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Abstract: Chiral (salen)chromium(lI1)N; complexes are demon-
strated to be catalysts for the regioselective ring opening a variety
of enantiomerically enriched epoxides. Selective nucleophilic at-
tack at either epoxide carbon atom can be achieved by selection of
the appropriate enantiomer of catalyst. A highly selective synthesis
of norpseudoephedrine is described using this strategy.

Key words: regioselectivity, ring opening, (salen)Cr(l11) complex-
es, epoxides

While the principal application of asymmetric catalysisis
clearly toward enantiosel ective or diastereosel ective reac-
tions, the possibility also existsfor achiral catalyst to ex-
ert regiochemical control on achiral substrate. This effect
has been observed in afew casesin the context of parallel
kinetic resolution reactions, wherein the two enantiomers
of aracemate may be transformed to regioisomeric prod-
ucts.! A different manifestation of the same concept can
be envisaged wherein the two enantiomeric partners of a
chiral catalyst effect complementary regioselectivity on
an enantioenriched substrate.? This principle is easily
grasped if one considers the nucleophilic ring-opening of
epoxideswith achiral catalyst (Scheme 1). Several exam-
ples have been uncovered of enantiosel ective nucleophilic
ring-opening of meso epoxides,® wherein catalyst enanti-
oselectivity is manifested through selective nucleophilic
attack at one of the enantiotopic C-O bonds. Naturally, the
mirror-image catalyst reacts with the same selectivity at
the other C-O bond, leading to the enantiomeric product
inidentical ee. Inthe case of an enantioenriched chiral ep-
oxide wherein the heterotopic C-O bonds might be con-
sidered pseudo-enantiotopic, the same selectivity
principles could result in enantiomeric catalysts affording
regiocomplementary products. Such a process would con-
stitute a peculiar example of “double asymmetric synthe-
sis,”4 and on apractical level could define anovel strategy
for effecting regioselective reactions of sterically and
electronically unbiased substrates. We have explored this
idea in the context of the (salen)Cr-catalyzed addition of
TMSN; to epoxides,® and describe our results herein.

Enantiomericaly enriched cis dialkyl substituted ep-
oxides, such as cis-2-heptene oxide and cis-2-octene ox-
ide (3 and 4) bearing what may be viewed as
“pseudoenantiotopic’ C-O bonds, were evaluated first for
regioselective epoxide ring opening in the (salen)CrN,-
catalyzed asymmetric ring opening (ARO) reaction. The
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Scheme 1

enantioenriched epoxides were accessed by asymmetric
epoxidation of the corresponding alkenes catalyzed by the
enzyme chloroperoxidase using hydrogen peroxide.® The
achiral (salen)CrN; catalyst (1) effected ring-opening of
(2R,39)- 3 and (2R,39)-4 with no measurable regioselec-
tivity, affording the ring-opened products in a 1:1 ratio
(Table). Ring-opening with catalyst (R R)-2 provided a
modest 2:1 regiosel ectivity, while use of the enantiomeric
(§9-2 led to areversal in selectivity in both cases to af-
ford al:4 and 1:3 ratio of regioisomers. Thus, while chira
(salen)CrNj, catalyst 2 exerted only marginal control over
the regioselectivity of epoxide ring opening, these exam-
ples provided a clear proof-of-principle of the desired ef-
fect.

More significant levels of catalyst control were revealed
in the ring opening of styrene oxide derivatives. Three
enantioenriched epoxides, (R)-styrene oxide (5), cis-3-
methylstyrene oxide (6), and trans-[3-methylstyrene oxide
(7) were examined.? Epoxides 5 and 7 were obtained in
highly enantiomerically enriched form (>99% ee) from
commercial sources.® Epoxide 6 was synthesized by
asymmetric epoxidation using the previously reported
low temperature conditions with (salen)MnCl catalysts.®

Treatment of (R)-styrene oxide (5) with 5 mol% achiral
catalyst 1 and Me;SiN; at 20 °C, afforded a4:1 ratio of re-
gioisomeric products with preferential azide attack at the
less hindered B-terminal position. Use of the chiral cata-
lyst (S9)-2 enhanced the substrate bias to provide an 18:1
ratio of products favoring (3-substitution. The enantiomer-
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Table Asymmetric Ring Opening (ARO) of Enantiomerically En-
riched Epoxides.”

