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Synthetic utility of epoxides for chiral functionalization of isoxazoles
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Abstract

The lithio-anion of isoxazole 2 was found to ring open propylene oxide in good yields with complete regioselectivity. Vinylic and
benzylic epoxides were utilized as key examples of electrophiles and found to produce a mixture of regioisomeric adducts. Additionally,
the use of chiral epoxides was explored, and absolute configuration was determined by X-ray crystallography to prove that nucleophilic
attack at the benzylic carbon of (R)-styrene oxide proceeds with 100% inversion at the benzylic carbon to afford the (S)-alcohol (4b).
� 2008 Elsevier Ltd. All rights reserved.
Epoxides have found vast utility in the synthesis of nat-
ural products and novel molecules with potential therapeu-
tic value.1 With a myriad of methods available for facile
synthesis of chiral epoxides, the chemistry of epoxide ring
opening is of ever expanding importance.2 A recent note-
worthy application is the use of intramolecular epoxide ring
opening using a functionalized isoxazole in Myers’s practi-
cal and versatile tetracycline synthesis.3 Reports4 exist
which demonstrate the reaction of resonance-stabilized
anions with epoxides, exemplified by the poor ability of
lithium enolates of ketones and esters to efficiently react
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with epoxides,5 and a few reports have illustrated achiral
or racemic epoxide opening with simple isoxazolyl
anions.6–10 Herein we report the usefulness of a branched
and highly functionalized resonance stabilized lithio alkyl
isoxazole carbanion, which—in fact—reacts stereoselec-
tively with chiral epoxides (Scheme 1).

In our studies of isoxazolyl-1,4-dihydropyridines
(DHPs, 1) of (Fig. 1, Scheme 1), we have found that bio-
isoteric replacement of a 4-aryl by substituted isoxazole
results in robust antagonists of the L-type Ca2+ channel.11

The synthetic route utilizes a lateral metalation
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Fig. 1. Hypothetical DHP docked into our homology model of the L-type
Ca2+ channel.15 Preparation of this ligand requires stereoselective access
to isoxazole 4.
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technique12,13 coupled with the venerable Hantzsch di-
hydropyridine synthesis.14 Lateral metalation is a versatile
method for introducing a wide variety of substituents at the
C-5 position of the isoxazole. Deprotection and Hantzsch
synthesis offers a reliable method for conversion of the
C-4 oxazoline to a DHP (Fig. 1).15

Furthermore, the DHP can be considered a privileged
template,16,17 and renewed interest has been piqued by
the recent observation that DHPs appear to inhibit the p-
glycoprotein transporter (Table 1).18,19

In order to adequately delve into an examination of the
reaction pathway presented, three key classes of epoxides
were examined—aliphatic, vinylic, and benzylic—to deter-
mine what role, if any, the substitution on the epoxide
would play. Lateral metalation of isoxazole 2 followed by
treatment with propylene oxide gave exclusively terminal
attack to afford the 2� alcohol 3a in 66% yield. This reac-
tion proceeded much more efficiently than anticipated, in
light of the reported low degree of reactivity of resonance
stabilized anions toward epoxides.5 We were able to then
show that lateral metalation followed by electrophilic
quenching with two other key classes of epoxides resulted
in the formation of compounds 3b,c and 4b,c in fair to
good yields. Note that the vinylic and benzylic epoxides
resulted in a mixture of regioisomers corresponding to
attack at the most and the least substituted carbons of
the epoxide. This trend has been well noted in other sys-
tems, and is apparently due to competing steric and elec-
tronic influences.20 The more electrophilic (i.e., benzylic)
carbon is less sterically accessible to the anion than is the
less electrophilic (terminal) carbon of the epoxide. For
Table 1
Ratios of products formed from nucleophilic ring opening of unsym-
metrical epoxides

Epoxide 3:4 Yield

Propylene oxide 100:0 66
Styrene oxide 70:30 86
Butadiene monoxide 41:59 47
styrene oxide, 86% combined yield was obtained with a
ratio of 70:30 for 3b:4b. The vinylic epoxide butadiene
monoxide gave a ratio for 3c:4c of 41:59, with a 47% com-
bined yield (no SN20 product was observed). This result
clearly illustrates the competing effects of steric hindrance
and resonance stabilization at the secondary carbon, show-
ing that an aromatic moiety at the a-position results in
greater stabilization of a developing positive charge than
does an a-vinyl moiety.

