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ABSTRACT

A total synthesis of racemic lepadiformine has been achieved via a route that utilizes as key steps a novel stereocontrolled intramolecular
spirocyclization of an allylsilane/N-acyliminium ion and the application of our radical-based methodology for production of N-acylimines from
o-aminobenzamides.

During the past decade a number of structurally related
tricyclic alkaloids have been isolated from various marine
ascidians. The most common and numerous alkaloids of this
type are the cylindricines, isolated fromClaVelina cylindrica
collected off the coast of Tasmania, whose structures were
established by the Blackman group.1 The cylindricines are
comprised of two subclasses: the pyrrolo-quinolines repre-
sented by1-4, and the pyrido-quinolines typified by6.
Interestingly, cylindricines A (1) and B (6) form a 3:2
equilibrium mixture presumably via interconversion through
aziridinium intermediate5. In addition, several cylindricines
exist within both classes that have a butyl group and/or
differing stereochemistry at C2. In 1997 another alkaloid,
fasicularin (7), was isolated from the ascidianNeptheis
fasicularis.2 Compound 7 is related structurally to the
cylindricine B pyrido-quinoline alkaloids, but it is epimeric
at the C10 quaternary center and in addition lacks the C4
oxygenation found in the cylindricines. Fasicularin is active
against a DNA repair deficient strain of yeast and is also
cytotoxic.

In 1994, Biard and co-workers reported the isolation of
the alkaloid lepadiformine from the tunicateClaVelina
lepadiformis Muller collected in the Mediterranean near
Tunisia.3 The compound has also been found inClaVelina
moluccensiscollected near Djibouti. Primarily on the basis
of NMR spectroscopic data, lepadiformine was formulated
as having the pyrrolo-quinoline constitution8 related to the
cylindricine A series of alkaloids. The compound was also
suggested to have the very unusual zwitterionic structure
shown. Lepadiformine was found to have moderate in vitro
cytotoxic activity against several tumor lines.3 In addition,
various cardiovascular effects of lepadiformine in vivo and
in vitro have been described.4

We recently reported the synthesis of the structure8
proposed for lepadiformine and demonstrated that the
compound does not exist as a zwitterion and that neither the
free amine nor its hydrochloride salt correspond to the natural
product.5 Simultaneously, Pearson et al. prepared the other
three diastereomers of this structure at C2 and C13 and found
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that none of these isomers were lepadiformine.6 This
structural problem was finally settled by Kibayashi and co-
workers, who prepared compound9 by total synthesis using
an intramolecular nitroso Diels-Alder based approach and
found that its hydrochloride salt is identical to natural
lepadiformine.7 Moreover, it was determined by X-ray
crystallography that the alkaloid exists with the ring bearing
the hexyl group in the boat conformation indicated. Thus,
lepadiformine is in the fasicularin (7) stereochemical series
but with a pyrrolo-quinoline ring system.

Our synthetic approach to the original lepadiformine
structure8 was based upon a pivotal intramolecular nitrone-
diene dipolar cycloaddition.5,8 However, this strategy cannot
be modified to establish the requisite stereochemistry at the
C10 quaternary center in9. Thus we have investigated a new
approach to lepadiformine (9) based on a novel stereoselec-
tive intramolecular allylsilane/N-acyliminium ion spiro-
cyclization9 followed by an application of our radical-based
methodology for generation ofN-acylimines as key steps.10

In this communication we report the results of this study.

The synthesis commenced with commercially available
2-methyl-1-pyrroline (10), which was first lithiated11 and then
alkylated with known iodideZ-allylsilane11 (Scheme 1).12

Without purification, the product of this reaction was
N-acylated witho-nitrobenzoyl chloride to afford a mixture
of regioisomeric enamides12, which was directly treated
with trifluoroacetic acid to produce spirocycle14as a single
stereoisomer (57% overall yield based upon10).13 The
structure and conformation of this cyclization product were
established by X-ray crystallography.14 We believe14 forms
via N-acyliminium ion conformation13. Conformer15,
which would lead to the isomeric spirocycle16, is probably
destabilized relative to13 as a result of a steric interaction
between theN-o-nitrobenzoyl group and the newly forming
cyclohexane ring.

