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ABSTRACT

The challenging vicinal quaternary and tertiary stereocenters of the 5,10b-ethanophenanthridine skeleton are created in a single step utilizing
intramolecular [3 + 2]-cycloaddition of nonstabilized azomethine ylide as the key step. The application of the chemistry is demonstrated by
synthesizing (()-maritidine.

The Amaryllidaceae alkaloids1 have long been the source
of structurally intriguing target molecules due to their
architectural diversity, limited supply, and promising biologi-
cal activities. Crinine alkaloids2 which belong to the biggest
and truly representative class of this family comprises more
than 50 members possessing immunostimulant, antitumor,
and antiviral activities.3 Maritidine (1b), isolated from
Pancratium maritimum, Pancratium tortuosum, and Zephy-
ranthes genera,4 is the first alkaloid with a 5,10b-etha-

nophenanthridine nucleus containing dimethoxy rather than
methylenedioxy substituents at C-8 and C-9 positions of the
crinine skeleton (Figure 1). These alkaloids display adjacent
quaternary and tertiary carbon stereocenters with a fused
pyrrolidine ring whose stereochemical incorporation is the
critical element in the synthesis of these types of alkaloids.
Alkaloid 1b is of particular interest due to its cytotoxic
properties5 and limited supplies from natural sources.6 A
literature survey has revealed that assembling of the core
5,10b-ethanophenanthridine skeleton of 1b has utilized
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essentially two approaches. While the majority of approaches
used spiro-fused dienone 4 to elaborate to 1b, few strategies
have also employed the Pictet-Spengler cyclization of
3-aryl-substituted hydroindole derivatives 5 into dihydro-
maritidine 6. Spiro-fused 4 has been synthesized employing
phenolic oxidative para-para coupling7-10,14 and photo-
chemical cyclization11 of norbelladine derivatives. Other
routes to 4 involve intramolecular Heck coupling12 or the
cyclization of an intermediate iron carbonyl complex.13 The
synthesis of 5 involved key reactions such as regioselective
reduction of 1-methyl-3,3-disubstituted pyrrolidine-2,5-
dione,15a intramolecular ene cyclization of an appropriately
constructed acylnitroso olefin,15b or condensation of 3-ary-

lated ∆1-pyrrolinium salts with the tert-butyl 3-oxopent-4-
enoate15c (Scheme 1).

From the preceding discussion, it is apparent that these
strategies employed stepwise generation of vicinal quaternary
and tertiary stereocenters along with the use of a cyclic
precursor for C-ring formation. Moreover, the Pictet-Spengler
cyclization route has produced only the dihydromaritidine
whose oxidative conversion to 1b has remained unsuccessful
to date.

Our continuing interest in exploring the application of
nonstabilized azomethine ylides generated by sequential
double desilylation of R,R′-bis(trimethylsilylmethyl)alkyl-
amines16 in the total synthesis of alkaloids17 with complex
architectures and the need to develop a concise and versatile
strategy to synthesize these types of alkaloids led us to
envisage the synthesis of 1 through an intramolecular 1,3-
dipolar cycloaddition of a nonstabilized azomethine ylide
(AMY) as shown retrosynthetically in Scheme 2. This
proposed strategy originated from our recently accomplished
formal synthesis of the fused polycyclic 5,11-methanomor-
phanthridine skeleton of (()-pancracine.18

Regio- as well as stereochemical issues, the two important
aspects of this cycloaddition strategy, were evaluated at the
planning stage of the synthesis itself. The origin of the 5,10b-
ethanophenanthridine regiochemistry during cycloaddition,
in contrast to the 5,11-methanophenanthridine skeleton,18 was
speculated based on the change in the LUMO energy of the
dipolarophile due to its conjugation with the aromatic ring
and ester moiety present on the same carbon. Cycloaddition
reaction of 8 was visualized to generate the vicinal quaternary
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Figure 1. Representative structures of 5,10b-ethanophenanthridine
alkaloids.

