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The conjugate addition of methyl (S)-(2-piperidyl)acetate (3) to 2-(3,4-dimethoxyphenyl)-1-(p-toluenesulfonyl)ethyne (4), followed by LDA-promoted
intramolecular acylation, stereoselective reduction, and desulfonylation, afforded (-)-lasubine I.

Unsaturated sulfones have proven to be versatile syntheticenantioselective total synthesis of several dendrobatid alka-
reagents.For example, the activating effects of the sulfone loids, including indolizidines €)-167B, ()-209D, ()-
moiety enable these compounds to undergo conjugate ad209B, and )-207A3 The decahydroquinoline —)-
ditions, cycloadditions, and deprotonation and alkylation of pumiliotoxin C was obtained by a similar cyclization
the corresponding-anions. Moreover, the sulfone group can  employing an exocyclic primary amine as the nucleophile,
be removed at the end of a synthetic sequence by a varietyfollowed by intramolecular acylation of the resulting enamine
of reductive, alkylative, or oxidative method8Ve recently (Scheme 1}.We now report a new variation of this protocol
reported the synthesis of various types of nitrogen hetero-hat provides a concise synthesis of the quinolizidine alkaloid
cycles by conjugate additions of cyclic or acyclic secondary (_y_jasubine Il (). Both 1 and several other quinolizidine
amines bearingi- or y-chloro substituents to acetylenic  g.516idsS including (—)-lasubine | (the 10-epi derivative
sulfones, followed by intramolecular alkylatiogScheme 1). ot 1y 204 their respective 3,4-dimethoxycinnamate esters

This methodology has been successiully applied to the (+)-subcosine Il and | have been isolated from plants of the
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(1) For a general review of sulfones, see: (a) Simpkins, Muphones
in Organic SynthesjsPergamon Press: Oxford, 1993. (b) For acetylenic (4) Back, T. G.; Nakajima, KJ. Org. Chem1998 63, 6566.

and allenic sulfones, see: Back, T. @trahedror2001, 57, 5263. (c) For (5) For selected reviews of quinolizidine alkaloids, see: (a) Howard, A.
vinyl sulfones, see: Simpkins, N. $etrahedron199Q 46, 6951. (d) For S.; Michael, J. P. InThe Alkaloids Brossi, A., Ed.; Academic Press:
dienyl sulfones, see: 'Bavall, J.-E.; Chinchilla, R.; Nera, C.; Yus, M. Orlando, 1986; Vol. 28, Chapter 3. (b) Herbert, R. BAlkaloids: Chemical
Chem. Re. 1998 98, 2291. and Biological Perspecties Pelletier, S. W., Ed.; Wiley: New York, 1987;

(2) For a review of desulfonylation, see:”jNe, C.; Yus, MTetrahedron Vol. 3, Chapter 6. (c) Kinghorn, A. D.; Balandrin, M. F. lalkaloids:
1999 55, 10547. Chemical and Biological Perspeets Pelletier, S. W., Ed.; Wiley: New

(3) (a) Back, T. G.; Nakajima, KOrg. Lett.1999 1, 261. (b) Back, T. York, 1987; Vol. 2, Chapter 3. (d) Michael, J. Rat. Prod. Rep2001, 18,
G.; Nakajima, K.J. Org. Chem200Q 65, 4543. 520. See also earlier reviews by this author in this series, as cited therein.

10.1021/0l0258482 CCC: $22.00  © 2002 American Chemical Society
Published on Web 04/23/2002



Scheme 1

¢ SO,Ar Cl
)m I )m
+ — SO, Ar
N, I N\(m ’
n H | n
R R

/

nm=1or2

SO,Ar
CO,Me |
A —
HOe k/
H
N "'/,/\
"

(-)-pumiliotoxin C

of these and related compounds have been reported, only a

few enantioselective syntheses have appeared.
Our approach tol is illustrated retrosynthetically in
Scheme 2, where enaminoBeerves as a key intermediate
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and is in turn prepared by the conjugate addition and
intramolecular acylation of the piperidirgwith acetylenic
sulfone4. The pure §-enantiomer of3 was obtained by a
minor variation of the method of Chung et &land the

(6) Fuji, K.; Yamada, T.; Fujita, E.; Murata, lehem. Pharm. Bulll978
26, 2515.

