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Abstract

The enantioselective synthesis of tlrans-2,6-dialkylpiperidine alkaloids [ 6R)-lupetidine and (R,6R)-
solenopsin A from 6-methyl-2-piperidorieis described. The key step of this synthesis consists of the addition
of a dialkylcopper derivative to the thioimidate salfollowed by sodium borohydride reduction of the resulting
iminium salt. © 1998 Elsevier Science Ltd. All rights reserved.

The stereoselective synthesis of substituted piperidines, which are widespread skeletal fragments
of important biologically active natural products, has attracted considerable attention in the last few
decadek In particular, the 2,6-disubstituted piperidine ring structure has been found in certain members
of the pine and fire ant species. However, althowii2,6-dialkylpiperidines are easily accessible,
efficient stereoselective methods for the synthesisraris2,6-disubstituted piperidines are relatively
scarce. Solenopsin A [R6R)-2-methyl-6-undecylpiperidiné]and solenopsin B [[,6R)-2-methyl-6-
tridecylpiperidine]? isolated from the venom secreted by the fire Solenopsis invictahave been
a vehicle for the testing of several different synthetic metifo@isese methods include: (i) hydride
reduction of 1-piperideinésor the corresponding iminium saRgji) intramolecular aminomercuratich;

(iii) alkene nitrone cycloaddition$;(iv) alkylation of x-lithiated piperidine derivative$;(v) addi-
tion of organocerium reagents to 6-alkyl-1-piperideifgsi) reductive decyanation of 2,6-dialkyl-2-
cyanopiperidined? (vii) intramolecular addition of allylsilanes to nitron&sviii) isomerization ofN-
nitroso<is-2,6-dialkylpiperidines? and (ix) nucleophilic amine substitution of mesylatés? Some of
these procedures have been extended to the enantioselective synthesis of soléhopsins.

In a previous papéf we reported the enantioselective synthesis of ¢tee2,6-dialkylpiperidine
alkaloid (R,69)-dihydropinidine from 6-methyl-2-piperidon& (Scheme 1). The key step was the
addition of propylmagnesium bromide to the iminium galfR=H), generated by partial reduction of the
amide carbonyl ol. The observed stereoselectivity is a consequence of the stereoelectronically preferred
axial approachH of the nucleophile to the most stable half chair conformatioA ¢Scheme 2), which
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incorporates a methyl group in a pseudoaxial orientation to relieve th@ #trainl® Reversal of this
sequence, i.e. addition of an organometallic reagent to the laktéotiowed by hydride addition to the
resulting iminiun salt\ (R=Me or R=n-C11H>3), also under stereoelectronic control, would lead to the
trans-2,6-dialkylpiperidine alkaloids QR,GR)-Iupetidine and (R,6R)-solenopsin A, respectively.

I
U Ref. 16 U This work U \/\/\/\/\/\U
(2R,65)-Dihydropinidine (2R,6R)-Lupetidine (2R,6R)-Solenopsin A
Scheme 1.
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Our initial attempts to prepargrans-2,6-dialkylpiperidines by treatment of lactarh (easily
prepared® from the chiral non-racemic bicyclic lactafy Scheme 3) with Grignard, organolithiuthor
organoceriurff reagents, followed by reduction with lithium aluminium hydride or sodium borohydride,
resulted in failure. These results prompted us to use the more reactive thioimidaté'saddition of an
organometallic reagent to the iminium moiety4followed by elimination of the methylsulfanyl group,
would also lead to the desired iminium sdit§.e. A, R=alkyl).
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Scheme 3.

Compound4 was obtained in good yield by protection of the hydroxyl group of laciariollowed
by treatment with Lawesson reagent and subsequent alkylation of the resulting thiGawitdenethyl
iodide. However, treatment dfwith methyllithium or methylmagnesium bromide, followed by addition
of NaBH,, afforded the reduced piperidinga as the only identifiable product. This result can be
attributed to the basicity of the above organometallic reagents, which deprotonate pibsition of
thioimidate4 yielding the corresponding keterS&sN-acetal?? subsequent addition of a hydride affords
piperidine 6a. However, addition of the less ba&targanometallic derivative lithium dimethylcuprate
to the salt4 at 0°C, followed by treatment of the reaction mixture with NaBlfforded the desired
2,6-dimethylpiperidinesb (92:8 transcis ratio) in 55% overall yield from thioamid8. Piperidine6a
was also formed in about 17% yield in all cases. Finally, hydrogenolysis of the benzylic substit@bnt of
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gavetrans-2,6-dimethylpiperidine7b, whose hydrochloride showed mp 243-244°C am{b[+12.4 €
3.0, EtOH) {lit.?* mp 247-249°C andf]p +12.8 € 3.06, EtOH)} and possessed data identical to those
reported for the alkaloid @ 6R)-lupetidine?* isolated fromNanophyton erinaceus?

The above methodology provides a general synthetic entry to enantimanse,6-dialkylpiperidines.
This was exemplified by an enantioselective synthesis of the fire ant venom solenopsin A. Thus, treatment
of the thioimidate salé with di-n-undecylcopper(l)-magnesium bromide, followed by reduction with
NaBH;,, afforded the corresponding 2-methyl-6-undecylpiperidine in 54% overall yield from thioamide
3 as a 7:3 mixture ofrans-6¢ and itscis-isomer?® which could be separated by column chromatography
after desilylation §-BusNF). Debenzylation of the major isomer affordedR(@R)-solenopsin A7c,
which was isolated as the hydrochloride {mp 141-142°C awjh[-7.0 (€ 1.3, CHC}); Iit.8° mp
141-142°C andd]p —7.6 (c 0.5, CHCh)}. The spectral data'd-NMR and*3C-NMR) of our synthetic
solenopsin A were identical with those reporféd.

The above results expand the potential of chiral non-racemic bicyclic la&&fanthe enantioselective
synthesis of diversely substituted piperidifés.
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