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Abstract—Hydride reductions of oxime ethers to hydroxylamine derivatives are facilitated by the participation of neighboring
hydroxyl groups. Precomplexation with zirconium cation in ether–methylene chloride solutions is effective for selective C�N bond
reduction. The course for stereochemical control is dictated by Lewis acid coordination complexes of E- and Z-oximino ethers
which lead to the preferred diastereofacial delivery of external hydride. © 2001 Elsevier Science Ltd. All rights reserved.

Methodology for the synthesis of amino alcohols has
long been an important area of interest in natural
products chemistry and pharmaceutical sciences. More
recently, technologies for asymmetric synthesis and the
use of chiral Lewis acids have accentuated the impor-
tance of novel amino alcohols as auxiliaries and ligands
for catalysis and reagent-based chemistry.1 Although
derivatives of N-hydroxylamine have similar potential,
these substances have received less attention. In fact,
syntheses via reductive amination (C�N reduction), as
broadly utilized in the synthesis of amino alcohols,
often results in concomitant N�O bond cleavage.2,3

Narasaka has reported on the stereoselective formation
of syn-1,3-hydroxy-N-(benzylhydroxyl)amines from the
treatment of individual E- and Z-oximino benzyl ethers
with sodium methoxide and LiAlH4.4 Kibayashi and
co-workers5 have described the use of LiAlH4, as well
as other aluminum hydrides, for predominant forma-
tion of primary 1,2-anti-alkoxy amines via reductions
of �-alkoxy oximes. Earlier efforts had also shown that
the catalytic hydrogenation of pure E- and Z-�-
hydroxy ketoximes yielded anti-1,2-amino alcohols
regardless of oxime geometry.6 Previous efforts from
our laboratories have described the triacetoxyborohy-
dride reductions of �- and �-hydroxy E- and Z-
oximino ethers for stereoselective production of 1,2-
and 1,3-N-benzyloxy amino alcohols.7,8 In this study,
we report our observations for the chemoselective
reduction of the imino (C�N) bond in a series of
oximino ethers using zirconium tetrachloride–sodium
borohydride reagent. Our studies have provided good

yields of O,N-disubstituted hydroxylamines, and have
suggested a facilitating role for Lewis acid
coordination.

Our strategies for alkaloid synthesis have focused on
pyrrolidine and piperidine ring cyclization events utiliz-
ing the nucleophilic character of N-alkoxylamines.9 For
example, the lithium aluminum hydride reduction of 1
is selective for the tert-butyl ester at −78°C, and subse-
quent hydride delivery to the oximino ether 2 at 0°C
directly leads to pyrrolidine formation.10 Unfortunately
the yields of cis and trans-3ab (1:1 ratio) are variable
within the range 25–50% with the production of over-
reduced materials.11 While assignments of relative stere-
ochemistry can often be challenging in these systems,
the pure cis-3a was cleanly transformed to the bridged
hydroxylamine derivative 4 (Scheme 1).12

Our search for a more effective reduction of the
oximino ether C�N functionality was inspired by previ-

Scheme 1. Reductive cyclization (R=SitBuMe2).
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ous reports of Itsuno and co-workers,13 describing a
powerful hydride reagent prepared from zirconium tet-
rachloride and NaBH4, which readily reduced nitriles,
amides, and more reactive carbonyl derivatives. In com-
bination with (S)-valinol, the asymmetric reduction of
aryl ketoxime O-methyl ethers to 1-phenylethylamines
(C�N and N�O bond reductions) was accomplished
with enantioselectivity generally in the range of 55–75%
ee.13b

To incorporate a chirality control element, we prepared
the optically active hydroxylamines 13 and 14 begin-
ning with (R)- and (S)-mandelate esters 5 and 6 as
shown in Scheme 2.

A number of oximino ethers were prepared from 13
and 14 using mild dehydration conditions, and E- and
Z-isomers were separated by flash or preparative thin-
layer silica gel chromatography. The determination of
oxime configuration was based on 13C and 1H NMR
data. The assignments of chemical shifts for �-carbons
located syn to the N-alkoxy substituent were consis-
tently observed upfield relative to the corresponding
E-isomers due to steric compression. In addition, the
proton signals for �-methylene (methyl) units located
syn with respect to the oximino ether appeared at
slightly lower field compared to the anti arrangement.14

Representative examples have been compiled in Table
1. The search for conditions to permit the selective C�N
reduction of these compounds proved challenging. In
most cases, these oxime derivatives were simply inert to
the common assortment of borane and borohydride
reagents. More powerful hydrides and DIBAL gave
uncontrolled over-reduction.15 Notably, the use of zir-
conium tetraborohydride16 at 0°C for 6–24 h typically
provided 70–75% yields of the desired N-alkoxyamines,
although 10–20% yields of recovered starting oxime
were often obtained with these mild conditions.17 The

choice of a methylene chloride–diethyl ether solvent
mixture (1:1 by volume) was crucial for success, as
other solvents led to problems of insolubility or very
slow reactions. Proton NMR analysis of crude product
mixtures demonstrated modest diastereofacial selectiv-

