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Abstract: Asymmetric synthesis of (-)-pinidinc and its cnantiomer was accomplished by starting
from norgranatanone via the asymmetric enolization, stercosclective cyclopropanation, and oxidative
ring cleavage of the resulting cyclopropanol system with a hypervalent iodoid as key steps.
Copyright © 1996 Elsevier Science Ltd

The 9-azabicyclo[3.3.1]nonan-3-ones (norgranatanone derivatives) (1) act as an important synthon for
the synthesis of the cis-2,6-disubstituted piperidine system (2). Among the procedures illustrating their utility
is the asymmetric deprotonation of 1 and subsequent cleavage of the resulting chiral enol ether.! Moreover, the
organochemical carving on a bridged bicyclic body often plays a promising role in the highly stereoselective
synthesis of organic molecules since a rather simple principle operates on the stereochemical process.?

Recently, we found that the reaction of a 1-(trimethylsiloxy)bicyclo{n.1.0]alkene, available from the
Simmons-Smith reaction of the enol silyl ether derived from a cycloalkanone, with phenyliodine(I1I) diacetate
(PIDA) in acetic acid causes oxidative bond cleavage to afford an alkenoic acid in high yield.> We also found
that an exo monoalkylated siloxycyclopropane with PIDA gives only an (E)-alkene while an endo compound
gives only a (Z)-alkene.> We wish to report the efficient asymmetric synthesis of the piperidine alkaloid (-)-

pinidine (3)*5 and its enantiomer (+)-3 from 16 by application of this oxidative fragmentation.
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Scheme 1
Our synthetic plan for 3 involves the above mentioned homologative cleavage of the o-symmetric ketone
1 (Scheme 2). Stereoselective cyclopropanation affording the exo methyl compound (8) is required since
pinidine has an (£)-olefin moiety.
First, we examined the selectivity of exo orientation of the methyl in the cyclopropanation of racemic enol
silyl ethers (4)7 as a model study. Treatment of 4 with 1,1-diiodoethane and diethylzinc afforded the
cyclopropyl silyl ethers § and 5.
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The cyclopropanation took place only on the B—face of the enol ethers in all cases because the 'fork head’
axial proton (C7 ax.-H) blocked the o—face from an attack of the carbenoid. The results are shown in Table
1. As noted in runs 1-6, no stereoselectivity was acquired with an enol ether (4) bearing an alkoxycarbonyl or
an acy! group on the bridged nitrogen. Fortunately, in the case of the substrate bearing an N-sulfonyl group,
the cyclopropanation proceeded stereoselectively to give the desired exo-methyl compound § predominantly

(runs 5 and 6).

OTMS stereosclective

cyclopropanation

SN N N
H
3 (-)-pinidine

Scheme 2

stercospecific

OTMS oxidative

:-ll

ring clcavage

Me

Table 1 ; .

J@OTMS CH3CHI, EyZn OTM+S OT™S
N 4 _—>CH2CI2 \ L Me z L H
R 4 s H 5' Me
Runs 4 R Yiclds of 5 and 5' (%) exo (5) : endo (5"

1 42  COMe 83 1:1

2 4 Ch 78 1:1

3 4 COCF3 63 1:1

4 ad Bz 43 L1

5 de Ms 51 4:1

6 af Ts 99 10:1

* Determined by n.m.r.

While details of the mechanism for the reactions of 4 with zinc/methyl-substituted carbenoid remain
unknown, it is apparent that the sulfonamide moiety in 4 plays an important role in the stereoselectivity. We
assume that the zinc on the carbenoid coordinates with the sulfonamide oxygen, and the carbenoid attacks the
double bond in a less hindered fashion (A) as shown in Scheme 3. The fact that the tosylated compound 4f
(run 6) exhibits better stereoselectivity than does the mesylated one de (run 5) strongly supports our postulate.
On the other hand, in the case of 4a - 4d, the coordination of zinc/carbenoid with the carbonyl oxygen causes

no steric interaction between "R" and the methyl of the carbenoid.
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Next, we examined the asymmetric enolization of N-tosylated norgranatanone (7) and subsequent
cyclopropanation. The treatment of 7 with a chiral lithium amide (8) and excess trimethylsilyl chloride
(TMSCI) in tetrahydrofuran (THF) at -100°C according to the method of Koga8 gave the corresponding enol
silyl ether (9). After the cyclopropanation of 9, the resulting mixture of exo and endo compounds (10 and
10') was subjected to desilylation. The separation of an exo isomer (11) from an endo one (11') was
performed by using a column chromatography on silica gel. The PIDA oxidation of 11 in methanol gave the
desired (E)-alkene (12) stereospecifically.?
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Reagents and conditions: a) lithium amide (8), TMSCI, THF, HMPA, -100°C (51%); b) CH3CHI,,
EtyZn, CHCl, rt; ¢) nBugNF, THF (81% for 11, 9% for 11" in 2 sicps); d) PIDA, McOH, 1t (53%);
¢) DIBAL, CH;Cly, -78°C (91%); f) RhCI(PPhs)3, CeHs. reflux (89%); g) Na, liq. NHs, EIOH, -78°C (81%).
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At this stage, the optical purity of 12 was determined by HPLC and it turned out to be over 96% ee. The
reduction of 12 with dibutylaluminum hydride afforded an aldehyde (13), and the decarbonylation of 13 with
Wilkinson's catalyst gave N-tosylpinidine (14).5 The spectral data and specific rotation of 14 were identical
with those reported.!0 Deprotection of 14 according to Kibayashi's methodS afforded (-)-pinidine (3). The
synthetic product was proved to be identical with the natural one by comparison of their physical properties.!!
(+)-Pinidine (ent-3), the enantiomer of 3, was also synthesized from 7 via the asymmetric enolization

using the enantiomeric amide ent-8 in the same manner as described above.12
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