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ABSTRACT

A rapid synthesis of the tetracyclic core ofKopsia indole alkaloids related to lapidilectine B, grandilodine C, and tenuisine A is reported. Key to the
success of this route was an efficient and scalable Ugi four-component coupling to install all the necessary carbons found in the natural products.

Alkaloids isolated from the Kopsia genus of flowering
plant, representitive examples of which are shown in
Figure 1, demonstrate a wide range of structural diversity
as well as pharmacological activities.1 Extracts from
Kopsiahave been used in traditional treatments for various
ailments including rheumatoid arthritis, edema, tonsillitis,
and hypertension. Lapidilectine B (1), grandilodine C (2),2

and lundurine B (7) show multidrug resistance (MDR)
reversing effects in vincristine-resistant KB cancer cells,3

whereas lundurines A (6) and C (8) show selective cyto-
toxicity toward B16 melanoma cells.
A majority of the synthetic efforts aimed at these

compounds have been focused on the lundurine class of
molecules.4 Themost advanced approach, which arrives at
the tetracyclic core of lundurine using creative ring closing
metathesis reactions, was recently reported byMartin and
co-workers.5

In addition, an elegant total synthesis of lapidilectine
B (1) was achieved by Pearson and co-workers in 2001 and

featured an inventive use of a 2-azaallyllithium ion in a
[3 þ 2] cycloaddition.6 To date, no synthetic efforts have
been reported toward the tenuisines7 or grandilodines.
We were drawn to these compounds as synthetic targets

becauseof theirunique structures,whichofferedopportunities

Figure 1. Selected Kopsia alkaloids.
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for new synthetic tactics, as well as their potential as starting
points for new pharmaceuticals. Furthermore, our analysis of
the subsetofKopsiaalkaloids illustrated inFigure1 indicateda
close structural relationship, which could inform a unified
strategy for their syntheses.
In our analysis of the subset ofKopsia alkaloids depicted

inFigure 1, it seemedplausible that the fused cyclopropane
in the lundurines (see 6�9) could arise, synthetically (or
even biosynthetically), from a decarboxylation of a related
tenuisine type precursor (e.g., 5).8 Alternatively, themicro-
scopic reverse, i.e., carboxylation of the cyclopropane
moiety of a lundurine precursor (e.g., 7), could provide
an entry to tenuisines such as 5. A similar relationship can
be envisioned between fused γ-lactone compounds 1 or 2
and their respective cyclopropane-containing congeners,
which are yet to be isolated. Furthermore, a selective
carbanion opening of the γ-lactone moiety in 1 or 2 could
lead to 3 and 4, respectively.
In order to test aspects of this unified synthetic plan, we

sought a versatile synthetic precursor that could give access
to either the fused γ-lactone or cyclopropane framework.
Fused cyclobutanone 10 (Scheme 1) engendered exciting
possibilities for its conversion to a γ-lactone (as in 1 or 2
withR=H; or 5withR=OMe) using a Baeyer�Villiger
type oxidation9 or to a fused cyclopropane (as in 6�9;
R=OMe) using a C�Cbond activation/decarbonylation
sequence.10 As such, 10 was selected as the penultimate
target.
We envisioned cyclobutanone 10 arising from ester

12 (if R = H) via ketene intermediate 11 by a [2 þ 2]
cycloaddition.11 Tetracycle 12 could in turn arise from
spiro-fused R,β-unsaturated lactam derivative 13 by clea-
vage of the cyclohexanone ring and functionalization of
the indole C-2 position. The cleavage step could, in prin-
ciple, be rendered enantioselective by a desymmetrization
of ketone 13. Tryptamine-derived lactam 13 could in turn
arise from a four-component Ugi coupling12 of 14, 15, 16,
and 17.
Our synthetic studies commenced with the Ugi four-

component coupling (Scheme 2), which led to adduct 18 in
95% yield. The virtues of this coupling reaction are many
fold. First, in this single step, we install all the carbons of
the lapidilectine-type Kopsia alkaloid framework. Second,
the product precipitates out of the reaction mixture and
only requires filtration to be obtained free of impurities.
Third, the reaction can be conducted on a large scale
(>200 g) without compromising yield.13 The Armstrong
isocyanide (16)14 was selected for the Ugi coupling on the

basis of the elegant synthetic studies of Sorensen and Seike
on FR901483, which showed (as we found) that the Ugi
product (18) could easily be converted to the correspond-
ing methyl ester (see 19).15 Thus, treatment of 18 with
methanolic HCl provided methyl ester 19, whereby the
esterification was attended by a transketalization to the
dimethylketal.
Following the Sorensen protocol, subjection of aceta-

mide ester 19 to KOt-Bu in THF effected a Dieckmann
condensation. Selective reduction of the ketone group
(NaBH4) and elimination of the resulting hydroxy group
(activated as the carbonate) provided spiro-fused lactam
13 in excellent yield over three steps (Scheme 2). The
accompanying protection of the indole nitrogen made
the handling of this compound straightforward. Of note,
the conversionof19 to 13 canbe consistently performedon
a >5 g scale without appreciable depression in yield.

