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Abstract: Regioselective homologation of alkyl-1,2-bis(catechol-
boronates) may be accomplished by treatment of these reactive in-
termediates with TMSCHN2. A convenient process is reported
where alkene diboration and the subsequent homologation reaction
are accomplished in the same reaction flask.
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By effecting the transformation of simple alkenes into
alkyl 1,2-bis(boronates), the rhodium-catalyzed dibora-
tion of olefins may enable the transformation of olefins
into a variety of functional substructures.1 Whereas the
domino diboration–oxidation reaction sequence effective-
ly delivers 1,2-diols from alkenes in an asymmetric fash-
ion, other transformations may furnish different
structures.2 In this regard, we have begun to develop alter-
nate reaction sequences and have reported that the domino
diboration–Suzuki coupling–oxidation reaction sequence
is particularly effective for transforming 1-alkenes into
chiral b-phenethyl alcohol derivatives.3 This reaction se-
quence relies on the fact that, in Pd-catalyzed cross-cou-
pling, less hindered C–B bonds react faster than more
hindered C–B bonds thereby allowing the selective trans-
formation of one of the two boron atoms in a diboration
product.4

Recently, Mioskowski has described a novel homologa-
tion reaction upon treatment of catechol boronate esters
with TMSCHN2.

5,6 We expected that, similar to the Suzu-
ki cross-coupling reaction mentioned above, the Mios-
kowski homologation might also be sensitive to
substitution of the C–B bond and might therefore allow
for the selective production of alkyl 1,3-bis(boronates)
from alkyl 1,2-bis(boronates). In addition, since the Rh-
catalyzed alkene diboration provides catechol boronate
esters directly, we considered that development of a sin-
gle-pot process such as that depicted in Scheme 1 would
be possible and would significantly expand the range of
chiral targets, which are accessible from the asymmetric
diboration reaction.

Initial experiments were directed towards developing the
domino diboration–homologation–oxidation sequence
and towards learning about the homologation selectivity

with 1-alkene substrates. Accordingly, a Rh–QUINAP-
catalyzed diboration of 1-octene with bis(catecholatodi-
boron) was executed in THF. Subsequent to the dibora-
tion, the reaction mixture was treated with reagents for
homologation as reported by Mioskowski (3 equiv of
TMSCHN2, refluxing THF). These experiments resulted
in low product yields even with extended reaction times.
It was noted that a significant amount of non-homologated
material remained at the end of the reaction and therefore
more forcing conditions were examined. Since the Rh–
QUINAP-catalyzed diboration reaction also proceeds
well in toluene, we examined the domino reaction se-
quence in this solvent with the homologation being con-
ducted at higher temperature (Scheme 2). In this
experiment, four equivalents of trimethylsilyldiazo-
methane were added to the reaction mixture subsequent to
catalytic diboration. After heating at 80 °C for eight
hours, an additional four equivalents of TMSCHN2 were
added and the reaction heated an additional 8 hours. Oxi-
dation of the reaction mixture provided a 58% yield of 1-
trimethylsilyl-1,3-nonanediol (Table 1, entry 1). Analysis
of the crude 1H NMR spectrum indicated that the primary
C–B bond reacted exclusively and that the secondary C–
B bond remained untouched.

Scheme 2

With experimental conditions for domino diboration–ho-
mologation developed, several terminal alkenes were ex-
plored in the tandem reaction (Table 1). Whereas styrene
is a poor substrate for the domino sequence (entry 6), ali-
phatic alkenes appear to provide consistently higher
yields (45–58%) regardless of substitution of the allylic
carbon. In all cases, the 1-trimethylsilyl-1,3-diols were
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isolated by column chromatography as a mixture of dia-
stereomers.7

Because the Rh–QUINAP-catalyzed diboration is highly
enantioselective when the allylic carbon of the 1-alkene is
a quaternary center, the domino single-pot diboration–ho-
mologation–oxidation procedure may be used to generate
optically active products with useful levels of selectivity.
As depicted in Equation 1, TBAF-promoted protodesily-
lation of the product derived from tert-butylethylene pro-
vides the 1,3-diol in 93% enantiomeric excess.8

Comparing this level of selectivity with that of the 1,2-
diol obtained by diboration–oxidation (94% ee,
Equation 2) suggests that the homologation reaction does
not disturb the configuration of the stereogenic C–B bond
in the reaction intermediate and that the level of selectivi-
ty obtained in the diboration reaction is manifest in the
diboration–homologation–oxidation product.

Equation 1

Equation 2

One of two explanations might account for the level and
sense of regioselection in the homologation reactions de-
scribed above. As depicted in Scheme 3, it is conceivable
that TMSCHN2 adds to the less hindered C–B bond (to
give B) fastest and the resulting 1,2-alkyl shift provides
the observed product in a selective fashion. Alternatively,
it is tenable that addition of TMSCHN2 to the boronate is
reversible and that the rate of the subsequent rearrange-
ment dictates the reaction outcome. The former scenario
appears more plausible given that 1,2-alkyl shifts involv-
ing boronate complexes are known to favor migration of

the more substituted carbon, presumably for electronic
reasons.9

In summary, we have described the operationally simple,
one-pot diboration–homologation–oxidation reaction of
olefin substrates. Current efforts in our laboratory focus
on developing other transformations of 1,2-bis(boronate)
intermediates.
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