroboration only with moderate diastereoselec-
tivities. More bulky hydroborating reagents give
usually far better results.

Herein, we wish to report that the use of iPr2Zn instead
of Et2Zn5 allows the direct transmetallation of various
primary organoboranes and boronic esters to the corre-
sponding organozinc reagents (Method A). For sec-
ondary organoboranes and boronic esters, a two-step
transmetallation of the organoborane/boronic ester to a
diethylalkylborane, followed by a boron–zinc exchange
with iPr2Zn was applied (Method B). Thus, the hydro-

boration of 10-undecenyl pivalate (1a) with 9-BBN-H
(2 equiv., rt, 12 h) provides the corresponding organo-
borane 2a, which, after treatment with iPr2Zn (5 equiv.,
rt, 4 h, Method A), transmetallation with CuCN·2LiCl6

and allylation with ethyl 2-(bromomethyl)acrylate, fur-
nishes the desired product 3a in 66% yield (entry 1 of
Table 1). Similarly, the hydroboration of 1a with
thexylborane7 (ThBH2) (2 equiv., −30°C to rt, 12 h)
leads to the organoborane 2b. Reaction of 2b with
iPr2Zn (5 equiv., rt, 5 h) cleanly provides the corre-
sponding organozinc reagent, which after transmetalla-
tion with CuCN·2LiCl (1.5 equiv., −78°C, 30 min) and
reaction with 1-bromopentyne (5 equiv., −40°C, 36 h)
provides the desired alkyne 3b in 52% overall yield
(entry 2, Table 1). Finally, the rhodium-catalyzed
hydroboration of 1a with catecholborane (1.1 equiv.,
0°C to rt, 5 h) in the presence of RhCl(PPh3)3 (2
mol%)7 furnishes the boronic ester 2c. Subsequent
transmetallation with iPr2Zn (10 equiv.) requires 36 h
at 25°C and leads, after a copper(I)-mediated allylation,
to the desired product 3c in 58% yield (entry 3 of Table
1). These results indicate that primary functionalized
organoboranes are readily converted to the correspond-
ing organozinc species. Similar results are obtained with
secondary organoboranes. Thus, the hydroboration of
1-phenylcyclopentene (1b) with either 9-BBN-H,
ThBH2 or catecholborane (in the presence of
[Rh(COD)2]BF4, 3 mol%)8 furnishes the corresponding
organoboranes 2d–f. After reaction with Et2BH (5
equiv., 50°C, 16 h) and iPr2Zn (5 equiv., rt, 5 h)
(Method B), the resulting secondary diorganozinc spe-
cies can be allylated with high retention of the trans-
stereochemistry (93–95% trans ; entries 4–6 of Table 1).
Benzylic zinc reagents can also be generated. Thus, the
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Rh-catalyzed hydroboration of indene (1c) with
catecholborane8 leads to the boronic ester 2g. The
corresponding benzylic zinc reagent is obtained after a
treatment with Et2BH and iPr2Zn (Method B). This

organozinc reagent then undergoes copper-mediated
reactions with allyl bromide, 3-iodo-2-methyl-
cyclopent-2-en-1-one and propionyl chloride. The
expected products 3e–g are obtained in 51–58% yield
(entries 7–9 of Table 1).12 This transmetallation of
boronic esters, obtained by a Rh-catalyzed hydrobora-
tion, considerably broadens the scope of the classical
hydroboration reaction, allowing now not only the
usual oxidation of the boronic ester with H2O2 leading
to an alcohol, but also the quenching with various
carbon electrophiles.

With this method in hands, diastereoselective syntheses
of zinc organometallics can be readily achieved. In
contrast to Et2BH, the more sterically hindered ThBH2,
9-BBN-H and catecholborane allow highly diastereo-
selective hydroborations.9 Fleming et al. reported excel-
lent diastereoselectivities for hydroborations of a vari-
ety of different allylsilanes using 9-BBN-H.10 Thus, the
hydroboration of 4 with 9-BBN-H (2 equiv., 60°C, 3
days) provides, after treatment with Et2BH (5 equiv.,
50°C, 16 h) and reaction with iPr2Zn (5 equiv., rt, 7 h),
the silylated organozinc reagent 5, which, after Cu(I)-
mediated allylation, gives the silyl derivative 6 with a
diastereoselectivity of 94:6 in 45% overall yield (Scheme
1).

Still et al. showed that silylated allylic alcohols are
diastereoselectively hydroborated with 9-BBN-H.11

Applying the reported conditions for the hydroboration
with 9-BBN-H (3 equiv., 0°C to rt, 16 h) and after a
subsequent B–Zn exchange (4 equiv. iPr2Zn, 25°C, 4 h)
the anti-diastereoisomer 8 was obtained in good
diastereoselectivities (d.r.=91:9). The copper-mediated
reaction of 8 provided the desired anti-alcohol deriva-
tive 9 in good yield (Scheme 2).

Table 1. Products obtained by copper(I)-mediated reac-
tions of diorganozinc reagents obtained by a boron–zinc
exchange reaction

Scheme 1.

Scheme 2.



E. Hupe et al. / Tetrahedron Letters 42 (2001) 8829–8831 8831

In conclusion, we have shown that a range of primary
and secondary organoboranes can be readily
transmetallated to the corresponding organozinc species
by treatment with an excess of iPr2Zn. This method
allows access to new diastereomerically enriched
organozinc compounds, which react in acceptable yields
with various electrophiles. Further applications to the
preparation of chiral organozinc reagents are currently
underway.
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