. Catalyst" Regioselectivity’
Entry Epoxide ©0.13 M) (Time, Yield)
Q
1 1:1 (44 h, 81)
oo™ PSere mR)-2 2:1(26 h, 79)
3 (95% ee) (5.8)-2 1:4 (15h,77)
Q
1 1:1 (44 h, 73)
2 ud® ey wR)2 2:1 (23 h, 74)
4 (88% ee) (5.5)-2 1:4 (15 b, 71)
o)
AN 1 4:1(16h, 88)
3 2 Y%y (RR)2 1:7 (23 h, 87)
5 (>99% ee) (5.5)-2 18:1 (21 h, 87)
Q
Ay 1 3.1 (30h, 73)
4 HsC Ph (RR)-2 1:4 (20 h, 85)
6 (98% ce) (5.9)-2 45:1 (27 h, 70)
Q
3 1 1:9 (16 h, 89)
5 He o " Ph (RR)-2 1:1 (32 h, 85)
7 (>99% ee) (S,5)-2 1:84 (16 h, 88)

a Catalyst concentrations were 0.12-0.13 M for substrates 5-7, and
0.06-0.08 M for 3 and 4.  Selectivities are expressed as the ratio of
products resulting from azide attack at positionsaand b (a:b). Ratios
were determined by GC analysis for styrene oxide and its derivati-
ves, and by *H NMR for the aliphatic substrates. ¢lsolated yield of
the regioisomeric mixture.

ic catalyst, (R,R)-2, overrode the substrate bias to afford a
1.7 ratio of products, the major isomer resulting from
azide attack at the a-benzylic carbon atom. The enan-
tiopurity of the two product regioisomers in the epoxide
ring opening of 5 was conserved as determined by chiral
gas chromatographic analysis.

Thering opening of cis- and trans-f3-methylstyrene oxide
(6 and 7) revedled similar profound matched and mis-
matched effects with 2 (Table, entries 4-5). In the case of
6, the 3:1 substrate bias for 3-substitution could be over-
come to afford the a-benzylic substituted product, albeit
with moderate 1:4 selectivity. The regioselectivity with
trans-disubstituted 7 was 1:9 for a-benzylic substitution
using achiral catalyst 1, and the mismatched catalyst
(RR)-2 effectively nullified this inherent bias to afford a
1:1 ratio of products. The tendency for cis- and trans-sty-
rene oxide derivatives to display opposite regioselectivity
in nucleophilic attack iswell-documented, and may be ex-
plained by considering the difference in the stereoelec-
tronic properties of the two disubstituted epoxides.!! In
cis-epoxide 6, the phenyl group is rotated to avoid steric
interactions with the methyl group, with the effect of
blocking nucleophilic attack at the benzylic center. In
contrast, the phenyl group of trans epoxide 7 is not subject
to such a steric interaction and thus attack at the more
electrophilic benzylic carbon atom is favored.

The new methodology was applied in a straightforward
manner to the synthesis of (1S 2S)-norpseudoephedrine
(8), anaturally occurring anorexiant found in several plant

species.’? Sequential asymmetric epoxidation of cis-B-
methylstyrene, selective ring opening as described above,
and chromatographic purification afforded regioisomeri-
cally pure product in 51% overal yield. Azide reduction
with LiAlH, provided 8 cleanly and in >99% ee.

0 (R,R)-2 TMSQ Me  LiAlH,4 HQ Me
PR CHy MSNa 0°C o 7, PH NH,
(1S,2R)-6 72% vyield 8, 82% yield
18:1 cis/trans
98% ee
(cis isomer)

Scheme2 Synthesis of norpseudoephedrine (8).
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