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Abstract—Reaction of the tetracoordinated spiroborate esters derived from diethyl (2R,3R)-tartrate with Grignard reagents was fur-
ther examined and found that sterically hindered MesMgBr has different reaction behavior from PhMgBr to the spiroborate esters.
It has been proved that in the case of PhMgBr reaction, the formation of the chiral bicyclodiboronic ester (R,R)-2 was accomplished
step by step via two 1,3-cyclizations of the hydrolytic products of the resulting boron compound. However, in the case of MesMgBr
reaction, only one esteral group of the tartrate moiety was diarylated, and a bulky c,c,c-trisubstituted c-hydroxy-b-ketoester and
mesitylboronic anhydride were provided after the resultant was worked up. The composition and structure of the products were
authorized by the spectral and single crystal X-ray analysis. A formation mechanism of c-hydroxy-b-ketoester and mesitylboronic
anhydride was also suggested.
� 2007 Elsevier Ltd. All rights reserved.
Boron compounds have rich reaction chemistry.1 Alkyl
borate is one of the most important classes of boron
compounds, and they have been widely applied to the
preparation of organic boron compounds and synthesis
of other useful materials.2 However, tricoordinate boric
ester generally is sensitive toward moisture. Recently, we
synthesized a series of chiral spiroborate ester possessing
an O3BN framework through convenient procedures,3

which show high stability to hydrolysis and thermolysis
due to the presence of the N!B bond. It has been
observed that some of the chiral spiroborate esters are
good chiral promoter for asymmetric borane reduction
of prochiral ketones,4 imines5 and oxime ethers,6 and
asymmetric aldol addition.7 To widen the application
scope of the spiroborate esters in asymmetric synthesis,
we examined the reaction of the spiroborate esters with
an O3BN framework derived from diethyl (2R,3R)-tar-
trate with PhMgBr, and unexpectedly, a hydrolytically
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stable tricoordinated chiral bicyclo[4.4.0]diboronic ester
(R,R)-2 was obtained in medium yield.8 It has been esti-
mated that (R,R)-2 was formed via a selective inter-
molecular dehydration and 1,3-cyclization between 1,4-
bis(diphenyl)-1,2,3,4-tetraol and PhB(OH)2, which were
generated from hydrolysis of the reaction product by aq
NH4Cl. The current investigation further administrated
that the selective bicyclization was completed in two
steps. At the first stage, the tetraol reacted with one mole
of PhB(OH)2 to furnish a semi-esterified 1,3-cyclization
product (4R,5R)-4-diphenylhydroxymethyl-5-hydroxy-
2,6,6-triphenyl-1,3,2-dioxaboro-cyclohexane (R,R)-1,9

which has been confirmed by the single crystal X-ray
analysis10 (Fig. 1), and this monocyclization product
can further react with second PhB(OH)2 molecule to
give (R,R)-2 (Scheme 1). Systematic examination on
the reaction of this class of chiral spiroborate ester with
Grignard reagent found that the reaction product of the
spiroborate esters were in close relationship with the
composition of the chiral spiroborate ester and Grig-
nard reagent. As far as the reactions toward the spiro-
borate esters derived from diethyl (2R,3R)-tartrate are
concerned, sterically hindered MesMgBr (Mes, mesityl
group, i.e., 2,4,6-trimethylphenyl) showed different reac-
tion behavior from PhMgBr to the spiroborate esters.
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Figure 1. Molecular structure of (R,R)-1 with 50% probability
ellipsoids (hydrogen atoms and the solvent EtOH are omitted for
clarity).

Figure 2. Molecular structure of 3 with 50% probability ellipsoids.
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Chiral spiroborate ester, for example (R,R,S)-1, which
was prepared from diethyl (2R,3R)-tartrate, boric acid
and LL-proline according to the lit.,8 was added to the
Grignard reagent MesMgBr in THF cooled with ice-
bath in several portions with vigorous stirring. After
complete addition, the reaction mixture was continued
to stir in ice-bath for 1 h, and then warmed up to reflux
for additional 1.5 h, cooled, and quenched with satu-
rated aq NH4Cl. The organic phase was separated, dried
over anhydrous Na2SO4, evaporated and purified via
column chromatography, white solid product 3 was
obtained. No boron was detected. The IR spectra of 3
show adsorption of hydroxyl group (at 3471 s), esteral
group (at 1745 s), carbonyl group in a strong H bonding
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arylation, in the reaction of MesMgBr and (R,R,S)-1,
and sequent deboronation occurred. Perhaps the result
is relative to shielding effect of the bulky c group newly
forming and hydrolysis of the reaction resultant by aq
NH4Cl.

In spiroborate ester (R,R,S)-1, there are several sites for
the attack of ArMgBr. It can be estimated that the ester
groups of the tartrate moiety and the boron can be easily
arylated by ArMgBr. It was previously pointed out that
(R,R,S)-1 experienced a full diarylation on the two ester
groups, in the reaction with PhMgBr. It is different from
the above, the diarylation only occurs at one ester group
of the tartrate moiety, in the reaction of MesMgBr with
(R,R,S)-1, under the same experimental condition.
Large volume of the c group forms a shield to the other
esteral group of the tartrate moiety of (R,R,S)-1, and
greatly binders the attack of excess MesMgBr to the
second ester group; thus, the arylation had to stop at
mono-diarylation stage of the ester groups. However,
the shielding effect resulting owing to the dimesitylation
at one ester group of the tartrate moiety does not impact
mesitylation at the boron, and it is certain that a mes-
itylboronic ester is formed. It can be estimated that
the chiral arylboronic ester is not stable under the experi-
mental condition, and it underwent hydrolysis and
offered mesitylboronic anhydride 4 and ethyl 4,4-dimesi-
tyl-2,3,4-trihydroxybutyrate 5. However, the highly
unsymmetric trihydroxy ester 5 is also sensitive to the
acidic condition, and it would further be subjected
dehydration, enolization and rearrangement12 to give
c-hydroxy-b-oxocarboxylic ester 3. A possible forma-
tion mechanism for compound 3 was summarized in
Scheme 3.

In summary, reactions between Grignard reagents and
the tetracoordinated spiroborate esters containing tar-
taric ester moiety were further investigated, and found
that the product for the reaction changes with the com-
position of the Grignard reagent. In the case of PhMgBr
reaction, the chiral bicyclodiboronic ester (R,R)-2 was
formed step by step via two intermolecular 1,3-cycliza-
tions of the hydrolytic products of the reaction resul-
tant. However, the similar reaction of MesMgBr
furnished ethyl 4,4-dimesityl-4-hydroxyl-3-oxobutyrate
and mesitylboronic anhydride after undergoing selective
arylation, deboronation and sequential dehydration,
enolization and rearrangement.
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