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The abundance of bioactive natural and unnatural products
that contain the 1,2-amino alcohol motif continues to
stimulate the development of new methods for their efficient
asymmetric synthesis. Whereas 1,2-amino alcohols derived
from proteinogenic amino acids are readily accessible, non-
proteinogenic amino acid derived amino alcohols require
efficient enantioselective routes.[1] Methods for the asymmet-
ric synthesis of 1,2-amino alcohols with a stereogenic
hydroxy-substituted carbon center are relatively uncommon,
even though these materials and their derivatives are wide-
spread in nature and routinely exploited in asymmetric
synthesis.[2]

Stimulated by the utility of 1,2-amino alcohols and
encouraged by the lack of a general synthetic approach to
such compounds, we recently became interested in develop-
ing asymmetric methods for their synthesis. Although a
logical retrosynthetic disconnection is based on an asymmet-
ric nitroaldol reaction,[3] our approach relies on the stereo-
selective Michael addition of a chiral water equivalent 1 to
readily available nitroalkenes 2. As in many asymmetric
catalytic processes, the levels of asymmetric induction in the
nitroaldol reaction are substrate dependent, and in the worst
cases there is no way of increasing the enantiopurity of the
product. In the oxy-Michael addition approach the chirality in
the nucleophile allows the separation of the diastereomeric
products 3 and hence the isolation of enantiopure material
after auxiliary removal. However, ideally the chirality of the
nucleophile will induce high levels of stereoselectivity in the
formation of the stereogenic center b to N, and subsequent
nitro-group manipulation and nondestructive removal of the
auxiliary will free the deprotected oxy-Michael product 4
(Scheme 1).
The strength of this concept was recognized previously by

Enders et al. ,[4] who used the sodium salt of N-formylnor-
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ephedrine as a chiral hydroxide equivalent in reactions with
aliphatic nitroalkenes and observed excellent diastereoselec-
tivities. However, when aryl nitroalkene acceptors were used,
both the diastereoselectivities and the yields were low.
Furthermore, the approach required a dissolving-metal
Birch-type deprotection at the end of the sequence to free
the amino alcohol products. This was not compatible with
some aryl groups and led to partial reduction. Herein we
report that enantiopure 6-substituted d-lactols, when con-
verted into the corresponding “naked” alkoxides, act as
effective chiral water equivalents in Michael addition reac-
tions to nitroalkenes, thus allowing the rapid synthesis of
enantiomerically enriched 1,2-amino alcohols after subse-
quent manipulation of the nitro group and removal of the 6-
methyltetrahydropyran (THP*) auxiliary.
The highly cis-selective O-alkylation and O-acylation of

the anions of 6-substituted d-lactols with bromoacetates and
acid anhydrides has been reported previously.[5] This work
and the availability of 6-alkyl d-lactols in racemic and
enantiopure form[5a,6] prompted us to test lactol anions in
the oxy-Michael reaction and assess their potential as chiral
water equivalents. Lactols such as these were attractive
candidates from the outset, because the chirality source—the
6-substituted tetrahydropyran ring—is also an exceptional
protecting group, which is used exhaustively in synthetic
methodologies and total syntheses alike.[7]

Preliminary studies were performed with readily available
enantiopure (S)-6-methyl-d-lactol (5) as the chiral water
equivalent and commercially available (E)-b-nitrostyrene (6)
as the Michael acceptor. Typically the reactions were carried
out in THF at �78 8C with an excess of the lactol anion and
were quenched at the same temperature with glacial acetic
acid. Whereas high yields were obtained when the potassium
or the sodium alkoxides were used, the observed stereo-
induction at the center b to the nitro group was moderate in
the former case and poor in the latter. Importantly however,
only two of the possible four diastereoisomers, the cis-
tetrahydropyranyl ether products 7 and 8, were observed in
the crude reaction mixtures. The use of the potassium salt of
the lactol with toluene as the solvent also led to a decrease in
the diastereoselectivity of the reaction, as well as in the yield,
and led us to the conclusion that tight ion pairing of the metal
and the alkoxide was detrimental to the reaction in all
respects. Accordingly, 1 equivalent of [18]crown-6 was added
to the potassium alkoxide in THF, and the reaction was
performed as before. To our delight the selectivity at the
center b to the nitro group for the cis-THP* isomer soared to
@ 99:1, as measured by 1H NMR spectroscopy. Similarly,
when the sodium salt of the alkoxide was treated with 1