Scheme 1. Various Approaches Towards Maritidine
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and tertiary stereocenters in one step with the orientation of
substituents in the dipole deciding the stereochemical
outcome at the C4a position. For illustration, it was hypoth-
esized that the alkyl ketal moiety of the dipole in AMY may
experience severe stereoelectronic conjestion with the teth-
ered aromatic ring flanked between the dipole and the
dipolarophile as shown in TS-I (Figure 2) resulting in

epimeric C4a stereochemistry in cycloadduct 7a. On the other
hand, TS-II, in which the alkyl ketal side chain and the
aromatic ring are distantly away from each other, may
generate the desired C4a stereochemistry (7). Thus, we

anticipated that the substrate-controlled stereoelectronic favor
during the cycloaddition of 8 would reinforce the stereo-
chemical outcome in the tricyclic skeleton with suitable
stereochemical disposition of substituents required for as-
sembling the C-ring of the target alkaloid.

With the above premises, we began our synthetic endeavor
by synthesizing key precursor 9 (73% yield) by modified
Stille coupling between appropriately substituted aryl iodide
and vinyl stannane 10 by following Corey’s protocol.19 The
Stille precursor was obtained in 70% yield by N-alkylation
of 11 with 12 in the presence of anhydrous K2CO3 in CH3CN.
Secondary amine 11 was synthesized from 13 as shown in
Scheme 3. Compound 13 was readily obtained by following

our earlier protocol18 from 14. Compound 14 in turn was
obtained in 70% yield by aza-Michael reaction between
BocNH2 and methyl vinyl ketone followed by NaBH4

reduction. Compound 13 on IBX oxidation followed by
ketalization gave ketal 15 in 80% yield. N-Boc deprotection
of 15 followed by N-alkylation with iodomethyltrimethyl-
silane gave bis-silylated compound 11 in 70% yield.

The key cycloaddition reaction was performed by dropwise
addition of 9 dissolved in DCM to a stirring mixture of
flame-dried Ag(I)F in dry DCM. To our delight, the reaction
conferred desired cycloadduct 7 in 56% isolated yield along
with other minor unidentifiable impurities. The cycloadduct
was completely characterized by 1H and 13C NMR experi-
ments. The stereochemical assignment of cycloadduct was
based on extensive COSY, NOESY, and HETCOR NMR
studies.20

(19) Han, X.; Stoltz, B. M.; Corey, E. J. J. Am. Chem. Soc. 1999, 121,
7600.

Scheme 2. Retrosynthetic Analysis

Figure 2. Proposed transition state model of the [3 + 2] cycload-
dition step.

Scheme 3. Synthesis of Cycloaddition Precursor
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To proceed further along the proposed synthesis, cycload-
duct 7 was subjected to DIBAL reduction. However, this
reaction led to the reduction of ester functionality along with
ketal deprotection presumably via coordination of alkoxy
aluminum with ketal oxygen followed by deprotection of
the ketal group to give a stable hemi ketal. Thus, we were
compelled to adopt a two-step protocol to obtain 16. LAH
reduction of the ester moiety of 7 followed by Swern
oxidation produced aldehyde-ketal 16 in 85% yield. In an
attempt to perform one-pot ketal deprotection and aldol
condensation, 16 was stirred overnight with 80% acetic acid.

However, this reaction produced only a ketal-deprotected
compound in poor yield along with traces of 1a. Therefore,
16 was subjected to trans-ketalization using p-TSA and
acetone to obtain the corresponding δ-keto-aldehyde which
was immediately treated with NaOH/EtOH to obtain 1a in
65% yield. The spectral data of 1a are in excellent agreement
with the reported one.12 Compound 1a on subjecting to
Luche reduction21 and mesylation followed by substitution
using CsOAc and saponification of the resultant acetate gave
1b in 45% yield12 (Scheme 4). The spectral data of 1b are
in good agreement with those of the reported one.12

In conclusion, we have successfully developed a conceptu-
ally new and versatile protocol for the construction of 5,10b-
ethanophenanthridine alkaloids. The significance of the
approach is demonstrated by synthesizing (()-maritidine.
The versatility of this strategy is being elaborated to the
asymmetric synthesis of this class of alkaloids and will be
shortly revealed in a full paper.
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Scheme 4. Synthesis of Maritidine
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