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Zr-Mediated hydroboration: stereoselective synthesis
of vinyl boronic esters
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Abstract—An improved process for the preparation of (E)-vinylboronic esters via a Zr-mediated hydroboration of alkynes, espe-
cially oxygen-containing alkynes, is described.
� 2005 Published by Elsevier Ltd.
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The formation of new asymmetric carbon–carbon bonds
can be accomplished readily using a wide range of palla-
dium-catalyzed cross coupling reactions1–3 that have
also been utilized extensively in the construction of
biologically active molecules.4 One of these processes
involves the cross coupling reaction of an organometallic
derivative with an alkyl or aryl halide, with organo-
borane derivatives being especially useful.5,6 As one type
of frequently used synthetic building block, vinylboronic
esters can be prepared by several methods,7–10 particu-
larly by hydroboration of alkynes using catechol-
borane,11,12 which often requires harsh reaction
conditions. In 1992, Knochel and co-workers13 reported
the preparation of pinacolborane. It was also shown
that pinacolborane is an efficient hydroboration reagent,
which offers advantages of mild reaction conditions,
high functional group tolerance, and excellent stability
over catecholborane.

The transition metal complex catalyzed hydroboration
of alkynes has been investigated considerably, including
development of new methodologies and mechanistic
studies.14–18 Pereira and Srebnik reported15 that the Sch-
wartz reagent (Cp2ZrHCl) catalyzes hydroboration of
alkynes with pinacolborane at room temperature. In
the process high selectivity of syn addition and regiose-
lectivity were observed. However, the hydroboration of
some less reactive alkynes can be sluggish, and the stereo-
selectivity toward E-vinylboronic esters is unsatis-
factory, especially for oxygen-containing alkynes.
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We present here a modified protocol of Zr-mediated
hydroboration, which offers (E)-vinylboronic esters in
high yield as well as excellent stereoselectivity and
regioselectivity.

In general, hydroboration of hydrocarbon alkynes all
proceeded smoothly at ambient temperature, in the
absence of solvent (Table 1). Formation of the (Z)-
isomer was observed for alkynes substituted by less
bulky groups in negligible quantities.

Hydroboration of oxygen-containing alkynes (Table 2)
was rather sluggish compared to the hydrocarbon alky-
nes. The E/Z ratio of the hydroboration products dra-
matically decreased, especially for the alkynes with
longer linkers between the alkyne and oxygen atom.

Zr-Mediated hydroboration of alkynes is believed to
operate by a pathway involving alkyne insertion, r-bond
Cyclohexyl 86 98 2
Phenyl 96 98 2
tert-Butyl 58 100 0
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metathesis, and vinyl–hydride exchange, similar to the
mechanism of lanthanide-catalyzed hydroboration of
alkenes,17,18 as shown in Figure 1.
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Figure 1.

Table 3.
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4 None 20 rt
2 None 20 rt

4 1.0 equiv BF3–Et2O 20 rt
4 1.0 equiv Et3N 20 rt
4 0.1 equiv pyridine 20 rt
4 0.1 equiv DMAP 20 rt
4 0.1 equiv Et3N 20 rt

4 None 16 60
2 None 16 60

4 0.1 equiv Et3N 16 60
2 0.1 equiv Et3N 16 60
It is speculated that the intramolecular interaction
between the 16-electron bis(cyclopentadienyl)-zirconium
center and oxygen favors the formation of a pseudo-
(Z) intermediate, which in turn leads to the formation
of (Z)-vinylboronic esters, as shown in Figure 1. The
longer the linker between the alkyne and oxygen atom
is, the more likely the formation of the pseudo-(Z)
intermediate.

This prompted us to investigate practical modifications
to disrupt this hypothesized intramolecular O–Zr inter-
action in order to improve the stereoselectivity and yield
toward (E)-vinylboronic esters. Therefore, a Lewis acid
and base, targeting either the oxygen or zirconium
site, respectively, were examined. While a Lewis acid
(BF3–Et2O) had limited impact on the outcome of hyd-
roboration, the base Et3N improved the stereoselectivity
considerably (Table 3). A catalytic amount of Et3N
appeared to work better than a stoichiometric amount
on both yield and stereoselectivity (Et3N > DMAP >
pyridine), though it gave a lower yield of vinylboronic
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ester than hydroboration without amine. We then
looked at the possibility of a thermal intervention of
the intramolecular Zr–O interaction. We found that
hydroboration at an elevated temperature indeed affor-
ded (E)-vinylboronic esters with better stereoselectivity
and yield than reaction at ambient temperature. Fur-
thermore, hydroboration at an elevated temperature in
the presence of a catalytic amount of Et3N resulted in
an optimal outcome in both stereoselectivity and yield
(Fig. 2).

We carried out the hydroborations of alkynes substi-
tuted by various functional groups using this protocol
(Table 4).19 They all proceeded smoothly to afford the
corresponding (E)-vinylboronic esters in both good yield
and stereoselectivity.

In summary, a robust and mild reaction protocol was
developed for the hydroboration of alkynes to give
E-vinylboronic esters in good to excellent yield (59–
99%). High stereoselectivity (E/Z > 95:5) and regioselec-
tivity were achieved. This new protocol showed high
tolerance for various functional groups on the alkynes.
An intramolecular interaction between the 16-electron
zirconium center and oxygen atom was proposed based
on the experimental results observed in the Zr-mediated
hydroboration reaction of oxygen-containing alkynes.
Table 4.
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