The oxazoline nitrogen is by far the most basic atom in
the isoxazole–oxazoline system, and we suspect that this
heteroatom could be in part responsible for the observed
reactivity of the C-5 methyl isoxazole–oxazoline.21,22 Pres-
ence of an appropriately spaced basic nitrogen has been
shown to result in an increased rate of chemoselective
deprotonation as exemplified by the use of hemi-labile
carbanolamine ligands,23 and functionally similar systems
containing dipole-stabilized anions through the use of
mono-24 or bi-dentate25 ligands which coordinate lithium.
The crystal structure of an oxazoline-containing benzylic
lithio-anion species nicely illustrates the structure of the
oxazoline-coordinated lithio-benzyl anion,26 suggesting a
prominent role in the increased rate of lithiation.

The scope of this reaction was examined to determine if
epoxides could be used as a chiral pool for the synthesis of
enantio-enriched isoxazolyl alcohols. Lateral metalation
followed by quenching with optically active epoxides
would be expected to give optically active alcohols, but
the degree of conservation of chirality was not necessarily
ensured. Attack of the anion at the terminal carbon atom
would result in no perturbation of the chiral center, and
therefore would be expected to retain its chirality intact.
Attack at the benzylic carbon, however, has been shown
in many systems to proceed by an impure SN2 mecha-
nism,27 tainted with at least small amounts of an SN1 prod-
uct. The isoxazole system succeeded in perfect inversion at
the benzylic carbon to give optically pure (+)-3b in addi-
tion to the other regioisomer, (�)-4b, in optical purity, as
determined by HPLC analysis. A halogenated derivative
of compound (�)-4b was synthesized to afford X-ray qual-
ity crystals of (+)-5 (Scheme 2), which were examined by
anomalous scattering. In this manner, the absolute config-
uration at the benzylic carbon was determined to be (S)
(Fig. 2) when the isoxazolyl anion was quenched with
(R)-styrene oxide. This corresponds to inversion at the
benzylic carbon. Optically active propylene oxide was also
examined, and complete stereoselectivity was observed by
HPLC for all desired products formed (3a, 3b, 4b).

With the stereochemistry of this reaction determined, it
was desirable to alter reaction conditions in an attempt to
reverse or enhance the trend of regioselectivity found for
the reaction of the isoxazole anion with an epoxide. Styrene
oxide is an inexpensive, thoroughly studied system, and
reliably produces a mixture of regioisomers. Therefore, it
was chosen as a model substrate. We expected that
addition of a Lewis acid should further increase the C–O
bond length at the carbon most able to accommodate a
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Scheme 2. Electrophilic quenching of isoxazolyl anion with monosubstituted epoxides.

Fig. 2. Molecular structure (thermal displacement 30%) of (S)-(+)-5.
Hydrogen atoms omitted for clarity.
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developing positive charge (benzylic carbon), resulting in a
product distribution favoring the production of 4b.28

Unfortunately, however, for cases in which the relative
ratio of 3b:4b was substantially altered, overall yield was
also significantly reduced. A table summarizing the Lewis
acids and reaction conditions used is given in Supplemen-
tary data.

The use of a catalytic amount (2 mol %) of Sm(HMDS)3

resulted in little change in the ratio of products 3b:4b

(66:34), though the overall yield was cut in half to 42%
combined yield.28a A full equivalent of Sm(HMDS)3

resulted in further improvement in distribution to give
p-ClC6H4N=C=O
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Scheme 3. Derivatization of 4b
complete reversal in the ratio of products formed (27:73
ratio of 3b:4b, respectively), though the yield was reduced
to 30%. Interestingly, changing the solvent to ether resulted
in the exclusive formation of 4b, albeit in only 10% yield.

