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CHIA-LIN J. WANG*, WILLIAM C. RIPKA AND PAT N. CONFALONE

CENTRAL RESEARCH AND DEVELOPMENT DEPARTMENT
E. I. DU PONT DE NEMOURS AND COMPANY
EXPERIMENTAL STATION
WILMINGTON, DELAWARE 19898

ABSTRACT: (+)-0~Lycorane (&) has been synthesized stereospecifically in five steps from
commercially available 3,4-(methylenedioxy)phenylacetonitrile (7). The key
step involves an intramolecular unstabilized iminium ylide-olefin [34+2] cyclo
addition reaction 6—9.

Sarcosine, pretreated with bis(trimethylsilyl)acetamide or hexamethyldisilazane,
has been reported2 to react with o-allylsalicylaldehyde (1) in refluxing toluene to give
the decarboxylated pyrrolidine 3. This reaction presumably involves an intramolecular
[3+2] cycloaddition reaction of the dipolar species 2.3 Since this ring-forming chemistry
proceeds with a high degree of stereocontrol and generates a pyrrolidine moiety directly,

we have applied it to the synthesls of various alkaloids. Lycorane was chosen as an
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initial target since all four possible stereochemical combinations of the three ring
junctions occur in nature4 and would allow us to unambiguously determine the stereo-=

chemistry of the cycloaddition reactiom.

a-lycorane 4 (H1H2/H2H3=trans/cis)
B-lycorane (HIHZ/H2H3=trans/trans)

Y-lycorane (HIHZ/H2H3=cis/cis)

6-lycorane (H1H2/H2H3=cis/trans)
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Retrosynthetically, the lycorane system can be derived from 55 which, in turn,
may be obtained by intramolecular [3+2] cycloaddition of the olefin aldehyde 6 with an

appropriate amino acid.
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Thus, alkylation of commercially available 3,4—(methylenedioxy)phenyl-
acetonitrile (7) with 5-bromo-l-pentene in the presence of lithium diisopropylamide in
tetrahydrofuran containing hexamethylphosphoramide at -78° to room temperature gave the
nitrile olefin 8 as an oil in 67% yield after HPLC purification [IR(neat) 2220 cm-l; NMR
(CDCl ) 66.80 (s, 3H), 6.00 (s, 2H), 6.00-5.50 (m, 1H), 5.16-4.90 (m, 2H), 3.70 (t, 1H),
2. 23-1 50 (m, 6H); HRMS m/z 229.1102 (M )]. Diisobutylaluminum hydride reduction of 8
afforded the aldehyde 6 in 90% yield [IR (CHZCIZ) 1720 cm_l; NMR (CDC13) 5 9.60 (d, 1H,
CHO)]. The crucial [3+2] cycloaddition was accomplished by heating 6 in refluxing toluene
with N-benzylglycine which had been pretreated with hexamethyldisilazane.6 Although the
desired product 9 was isolated in 25% yield [NMR (CDCl3) 63.38 (AB q, 2H, NCHZPh); HRMS
m/z 335.1886 (M+)], only one of the four possible stereocisomers was produced (vide
infra).7 The N-benzyl group was then removed by catalytic transfer hydrogenation8 in
formic acid-methanol containing 10% Pd/C to give 5, which was then converted5 into one of
the lycoranes in ca. 40% overall yield based on the adduct 9. We concluded from the
spectral data (1H NMR, IR), TLC behavior, and melting point (90-92°C), that the product is

9,10 :
’ In a separate experiment, the crude product from the

exclusively (i)-orlycorane.
cycloaddition reaction was subjected to the last two reactions and again only (+)-0-
lycorane was produced. Thus, the intramolecular unstabilized iminium ylide-olefin [3+2]
cycloaddition reaction 6 —9 is stereospecific, leading to only the EEEEEfHIHZ and

cis-HZH3 as shown in 4.
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The stereochemical outcome of the above [3+2] cycloaddition reaction may be
explained as follows. Among the four possible transition states (A - D), A, which will
lead to EEEEETHIHZ and 51§7H2H3, appears to have the more favorable geometry in terms of
conformational energy and orbital overlap. In so far as the transition state can be
approximated by product geometry, this explanation is supported by molecular mechanics
calculations which show that the product arising from A possesses the lowest relative con-
formational energy. Since both transition state and product evaluation are consistent, it
is therefore not surprising that only one compound is generated in the process. Extension
of this methodology to the synthesis of lycorine 1is in progress,
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