equivalent of [15]crown-5 prior to the Michael addition, the
observed selectivity at the b center was excellent[8] (Table 1).
To ascertain the generality of the reaction, a range of

commercially available or readily prepared E-nitroalkene
acceptors were treated with the “naked” lactol alkoxide

formed from KHMDS (HMDS= hexamethyldisilazide) and
[18]crown-6 (Table 2). When the b substituent was aryl,
heteroaryl, or alkyl the observed selectivity at the b center
and the yields of the reactions were uniformly excellent. The
reaction products were readily purified by chromatography
on silica gel, and the stereochemistry of the major isomer was
established unambiguously by single-crystal X-ray diffraction

Scheme 1. The diastereoselective oxy-Michael addition to nitroalkenes
for the asymmetric synthesis of 1,2-amino alcohols.

Table 1: Diastereoselective oxy-Michael addition reactions of 6-methyl-d-
lactol (5) with (E)-b-nitrostyrene (6) and variation in d.r. with metals and
additives.

Entry Base Solvent Additive 7/8[a] Yield [%]

1 LiHMDS THF none – 0
2 NaHMDS THF none 1:1 88
3 KHMDS THF none 4.2:1 89
4 KHMDS THF [18]crown-6 @99:1 99
5 NaHMDS THF [15]crown-5 56:1 97

[a] d.r. of the cis-THP* isomers 7 and 8, determined by examination of 1H
NMR spectra of the crude product.

Table 2: Highly diastereoselective oxy-Michael addition reactions of the
“naked” anion of 6-methyl-d-lactol (5) with nitroalkenes.

Entry R1 d.r.[a] Product Yield [%]

1 >99:1 7 99

2 >99:1 9[b] 81

3 >99:1 10 72

4 >99:1 11 82

5 52:1 12[c] 94

6 45:1 13 99

7 >40:1[d] 14 83

[a] d.r. of the cis-THP* isomers, determined by examination of the
1H NMR spectrum of the crude product. [b] Configuration determined by
single-crystal X-ray analysis. [c] Workup with ammonium chloride.
[d] Approximated by peak-height measurements in the 13C NMR spec-
trum of the crude product.
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in the case of 9 and by chemical correlation methods for 12
and 13.
Reductive manipulation of the nitro group and non-

destructive removal of the THP* group was necessary to
confirm the effectiveness of this reaction as an asymmetric
method for the synthesis of amino alcohols. It was eventually
found that the most reliable way to reduce the nitro group was
a one-pot nickel boride reduction[9] with concomitant in situ
tert-butyloxycarbonyl (Boc) protection. The THP* group
functions as both a protecting group and a stereochemical
marker: Any epimerization of the newly formed stereogenic
center would be observable in the 1H NMR spectra of the
products. Gratifyingly, no epimerization was observed, and
the N-Boc-protected amine products 15–21 were afforded in
good to excellent yields in all cases (Table 3).

Removal of the THP* group in the presence of methanol
and polymer-bound acid resin (MPTsOH II) was straightfor-
ward and afforded the N-Boc-protected amino alcohol
products 22–28 in good to excellent yields in all cases
following filtration and concentration in vacuo. Owing to
the high efficiency of the reaction and high volatility of the 6-
methyltetrahydropyranyl methyl ether side products, no
further purification was required. The ee values of the
products were determined by derivatization as their Mosher
esters[10] and were found to be superior to or equivalent to the
diastereomeric ratios obtained in the oxy-Michael addition
reactions (Table 4).
In summary, the “naked” alkoxide of 6-methyl-d-lactol,

formed by deprotonation with KHMDS and sequestering
with [18]crown-6, undergoes highly diastereoselective oxy-
Michael additions to a range of nitroalkene acceptors to give
the O-protected Henry products in good yields. Subsequent
reduction of the nitro group and acidic methanolysis of the
THP* group affords the desired enantiomerically enriched

1,2-amino alcohols. Further studies to ascertain the origin of
stereoselectivity and the scope of the reaction are ongoing.
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