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ABSTRACT

A concise synthetic route to racemic turneforcidine (1) is described that relies on the stereocontrolled cyclization of the 2-(methylthio)-3-
(trimethylsilyl)-1-propenyl bearing imine 5 in the presence of TiCl4.

The pyrrolizidine alkaloids constitute a large and structurally
diverse class of azabicyclo[3.3.0]-based natural products that
possess a noteworthy range of biological activities.1 Although
the structural and stereochemical complexity of these alka-
loids is comparatively modest by contemporary standards,
these compounds remain popular targets for total synthesis
and the demonstration of new synthetic methodology.2 We
recently reported that imines tethered to the 2-(methylthio)-
3-(trimethylsilyl)-1-propenyl terminator could be induced to
undergo highly stereoselective cyclizations,3a in close analogy

with our previous results involving 2-propylidine-1,3-bis-
(silane) terminated heteroannulations.3b,4 In this Letter, we
show the efficacy of this protocol in a stereocontrolled total
synthesis of the pyrrolizidine alkaloid turneforcidine (1).
Turneforcidine was envisaged to arise from the bicyclic
pyrrolizidone7 by global reduction. Pyrrolizidone7, in turn,
was anticipated to be available by oxidation of6, which
should derive from the TiCl4-mediated bicyclization of imine
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5, in close analogy with the bicyclization of imine8 to
pyrrolizidone9 reported previously by us.3,5 Simplification
of imine5 reveals the immediate precursors3 and4 (Scheme
1).

Synthesis of Turneforcidine.We commenced the present
synthesis of turneforcidine (1) with the preparation of the
4-oxoester3, which was easily prepared in 84% overall yield

by sequential silylation [(t-Bu(Ph)2SiCl, imidazole, DMF]
and ozonolysis [(a) O3, (b) Me2S] of the readily available
3-hydroxyester2.6 Condensation of3 with amine43 (4 Å
molecular sieves, CH2Cl2) furnished the precyclization imine
5 in quantitive yield, which was immediately subjected to
TiCl4-mediated cyclization without further purification. In
contrast to expectations based on our previous studies,3,4

Scheme 1

Scheme 2
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exposure of5 to 1.0 equiv of TiCl4 (CH2Cl2, -78 f -20
°C) gave rise to a highly stereoselectivemonocyclizationto
afford pyrrolidine11 in 60% yield. Presumably, pyrrolidine
11 is less predisposed to undergo spontaneous lactamization
since it does not benefit from Thorp-Ingold conformational
acceleration, which is operative in the bicyclization of the
pyrrolidine corresponding to pyrrolizidone9. The stereo-
chemical outcome observed for the conversion of5 to 11
can be rationalized by preferredsi-attack of the nucleophilic
terminator on the conformationally biased metalloiminium
acceptor10 (Scheme 2).5a Subsequent lactamization of11
was readily accomplished by simple treatment with Me3Al
to provide the desired pyrrolizidone6 in 99% purified yield.

The direct oxidative degradation of the vinyl sulfide moiety
present in7 to the corresponding carboxylic acid, under a
wide variety of reaction conditions, proved ineffective, with
the observed formation of multiple products. Accordingly,
7 was first converted to the corresponding sulfone (OXONE,
MeOH-H2O, 23°C, 5 h)7 in 92% isolated yield. Subsequent
oxidative degradation [RuCl3 (cat.), NaIO4, CCl4-CH3CN-

H2O, 23°C, 12 h] then provided the desired acid12 in 88%
purified yield. Global reduction of12, with concomitant
hydride-mediatedO-desilylation, (LiAlH4, THF, reflux, 12
h) ultimately delivered racemic turneforcidine (1) in 65%
yield after chromatographic purification (Scheme 3).8

In conclusion, this study has demonstrated that a metal-
loiminium ion cyclization terminated by a 2-(methylthio)-
3-(trimethylsilyl)-1-propenyl moiety serves as an effective
means for the synthesis of a pyrrolidine that contains the
essential stereochemical triad present in turneforcidine (1).
In addition, an efficient method for the oxidative degradation
of vinyl sulfide substituents that result from this method of
cyclization has been developed. The utilization of this
annulation strategy for the stereodefined synthesis of other
bioactive substances and alternative methods for the synthetic
modification of the postcyclization vinyl sulfide are under
current investigation.
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