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ABSTRACT

The development of an efficient and diastereoselective methodology that allows the rapid construction of the tetracyclic core of the Aspidosperma
and Strychnos alkaloid families is decribed. Our approach relies upon two key steps: a sequential silica gel/potassium tert -butoxide polycyclization
of a tryptamine precursor and a tandem oxidative decarboxylation/ring-closing reaction. The assembly of Bu 1chi’s ketone, a key intermediate
in the synthesis of vindorosine, has been accomplished using this approach.

Indole alkaloids, such as strychnine1, vindoline 3, and
vindorosine2, have attracted considerable attention over the
years, due to their enticing structures and biological activities.
For decades, the construction of strychnine1 has represented
a formidable synthetic challenge that has only been met a
few times. Vindoline, though possessing a simpler architec-

tural framework,2 is a key component in the preparation of
the antitumor drugs vincristine and vinblastine.3 These
alkaloids share the same tetracyclic core4, known as the
Büchi ketone (R2 ) H),4 from which their complex structures
could be elaborated. In this communication, we wish to report
our results on the establishment of an efficient route toward
4 that hinges upon two key steps: an anionic polycyclization
reaction and an oxidative ring-regression process (Figure 1).5† Université Catholique de Louvain.
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As part of our ongoing efforts directed toward the
preparation of highly functionalized tetracyclic indolino-
compounds, akin to the core of various natural products, we
have developed a novel, one-pot, three-component anionic
polycyclization reaction, depicted in Scheme 1.6 This process

involves the Michael addition of gramine derivative5 to
acrolein, followed by a Horner-Emmons condensation and
an intramolecular anionic polycyclization sequence.

Our retrosynthetic analysis of8, based upon this anionic
polycyclization retron, is depicted in Scheme 2. Thus, the
tetracyclic ketone8 could be derived from an appropriate
enaminone precursor9, which would in turn originate from
the condensation of a protected tryptamine10and a Michael
acceptor bearing a suitable leaving group at theâ-position
11.

Our approach toward8 began with the condensation of
N-benzyltryptamine13, prepared almost quantitatively from
tryptamine12,7 with 3-butyn-2-one leading to14 in excellent

overall yields. To prepare more activated enaminones, the
same coupling reaction was performed with 3-methoxy-
methylene-2,4-pentanedione18, affording in 98% yield the
corresponding di-keto derivative15. Finally, the construction
of the cyclic precursor16, which could directly lead to a
pentacyclic adduct by anionic polycyclization, was ac-
complished using theε-bromoester178 in 97% yield (Scheme
3).

With a ready access to these three key precursors, we next
turned our attention to the crucial anionic polycyclization
cascade.9 Disappointingly, no reaction was observed under
a wide range of conditions, including Brønsted bases,
combination of Brønsted bases and Lewis acids or ambident
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reagents combining these two properties, and the starting
materials were recovered. Using more forcing conditions only
resulted in extensive decomposition. It thus transpires that
the poor electrophilicity of the enaminone function hampers
the addition of the indolinyl anion to the conjugated system
(Scheme 4).

To circumvent this problem, a more potent Michael
acceptor is required. It was decided to introduce an electron-
withdrawing group between the nitrogen atom and the enone
system and22 became our next objective. Tryptamine
derivative 22 was efficiently prepared by couplingN-
benzyltryptamine13with (E)-4-oxo-2-pentenoic acid, in the
presence of BOP-Cl.10 Unfortunately, attempted purification
of 22using classical methods repeatedly failed and extensive
degradation was observed in all cases. However, when crude
22 was treated directly withtBuOK in THF, at-78 °C, the
corresponding polycyclic adduct23could be isolated for the
first time, as a single diastereoisomer, albeit in rather modest
yield (Scheme 5). It appears that the exacerbated reactivity

of 22 now leads, under the usual basic conditions required
for the polycyclization, to the formation of numerous
undesired side products. Therefore, milder reaction conditions
were explored. Unexpectedly, when treated overnight with
silica gel in CH2Cl2, the unstable enone22 was smoothly
converted into the unique imino-spiro compound24 in a good

overall yield of 79%. Finally, base-catalyzed imino-aldol
cyclization proceeded at-78 °C and afforded the long-
sought-after tetracycle23, in excellent yield and as a single
diastereoisomer. The high reactivity of compound22 was
thus bypassed using an efficient two-step sequence, involving
a silica gel mediated cyclization followed by an anionic ring
closure11 (Scheme 5).

The structure of the spirocyclic adduct24was determined
by 2D-NMR experiments and unambiguously established by
single-crystal X-ray diffraction analysis. The piperidine ring
system adopts a halfchair-like conformation in which the
chain bearing the ketone function occupies an equatorial
positionanti to the imine portion of the indolenine nucleus
(Figure 2).

Although readily available in only two operations from
tryptamine13, tetracycle23 possesses one carbon too many
and a ring contraction is required to reach the core of the
AspidospermaandStrychnosalkaloids. It was envisioned that
hydrolysis of the amide bond of23, followed by an oxidative
decarboxylation, would afford the desired product4. How-
ever, the robust nature of theN-benzyl amide precluded its
hydrolysis and its conversion into theN-Boc derivative
became mandatory. Initially, the indolino nitrogen of23was
methylated using excess methyl iodide and potassium
carbonate in refluxing acetonitrile. Although several hydro-
genation conditions failed to deprotect theN-benzyl amide
25, sodium, in a mixture of ammonia and tetrahydrofuran,
selectively cleaved the benzyl group. Amine26 was then
transformed into the corresponding Boc-protected amide27
in excellent overall yield. According to a procedure described
by Potier et al.,12 theN-Boc amide27opened smoothly, when
treated with an aqueous 1 M solution of lithium hydroxide,
affording the free carboxylic acid28 in 87% yield (Scheme
6).

At this juncture, all that remained to complete the synthesis
of the tetracyclic core of theAspidospermaandStrychnos
alkaloid families was a tandem oxidative decarboxylation-
Michael addition reaction. The oxidative removal of a
carboxylic acid can be accomplished using various proce-
dures, including lead chemistry developed by Kochi,13 radical
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decomposition of thiohydroxamic derivatives,14 or PdII-
catalyzed decarboxylation of pivaloyl mixed anhydrides.15

While the last two methods only led to regeneration of our
tetracyclic amide27, the use of Pb(OAc)4 resulted in
complete degradation of the starting material. We believe
that the two oxidizible nitrogen atoms present in28 interfere
with the normal oxidative-decarboxylation pathway, leading
to the generation of numerous byproducts. Fortunately,
modified Kochi’s conditions, initially introduced by Suarez
et al. and employing hypervalent iodine-based reagent instead
of lead tetraacetate,16 afforded a crude product containing
mostly the desired compound30, presumably through the
intermediacy of enone29. Crude product30was immediatly
converted, in two steps, into Büchi’s ketone4, identical in
all respects to previously reported material (50% overall
yield).17 (Scheme 7).

In summary, we have developed an efficient and diaste-
reoselective methodology that enables the rapid construction
of the tetracyclic indolino-derivative30, the core of the
AspidospermaandStrychnosalkaloid families (8 steps, 17%
overall yield). This approach hinges upon two key steps: a
one-pot silica gel/tBuOK polycyclization sequence and an
oxidative decarboxylation-Michael addition reaction. Cur-
rent efforts are now directed toward expending the scope of
this novel methodology, developing an enantioselective
version, and applying it to the synthesis of strychnine and
vindoline.
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