(7) For previous enantioselective syntheses-6f{, see: (a) Chalard,
P.; Remuson, R.; Gelas-Mialhe, Y.; Gramain, JF€rahedron: Asymmetry
1998 9, 4361. (b) Ukaji, Y.; Ima, M.; Yamada, T.; Inomata, Keterocycles
200Q 52, 563. (c) Davis, F. A.; Chao, BOrg. Lett 200Q 2, 2623. (d) Ma,
D.; Zhu, W.Org. Lett 2001, 3, 3927. For {)-lasubine 1, see ref 7a and (e)
Comins, D. L.; LaMunyon, D. HJ. Org. Chem1992 57, 5807. (f) Ratni,
H.; Kundig, E. P.Org. Lett.1999 1, 1997. For {+)-subcosine |, see ref 7e.
For (+)-subcosine I, see ref 7a.
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acetylenic sulfonel was prepared by photoinitiated free-
radical selenosulfonati8rof the known acetylen&®® with
Sephenylp-tolueneselenosulfonaté)(*! followed by sele-
noxide elimination of the resulting addug¢t(Scheme 3).

Scheme 3
TsSePh (6) Ts
CHCI, Al 2
Ar—=—H H
5 hv SePh
7 (91%)
(Ar = 3,4-dimethoxyphenyl;
Ts = p-toluenesulfonyl) MCPBA | CHCI,
K,CO,4 A
Ar—=—Ts
4 (85%)

The synthesis ofl is summarized in Scheme 4. The
conjugate addition of amino este3){3 to acetylenic sulfone

Scheme 4
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4 was effected by refluxing in methanol for 4 h. The crude
product was added in THF solution to 2.3 equiv of LDA in

(8) Chung, H.-K.; Kim, H.-W.; Chung, K.-HHeterocycles1999 51,
2983. These authors obtained the parent carboxylic acid derivat®&yf
hydrolytic cleavage of an oxazolidinone chiral auxiliary from the corre-
sponding amide. In the present case, cleavage of the auxiliary with sodium
methoxide in methanol afforded the methyl esqer
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THF at—78 °C, and the reaction was quenched after 1 min a mixture of diastereomers, including bathandg-epimers
by filtration through alumina to afford enamino@én 53% of the corresponding alcohol. Other reduction methods,
overall yield. The ring closure presumably involves intra- including the use of sodium cyanoborohydride, various
molecular acylation of a sulfone-stabilized vinyl carbanion, boranes, and catalytic hydrogenation, proved less chemo-
in contrast to the enamine acylation employed in our earlier and/or stereoselective or failed to achieve the desired
synthesis of pumiliotoxin €(see Scheme 1), since in the transformation. The unseparated mixture from the sodium
present case a secondary amine was employed in the initiaborohydride reduction was therefore subjected to Swern
addition step instead of a primary amine. This is noteworthy oxidation and desulfonylation with lithium in liquid ammonia
because deprotonation of the vinyl sulfone, as required for to afford the easily separable ketor@sand8b in overall
ring closure, occurred preferentially over enolate formation yields of 58% and 8%, respectively, froth Finally, the
from the ester moiety. It also suggests that acylations of stereoselective reduction of ketoBeto 1 was achieved with
carbanions derived from other vinyl sulfones may prove more | .selectride, in a variation of a literature procedé@hus,
generally useful in future synthetic applicatioffs. the method depicted in Scheme 4 provides a concise and
Treatment of2 with sodium borohydride resulted in  stereoselective synthesis of the quinolizidine alkaloid-(
reduction of both the enamine and ketone moiety, affording |asybine 11 (). Sincel has been previously converted into
(9) For thermal selenosulfonation of acetylenes, see: (a) Back, T. G.; (+)_SUbCOSIne IF? this method also represents a formal
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