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Introduction

Borane is a powerful, selective, and mild reducing agent
with characteristics frequently different from the so-
called nucleophilic hydrides. Due to its broad use in or-
ganic synthesis for the reduction of amides, nitriles, car-
boxylic acids and esters, nitroalkenes, ketones, for the
hydroboration of alkenes and the reductive cleavage of al-

lyl ethers, borane is commercially available in various
forms (e.g., BH3·THF, BH3·SMe2, and BH3·NR3). 

Since its initial use in synthesis by H. C. Brown,1 several
applications of this reactant and its derivatives in diverse
chemistry fields have been published.2 Actually, advances
in borane thermal properties and stability,3 asymmetric re-
duction using borane in situ,4 and kinetic and mechanistic
studies5 are successfully reported in the literature.

Abstract

(A) A novel and facile reductive ring-opening reaction for 4,6-O-
benzylidene acetal derivatives of hexopyranosides using CoCl2/
BH3·THF gave the corresponding 4-O-benzyl-6-OH derivatives
selectively in good yields.6a However, regioselective reductions of
this compound using LiAlH4/AlCl3,

6b DIBAL-H,6c Me2NHBH3/
BF3·Et2O,

6d V(O)(OTf)2/BH3·THF,6e and Bu2BOTf/BH3·THF6f are
reported. LiAlH4/AlCl3 and DIBAL-H are of limited use due to
their effects on acyl groups, which are often used in carbohydrate
chemistry.

(B) Norbornene and other alkenes suffered hydroboration with
BD3·THF at room temperature in THF, then were subsequently
oxidized to the corresponding alcohol. BD3·THF, stabilized with
0.005 mol% N-isopropyl-N-methyl-tert-butylamine (NIMBA),
showed good thermal properties, directly resulting in improved re-
actant stability for deuterium label incorporations.7 

(C) Alkylidene-type carbenoids generated from (Z)- or (E)-(2-flu-
oro-1-alkenyl)iodonium salts by treatment with LDA, reacted with
trialkylboranes to give (E)- or (Z)-(fluoroalkenyl)boranes stereo-
selectively. The resulting (fluoroalkenyl)borane can be used for
the selective synthesis of (Z)- or (E)-fluoroalkenes, (Z)- or (E)-flu-
oroiodoalkenes, and a-fluoroketones.8
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(D) Aromatic O-triisopropylsilyl ketoximes were efficiently rear-
ranged to cyclic and acyclic aniline derivatives on reduction with
BF3·Et2O/borane. The bulkiness of the groups attached to the sili-
con atom, the size of the aliphatic ring, and the presence of alkoxy
groups on the aromatic ring always play an important role in the
amine synthesis.9 

(E) The S-alcohol group in the benzylic position of compound 2, a
key intermediate in the synthesis of the cholesterol-lowering agent
ezetimibe, was introduced by the (R)-MeCBS catalyzed asymmet-
ric carbonyl reduction of ketone 1 using borane diethylaniline
complex (BDEA) generated in situ as the reducing agent.10 BDEA
prepared in situ offers considerable advantages from an industrial
point of view (cost and stability on storage of the reagents) over
commercial solutions of BH3·THF (BTHF) or BH3·DMS
(BDMS). 

(F) An oxazaborolidine catalyst is readily prepared in situ at 25 °C
in THF using (S)-a,a-diphenylpyrrolidinemethanol and borane
generated from the tetrabutylammonium borohydride/MeI reagent
system. The oxazaborolidine/BH3 reagent system prepared in this
way is useful for the reduction of prochiral ketones to the corre-
sponding alcohols with up to 99% ee.4 

(G) Diverse hydroborating agents, including BH3·THF,
BH3·Me2S, 9-BBN, and thexylborane, are readily available and of-
fer many ways for selective hydroboration. However, each one has
limitations as well as advantages and all are air-sensitive. The
more stable pyridine borane (py·BH3) was activated with 50 mol%
of I2 in dichloromethane to generate py·BH2I. Addition of b-meth-
ylstyrene followed by oxidative work-up gave alcohol products
(92%; 1/2 = 15:1).11 

(H) The enantioselective borane reduction of O-benzyloxime
ethers to primary amines was studied under catalytic conditions
using spiroborate esters derived from non-racemic 1,2-aminoalco-
hols and ethylene glycol. Effective catalytic conditions were
achieved using 10% of 1 in dioxane at 0 °C, resulting in complete
conversion into the corresponding primary amine in up to 99%
ee.12

X

N
O TIPS

( ) n

n = 0, 1
X = C, O; 
R = H, MeO

BF3⋅Et2O

BH3⋅DMS, ∆ X

N

R
)( n

H

O O

N

O

F
BH3⋅Et2NH

NB
O

Me

O

N

O

F

OH

, THF

NaBH4 + Me2SO4 + Et2NH

DME 97.6% de
chemical purity 
(% area) > 95

1 2

O
TBAB (0.8 equiv), MeI (0.8 equiv), 

3 (5 mol%)

THF, 25 °C, 30 min

OH

99% ee
98% yield

N
H

OH

3 (S)-DDP

py⋅BH3, CH2Cl2
I2 (50 mol%)

1)

2)  H2O2, NaOH, 
     MeOH

OH

OH

1 2

N
OR

BH3⋅THF

N
B

O

O

O

H2

Ph
Ph

10% NH2

up to 99% ee

1

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


