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pyrroles: applications in the synthesis of marine pyrrole alkaloids
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Abstract—a-Oxoketene-N,S-acetals, prepared by the reaction of alkyl glycinates with b-oxodithiocarboxylates followed by alkyl-
ation, underwent cyclization in the presence of the Vilsmeier reagent to afford alkyl 3-aryl-4-formyl-5-(alkylsulfanyl)-1H-pyrrole-
2-carboxylates in excellent yields. When the reaction was extended to b-oxodithiocarboxylates derived from deoxyanisoin,
3,4-diarylpyrrole-2-carboxylates, the key intermediates in the synthesis of lukianol A and lamellarin Q were formed.
� 2004 Elsevier Ltd. All rights reserved.
Recently, several pyrrole-containing bioactive natural
products like, lukianol A,1 lamellarins,2 ningalins,3

policitones,4 halitulin5 etc., have been isolated and some
of them are in clinical trials as antitumor agents. These
marine alkaloids are a new class of DNA targeting com-
pounds with considerable cytotoxicity and many of
them function as Multi Drug Resistant (MDR) reversal
agents.2,6 They possess in common a 3,4-diarylpyrrole-
2-carboxylate skeleton or can be derived from this
structural unit. The key step in the synthesis of these
alkaloids is the construction of the 3,4-diarylpyrrole-2-
carboxylate unit which is often accomplished in a
multistep sequence involving metal-catalyzed coupling
reactions.7 Herein we report a convenient and efficient
synthesis of highly functionalized pyrroles from readily
available starting materials employing a simple iminium
ion mediated cyclization. The utility of this protocol in
the synthesis of pyrrole-containing marine natural prod-
ucts has been demonstrated by formal total syntheses of
lukianol A and lamellarin Q.

The Vilsmeier–Haack reaction has been extensively used
for the formylation of various electron-rich aromatic,
aliphatic and heteroaromatic substrates.8 The broad
synthetic utility of the halomethyleniminium salts results
from initial iminoalkylations followed by cyclizations
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leading to a variety of heterocyclic compounds.9 While
there are several reports on the cyclization of intermedi-
ate iminium salts to six-membered heterocycles such a
pyridines10 and quinolines,11 formation of substituted
pyrroles under Vilsmeier–Haack conditions is less com-
mon.12 Ketene-N,S-acetals are highly versatile enamines
widely used in the synthesis of heterocycles.13 Junjappa
and co-workers have recently reported a synthesis of
substituted quinolines by the cyclization of ketene-
N,S-acetals under Vilsmeier–Haack conditions.14 Kirsch
and co-workers have described cyclodehydration of
functionalized ketene-N,S-acetals leading to thiophenes,
pyrroles and thienopyrroles.15 We found that the reac-
tion of suitably substituted ketene-N,S-acetals leads to
substituted pyrrole-2-carboxylates in the presence of
the Vilsmeier reagent. The key step is an iminium salt
mediated cyclization of a-oxoketene-N,S-acetals 4 pre-
pared from b-oxodithioesters 1 and alkyl glycinate
hydrochlorides 2 followed by alkylation. b-Oxodithio-
esters 1, easily prepared16 by the reaction of enolizable
carbonyl compounds with dimethyl trithiocarbonate,
are valuable synthetic intermediates17 and can be trans-
formed to a-oxoketene dithioacetals, N,S-acetals and
O,S-acetals.13

The condensation of b-oxodithioester 1a with methyl
glycinate hydrochloride in the presence triethylamine
in methanol proceeded smoothly to afford the b-
oxothioamide 3a in 96% yield. Alkylation of the thioa-
mide 3a by ethyl iodide using potassium carbonate, as
the base, in acetone afforded the N,S-acetals 4a in 91%
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Scheme 1. Reagents and conditions: (a) Et3N, R2OH, rt, 5 h; (b) K2CO3, acetone, reflux, 0.5 h, cooled to 0 �C, R3I, 3 h; (c) POCl3, DMF, rt, 6 h,

80 �C, 2 h.
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yield. The other ketene-N,S-acetals 4b and 4c were also
prepared in a similar fashion employing appropriate
dithioesters 1b–c, alkyl glycinates and alkylating agents
via 3b–c (Scheme 1).

We envisaged that treatment of the ketene-N,S-acetal 4
with the Vilsmeier–Haack reagent would lead to imino-
alkylation followed by cyclization to afford the substi-
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Scheme 2. Reagents and conditions: (a) Et3N, EtOH, rt, 5 h; (b) K2CO3, ace

80 �C, 7 h.
tuted pyrroles 6. However when the N,S-acetals 4 were
treated with the Vilsmeier–Haack reagent prepared from
POCl3 and DMF,18 the product mixture after hydrolysis
with saturated aqueous potassium carbonate solution
gave the substituted pyrroles 5 exclusively in 82–90%
yields (Scheme 1).19 The reaction was carried out at
room temperature for 4 h, and then at 80 �C for 2 h.
Interestingly the carbonyl group of the aroyl moiety
was involved in the cyclization despite an iminoalkyl-
ation at the b-position of the ketene-N,S-acetal moiety.
The formation of 5 could have resulted from the
cyclization of an intermediate 7,that could have been
easily derived from 4 on treatment with the chloro-
methyleniminium salt, followed by hydrolysis. The elec-
tron-withdrawing nature of the iminium salt moiety in 7
should facilitate the cyclization. The conversion of the
enaminoketone moiety to the chlorosubstituted vinami-
dium intermediate 7 circumvents possible stereochemi-
cal constraints on the cyclization process.13c Base
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catalyzed alkylation of ketene-N,S-acetals has been
found to proceed with spontaneous cyclodehydration
to pyrroles.15 However similar cyclization was not
observed during the preparation of ketene-N,S-acetal 4.

Gupton et al. have utilized reactions of vinylogous imi-
nium salts with a-aminocarbonyl compounds for the
synthesis of substituted pyrroles.20 This protocol has
recently been used for the total synthesis such as ninga-
lin B hexamethyl ether and lukianol A.21 We envisaged
that cyclodehydration of ketene-N,S-acetals 10 derived
from readily available substituted deoxybenzoins would
lead to a rapid access of 3,4-diarylpyrrole-2-carboxy-
lates which are the key precursors for the synthesis of
marine pyrrole alkaloids. The efficient cyclization of 4
to 5 under Vilsmeier–Haack conditions prompted us
to employ this reagent for the cyclization of 10 to 11
as well. We found that the cyclization does not proceed
effectively in the presence of bases.

The ketene-N,S-acetals 10 were prepared from the corre-
sponding dithiocarboxylates 8 on treatment with alkyl
glycinate followed by alkylation. The ketene N,S-acetals
10a and 10b underwent smooth cyclization to afford the
corresponding 3,4-diaryl pyrroles 11a and 11b in good
yields under Vilsmeier–Haack conditions (Scheme 2).
Reductive removal of the alkylsulfanyl group from
11busing Raney Ni afforded the Fürstner intermediate
12 (lamellarin Q dimethyl ether) in 74% yield which
has previously been transformed into lukianol A and
lamellarin O dimethyl ether (Scheme 3). 22

In summary, we have developed a straightforward and
simple protocol for highly functionalized pyrrole deriva-
tives. We have also extended the scope of the method for
the efficient total synthesis lukianol A and lamellarin Q.
We are currently investigating the total synthesis of several
other pyrrole-containingmarine natural products using this
protocol and the results will be published in due course.
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