A total asymmetric synthesis of (—)-suaveoline

Patrick D. Bailey and Keith M. Morgan

Department of Chemistry, Heriot-Watt University, Riccarton, Edinburgh, UK EH14 4AS

A new total synthesis of (—)-suaveoline from L-tryptophan
is reported (overall yield ca. 14%); key steps include a high
yielding cis-specific Pictet-Spengler reaction, a one-pot
Horner-Wadsworth—~Emmons/alkylation procedure, a
vinylogous Thorpe cyclization and the direct formation of
a pyridine from a 1,5-dinitrile.

Because of their wide-ranging medicinal properties, indole
alkaloids (and analogues thereof) continue to be attractive
synthetic targets.! The indole alkaloid (—)-suaveoline 1a was
first isolated from the bark of Rauwolfia suaveolens in 19722
but has since been found in other Rauwolfia species,?#* along
with structural analogues such as macrophylline 1b.# Biotrans-
formations in Rauwolfia serpentina cell cultures convert
ajmaline 3 into a range of alkaloids including (—)-suaveoline
1a% and raumacline 2.6 Indeed, chemical modifications of
ajmaline to the suaveoline derivative 1¢ were used in the initial
structural assignment of suaveoline.?2 The biosynthetic inter-
conversion of members of the ajmaline family emphasises the
fact that advanced intermediates can often be exploited in the
synthesis of several alkaloids and analogues.

The first total synthesis of racemic suaveoline was achieved
by Trudell and Cook in 1989; the key steps in this ingenious
synthesis from D/L-tryptophan (overall yield 2.3%) included a
trans-specific Pictet-Spengler reaction to gain access (after
epimerisation) to the bridged ketone 4, an unusual homologa-
tion to the o,fB-unsaturated aldehyde 5, and an anionic Cope
rearrangement in order to introduce the final carbons of the
suaveoline skeleton.” Cook’s asymmetric synthesis of (—)-sua-
veoline started from D-tryptophan, and included modified
procedures to improve the overall yield significantly.® Never-
theless, the synthesis uses non-proteinogenic D-tryptophan as
the starting material, and the construction of the carbon skeleton
is lengthy and awkward. We achieved a formal asymmetric
synthesis of (—)-suaveoline in 1993 starting from L-trypto-
phan,® by exploiting the cis-selective kinetically-controlled
Pictet—Spengler reaction; !0 our route gave access to the bridged
ketone 4 used by Cook.”-# We also developed an independent
asymmetric route to the o,B-unsaturated aldehyde 5! (also an
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intermediate in Cook’s synthesis of suaveoline?-8), in which the
aldehydic carbon was introduced at the start of the synthesis by
homologation of L-tryptophan to the nitrile 7.

In this paper, we report a short, efficient total synthesis of
(—)-suaveoline. Starting from L-tryptophan 6, the homologous
nitrile 7!2 could be prepared in multigram quantities without
chromatography.!®> Reaction of 7 with the silyl protected
aldehyde 8 under conditions of kinetic control!? afforded the
cis-1,3-disubstituted tetrahydro-f3-carboline 9 in 80% isolated
yield, with none of the frans-isomer apparently generated.
Similarly high cis-selectivity (>10:1) has been observed in
only two other cases,!4.15 also involving aldehydes of the type
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Scheme 1 Reagents and conditions: i, LAH, THF, then TsCl, py, then KCN,
MeOH, then Na, NH; (lig.) (80% over 4 steps);'? ii, 8, CH,Cl,, 3 A
molecular sieves, 0 °C then TFA, —78 °C to room temp., 6 h (80%); iii,
BnBr (neat), 70 °C, 24 h (79%); iv, Mel, NaH, DMF, 0 °C, 1 h (100%); v,
TBAF, THF, room temp., 2 h (100%); vi, (COCl),, Me,SO, CH,Cl,,
—60 °C, 20 min, then NEt3, —60 °C to room temp., 1 h, then 17 (generated
in situ) in DMF (83% overall); vii, KOBut, THF, 0 °C, 10 min, (67%); viii,
DIBAL-H, CH;Cl,, 0 °C to room temp., 24 h (53%); ix, EtOH, HCI then
evaporate; H,, Pd—C, EtOH (96%)
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RCH,CHO (where R is bulky). After benzylation of the N-2
nitrogen (79% yield), Nin-methylation and removal of silyl
protection proceeded quantitatively. The introduction of all
remaining carbons of the suaveoline skeleton was accomplished
by Swern oxidation to the aldehyde, followed by a one-pot
Horner—Wadsworth—-Emmons/alkylation procedure that gen-
erated the dinitrile 13 in 83% overall yield. The bridged skeleton
of suaveoline was constructed by a vinylogous Thorpe cycliza-
tion (67%), giving 14 as a mixture of diastereoisomers.
Reduction of 14 with DIBAL-H followed by an aqueous acid
work-up led directly to the formation of N-benzyl-(—)-suaveo-
line 16 in 53% yield {[a]f —149 (c 0.33, CHCls); lit,? [«
—127 (c 0.33, CHCl3),} T presumably via oxidative cyclization
of the diimine 15. Debenzylation of 16.HCI1 (H,, Pd-C, EtOH,
96%) yielded (—)-suaveoline 1, identical in all respects to the
natural product.

We have therefore achieved a total asymmetric synthesis of
(—)-suaveoline from L-tryptophan in ca. 14% overall yield.

We thank Dr A. S. F. Boyd and Dr R. Fergusson for NMR and
mass spectra, and EPSRC for financial support.

Footnote

+ Compound 16 was initially obtained as an oil, with [«]p close to that
reported by Cook® (ca. —120); after careful purification, 16 was obtained as
a white solid foam, with [a}] —149.
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