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Strychnofoline is a Strychnos alkaloid that has unique spirooxindole
architecture and possesses important anticancer activity. Here, we
have, for the first time, reported the enantioselective synthesis of
strychnofoline proceeding in only nine steps from commercially
available 6-methoxytryptamine. The efficiency of the synthesis
derives from the use of two sequential transformation steps in the
catalytic asymmetric construction of the spirolpyrrolidine-3,3'-
oxindole] motif in a facile manner. Our route is amenable to the
synthesis of other natural and synthetic analogs of bioactive spiro-
oxindole alkaloids to access their therapeutic potential.

Spirooxindole alkaloids are intriguing and challenging synthetic
targets, which have highly complicated architecture combined
with promising activity in various therapeutic areas.' Representative
spirooxindole alkaloids include strychnofoline (1), palmirine,>
spirotryprostatins,® gelsemine,” citrinadins® and cyclopiamines®
(Fig. 1). Intensive synthetic studies toward these alkaloids,
including many impressive and successful approaches, have
been previously reported.”°

Amongst these fascinating molecules, 1 appears to be an
attractive target for chemical synthesis and biological studies. It
was isolated from the leaves of Strychnos usambarensis by
Angenot et al. in 1978, and has demonstrated very promising
antimitotic activity against cultures of mouse melanoma and
Ehrlich tumor cells."' An impressive synthesis of (£)-1 was
reported by the Carreira group, in 2002, who used an elegant,
highly diastereoselective cyclopropane ring expansion strategy.'>
Given the significant physiological functions and complicated
chemical skeleton of 1, a simple, asymmetric synthesis is evidently
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Fig. 1 Representative spirooxindole alkaloids.

required for accessing its therapeutic potential. The five stereo-
centres and the unique spiro[pyrrolidine-3,3’-oxindole] motif present
a substantial challenge for its synthesis. Here, we describe a concise,
catalytic asymmetric synthesis of (—)-strychnofoline in only nine
steps from a commercially available starting material.

Various innovative approaches have been developed to efficiently
and asymmetrically construct the spirooxindole skeleton."*™*>
Inspired by these studies, we devised a synthesis of 1, whose
highlights are shown in Fig. 2. We envisioned that the B-carboline
skeleton could be constructed via a late stage Pictet-Spengler
reaction. A subsequent selective amide reduction and Shapiro
tosylhydrazone decomposition would allow access to 10 from inter-
mediate 6, which could arise from the 6-methoxytryptamine 2 via
sequential acylation/asymmetric Michael addition/Pictet-Spengler
reaction/oxidative rearrangement.

With this in mind, we developed a one-pot, catalytic asym-
metric synthesis of the quinolizidine skeleton,'* which, with a
subsequent rearrangement, allowed facile access to the spiro[pyr-
rolidine-3,3’-oxindole] motif in only two steps (Fig. 3). Our synthesis
started with commercially available 6-methoxytryptamine (2).
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Fig. 2 Retrosynthetic analysis of strychnofoline (1).

By sequentially adding 2; diketene, acrolein derivative 3; organo-
catalyst 4 (Hayashi-Jorgensen catalyst); and acyl chloride to the
reaction mixture, we were able to achieve the quinolizidine
derivative 5 in good yield with excellent enantioselectivity (67%
yield, ee > 99%).

Subsequently, the seemingly simple transformation from 5
to 7 turned out to be remarkably challenging. Although a reduction
using LiAlH, conditions could easily afford the corresponding

a. Diketene, CH,Cly, rt
e W S
NH, then HO N0 (3). 4
A\
MeO H

then AcCl, rt, 16 h, 67%, ee > 99% MeO

One-pot acylation/asymmetric Michael
6-Methoxytryptamine (2) addition/Pictet-Spengler reaction

