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ABSTRACT

A stereocontrolled total synthesis of (±)-catharanthine, 1, has been completed. The key step involves the radical-mediated cyclization of a
highly functionalized intermediate to furnish the corresponding indole. The cyclization utilizes a simple phosphorus-based radical-reducing
agent. This synthesis provides a potential route for the production of analogues of catharanthine and is more convergent and experimentally
less complex than previous syntheses of 1.

Catharanthine,1, is an important member of theIbogaclass
of alkaloids.1 It is a chemical and presumed biological
precursor of the antitumor alkaloids vinblastine and vin-
cristine, two venerable yet effective anticancer agents used
in the treatment of a number of human cancers.2 The dense,
pentacyclic skeleton of1 contains a tryptamine fragment
substituted at the 2-position by a quaternary sp3 carbon, and
thereby represents an attractive challenge to our recently
disclosed methodology for the synthesis of 2,3-disubstituted
indoles.3 The successful completion of this synthesis dem-
onstrates the utility of this radical-based methodology for
the construction of complex indole-containing natural prod-
ucts.

(()-Catharanthine has been the target of numerous suc-
cessful total and formal total syntheses.4-6 However, all of
the previously reported routes to1 have made use of
preexisting indolyl frameworks,7 and as such offer little hope
for the facile construction of analogues of1 substituted on
the aromatic carbocyle. Controlled access to such compounds
is essential for the rational examination of structure and
activity relationships of the derived drugs. Furthermore,
recent syntheses of1 have relied on nonstereocontrolled
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methods for the formation of some of the key bonds in the
desired polycyclic framework.8

The advent of our new indole construction methodology
allowed us to envision a completely stereocontrolled route
to 1 that would culminate in the intramolecular alkylation
of a fully functionalized, highly preorganized molecule such
as 2 (Figure 1). This precursor would be available from a

late-stage radical-mediated indole formation reaction carried
out upon a 2-alkenylthioanilide similar to3. The left and
right halves of3 could be joined by selective amide bond
formation between fragments4 and 5. The cis-2-alkenyl
aniline 4 was available in a three-step sequence from
quinoline,9 while the two carboxyl groups present in5 could
be differentiated by means of a chemoselective, reversible
halolactonization reaction. The isoquinuclidine skeleton of
5 could most easily be assembled by a regioselective Diels-
Alder reaction. The successful realization of this strategy is
disclosed herein.

Our synthesis begins with the construction of the desired
diene9 from commercially available 3-ethylpyridine (6) by

means of a high-yielding multistep sequence similar to one
used by Szántay (Scheme 1).10 Pyridine 6 was benzylated

in quantitative yield and then reduced to the corresponding
tetrahydropyridine. The benzyl group was replaced by a
benzyl carbamate to give7 in 62% overall yield from the
pyridinium salt. The trisubstituted double bond was then
brominated in 97% yield to affordtrans-dibromide8. This
compound was treated with DABCO to afford the desired
diene9 which was predictably somewhat oxygen-sensitive.11

Diene 9 was thus immediately carried on without further
purification.

Several earlier syntheses of our target have made use of
the regioselective Diels-Alder reaction of dienes such as9
and 1,1-heterodisubstituted acrylates.4,5 This choice has
generally led to diastereomeric mixtures of cyclized products
due to imperfectexo/endoselectivity. To avoid this difficulty,
we chose to use a 1,1-homodisubstituted acrylate dienophile,
i.e., diethyl methylenemalonate. This compound, while
known, readily polymerizes even at low temperature.12 We
found that the desired dienophile could be generated in situ
from diethyl ethoxymethylmalonate, easily obtained by
hydrogenation of commercially available diethyl ethoxy-
methylenemalonate at atmospheric pressure over palladium
on carbon (10, Scheme 2). The saturated product was quite

stable at room temperature and could be stored indefinitely
at -25 °C. However, reaction with9 at 100°C under argon

(8) For example, see refs 4e, g, and h.
(9) Aniline 4 can also be constructed by a longer (though more flexible)

route involving the use of palladium-mediated coupling reactions; see ref
3 for details.

(10) See ref 4h.
(11) Compound9 could be handled briefly (<1 h) in air and was stable

to neutralaqueous workup. Exposure to air over longer periods resulted in
decomposition.

Figure 1. Retrosynthetic analysis of catharanthine.

