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A general strategy for the synthesis of structurally and
stereochemically related indolizidine and quinolizidine alka-
loids was developed. The methodology involves regio- and
stereoselective 1,3-dipolar cycloadditions of simple nitrones
with ephedrine-derived alkylidenemorpholinones. The inter-
mediate isoxazolidines can be converted into either the

indolizidine or the quinolizidine motif depending on the
nitrone and the substituent on the dipolarophile. The ap-
proach was applied to the synthesis of (+)-epitashiromine
and to the formal syntheses of (+)-epilupinine and (+)-
tashiromine.

Introduction

The indolizidine and quinolizidine alkaloids constitute a
prominent group of biologically relevant natural products
that have engaged organic chemists for decades.[!l In par-
ticular, the indolizidines (+)-tashiromine (1) and (+)-epita-
shiromine (2) and the corresponding quinolizidine alkaloids
(-)-lupinine (3) and (+)-epilupinine (4, Figure 1) form an
interesting set of structural motifs. Notably, the configura-
tion of the hydroxymethyl substituent in the epi-isomer of
the indolizidine is opposite to the orientation of the hy-
droxymethyl group in the epi-isomer of the quinolizidine
(compare 2 and 4, Figure 1), and a similar relationship is
seen for 1 and 3.
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Figure 1. Structurally related pairs of indolizidine and quinolizid-
ine alkaloids: (+)-tashiromine (1), (+)-epitashiromine (2), (-)-lupin-
ine (3), and (+)-epilupinine (4).

The synthesis of lupinine,?! epilupinine,®! tashiromine,*!
and epitashirominel® has been extensively investigated.
Most of the syntheses of these alkaloids have addressed one
of the two possible diastereomers defined by the ring junc-
tion methine and the hydroxymethyl group. Consequently,
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these syntheses are applicable to the stereochemically re-
lated motifs of epitashiromine/lupinine or tashiromine/
epilupinine. A few syntheses of lupinine and tashiromine
that also provide the corresponding epi-analogs are known,
but these rely on either thermodynamically favorable iso-
merization of enolizable intermediates!® or separation of
stereoisomeric intermediates at an early stage in the synthe-
sis.”] Unified (stereodivergent) synthetic strategies that can
provide access to epitashiromine and epilupinine or lupin-
ine and tashiromine are rare.[8! Herein, we describe a cohe-
sive synthetic strategy that addresses this limitation. Appli-
cation of our approach to the synthesis of (+)-epitashirom-
ine and to the formal syntheses of (+)-epilupinine and (+)-
tashiromine is described.

Results and Discussion

Our approach relies on the construction of only one of
the two sets of contiguous stereocenters in the dia-
stereomeric targets but ultimately provides access to either
diastereomer of the targets by regioselective transforma-
tions of stereochemically matching intermediates. The strat-
egy involves a stereoselective 1,3-dipolar cycloaddition of
cyclic nitrones and chiral alkenes to provide functionalized
isoxazolidines. These can be elaborated to the target mole-
cules depending on the nature of the nitrone and the alkene
substituent. Notably, despite the possibility that nitrone
cycloaddition®! can potentially introduce both the stereo-
centers and more than half of all the required carbon atoms
in the targets in a single step, the application of this strategy
in the stereoselective synthesis of any of the targets 1-4 is
prominently missing.['” This is in contrast to the nitrone-
based enantioselective syntheses of polyhydroxylated aza-
cycles and azasugars.[']
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The chiral alkenes with which we chose to examine the
nitrone cycloadditions were alkylidenemorpholinones,
which were obtained from ephedrine-derived morpholine-
dione 5! (Scheme 1). Reaction of 5 with the Grignard rea-
gent obtained from tetrahydropyran-2-yl (THP) protected
4-bromobutanol, replacement of the THP protecting group
by an acetate group, and dehydration of the hemiacetal pro-
vided alkylidenemorpholinone 6. Similarly, reaction of 5
with [(ethoxycarbonyl)methylene]triphenylphosphorane, re-
duction of the obtained ester to the allylic alcohol, and sub-
sequent methylation provided alkylidenemorpholinone 7.
Both 6 and 7 were obtained exclusively as the Z isomers.['!
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Scheme 1. Synthesis of ephedrine-derived alkylidenemorpholinones
6 and 7. Ts = toluenesulfonyl, DIBAL = diisobutylaluminum
hydride.