Scheme 1. Retrosynthetic Analysis of Cyclobutanone Precursor

Scheme 2. Synthesis of Spiro-lactam 13
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With efficient access to 13, we have investigated several
strategies for the synthesis of the tetracyclic core of the
lapidilectines and structurally related alkaloids (i.e., 12,
Scheme 1). These studies began with the conversion of
13 to 20 by TBS silyl enol ether formation (Scheme 3),
which proceeded in excellent yield. Oxidative opening of
the six-membered ring was effected using the two-stage
protocol of dihydroxylation (OsO4, TBHP) followed by
Pb(OAc)4-mediated cleavage in the presence of methanol,
which afforded aldehyde ester 21. In preparation for
cyclization studies en route to the tetracyclic core structure
(eqs 1�3),21was converted to acid 22 employing aPinnick

oxidation;16 to C-2 bromo-indole 23 using NBS; and to
dimethylacetal 24under standard acetalization conditions.
As shown in eqs 1�3, the lapidilectine-type tetracyclic

core, varying only in the oxidation level about the eight-
membered ring, can be successfully realized from each of
these precursors (i.e., 22, 23, and 24). Tetracycle 25 was
directly accessible from crude acid 22 in 43% yield using a
polyphosphoric acid mediated Friedel�Crafts acylation
(eq 1).17 Despite the modest yield of this transformation,
the usual ‘two-step’ Friedel�Crafts protocol, involving treat-
ment of the corresponding acid chloride with a Lewis acid
(e.g., AlCl3), was less efficient and resulted in significant
polymerization. Alternatively, aldehyde 23 was successfully

converted to keto-tetracycle 25 (eq 2) in 46% yield upon
treatmentwithAIBNanddodecyl thiol (C10H21SH), presum-
ably via an acyl radical intermediate.18 We have found this
particular protocol for the formation of 25 to be effective (as
comparedtostarting fromacid22) because it generally leads to
less byproduct formation. A Friedel�Crafts type transforma-
tion could also be initiated from dimethyl acetal 24 using
Amberlyst-15 as the source of acid (eq 3) to afford 26 in 54%
yield.19Themass balance of thematerialwas accounted for by
aldehyde 21, which likely arises froma competing hydrolyis of
the acetal group. Attempts to effect the conversion of 24f26

using Lewis acids or other protic acids resulted only in the
hydrolysis of the acetal, which reverts back to aldehyde 21.

In preparation for the explorationof endgame scenarios,
tetracycle 26 was converted to 27 (eq 4) by cleavage of
the carbamate group and selective removal of the alkene
group by ionic reduction using methanesulfonic acid and
triethylsilane.20 Our current efforts are focused on the
selective conversion of the methyl ester group of 27 to an
‘activated ester’ to study our proposed ketene generation/
cycloaddition (see 12f10, Scheme 1).

We have also briefly explored opportunities to render
our strategy enantioselective. In this regard, our initial
efforts have focused on the desymmetrization of spiro-
ketones related to 13 (see 28, Table 1). The control of the
single tertiary amine spiro stereocenter would guide the
installation of the three additional stereocenters in the
target natural products, which would substantially simpli-
fy the diastereoselectivity challenge. As a proof of concept
for stereoselective desymmetrization, the enantioselective

Scheme 3. Oxidative Opening of Spirocycle 20
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deprotonation of ketone 28 was investigated with a range
of chiral, nonracemic kinetic amine bases (see Table 1).21

Our brief survey has revealed that the amide base gener-

ated from amine D, in the presence of LiCl (1 equiv),22

yields enol carbonate 29 in 39%ee and 60%yield (entry 5).

This preliminary result, albeit in modest ee, could provide

thebasis for thedevelopment of an enantioselective synthesis

of lapidilectine and related Kopsia alkaloids.

In conclusion, we have developed an effective and
scalable synthetic sequence to the tetracyclic core of
Kopsia alkaloids related to lapidilectine. The synthetic
sequence features a highly enabling Ugi four-compo-
nent coupling to install all the carbons found in these
natural products. The reported strategy holds high
potential for providing a unified approach to the subset
of Kopsia alkaloids depicted in Figure 1. In addition,
preliminary results on enantioselective deprotonation
of a spirocyclic ketone provides a proof of concept for
the possible enantioselective syntheses of these natural
products.
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Table 1. Enantioselective Desymmetrization of 28