Lipshutz showed that the use of Li-2-thienyl CuCN in
combination with a lithio-nucleophile formed a higher-
order cuprate species that selectively and efficiently trans-
fers the nucleophile to epoxides or other electrophiles.28b

However, in our hands the use of Li-2-thienyl CuCN
showed virtually no effect on the addition of the lithio-isox-
azole anion to styrene oxide save for the reduction in the
yield to 45%. Using ether as solvent yielded a similar situ-
ation: The ratio of 3b:4b was very little different from the
reaction sans Lewis Acid in ether, except that again the
yield was dramatically reduced (to 19%). Since starting
material was not recovered, we attribute the reduction in
yield to oligomeric or polymeric baseline TLC material.

The highly Lewis acidic BF3�Et2O was found to produce
a very notable result. When styrene oxide was treated with
BF3�Et2O, and subsequently cannulated into the isoxazole
anion, a mixture of a- and b-attack resulted to form 3b

and 4b, but an additional compound, 6, formed as well.
This, we postulated, resulted from acid-induced rearrange-
ment of the epoxide to phenyl acetaldehyde in situ,
followed by the attack of the isoxazolyl anion on the
aldehyde (Scheme 4).29 It was expected, then, that warming
of the BF3�Et2O/styrene oxide solution prior to reaction
with the anion would induce complete rearrangement to
6. In the event, 6 was the only product isolated from the
reaction when the Lewis acid-activated epoxide was
allowed to react at room temperature prior to addition to
O
NO

CH3

O N

CH3

CH3
(S)-(+)-5

O

NH

Cl

for X-ray crystallography.
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the anion (Scheme 3).30 The result also indicated a higher
yield of 6 than before, though still a paltry 34%. In sum-
mary, Lewis acids had little effect on the outcome of the
reaction of 2 with styrene oxide in most cases. More impor-
tantly, with Lewis acids of variable strengths, we have
demonstrated that the C–O bond elongation can be pushed
too far to actually induce rearrangement of the epoxide.

A plausible explanation for the reactivity observed is
illustrated by the hemi-labile, rigid, and sterically encum-
bered transition state 7, shown in Scheme 5. A dihapto
association (g2), might explain the enhanced rate of reac-
tion of this—now hemi-labile23,31—isoxazole anion system
with epoxides, compared to other highly functionalized
isoxazole carbanions lacking a coordinating nitrogen which
failed, in our hands, to exhibit epoxide reactivity.32 In the
aliphatic case, unfavorable non-bonding interactions with
the geminal methyls would encourage a coordinated
approaching epoxide to twist the less substituted carbon
toward the C-5 anion—effectively limiting access to the
more substituted carbon. Aryl p-coordination has been
postulated in a previous example of a rate enhancing
hemi-labile ligand,33 and such a g2 coordination, as in 7b

and c, now represents a favorable bonding interaction
which suffices to bring the benzylic or allylic epoxide posi-
tion into contact with the C-5 isoxazolyl wherein the anion
can twist34 to attack from the antiperiplanar direction pro-
ducing the inversion observed for (�)-4b and (S)-(+)-5.

We have presented an exploration into the scope and
limitations of epoxides for use in racemic and chiral pool
lateral metalation of isoxazoles. The isoxazole anion
proved surprisingly apt at epoxide ring opening, providing
a single regioisomer for the aliphatic example, and a
mixture of regioisomers for cases in which the epoxide
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Scheme 5. Hemi-labile rationale for increased reactivity and observed
regioselectivity.
contained a,b-unsaturation. Our study of various Lewis
acids to control regiochemical outcome was met with lim-
ited success. The complete inversion of configuration at a
benzylic carbon attests to the potential usefulness of this
method.
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