With the requisite alkenes in hand, we next examined
their 1,3-dipolar cycloaddition reactions with pyrrolidine-
and piperidine-derived nitrones 8 and 9,'41 respectively.
Both 6 and 7 reacted stercoselectively and regioselectively
with the nitrones upon heating in toluene. Microwave irra-
diation was found to be more effective than conventional
heating for these reactions.!'”] Thus, spiroisoxazolidines 10—
13 were obtained as single diastereomers!! in good yields
within 30 min of microwave heating (Scheme 2).
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Scheme 2. Stereoselective 1,3-dipolar cycloaddition reactions of 6
and 7 with nitrones 8 and 9.
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At that stage, the stereochemistry of isoxazolidines 10—
13 was tentatively assigned as shown, on the basis of two
factors: (1) Approach of the nitrone exo to the alkene sub-
stituent (R, Scheme 2) to minimize steric interactions.
(2) Reaction of the alkene from the face opposite to the
methyl and phenyl groups in the morpholinone.!” The regi-
ochemistry of the nitrone cycloaddition was assigned on the
basis of a characteristic resonance at approximately
100 ppm for the spiroacetal carbon atom in isoxazolidines
10-13.181

The synthesis of epitashiromine was then initiated from
10 (Scheme 3). Hydrolysis of the acetate in 10 provided pri-
mary alcohol 14, which was converted into the mesylate
(Ms). Owing to its unstable nature, the crude mesylate was
immediately reduced with Zn/AcOH directly to provide 15,
obtained form in situ cyclization of the secondary amine
(Scheme 3). With most of the epitashiromine components
established in 15, removal of the ephedrine portion was ex-
amined. Surprisingly, 15 was resistant to dissolving-metal
reduction (Na/NHj3), the usual protocol for this trans-
formation. However, reduction of the hemiacetal in 15
(BF5-OEt,, Et;SiH) followed by dissolving-metal reduction
successfully generated hydroxy amide 16. Conversion of 16
into (+)-epitashiromine (2) was achieved by reduction of
the hydroxy amide to the amino alcohol, oxidative cleavage
of the amino alcohol to the aldehyde, and in situ reduction
of the aldehyde!'®! to the primary alcohol (Scheme 3). The
formation of (+)-epitashiromine confirmed the stereochem-

istry of 10.
e Lo
o) 1) MsCl, Et3N, CH20|2 J\<
2) Zn, ACOH
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Scheme 3. Conversion of isoxazolidine 14 into (+)-epitashiromine.
LAH = lithium aluminum hydride.

The racemic version of the aldehyde intermediate ob-
tained from 16 (Scheme 3) has previously been converted
into (*)-tashiromine through epimerization. Thus, the pres-
ent synthesis of (+)-epitashiromine also constitutes a formal
synthesis of (+)-tashiromine.

Having established the stereochemical course of the
nitrone cycloaddition reaction, we proceeded to examine
the second objective of our synthetic plan, namely, the
preparation of (+)-epilupinine (4), which has a cis orienta-
tion of the ring junction methine and the hydroxymethyl
7283
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group in the piperidine ring. The difference between this
approach and the one described for epitashiromine lies in
the construction of the second ring in the target. In the
epitashiromine synthesis, the alkene substituent was em-
ployed for ring formation. In the approach to epilupinine,
the alkene substituent was chosen to provide the
hydroxymethyl side chain in the final product. Hence, iso-
xazolidine 13 (Scheme 1) served as the starting material for
this study. Reduction of 13 (Zn, AcOH, 90%) provided
amino hemiacetal 17, which was bis(acylated) with methyl
(chloroformyl)acetate to provide 18. Lewis acid mediated
oxonium ion formation from the acetal in 18 and subse-
quent cyclization of the N-acyl fragment led to 19. Krapcho
decarboxylation??! of 19 provided 20, which has the re-
quired azabicylic framework for epilupinine (Scheme 4).

NaCl, H,0
At

DMSO
(78 %)

Scheme 4. Synthesis of epilupinine intermediate 20.

The conversion of 20 into an advanced epilupinine inter-
mediate was readily achieved in a few steps. Dissolving-
metal reduction of 20 provided hydroxy amide 21. Simulta-
neous reduction of both amide linkages in 21 and oxidative
cleavage of the product provided ketone 22 (Scheme 5). De-
methylation of 22 generated 23, which can be converted into
(+)-epilupinine by reduction of the derived dithiolane.
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Scheme 5. Completion of the formal synthesis of (+)-epilupinine.
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Thus, isoxazolidines 10 and 13 with matching stereo-
chemistry (cis R group and N-CH) provide access to 2 and
4, respectively, which have opposite configuration at the
hydroxymethyl-group-bearing stereocenter.

Conclusions

A stereodivergent synthetic strategy involving a 1,3-di-
polar cycloaddition reaction of achiral nitrones with chiral
dipolarophiles was developed for the synthesis of selected
indolizidine and quinolizidine alkaloids. The methodology
was applied in the total synthesis of (+)-epitashiromine and
in the formal syntheses of (+)-epilupinine and (+)-tashirom-
ine. The approach can potentially be extended to the syn-
thesis of (+)-lupinine by engaging isoxazolidine 11 as the
starting material in a synthetic route similar to that devel-
oped with 10. Similarly, isoxazolidine 12 can lead to (+)-
tashiromine. Current efforts focus on reactions of function-
alized nitrones with 6 and 7 as well as other applications of
related alkylidenemorpholinones.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures and spectroscopic data for the com-
pounds prepared.
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