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ABSTRACT

1-Alkynylboronates form five-membered zirconacycles with Cp 2ZrCl2/2-EtMgBr as indicated by deuterium labeling. The zirconacycles add aldehydes
to form seven-membered zirconacycles. Hydrolysis of the latter provides 5-hydroxy-1-alkenylboronates in fair to good isolated yields. Both
aliphatic and aromatic aldehydes undergo insertion.

Vinylboronates are highly valued intermediates in organic
synthesis.1 They are available in a highly regio- and
stereoselective manner by hydroboration and other protocols.2

The ease with which they undergo transmetalation3 has
enabled the introduction of carbon-carbon double bonds in
complex molecules. The advent of the Suzuki-Miyaura4

coupling protocol has considerably increased their impor-
tance. We have been interested in the preparation of

vinylboronates by reaction of zirconocene reagents with
alkynylboronates. Hydrozirconation of 1-alkynylboronates
with Schwartz’s reagent (Cp2ZrHCl) provides intermediates
that can be converted into highly functionalized vinylbo-
ranes.5 The use of the Negishi reagent (Cp2ZrCl2/2n-BuLi)
with 1-alkynylboronates, on the other hand, leads to 1,3-
butadienes, the result of homocoupling.6 The reagent Cp2-
ZrCl2/2-EtMgBr behaves differently from the above two
reagents.7 It is known to give a five-membered zirconacycle.
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2EtMgBr smoothly produced the zirconacyclopentenes1
which, upon hydrolysis, afforded (Z)-2-(2-ethylhex-1-enyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane2a in 85% isolated
yield (Scheme 1). Deuterium labeling of the intermediate1

by D2O workup of the reaction mixture indicates the presence
of two deuterium atoms in the2b, which is indicative of
two metal carbon bonds in1.

A new class of vinylboronates3 were obtained in a
regioselective manner by addition of aldehydes to the
intermediate1 (Scheme 2). Insertion presumably produces

a seven-membered ring zirconacycle8 1′ which, after hy-
drolysis, provided product3 in moderate isolated yields. The
vinylboronates3 are stable, oily compounds which were
extracted from the reaction mixture by diethyl ether, isolated
by silica gel chromatography, and characterized by GCMS,
1H, 11B, and13C NMR, and elemental analysis.

Optimization of 3 (Table 1) revealed that while it is
possible to increase the isolated yield substantially by
increasing the number of equiv of aldehyde to five, reason-
able yields could be obtained with only 2 equiv. This was
adopted in all cases. The optimal temperature was 50°C.
All efforts to raise the yields by heating the reaction mixture
at >50 °C for longer times were unsuccessful.

The reaction was general (Table 2) and proceeded with
aliphatic aldehydes and substituted and nonsubstituted aro-
matic aldehydes. Moreover, both alkynylboronates, 2-(hex-
1-ynyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane as well as

2-(5-chloropent-1-ynyl)-4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lane, successfully produced the desired products3a-eand
3f-h, respectively. The yields were varied (43-58%), and
the reaction was always accompanied by the side product
2a or 2c, which is indicative that part of the zirconacyclo-
pentenes1 did not add aldehyde to form the zirconacyclo-
heptenes1′.

The regioselectivity was determined by NMR data. The
presence of a singlet in the double bond region (5.11-5.21
ppm), in addition to the splitting of the hydrogen on the
alcoholic carbon (3.79-4.68 ppm) by the hydrogens of C4,
are indicative that the coupling of the aldehyde was on C4
to boron. On the other hand, the11B NMR chemical shift in
the region (29.86-31.06 ppm) is appropriate to vinylboronate
products.
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Table 1. Optimization of Conditions for Obtaining3a

equiv of PhCHO T (°C) isolated yield, %

1 25 32
2 25 53
2 50 58
2 75 58
3 25 61
5 25 73
2 50 75

Table 2. Synthesis of Compounds3

products 3 R1 R2 11B,δa yield,b % (11B)c

a n-Bu Ph 30.5 58 (68)
b n-Bu p-CH3Ph 31.1 53 (68)
c n-Bu p-CH3OPh 29.9 58 (65)
d n-Bu Me 30.1 55 (65)
e n-Bu Et 30.0 50 (58)
f Cl-n-Pr Ph 30.1 45 (60)
g Cl-n-Pr m-CH3Ph 30.2 47 (56)
h Cl-n-Pr p-CH3OPh 30.7 43 (53)

a In CDCl3. b Isolated yield after silica gel chromatography.c Yield based
on11B NMR.
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