AcO.
d. HCI (aq.)/THF, rt

e. Ac,0, Py, CH,Cl,, then TsNHNH,
MeOH/AcOH, 89% for two steps

g. DMP, Py, CH,Cly, rt, 85%
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tertiary amine in good yield, the various rearrangement
conditions”®”'%'¢ tested were unsuccessful, most likely because
of the presence of the sensitive tertiary amine. Trials using a
Brgnsted acid protonated substrate'” also resulted in failure.
Therefore, we had to perform the skeleton rearrangement first,
hoping that subsequent selective amide reduction would provide
access to the pivotal intermediate 7. To this end, a tert-butyl
hypochlorite induced rearrangement successfully furnished
6.1097%%"/ The plausible chloroindolenine intermediate was not
isolated, but directly transformed into the spiro[pyrrolidine-3,3’'-
oxindole] intermediate 6 in a one-pot rearrangement using acidic
methanol conditions. To our great pleasure, single-crystal X-ray
diffraction unambiguously confirmed all the desired stereo-
chemistry.® The undesired epimer due to the rearrangement
was not observed, presumably because of the different thermo-
dynamic stabilities of the two possible epimers. Then, various
reductive conditions were intensively screened to selectively
reduce the C-21 (based on the carbon numbering of 1) amide
functionality over the C-2 amide functionality. Although similar
transformations are known from the literature using alane'®“*°
or Lawesson’s reagent"***° followed by certain reducing conditions,
the extra unsaturated C-C bond, which is adjacent to the C-21
amide, created a significant challenge for the desired selective
reduction. Most tested conditions resulted in either global reduction
or disfavoured selectivity. Fortunately, we found that using six
equivalents of DIBAL-H successfully differentiated between the

b. BuOCI, TEA, THF, rt

then MeOH/H,O/TFA, 72%

Oxidative rearrangement  \MeO

c. DIBAL-H, THF, 0°C, 55%
(72% based on recovered
starting material)

Selective amide reduction

(&}
(X-Ray of 6)

h. N-Methyltryptamine, AcOH, tol. 80 °C
90%, dr=ca. 1: 1.5

i. BBra, CHoCly, 65%

Strychnofoline (1)

Fig. 3 Nine-step total synthesis of (—)-strychnofoline. DMP, Dess—Martin periodinane.
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two amide functionalities to achieve the desired mono-reduced
product 7 (55% yield, 72% brsm).

The final steps of our synthesis began with the acidic
hydrolysis of the cyclic enol ether functionality of 7, which
easily furnished the corresponding ketone (Fig. 3). Gratifyingly,
we found that the acylation of the primary hydroxyl group
and the transformation from ketone to tosylhydrazone could
be performed in one-pot, thus further improving the overall
efficiency, to yield hydrazone 8 (89% overall yield from 7).
Shapiro tosylhydrazone decomposition and concomitant deacylation
using an excess amount of n-BuLi smoothly produced alkene 9
in 66% yield."** Subsequently, the Dess-Martin oxidation of the
primary hydroxyl group afforded aldehyde 10 in 85% yield.
Condensation of aldehyde 10 with N-methyltryptamine produced
the corresponding O-methyl strychnofoline in 90% yield. We
observed the same diastereoselectivity issue that was encountered
by Carreira et al. (dr = ~1:1.5)."> Efforts to improve the diastereo-
selectivity of this Pictet-Spengler reaction were unsuccessful,
although a few examples have been reported.”’ Nonetheless, this
minor botheration was well compensated for by the high overall
efficiency of our strategy. Eventually, demethylation of the O-methyl
strychnofoline using boron tribromide successfully furnished 1 in
65% yield. To our great pleasure, the synthetic material, thus
obtained, exhibited identical spectroscopic and analytical properties
to those reported for the natural product.>'?

In summary, we have successfully conducted the rapid,
enantioselective synthesis of the anti-tumor alkaloid strychno-
foline (1) in only nine steps. Our strategy is highlighted by (a) a
one-pot, catalytic asymmetric construction of quinolizidine
intermediate 5; (b) an efficient, diastereoselective skeleton
rearrangement that formed the spiro[pyrrolidine-3,3’-oxindole]
motif of 1; and (c) a selective amide reduction that successfully
differentiated two similar amide motifs. A convenient preparation
of 1 will be of great assistance in addressing its therapeutic
promise. Moreover, our work provides an efficient strategy toward
the synthesis of various bioactive spirooxindole alkaloids.
Encouraged by this promising result, further efforts to synthe-
size natural and unnatural spirooxindoles and related biological
investigations are currently underway in our laboratory and will
be reported in due course.
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