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ABSTRACT

A stereocontrolled route to Nuphar alkaloids is described that employs a formal [3 + 3] cycloaddition strategy to assemble the piperidine
nucleus. The addition of Pd−TMM complexes to aziridine 10 was found to be sluggish; however, the addition of a functionalized allyl Grignard
reagent followed by a Mitsunobu condensation reaction provided 11 in high yield. The employment of this route in the formal synthesis of
(−)-deoxynupharidine 1 is described.

(-)-Deoxynupharidine1 is a member of a large class of
terpenoid alkaloids isolated from plants of the genusNuphar.1

All Nuphar alkaloids are characterized by the presence of
one or more furan rings and almost all display a quinolizidine
core. We have been investigating a short and convergent
strategy for the stereocontrolled synthesis of12 and related
compounds (-)-castoramine23 and (-)-nupharolutine3.4

Specifically and as outlined in Figure 1, we envisaged that
compounds1-3 could all be prepared from intermediate4
after appropriate stereoselective oxidative or reductive alkene
functionalization reactions. Therefore, quinolizidinone4

would represent a late-stage intermediate which could be
transformed into a variety ofNupharalkaloids after only a
few steps. We wish to disclose herein a short stereoselective
synthesis of4 and its employment in a formal total synthesis
of (-)-1.

We have recently reported a stereoselective technique for
the preparation of functionalized piperidines through a formal
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Figure 1. Retrosynthesis of alkaloids1-3 to key lactam4.
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[3 + 3] cycloaddition reaction ofN-tosylaziridines with Pd-
trimethylenemethane (Pd-TMM) complexes.5,6

This reaction proved to be an effective and expeditious
method for the synthesis of 2-substituted piperidines in
enantiomerically pure form (Scheme 1, see box). A notable

characteristic of this process is that the products are armed
with a readily functionalizable exocyclic alkene moiety. This
latter feature made the cycloaddition reaction particularly
suitable for the synthesis of4 since it offered a potentially
facile route for piperidine assembly with installment of
stereochemistry at C-1 and C-10, as well as introducing the
pivotal alkene moiety at C-7. The retrosynthetic analysis for
our approach to4 is described in Scheme 1. We anticipated
that the lactam unit could be prepared by suitable elaboration
of alcohol5, which would in turn be assembled through the
key cycloaddition reaction of aziridine6. Enantiomerically
pure 2-substituted aziridines are readily derived from the
corresponding amino acids;7 therefore, we anticipated that
6 would derive from (R)-aspartic acid.

The first goal in our synthetic sequence was to elaborate
aspartic acid to aâ-methylaspartic acid derivative that would
install the Me-group present at the C-1 position of the natural
product with correct stereochemistry. A survey of the
literature revealed that similar alkylation reactions ofâ-amino
esters proceeded with high levels of stereoselectivity,
particularly whenN-tosyl protecting groups were employed.8

In view of this fact, coupled with the need for sulfonamide
protection of the aziridine nitrogen in the key cycloaddition

step,5a,b we opted to examine the diastereoselectivity of a
p-toluenesulfonamide derived aspartate7. As outlined in
Scheme 2, esterification of (R)-aspartic acid followed by

amine protection with tosyl chloride furnished7 in high yield.
Subsequent deprotonation with LiHMDS at-78°C followed
by quenching of the ester enolate with methyl iodide provided
the desired product8 which was isolated as a single
diastereomer in excellent yield. Literature precedent sug-
gested that the requisite (2R,3S)-stereochemistry would be
generated in this process, and this was confirmed by X-ray
crystallographic analysis.9

At this stage, we were unable to find conditions for the
selective reduction of either ester moiety of8 and therefore
undertook exhaustive reduction to furnish diol9. Our final
steps required the selective functionalization of theR-amino
alcohol motif for ring closure to the aziridine; however, we
were unable to carry out selective functionalization reactions
on either alcohol moiety. We therefore decided to exploit
the well-established preference for three-membered ring
closure over four-membered ring cyclization to perform the
necessary differentiation of the alcohol units. Indeed, we were
pleased to find that subjecting9 to a Mitsunobu condensation
reaction resulted in smooth and selective formation of
aziridine6. We encountered some difficulties in removing
residual hydrazide in the purification of6 and therefore
carried out TBS-protection of the crude alcohol to furnish
aziridine10 in excellent yield over the two steps. Unfortu-
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Scheme 1