Scheme 1. Diene Synthesis

Scheme 2. Synthesis of the Right-Hand Side of Catharanthine
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effected elimination of ethanol followed by cycloaddition
to afford the desired diester isoquinuclidine11with complete
regioselectivity.13 The diester was saponified, and the result-
ing diacid was then chemoselectively iodolactonized under
kinetic conditions to give the desiredendo-lactone12 in 67%
overall yield for the four steps from dibromide8.14

Having successfully assembled the right-hand building
block of catharanthine, we moved next to the construction
of the left-hand portion. A modified literature procedure for
the deannulation of quinoline afforded the desiredcis-2-
alkenyl aniline15 in 42% overall yield as a single diaste-
reomer (Scheme 3).15 Thecis-olefin was selected in prefer-
ence to thetrans isomer in light of our earlier observation
that cis olefins react more efficiently in the indole-forming
reaction.3

Following completion of the right- and left-hand catha-
ranthine precursors, the two fragments were joined using
standard carbodiimide coupling conditions (Scheme 4). After
protection of the free primary alcohol to afford anilide
iodolactone16 in 74% yield over two steps, iodolactonization
was reversed by treatment with zinc and acetic acid, followed
by immediate esterification of the free carboxylic acid with
diazomethane. This procedure regenerated the alkene while
also supplying the requisite methyl ester, providing com-
pound17 in 83% yield. Anilide ester17 was then treated

with Lawesson’s reagent in refluxing toluene to selectively
afford the desired radical cyclization precursor, 2-alkenyl-
thioanilide18, in 86% yield.

We observed in earlier work that an analogue of18which
bore an adamantyl group in place of the isoquinuclidine
cyclized only with difficulty in the presence of triethylborane
and tributyltin hydride, and then in low (∼30%) yield.3

However, a model study indicated that the cyclization of
compound21 (Figure 2) could successfully be carried out

in moderate (∼55%) yield under these same conditions.16

Unfortunately, treatment of18with tributyltin hydride in the
presence of triethylborane afforded only low and variable
yields (12-22%) of the desired indole19, even with slow,
inverse addition of the tin reagent.

The reasons for the failure of substrate18 to efficiently
cyclize under these conditions are not well understood. The
proposed mechanism of this reaction suggests that the rate
of initial radical attack on the thiocarbonyl, the steric bulk
of the thiocarbonyl-bearing substituent, and facile reduction
of the ultimately formed secondary radical are all contributing
factors.3 We speculate that the steric requirements of the
isoquinuclidine fragment in18are sufficiently different from
those in21 to prevent efficient cyclization under “standard”
tin-hydride conditions. Especially, we note that the lacton-

Scheme 3. Synthesis of the Left-Hand 2-Alkenylaniline

Scheme 4. Total Synthesis of Catharanthine

Figure 2. Model radical cyclization precursor.
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ized ester in21could reasonably be expected to be sterically
less encumbering than the untethered methyl ester in18.

An alternative set of tin-free radical cyclization conditions
were noted in our initial report, which involve the use of a
phosphorus-based hydrogen atom donor.3,17 A marked im-
provement in yield was noted when these conditions were
used with substrate18. Cyclization initiated with stoichio-
metric AIBN in the presence of excess aqueous hypophos-
phorous acid and triethylamine in refluxing 1-propanol

reliably afforded the desired indole19 in 40-50% yield.
Further attempts to improve the yield of this reaction by
altering the solvent, radical initiator, temperature, and
hydrogen donor were unsuccessful. We therefore carried out
the cyclization of 18 on a 0.75 mmol scale under the
aforementioned conditions to obtain indole19 in 50% yield.

Having completed the crucial indole cyclization, the final
steps of the synthesis proceeded smoothly. The acetate in
19 was replaced with a mesylate to give20 in 82% yield
over two steps, and the benzyl carbamate was then removed
under mild and highly selective conditions18 to directly afford
(()-catharanthine (1) in 96% isolated yield.19 As planned,
the desired intramolecular SN2 alkylation ensued efficiently
from carbamate cleavage due to the highly rigid nature of
the surrounding molecular framework.20

In summary, our newly disclosed radical-mediated cy-
clization reaction for the formation of indoles has been
successfully applied to a completely stereocontrolled total
synthesis of (()-catharanthine. The modular, convergent
nature of this methodology provides synthetic flexibility and
opens the door for the controlled construction of analogues
of this important drug precursor. Further application of this
methodology to related indole alkaloids is under way in our
laboratories and will be reported in due course.
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