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ABSTRACT

Representative B-butyl- and B-methyl-1,3,2-oxazaborolidines derived from ephedrine and norephedrine were prepared in good yield and excellent
purity by one-pot treatment of B-H oxazaborolidines with the corresponding organolithium reagent and subsequent hydrolysis of the cyclic
borohydride intermediate with anhydrous ammonium chloride.

Chiral 1,3,2-oxazaborolidines have been well studied and
regarded as important catalysts for the enantioselective
reduction of prochiral ketones, imines, and oximes1-3 and
in other stereoselective transformations.4 The development
of oxazaborolidines has been limited mainly by the avail-
ability of suitable chiral amino alcohols. Norephedrine and
ephedrine are commercially available and relatively inex-
pensive in their two enantiomeric forms. Consequently, their
derived oxazaborolidines, and particularly theB-alkyl-
substituted systems, have been widely investigated and

reported as highly efficient chiral templates for the borane
reduction of prochiral ketones5 and CdN double bonds,6 in
catalytic hydroboration,7 as well as in addition of diethylzinc
to aldehydes.8

B-H oxazaborolidines are usually prepared by the reaction
of norephedrine or ephedrine with borane-THF or borane
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dimethyl sulfide complex.4c Their extreme sensitivity to air
and moisture make these reagents difficult to purify by
distillation or recrystallization, and therefore, they are
commonly prepared in situ for subsequent reactions.9 How-
ever, side products present with the unpurifiedB-H hetero-
cyclic catalysts or reagents cause a detrimental effect on the
enantiomeric purity of desired chiral products.10 Furthermore,
B-H oxazaborolidines left over a period of time can form
dimers or oligomers that alter the nature of the chiral
catalyst.4d,11 On the contrary,B-alkylated compounds are
more stable and easier to purify and handle than the
nonsubstituted counterparts and produce similar enantio-
selectivities.5e B-Substituted 1,3,2-oxazaborolidines are typi-
cally prepared by condensation of the amino alcohols with
boronic acids,5a boroxines,5d,e or their boronate esters,4c

removing water and boronic acid, or boronic ester residues,
by azeotropic distillation in toluene.5d The treatment of chiral
amino alcohols with organo-bis(diisopropylamino)borane for
the synthesis ofB-alkyl and phenyl oxazaborolidines has also
been reported.12 However, these methods require expensive
and elaborate reagents, and moreover, the complete removal
of water and boronic acid is extremely difficult.

Herein, we describe a novel approach for the one-pot
synthesis of pureB-alkyl-1,3,2-oxazaborolidines derived from
ephedrine and norephedrine via alkylation of the parent
boraheterocyclic compound1, as indicated in Scheme 1.13

In our previous work,14 we observed an unprecedented
B-alkylation of the oxazaborolidine1 derived from (1R,2S)-
(-)-norephedrine byn-butyllithium addition, forming the
corresponding cyclic borohydride2, as illustrated in Scheme
2. After an aqueous workup, the boronic acid derivative3b

was isolated in 91% crude yield as a clear oil and identified
by 11B, 1H, and13C NMR and IR spectral data.15 Intermediate

3b was observed to be stable to acid and base hydrolysis
and can be potentially valuable as a suitable source for the
heterocyclic catalyst4b. Contrary to the butylboronic acid
condensation procedure to prepare4b reported by Garcia
and co-workers,5d,g the formation of this compound was
successfully completed by heating3b, affording a 75% yield
of the distilled product with more than 95% purity by GC/
MS and1H and13C NMR.16

The approach given in Scheme 2 was then investigated
for the synthesis of other commonB-alkyl-1,3,2-oxazaboro-
lidines derived from (1R,2S)-(-)-norephedrine and (1R,2S)-
(-)-ephedrine.Initially, the B-H oxazaborolidines were
synthesized by a modification of the established condensation
reaction of the corresponding chiral 1,2-amino alcohol with
borane-THF4c,d and characterized by11B and 13C NMR
spectroscopy.4d,17 The boron alkylation withn-butyl- or
methyllithium of the in situ-preparedB-H oxazaborolidine
took place readily at-78 °C, forming the lithium borohy-
dride salt2. Upon treatment with an aqueous ammonium
chloride solution, extraction with ether or dichloromethane,
and drying the organic phase with sodium sulfate, the crude
boronic acid intermediate3 was produced with good purity
(>85% by GC/MS) and excellent yield, as illustrated in Table
1.

In the case of analogues3a,c,d, the yields of the pure
B-alkyl-oxazaborolidines obtained by the previous dehydra-
tion method were modest because the boronic acid interme-
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Scheme 1

Scheme 2

Table 1. Boronic Acid Derivatives Prepared by Alkylation of
the B-H Oxazaborolidine1

a Chemical shifts using BF3-OEt2 as an internal standard.b Yield of
crude product based on the corresponding amino alcohol.c Pure compounds
were not obtained due to partial dehydration during distillation.
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diate 3 codistilled with the oxazaborolidine. The yields of
the desired heterocyclic products were only slightly improved
by azeotropic distillation of the water using toluene or xylene
and 4 Å molecular sieves.5d In addition, other side products
were observed by GC/MS.

After attempting to find a better alternative to prepare the
B-alkylated oxazaborolidine from the borohydride intermedi-
ate2 by treatment with MeI or TMSCl, the use of anhydrous
ammonium chloride provided the expected oxazaborolidines
in good yield and with excellent purity as indicated by GC/
MS and11B, 1H, and13C NMR.16,18 The boiling points and
11B NMR signals ofB-methyl andn-butyl-substituted ox-
azaborolidines4 and the isolated yields of the analytically
pure compounds prepared by the aqueous and dry methods
are shown in Table 2.

In summary, we have achieved the first efficient and direct
approach toB-alkylated oxazaborolidines derived from
ephedrine and norephedrine via alkylation of theB-H
precursors, opening a new avenue for the preparation of other
importantB-substituted oxazaborolidines, which are presently
under study.
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Table 2. B-Alkyl Oxazaborolidines Prepared byB-Alkylation
of the Parent Heterocyclic Compound

a Chemical shifts using BF3-OEt2 as an internal standard.b Yield based
on the corresponding amino alcohol by treatment of2 with anhydrous
ammonium chloride followed by fractional distillation.c By treatment of2
with aqueous ammonium chloride and calculated from crude product3.
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