Scheme 2a

a Key: (a) MeOH, SOCl2, 25 °C, 48 h, 98%; (b) TsCl, Et3N, 25
°C, 16 h, 79%; (c) LiHMDS,-78 °C; MeI, -78 to+25 °C 16 h,
89%; (d) LiAlH4, 25 °C, 16 h, 98%; (e) PBu3, ADDP, Tol, 16 h;
(f) TBSCl, imidazole, THF 5 h, 90% over two steps; (g)
AcOCH2C(dCH2)CH2SiMe3, 10 mol % Pd(OAc)2, 25 mol %
DPPP, THF, 65°C, 11 (41%),12 (30%).
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nately, 10 proved to be remarkably sluggish toward Pd-
catalyzed [3+ 3] cycloaddition in the presence of phosphite
ligands. In the event, recourse to more electron-rich DPPP
ligand was found to be essential to achieve reasonable levels
of aziridine conversion, albeit furnishing piperidine11 in a
modest 41% yield. The remainder of the mass balance from
this reaction largely consisted of starting aziridine and
acetate-opened product12.10,11

The low yields afforded by the Pd-catalyzed [3+ 3]
cycloaddition process prompted us to investigate alternative,
and more nucleophilic, conjunctive reagents for the prepara-
tion of 11. Indeed, we were pleased to find that subjection
of aziridine 10 to the allyl Grignard reagent derived from
inexpensive13 furnished11 in a much improved yield after
a Mitsunobu ring-closure reaction of14 (Scheme 3). Notably,

the requisite conjunctive reagent for the Pd-catalyzed process
(2-[(trimethylsilyl)methyl]-2-propen-1-yl acetate) is prepared
from 13 by a two-step procedure.12 Therefore, this stepwise
process represents a complementary technique to the [3+
3] cycloaddition chemistry and promises to furnish pip-
eridines which are currently inaccessible by the Pd-catalyzed
methods.

The final steps toward quinolizidine4 through homolo-
gation of the protected alcohol unit were carried out as shown

in Scheme 4. Desilylation of11 proceeded without incident
and the resulting alcohol was subjected to Swern oxidation
followed by Wittig olefination to provide ester15. The final
steps in the reaction sequence to lactam4 required chemose-
lective reduction of the electron deficient alkene and cleavage
of the sulfonamide group, both of which could potentially
be achieved in a single pot under reductive conditions. We
therefore subjected piperidine15 to excess Mg metal in
MeOH and were pleased to find that both alkene reduction
and sulfonamide cleavage proceeded smoothly, moreover,
the intermediate amine cyclized spontaneously under the
reaction conditions to furnish key lactam4 in 56% yield.
Subsequent hydrogenation of4 over Pd/C provided quino-
lizidinone 16 as an inseparable 6.5:1 mixture of diastereo-
isomers favoring the 7-(S) isomer. Installment of the furan
moiety using Fowler’s procedure allowed a pure sample of
(-)-1 to be obtained that gave spectral data in accord with
that reported.2 The employment of this strategy in the
preparation of other members of theNuphar family of
alkaloids is underway and will be reported in due course.
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Scheme 3a

a Key: (a) (i) n-BuLi (2.6 equiv), TMEDA (3.0 equiv), Et2O, 0
°C, 16 h, (ii) MgBr2, 0 °C, 4 h; (b)10, 25 °C, 48 h, 80%; (c)
n-Bu3P, ADDP, Tol, 25°C, 87%.

Scheme 4a

a Key: (a) TBAF, THF, 25°C, 86%; (b) Swern; (c) Ph3P)C(H)-
CO2Et, THF, 25°C, 16 h, 76% over two steps; (d) Mg, MeOH, 25
°C, 56%; (e) H2, 10% Pd/C, 100% (6.5:1).
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