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Abstract 4 commeon key intermediate (9) for the synthesis of

{*)-ajmalicine was prepared in 11 steps from harmalane (2) with

30% overall yield.

Ajmalicine {1} is a pharmacologically important member of heteroyohimbine
alkaloids and has found clinical use, being effective as an adrenergic hlocking

agent both alone and in ccombination therapy with reserpine.1

As part of our
general project toward the development of practical and general synthetic routes
for the moncterpenoid alkalecids such as ipecac and corynantheine-heteroyochimbine
alkaloids,2 we have now succeeded in the development of an efficient synthesis
of (f)-ajmalicine (1} by the stereoselective preparation of a key intermedi-
ate,3'5 g-methyl-§-lactone (%) via the route involving incorporation of a furan
ring into a monoterpene unit of the alkaloid. The key steps in our synthesis
are i) construction of the basic structure of the alkaloid by reductive photo-

cyclization6

of enamide, ii) stereoselective introduction of an electrophile
into the w-position of the lactam carbonyl group, and iii} chemoselective reduc-
tion cof the lactam carbonyl group.

Reductive photocyclization6

of the enamide (3) having a furan ring, which was
readily prepared from harmalane {2) and 2-furoyl chloride, in acetonitrile-
methanol {9:1) proceeded smoothly to give the furanoguinclizine (4a) in 94%
yield [v(Nujol} 3250, 1635, and 1615; §(CDCly) 6.44{dd, J=2.5, 1.5 Hz, 2-H),
5.12(t, J=2.5 Hz, 1-H}, 4.85(d, J=10 Hz, 3a-H), 4.82{br dd, J=12, 3 Hz, 12b-H),
and 1.54(br q, J=13 Hz, 13-Hax)]. The lactam (4a) was metalated with 6 eguiv.
of lithium diisopropylamide (-30°C, THF, 40 min)} and then treated with 6 equiv.

of acetic anhydride (-30°C, 1 h) to give a mixture of two diacetates (4b and 4c)
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in a 1:1 ratio in 85 % yield which was separated by p.l.c. on silica gel and

characterized by their spectral data [{4b): w{(CHCl3} 1710, 1690, and 1640;
§(CDCly) 2.84(s, NAc} and 2.46(s, Ac); {4c): v{CHCl3) 1770, 1690, and 1650;
5(CDC13) 5.50 and 5.25({each d, J=2.5 Hz, CICHZ}, 2.86(s, NAc), and 2.24(s,
QOac)]. Treatment of respective acetates (4b and 4c) with 15%H2504 afforded the
hemiacetal {5) as a 1:1 epimeric mixture in guantitative yield which was also
obtained by the same reaction of a c¢rude mixture of two acetates (4b and 4c¢),
prepared by acetylation of the lactam (4a). As in the case of the synthetic

route developed by our group,2

oxidation of the hydroxyl group in the hemiacetal
(5) with dimethyl sulfoxide-acetic anhydride followed by reductive cleavage of
the resulting keto-y-lactone (6) with zinc powder in acetic acid and then es-
terification of the acid (7a) with diazomethane afforded the desired acetyl
ester (7b) homogenecusly in 80% overall yield, [v{CHCl3) 3475, 1730-1710, and
1630; 5(CDC13) 3.71(s, COOMe) and 2.46(s, Ac)]. Upon comparison with their i.r.
and n.m.r, spectra, this acetyl ester (7b) is found to be identical with the
known compound, prepared by Massiot et al.,7 whe however gave no comment on the
usefulness of this compound for the synthesis of hetercychimbine alkaloids such
as ajmalicine.

In order to synthesize a key intermediate (9) for the synthesis of (%)-ajma-
licine, the chemoselective conversion of the lactam (7b), which contains three
different types of carbonyl groups, intc the amine (7d) was then investigated.
The best and convenient conversion was achieved by a new chemoselective reduc-
tion as follows. Treatment of the lactam {7b) with Lawesson's reagent8 in
toluene at 100°C gave chemoselectively the thiolactam (7¢) in 92% yield which
was then subjected to desulfurization with W-2 Raney nickel in methanol to lead
to the formation of the unstable vinvlogous amide (8)[v(CHCl3) 3480, 1730, and
1580; §{CDhCly} 7.40{(s, 4-H), 3.58(s, COOMe), and 2.13(s, Ac)]. This vinylogous
amide (8) was then reduced with sodium cyancborohydride in methanol containing
hydrogen chloride9 to give the aminoacetyl ester (7d} [u(CHCl3) 3490, 2850,
2810, 2770, 1730, and 1710; ¢(CDCl3) 3.71(s, COOMe) and 2.26(s, Ac)] in 50%
yield from 7c, which was identical with the sample of a key intermediate for the
synthesis of not only ajmalicine3'5 but alsc corynantheine group of alkaloids. ®

Stereoselective conversicn of 7d into the desired o-methyl-d-lactone (9) was

uneventfully accomplished in a quantitative yield according to the route estab-
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lished by van Tamelen's group.3 The synthetic lactone (9) could not be distin-
guished from an authentic sample given by Professors Winterfeldt? and Massiot®
upon comparisons with their Rf values in t.l.c., i.r. and n.m.r. spectra. The

overall yield of the lactone (9) from harmalane {(2) was 30% in 11 steps.
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Thus, we have succeeded in a new stereoselective synthesis of an important key
intermediate (9) which had been already converted into (i)~ajmalicine.3‘5 Since
we prepared an acetyl ester (7d} sterecselectively wvia its dehydro derivative
{8) as shown above, our synthetic method described here would provide a synthe-
sis of cathenamine (20,271-dehydroajmalicine) which has been recently attracted
much attention by alkaloid chemists in view of the biosynthetically importance

as an intermediate of corynantheine-heteroyohimbine group of alkalecids.!!
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