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Abstract: An asymmetric synthesis of Elaeocarpus alkaloids, (+)-¢lacokanine A and
(+)-elacokanine C is described. The key steps involve an asymmetric Diels-Alder
reaction of a chiral sulfinyl dienophile, diastereoselective nucleophilic addition to the
acyliminium ion and retro Diels-Alder reaction.

N-Acyliminium ions generated from y-hydroxy lactams have been recognized as uscful intermediates
for the synthesis of many alkaloids.! Enantiomeric control in nucleophilic additions to iminium ions has
been of much interest.2 Recently we reported an enantioselective synthesis of (+)-indolizidine and (+)-
laburnine through intramolecular cyclization using an N-acyliminium ion 1, fused with a bicyclo[2.2.1]-
heptene moiety.3 Efforts to explore the generality of this reaction led us to investigate the intermolecular
nucleophilic addition to the iminium, which should block its concave face from the nucleophilic attack by
virtue of the conformationally rigid, tricyclic system, providing an enantioselective route to nitrogen-
containing natural products. Elacokanine A (2) and elaecokanine C (3)* seemed to be suitable target
compounds for the embodiment of this subject. In addition, a recent report?P on the first synthesis of (+)-3
prompted us to disclose our own results. Herein, we describe a diastereoselective, intermolecular
nucleophilic addition to the iminium intermediate, and its application to an asymmetric synthesis of
Elaeocarpus alkaloids, (+)-2 and (+)-3.
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The key steps are retrosynthetically illustrated in Scheme 1. A Diels-Alder adduct of a dienophile 4
with cyclopentadiene would generate the acyliminium ion 1, and the intermolecular addition of a
nucleophile ( =Nu) could take place in 2 highly diastereoselective manner. The formation of the 6-membered
ring followed by extrusion of cyclopentadiene could afford a A3-pyrrolidinone ring, which can be further
transformed into 2 and 3.
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Scheme 2 Redrtion conditions: a) 3-chloroperoxybenzoic acid, 0 °C, 1.5 h; b)
cyclopentadiene, ZnCl2 (1.5 equiv.), -80 °C, 1 h; c) silica-gel chromatography, hexane/AcOEt
(4:1); d) 2-(2-brokhoethyl)-1,3-dioxolane, NaH, DMF, 0 °C — r.t., 22 h; ¢) NaBH4, E1OH,
reflux, 1 h; £) SHIDI2 (5 mol equiv.), HMPA, t-butyl alcohol, THF, 15 min; g) MeOH,
pyridinium p-tohj¢nesulfonate, r.t., 12 h; h) 2-(trimethylsilyloxy)-pent-1-ene, BF3<Et20 (2
equiv.), CH2Clp, 0!°C > r.t,, 3.5 b; i) conc. HC, r.t,, 4 h; j) flash vacuum pyrolysis (435 °C, 0.5
Pa); k) Hz, 5% Pt on alumina, t-butyl alcohol, r.t., 4 h; 1) ethylene glycol, (EtO)3CH, p-
toluenesulfonic adid, reflux, 12 h; m) LiAlHg4, THF, reflux, 2 h; 10% H2SO4, r.t., 2 h; n) NaOH,
EtOH, reflux, 1 h

Our approach starts with the preparation of a chiral sulfinyl maleimide 4 as an efficient dienophile
(Scheme 2). It seemed Hkely that the choice of t-butyldimethylsilyl (TBDMS) group as a protecting group
could readily result injthe deprotection and in the subsequent incorporation of a functional side chain (i.e.
propylene acetal unit) pp the nitrogen atom. According to the procedure described previously,3 maleimide §
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was casily prepared in 64% yicld by, the addition of 10-mercaptoisobomeol to N-TBDMS maleimide’
followed by chlorination and dehydrochlorination. Exposure of § to 3-chloroperoxybenzoic acid afforded the
sulfinyl maleimide 4 (R=TMDMS) as a single diastereoisomer (~100% yield).6 The Diels-Alder reaction of
4 with cyclopentadiene produced the exo-sulfinyl adduct 6 as essentially a single product (d.e. >99%).
Fortunately, purification of 6 by silica-gel chromatography resulted in desilylation to give the maleimide 7
(80% yield from §). The absolute stereochemistry of 7 was unequivocally confirmed by the transformation
into the known compound 87 under Mitsunobu conditions. Treatment of 7 with 2-(2-bromoethyl)-1,3-
dioxolane and base gave the acetal 9 (93% yield). Regioselective reduction of 9 with NaBH4 (to give 10,
70% yield) followed by desulfinylation with Sm(II)I2 afforded the vhydroxy lactam 11 (92% yield), which
was further transformed into 12 (98% yield). Then, we undertook the introduction of carbon chain at C(5)
position in 12. Attempts at intermolecular addition of 12 with 2-(trimethylsilyloxy)-pent-1-ene! in the
presence of TiCly or SnCls were unfruitful, resulting in the cleavage of the dioxolane ring and/or
decomposition of starting material. After several attempts, the use of BF3*Et20 was found to be most
effective for the addition.8 The lactam 13 was thus obtained as a single diastereoisomer in 91% yield. The
stereochemistry of the newly formed S-carbon chain adjacent to the C(5) position can be tentatively assigned
to be located at B position, assuming that the enol ether should attack the less-hindered convex face of the
iminium ion generated from 12. The tetracyclic lactam 14 was obtained by acid-catalyzed aldol reaction of
13 in 79% yield. Lactam 14 was subjected to flash vacuum pyrolysis. The thermolysis (435 °C, 0.5 Pa)
proceeded smoothly to give the pyrrolidinones in a ratio of 3:1, in quantitative yield. The major product 15
was isolated by crystallization of the crude mixture, in 52% yield. The minor product was assumed to be the
bridgehead (8a) isomer of 15, which arose from isomerization during the heating.9 Hydrogenation of 15
over Pt on alumina (to give 16) followed by protection of the cabonyl group produced the lactam 17 in 91%
yield. Reducton of 17 with LiAlH4 and subsequent treatment of the resulting amine with 10% H2SO4
finally afforded (+)-3 {[@] +36.9 (c 0.58, CHCl3), lit.4P [af8 +47 (c 0.4, CHCl3)) in 76% yield. The optical
purity of the synthetic compound (+)-3 was estimated as >92% by the !9F NMR analysis of its MTPA [a-
methoxy-o-(trifluoromethyl)-phenylacetic acid] ester.10 (+)-Elaeokanine C (3) was transformed into (+)-2,
{3’ +63.0 (¢ 0.93, CHCl3) {lit:42 [@lp+13 (c 0.9, CHCL), lit.40 [at]§ +49 (¢ 0.5, CHCl3), lit.9P [af +47 (¢
0.31, CHCl3)} in 66% yield, according to the literature method.4

In conclusion, we could show that the use of the bicyclo[2.2.1]heptene system resulted in substantial
effect on the diastereoselectivity of nucleophilic addition to the pyrrolidinium ion fused with its system, and
an easy, synthetic access to a chiral A3-pyrrolidinone ring by the retro Diels-Alder fragmentation. The utility
of the methodology was exemplified by a chiral synthesis of (+)-elacokanine A and (+)-elaeokanine C.

We are thankful to Professor T. Shono (Kyoto University) for his supplying lH NMR spectra of 2 and
3. This work was partially supported by grants from the Ministry of Education, Science and Culture of Japan
(to Y.A.) and the Fujisawa Foundation (to T.K.), to which we are grateful.
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