With spirocycle14 in hand, we next turned to activation
of the compound at C13 in order to introduce the requisite
hydroxymethyl group of the natural product. Thus, the nitro
functionality of 14 was cleanly reduced with NaBH4/Cu-
(acac)215 to provide o-aminobenzamide17, which was
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subjected to the conditions we developed for conversion of
such functionality to anR-methoxybenzamide (NaNO2, HCl,
MeOH, cat. CuCl), thereby producing18 in good yield
(Scheme 2).10 It was then possible to alkylateR-methoxy-

benzamide18 with the cuprate derived from (allyldimeth-
ylsilyl)methylmagnesium bromide16 to afford an 87% yield
of a 7:1 mixture of diastereomeric products, with the desired
silane 19 being the major isomer. This transformation
presumably occurs via the preferred attack of the cuprate
from the least hindered face of an intermediateN-acylimin-
ium ion. A Tamao oxidation16 then served to convert silane
19 to the hydroxymethyl compound20,whose structure was
confirmed by X-ray crystallography.14

Continuing the synthesis, terminal alkene20 was hydro-
formylated17 to produce an aldehyde that was immediately
converted to the corresponding dimethyl acetal21 (Scheme
3). Hydrolytic cleavage of the benzoyl group of21 with
LiOH in aqueous ethanol then provided amino alcohol22.
After some experimentation, it was eventually concluded that
for introduction of the C2 hexyl chain (vide infra) it was
necessary to protect the hydroxyl group of22.18 Therefore,
amino alcohol22 was converted to the benzyl ether23, and
exposure of this compound to acid led to the unstable
tricyclic enamine24. Without purification, this material was
transformed to the somewhat more stable amino nitrile25
using HCl/KCN. Compound25 appears to be a single
stereoisomer, which we have tentatively assigned as having
the boat structure shown on the basis of1H NMR coupling
constant data and by analogy with lepadiformine (9).19

It was then possible to introduce the hexyl chain by treating
crude amino nitrile25 with commercially available hexyl-

magnesium bromide in the presence of boron trifluoride
etherate to produce a 3:1 mixture of the desired alkylation
product28 along with its C2 epimer29 (56% overall yield
from amino acetal23) (Scheme 4).20 The results of this

reaction can be rationalized on the basis of the stereoelec-
tronic principles delineated by Stevens.21 Thus, anti-peripla-
nar addition of the Grignard reagent to intermediate iminium
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Scheme 2a

a Reagents: (a) NaBH4, Cu(acac)2, EtOH, rt, 95%; (b) NaNO2,
HCl, CuCl, MeOH, 0°C-rt, 81%; (c) CH2dCHCH2Si(Me2)CH2-
MgBr, BF3-Et2O, CuBr2-Me2S, Et2O, -78°C-rt, 87%; (d) (i) BF3-
HOAc, CH2Cl2, rt; (ii) 35% H2O2, NaHCO3, MeOH, THF,∆, 95%.

Scheme 3a

a Reagents: (a) Rh(CO)2acac, CO/H2 (1:1), THF, P(OPh)3, 60
°C; (b) MeOH, HCl, (MeO)3CH, rt, 81% from20; (c) 15% LiOH,
∆, EtOH, H2O, 99%; (d) BnBr, NaH, THF,-8 °C-rt, 75%; (e)
p-TsOH, Me2CO, H2O, ∆; (f) HCl, MeOH, KCN, Me2CO, H2O,
rt.

Scheme 4a

a Reagents: (a) C6H13MgBr, BF3-Et2O, THF, -20 °C-rt, 67%
from 23; (b) Na, NH3, THF, -78 °C.
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salt 26 from a preferred “axial” direction would lead to an
initial chair 27, which ring flips to the more stable lepadi-
formine boat conformation28. Attack on iminium species
26 from the opposite (“equatorial”) direction initially pro-
duces an unfavorable boat, which converts to the more stable
chair/equatorial hexyl conformer29.

Cleavage of the benzyl ether group from the C2 epimers
28 and29 using sodium/ammonia afforded racemic lepadi-

formine (9) and the epimeric alcohol30, respectively, in high
yields. Synthetic alkaloid9 and its HCl salt have spectral
data identical to those of authentic material.22 Thus, we have
prepared lepadiformine in approximately 15 steps and 11%
overall yield starting from readily available 2-methyl-1-
pyrroline (10).
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