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Synthesis of the tricyclic core structure of vindoline

Zihong Guo* and Arthur G. Schultz'

Department of Chemistry, Rensselaer Polytechnic Institute, Troy, NY 12180-3590, USA
Received 6 October 2003; revised 25 November 2003; accepted 25 November 2003

Abstract—An efficient synthesis of the core tricyclic structure (18) of vindoline has been achieved using the strategy, which features
an intramolecular 1,3-dipolar cycloaddition of the azido dienone (12) to give aziridine (13) with complete region- and stereocontrol.

© 2003 Elsevier Ltd. All rights reserved.

Vindoline (1), the major alkaloid component isolated
from the leaves of Vinca rosea Linn., is a highly func-
tionalized pentacyclic Aspidosperma alkaloid and of
important medicinal interest because of its biosynthetic
and synthetic role as a precursor of the carcinostateic
alkaloid drugs vinblastine and vincristine.! Aspido-
sperma alkaloids are a family of over 200 members that
share in the molecular structures a common pentacyclic
framework with the C ring being of critical importance
due to the fact that the entire six stereocenters and most
functionalities of the molecule are located on it (1 in
Scheme 1). Individual members differ mainly in func-
tionality and stereochemistry. Over the past 40 years
there have been tremendous efforts for developing new
methodologies for the synthesis of these highly func-
tionalized alkaloids.> Since then, a large number of
synthetic strategies for vindoline and other Aspido-
sperma alkaloids have been developed,® and most of
them fall into one of the two major categories according
to the strategies used for the construction of the B ring
in the molecule (5 in Scheme 2). One involves the Fisher
indole synthesis, which is widely used in many Aspido-
sperma alkaloid syntheses to construct the B ring, leav-
ing major synthetic efforts to preparation of tricyclic
core 6.>* The other utilizes as building blocks indoles (7)
that contain suitable functionalities and substituents in
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1, Vindoline (R = OCH3)
2, Vindorosine (R = H)

3, Aspidospermine (R = Ac, Ry = OCH3)
4, Aspidospermidine (R1 = Ry = H)
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the side chains for conversion to the C, D, and/or E
rings.> A more conceptually new strategy is reported
recently where a tandem cyclization—cycloaddition
sequence has been used to assemble the C and E rings
with four of the stereocenters of vindoline being
installed in one step with a high degree of stereocontrol.®

In this communication, we report an efficient synthesis
of the core tricyclic structure of vindoline by utilization
of the Birch reduction—alkylation to construct the C ring
and an intramolecular 1,3-dipolar cycloaddition to
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Scheme 3. Reagents and conditions: (a) PhB(OH),, (Ph;P),Pd,
K,CO;, H,O, Tol.,, MeOH, reflux; (b) Me;SO,/K,CO;, acetone,
reflux; (¢c) Li/NH;/THF/t-BuOH, -78 °C, piperylene, I(CH,);N3; (d)
PDC/t-BuO,H, PhH, Celite; (e) PhH, reflux, 2 days.

install the D ring of the alkaloid. Our disconnection of
vindoline is based upon the following considerations:
First, the B ring could result from an intramolecular
ring closure in 8 to avoid the low yielding and poor
regioselectivity of the Fisher indolization. Secondly, the
D ring is formed through an intramolecular azide-enone
1,3-dipolar cycloaddition of 9 with region- and stereo-
control; Lastly, the most important C ring (the tetra-
substituted cyclohexadienone ring in 9) is derived from
Birch reductive alkylation of the corresponding biaryl
substrate, followed by bis-allylic oxidation. An impor-
tant strategic element of the approach is an early
incorporation of the aromatic ring (ring A) in 8 as the
5-phenyl substituent in 10 (Scheme 3). The early
incorporation methodology has received attention from
several groups.’

Our synthesis of the core tricycle of vindoline (equiva-
lent to the structure 8) starts with intramolecular 1,3-
dipolar cycloaddition of azido dienone 12, which is
prepared using a procedure that we described recently
(Scheme 3).® Previous studies show that under photo-
chemical conditions (366 nm) 12 rearranges to a bicyclic
ketone product, while irradiation at 300 nm a tetrasub-
stituted phenol is formed.® In refluxing benzene, how-
ever, 12 was converted to an aziridine product 13 in 80%
yield with complete region- and stereocontrol. The iso-
lation of aziridine 13 rather than a triazoline product
should be due to the triazoline instability in refluxing
benzene, which accelerates the extrusion of nitrogen in
the corresponding triazoline intermediate.’ The aziridine
structure of 13 was determined based upon its 'H and
13C NMR spectra along with a chemical ionization mass
spectrum. The molecular ion peak of 314 (M*+1, 100%)
for 13 was observed, ruling out the possible structure of
a triazoline product. Furthermore, a 2D NOESY
experiment showed interactions among the protons of
phenyl, C(6b), and carboxylic methyl ester, indicating
that the phenyl at C(3b), proton at C(6b), and meth-

oxycarbonyl at C(6a) are in a syn position as shown in
Scheme 3.

With the C and D rings constructed, our attention was
turned to cleavage of the aziridine ring and installation
of a two-carbon chain to form the E ring as the next
step. Treatment of 13 with a methanolic HCI solution at
room temperature gave the chloride 14 as a single dia-
stereoisomer in quantitative yield, the stereochemistry of
which is as shown in 14 (Scheme 4). The high stereo-
selectivity might be a result of protonation of the
nitrogen, followed by an S\2 attack of a chloride anion,
resulting in ring opening of the aziridine ring. Reduction
of chloride 14 with zinc in acetic acid at room temper-
ature for 48 h afforded amine 15 in 75% isolated yield. It
was found that the direct reductive cleavage of the azi-
ridine ring in 13 with Zn/HOAc to 15 required long
reaction time and afforded low yields. Finally a one-step
reduction of 13 was achieved using Birch reduction
conditions to give 16, a diastereoisomer of 15. Treated
with acetic acid, 16 was isomerized to 15 exclusively.
Calculations using the MM2 force field were made to
predict the relative stereochemistry about the two pro-
tons at C(8) and C(8a). The stereochemistry of 15 and 16
was deduced with a comparison between the experi-
mentally observed 'H-'H coupling constants, 11.0 and
2.7Hz, and the calculated ones, 11.7 and 5.6Hz,
respectively. This provided us with relatively high con-
fidence in the stereochemical assignment (Scheme 4).

Acylation of either 15 or 16 with bromoacetyl chloride
in THF in the presence of NaHCO; for 30 min at 0°C
furnished bromoamide 17 as a diastereomeric mixture in
90% yield after chromatography on silica gel. Finally, 17
was treated with -BuOK in warm benzene for 48 h to
give the core tricyclic product 18 in 96% yield. The
assignment of the structure of tricyclic product 18 was

Scheme 4. Reagents and conditions: (a) HCI/MeOH (6 N, 1:1); (b) Zn,
HOAC, 72 h; (¢) Li/NH;/THF, —-78 °C; (d) acetic acid; (¢) BrCH,COCl/
NaHCO;/THF; (f) --BuOK/PhH, reflux, 48 h.
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Figure 1. X-ray structure of the core tricycle 18.

made based upon the 'H and *C NMR, IR, and mass
spectra and was further confirmed by X-ray crystallo-
graphic studies (Fig. 1).

The supplementary data is available online with the
paper in ScienceDirect. Experimental procedures and
analytical data for compounds 13, 14, 15, 17, and 18.
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