Table 1. Zirconium borohydride reductions

a All yields are for chromatographically pure products. b Ratios
determined by integration of methyl signals in 1H NMR data and
HPLC analysis.Scheme 2. Synthesis of homochiral N-alkoxyamines.
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ity, which was generally dependent upon the configura-
tion of the neighboring secondary alcohol. For exam-
ple, diastereomeric E-oximes 15, 18, 23, 25, as well as
29, (Table 1), gave an abundance of anti-products
versus syn-isomers.18 Thus, the change in stereochem-
istry of the resident R-hydroxyl in 15 and 23 compared
to the S-configuration in 18 and 25 brought about a
commensurate reversal in the diastereofacial selectivity
for hydride addition to the imino bond. We have also
briefly examined the role of oxime geometry via reduc-
tions of pure E- and Z-isomers 15/17, and 20/22. The
case of the furan derivatives (entries 4/5) cleanly gave
the acid-sensitive amino alcohols 21ab without over-
reduction, however little stereoselectivity was observed.
On the other hand, Z-17 gave the syn-diastereomer 16b
as the major reduction product. This reaction retains
the overall sense of facial selectivity noted for the
analogous E-oxime 15. Preferential formation of the
syn-diastereomer 32b was also observed in the reduc-
tion of the E-oximino ether 31 (entry 10) as the addi-
tional feature of �-hydroxylation undoubtedly played a
significant role in the generation of 1,2-syn-stereochem-
istry.19 In contrast, reductions with sodium cyanoboro-
hydride under acidic conditions gave approximately
1:1 ratios of products (21ab decomposed under acidic
conditions).

We have rationalized these stereochemical results by the
consideration of Lewis acid activation for external
hydride additions as illustrated in 33 and 34. This
analysis accounts for the observed preference in forma-
tion of the 1,5-anti-products arising from the E-
oximino ethers as the chirality of the secondary alcohol
is communicated through the six-membered chair-like
chelation complex. In similar fashion, the 1,5-syn-
amino alcohol 16b produced via reduction of Z-oxime
17 reflects this same mode of addition as presented in
33 (R1=CH3 and R2=isobutyl).20

Our assignments of stereochemistry rest upon two inde-
pendent sets of experiments. In the first case, the reduc-
tion of E-oximino ether 25 was followed by careful
separation and purification of the major amino alcohol
product (1H NMR � 1.12 for the methyl doublet).
Nitrogen acylation with 9-fluorenylmethyl chlorofor-
mate (Fmoc-Cl) provided the Fmoc amide 35, which
underwent facile N�O bond cleavage upon treatment
with samarium iodide in THF at 0°C. The optical
rotation of the resulting homochiral amide 36 ([� ]D25 +21
(c 0.30, CHCl3)) was compared with data obtained for
the pair of enantiomeric Fmoc amides prepared as
standards from optically pure R- and S-2-amino-3,3-
dimethylbutanes.21 Thus, the major product of the
oxime reduction 26a corresponded with the S-configu-
ration of authentic Fmoc amide 36 ([� ]D25 +23 (c 0.95,
CHCl3)), whereas similar reactions of the minor isomer
26b (1H NMR � 1.17 for the methyl doublet) led to the
analogous R-Fmoc amide ([� ]D25 −22 (c 0.94, CHCl3)).
As a result, the characteristic appearance of chemical
shifts for the methyl doublets of our amino alcohols
consistently provided recognition of anti- and syn-
products for the entries of Table 1.

The complexity of the additional hydroxyl group in the
example of entry 10 raised some concern regarding
these assignments. Therefore, we sought corroborative
evidence via formation of oxazolidinone 37 formed
from the major diastereomer 32a via treatment with
1,1�-carbonyldiimidazole in benzene (Scheme 3). The
planar nature of the five-membered ring in 37 intro-
duces eclipsing interactions of the phenyl and methyl
substituents with C4 and C5 methine hydrogens, respec-
tively. The 1H NMR data suggests a shielding environ-
ment in 37. Although vicinal coupling constants were
not diagnostic for the assignment of cis- and trans-dis-
ubstituted oxazolidinone diastereomers, the observed
chemical shifts of H4 (� 3.79) and H5 (� 4.99) are
substantially upfield compared to the corresponding
cis-4,5-disubstituted oxazolidinone.22

General procedure for zirconium borohydride reductions
of N-alkoxyl oximino ethers

To a flame-dried flask equipped with a stirbar under

Scheme 3. Derivatives for stereochemical assignments.
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argon was added ZrCl4 (1.5 mmol), NaBH4 (6.0 mmol)
and diethyl ether (12 mL). After 10 min, CH2Cl2 (15
mL) was added dropwise until the mixture became an
evenly dispersed, fine suspension. The mixture was
allowed to stir overnight under argon at room tempera-
ture. Upon cooling to −10°C, a solution of oximino
ether (1.5 mmol) in Et2O (3 mL) was slowly added.
After 30 min, the reaction was allowed to warm to 0°C,
and was maintained at 0°C with continuous stirring for
24 h. The reaction was then quenched by the dropwise
addition of water. This mixture was first acidified with
10% aqueous HCl followed by stirring for 40 min. The
subsequent addition of 25% aqueous NH4OH was fol-
lowed by the separation of the aqueous phase and
extraction with Et2O (3×20 mL) permitted recovery of
the amino alcohol products. The combined organic
extracts were dried over anhydrous Na2SO4, filtered,
and concentrated in vacuo. The crude product was
generally purified by flash chromatography or by
preparative TLC techniques (0.50 mm×20 cm×20 cm
plates: EtOAc/hex). Yields of diastereomers and recov-
ered starting oxime accurately accounted for the quan-
tity of starting reactant. Ratios of diastereomers were
evaluated by integration of selected 1H NMR signals,
and subsequently by analytical HPLC separations.

In summary, the partial (C�N) reduction of oximino
ethers can be accomplished without N�O bond cleav-
age, providing novel N-alkoxyamine derivatives. Stud-
ies suggest that the in situ generation of zirconium
borohydride facilitates formation of an activated chela-
tion complex due to the presence of a neighboring
hydroxyl group. Modest diastereofacial selectivity is
observed based upon the configuration of the resident
secondary alcohol.
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