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Formal total synthesis of (*)-martinellic acid
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Abstract—A concise formal total synthesis of the pyrrolo[3,2-c]quinoline containing natural product, martinellic acid, has been
achieved from a pyrroloquinol-2-one through addition of a copper acetylide to an iminium ion. Global deprotection and alkyne
reduction then provides the tricyclic triamine, which can be converted to martinelline and martinellic acid.

© 2005 Elsevier Ltd. All rights reserved.

The Martinella alkaloids (Fig. 1, 1 and 2),! which were
isolated from the root bark extracts of the South Amer-
ican medicinal plant, Martinella iquitosensis, have cap-
tured the attention of a number of synthetic groups.’
The novel heterocyclic core coupled with the ability of
these molecules to function as antagonists of the brady-
kinin receptors render these alkaloids attractive targets
for total synthesis.> As such, several imaginative strate-
gies have evolved for the construction of the pyrrolo[3,2-
c]quinoline core, resulting in four distinct total synthe-
ses,* and two formal total syntheses.’> Our own efforts
toward these natural products have relied on the appli-
cation of azomethine ylide chemistry for the assembly
of the heterocyclic core.® Based on these efforts, two re-
lated but strategically distinct approaches have been
developed in our laboratories. The culmination of one
of these studies is the subject of this communication.

Our early feasibility studies toward these natural prod-
ucts led to an efficient approach to C2-truncated
models,®® which subsequently evolved into the prepa-
ration of 2-quinolone derivatives (e.g., 4; PG = Bn).%
These latter heterocycles appeared to be ideally suited
for elaboration into the natural products and congeners,
provided that appropriate conditions could be devel-
oped for activation of the carbonyl bearing carbon
(C2) to nucleophilic addition so that the three-carbon
side chain (corresponding to C10-C12) could be intro-
duced. It was envisioned that this could be achieved
through the in situ formation of an iminium ion and
subsequent nucleophilic addition (e.g., allylsilane,
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Fig. 1, 4 — 3). The results of this investigation are
described in this letter (Fig. 1).

Our first goal was the development of an efficient meth-
od for the conversion of the lactam into the methoxy
aminal, which was expected to serve as an iminium ion
precursor. After some experimentation with various
reducing agents, it was found that the lactam 4 could
be reduced to the aminal 6 with DIBAL-H,” which in
turn was converted into the corresponding methoxy
derivative 7 simply by treating 6 in a 4:1 mixture of
methanol and chloroform at reflux (Scheme 1).8
Although the majority of a-methoxyamine derivatives
in the literature that have been converted into iminium
ions containing an N-acyl group or other electron-with-
drawing group,’ there was sufficient precedent for the
use of N-alkyliminium ions for us to evaluate 7 in nucleo
philic addition reactions.!® On exposure of 7 to allylsi-
lane in the presence of TiCl,,!! a diastereoselective allyl
addition reaction occurred to provide two major prod-
ucts. The required three-carbon addition product was
isolated in 30% yield (exo:endo = 7:1), after removal of
the minor diastereomer, and the elimination product
11 (ca. 50%). That the major diastereomer had the cor-
rect relative stereochemistry for use in the total synthesis
was established through a NOESY experiment. At-
tempts to improve the efficiency of this transformation
by using other Lewis acids were not successful, in fact
only TiCly led to the incorporation of the allyl group.
Other Lewis acids that were investigated either led to
no reaction or to the formation of the elimination prod-
ucts 11 and 12. This low efficiency was compounded in
attempts to hydroborate the allylated product 9, which
although the corresponding alcohol 10 was obtained,
the yield was disappointingly low.
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Figure 1. Retrosynthesis of the Martinella alkaloids.

