Regio- and Stereospecific Models for the Biosynthesis
of the Indole Alkaloids. The Corynanthe/Strychnos—
Iboga Relationship

Sir:

In a previous communication' we reported the
conversion of the Corynanthe/Strychnos alkaloid stem-
madenine (1) to a mixture of (=+)-catharanthine (2)
(Iboga) and (= )-tabersonine (3) (Aspidosperma) and in
rationalizing the mechanism invoked intermediacy of
the acrylic ester, dehydrosecodine (4). This experi-
ment, performed on milligram quantities of a rare
alkaloid, was apparently crucially sensitive?® to external
temperature and/or surface effects but nevertheless
provided a far-reaching concept for subsequent bio-
chemical experiments® and total* and partial®® syn-
thesis. Moreover, the occurrence of a new class of
alkaloids based on the structure 4 has since been
demonstrated.® While recognizing the significance of
this experiment Smith, et al.,” have reported that the
reaction of stemmadenine in acetic acid produces only
the O-acetate 1a. With a fresh source of 1 in hand we
have now reexamined the essential factors for the
success of our earlier experiment. These appear to
include (a) concentration, (b) temperature, (c) the
presence of silica or alundum boiling grains (0.2-1.5
mm mesh), (d) oxidative and reductive processes
mediated by hydrogen transfer to and from immonium
and dihydropyridine species,® and (e) aerial oxidation.

A control experiment designed to take account of
these factors (including total evaporation of solvent
which had been observed in several 1-2-ml runs under
the original conditions) consisted of heating 19,20-
dihydrostemmadenine acetate® (6) on a silica surface®
at 150° for 45 min in air. Separation of the reaction
mixture using tlc systems previously reported!! afforded
(£)-pseudocatharanthine (7) (1%) and its dihydro
derivative 8 (0.59)). No tabersonine (3) could be
detected under these conditions. In order to assess the
effect of oxidation to the pentacyclic Strychnos frame-
work, dihydropreakuammicine acetate (9) (a known?
autoxidation product of 6) was prepared by regio-
selective oxidation (Pt/O,—EtOAc)!? of the acetate 6.
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Thermolysis of 9 (silica gel, 150°, 20 min) gave (£)-
pseudocatharanthine (7) in yields consistently higher
(2-59) than in the direct reaction of 6.
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A remarkably facile entry to the pseudocatharanthine
system was discovered when 9 was treated with meth-
anol at 80° (15 min) or at room temperature for 4 hr.
The products of this reaction were the dextrorotatory
15-methoxypseudocatharanthine (10) together with a
levorotatory diastereomer 11 in the ratio 9:1. The
formation of optically active rearrangement products
(combined yield, 3.597) under very mild conditions
provides considerable insight into the mechanism and
stereochemical control of the cyclization process.
We consider that the immonium acrylic ester 12 (Scheme
I) formed either by thermolysis or methanolysis of 9,
which still retains a center of chirality at Cy,, is trapped
as the addends 13 and 14 and that the C;; and C,
stereocenters then control cyclization to (+4)-(10) and
(—)-(11) which show typical!? Cotton effects associated
with the absolute stereochemistry depicted. The
relative configurations at Cy; in 10 and 11 remain to be
determined.

In the case of the thermal reaction we suggest that
the chiral species 12 loses the Cy, proton to generate
achiral dehydrosecodine A (4) which, without detect-
able conversion to the isomeric diene!4 associated with
the Aspidosperma series, undergoes both ionic cycliza-
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tion to pseudocatharanthine (7) and hydrogen transfer
to 12. The intermediate 15 from the latter reaction
then cyclizes to dihydropseudocatharanthine (8).15
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We would like to suggest that these experiments dem-
onstrate not only the separation of an “Iboga syn-
thetase” model from earlier, less specific reaction
conditions but augur well for the synthesis of indole
alkaloids based on the emerging chemistry of dihydro-
pyridine acrylic esters, since in spite of the present low
yields, transformations involving stereocontrol from
one family to another are now possible. !¢
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(15) Itis interesting to note that the (= )-dihydropseudocatharanthine
(8) from this reaction is capable of formation in optically active form,
but in conformity with earlier experience the product can easily racemize.
The milder conditions (MeOH; 25-80°) used in the formation of 10 and
11, however, allow considerable retention (70-80 7;) of optical purity.
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pounds 10 and 11 which were assigned these structures on the basis of
mass spectral, uv, and ORD data.* Thus, 10 and 11 had AMPH 226,
298, and 328 nm; m/e 368 (M*, 40%7), 337 M* — OCHs;, 19%), and
154 (100%); 10 showed (®)ss5 nm + 25,000 and 11 had ($)345 nm — 28,000,
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Regio- and Stereospecific Models for the
Biosynthesis of the Indole Alkaloids. The
Corynanthe-Aspidosperma Relationship
Sir:

In the previous communication! we described the
regio- and stereospecific conversion of stemmadenine
acetate (1) to the Jhoga alkaloids via dehydrosecodine
A (2). In order to define the mechanism and conditions
whereby a mixture of Aspidosperma and Iboga types
were formed in acetic acid at high temperatures? we
have developed a technique for the specific generation
of the isomeric intermediate chano structure, dehydro-
secodine B (3) in the expectation that the cyclization
reaction of 3 would lead to a preponderance of the
Aspidosperma type of alkaloid exemplified by vinca-
difformine (4) and tabersonine (5). The experimental
design was guided by the reactions which have already
been noted? in acetic acid at high temperature, viz.
acetylation and disproportionative oxidation and re-
duction.® In the event, the reaction proceeded with
complete regio- and stereospecific control (see Scheme
D).

Thus the simple isomerization mechanism (Scheme
IT) suggested earlier for the conversion of stemmadenine
to both Iboga and Aspidosperma alkaloids can be
separated from the accompanying redox mechanism as
follows. Stemmadenine O-acetate (1) (as the hydro-
chloride salt) was heated at 150° on a silica gel surface!
for 25 min. Preparative tlc of the reaction mixture
afforded some unchanged starting material together
with a small but reproducible yield (0.15-0.2%) of
(%)-vincadifformine (4) identical* with the natural,
racemic alkaloid. No trace of tabersonine (5) could
be detected in this reaction. We suggest that direct
isomerization of 1 to the isostemmadenine acetate
(6) takes place. This is followed by the reverse Man-
nich reaction shown in Scheme II which generates
dehydrosecodine B (3). The latter in turn is reduced by
hydride to secodine B (7) whereupon cyclization of this
tetrahydropyridine acrylic ester completes the regio-
and stereospecific production of (=)-vincadifformine
from a Corynanthe alkaloid.

An alternative method of generating the dehydro-
secodine B system embodies the observations that
stemmadenine acetate (1) is quite sensitive to aerial
oxidation in acetic acid solution and that catalytic
reduction of 1 (Pt/H,) gave a 757 yield of tetrahydro-
secodine* (8). This type of reaction which proceeded
without deliberate control in earlier experiments? can
be sequentially studied by platinum-catalyzed oxidation
of 1 regiospecifically to precondylocarpine acetate”
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(4) (%)-Vincadifformine and (=)-tabersonine were identified by
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nature confirmed [a]so0_s00 nm 0°.  Tetrahydrosecodine (8) was obtained
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4.1(q, 1 H, CH;CHCO-CHz3), 7.0-7.5 (4 H, m, Ar H), 8.4 (s, 1 H, >NH).

(5) Precondylocarpine acetate: ANCH 221, 273, 282 (shj, 291 (sh)
nm; mje 394 (50%), 335 (98%), 321 (100%), 278 (88%), 275 (90%);
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