However, when taken as a whole, these initial experi-
ments suggested that the iminium ion 8 was formed,
but that the allylsilane was not sufficiently nucleophilic,
allowing the unproductive side reactions (Scheme 1,
8 — 11 — 12) to occur to a dominant level and thus
we considered some alternative three-carbon nucleo-
philes.'> In order to circumvent these fragmentation
issues it appeared that a more reactive three-carbon
nucleophile was required, and thus metal acetylides were
evaluated.!® Initial experiments with copper acetylides
promoted by Lewis acids (e.g., TMSOTY) were encour-
aging in that the three-carbon side chain was incorpo-
rated with reasonable efficiencies (70%), but these
reactions were compromised by fragmentation of the
pyrrole ring (Scheme 2, 7 — 15), reminiscent of the side
products observed in the addition of allylsilane in the
presence of Lewis acids.'* Evaluation of other metal
acetylides indicated that they were less effective and so
our attention returned to the copper based reactions.'?
Recently, Li and co-workers have demonstrated that
copper acetylides (prepared in situ from CuBr and ter-
minal acetylenes) add to N-acyl iminium ions derived
from o-methoxyamines under aqueous conditions with
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sonication without the need to add Lewis acids or other
promoters to facilitate the formation of the iminium
ion.'® Presumably, the HBr produced in the course of
the reaction between the CuBr and the acetylene ionizes
the o-methoxyamine. We were delighted to find that
these conditions were reasonably effective in promoting
addition to the iminium ion and the required adduct
(14a, 48%) and the fragmentation product (15a, 40%)
were formed in almost equimolar amounts (Scheme
2).!7 Some optimization was attempted by increasing
the stoichiometry of the acetylide employed, but this
was found to have little effect on the ratio of adduct
to fragmentation product, or the overall yield. Part of
the attractiveness of this general approach was that it
should be feasible to use a propargyl amine derivative
as the nucleophilic component, and indeed it was deter-
mined that the protected propargyl amine 13b would
add to 7 under these sonication conditions, although
the ratio of addition to fragmentation decreased to
0.6:1 ("H NMR analysis of the crude reaction mixture).
Subsequent isolation of the two adducts provided 14b in
32% and 15b in 53% yield, respectively. However, rather
than pursue extensive optimization on this substrate, it
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was decided to introduce the carboxymethyl moiety, and
then evaluate this as a substrate. It was hoped that by
rendering the aromatic ring more electron deficient,
the substrate would be more susceptible to nucleophilic
attack and thus be less prone to fragmentation. In our Bn—N B
N-— n

previous studies a Pd-catalyzed carbonylation reaction
had been employed to accomplish this,® but this was
not viewed as a practical solution to this transformation
with this more electron rich substrate. It was found that
a classical lithium—bromine exchange, followed by reac-
tion with dimethyl carbonate provided an expedient
solution to this transformation, affording the ester in
90% vyield (Scheme 2). The carbonylated product 16
was subjected to the alkynylation reaction with the pro-
tected propargyl amine derivative, again with sonication
under aqueous conditions. We were delighted to observe
that addition of the acetylide occurred, providing a sin-
gle alkylated pyrroloquinoline 17 in 40% yield.'® The
material balance was a small (<5%) quantity of unre-
acted starting material plus 40% of the fragmentation
product. The stereochemical outcome of these acetylide
addition reactions of 16 are critical to the application of
these adducts to the total synthesis of the Martinella
alkaloids. Coupling constants between H2 and H2a
are not diagnostic due to the similarity (ca. 2 Hz) found
between cis and trans isomers of related systems. Fortu-
nately, NOESY experiments were diagnostic (key
NOE’s are indicated in Fig. 2) and provided confirma-
tion that the relative configuration matches that found
in the target alkaloids. Reduction of the alkyne along
with global deprotection of the benzyl groups, the Cbz
moiety and the Boc group was accomplished using
Pd(OH), in the presence of HCI, providing the tricyclic
triamine in 90% yield. This material has served as a late-
stage intermediate in all of the published total syntheses
of both martinelline and martinellic acid.*!°

Figure 2. Key NOE interactions derived from NOESY experiments for
assignment of relative stereochemistry of acetylide adducts.

In summary, a concise formal total synthesis of the tri-
cyclic triamine core of martinelline and martinellic acid
has been described, which relies on a stereoselective
addition of a highly functionalized copper acetylide to
an in situ generated iminium ion to construct the C2—
C10 bond. A sequence of 10 linear steps provides the
fully elaborated core in an overall yield of 11% from
the bromoanthranilate derivative 5. No chromatogra-
phy of intermediates from the initial quinolone 4 until
the acetylide adduct 17 is required.?® The design of the
synthetic approach is such that significant flexibility
can be envisioned in the potential -electrophilic
(7 — 16) or nucleophilic partners (16 — 17), and thus
this synthetic approach should serve as an efficient entry
for extended SAR studies. Currently, efforts to improve
the efficiency of the acetylide addition step are under-
way, and will be reported in a full manuscript on this
and related studies.
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We have prepared this material independently via an
alternative route and found that the spectroscopic data
agrees in all respects.

In fact, only two chromatographic purifications are
necessary from 5 — 4.
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