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SYNTHESIS OF THE 2-AZA-7-0XATRICYCL0[4.3.2.04’8]UNDECANE
NUCLEUS OF SOME GELSEMIUM ALKALOIDS

S. W. Baldwin* and R. J. Doll
P. M. Gross Chemical Laboratory
Duke University
Durham, North Carolina 27706

The preparation of a key tricyclic intermediate for the eventual total
synthesis of the alkaloids gelsemicine and gelsedine is described.

The alkaloids gelsemicine (A)Z and gelsedine(g),3 isolated from extracts of

Carolina jasmine (G. sempirvirens),4 possess marked physiological activity and unique
molecular architecture. Several years ago these features attracted our attention and led
to the initiation of a program aimed at the eventual total syntheses of gelsemicine and
gelsedine. This note describes highlights of the preparation of an important intermediate
which contains the major structural features of the tricyclic non-aromatic portion of the
target molecules.

One attractive mental dissection of gelsemicine and gelsedine suggests a four stage
synthesis beginning with the preparation of a [2.2.2]Joxabicyclooctane ring systems such as
E and culminating with the incorporation of the spirooxindole~hydroxamic acid group into a
tricyclic intermediate (eg., C). An outline of the synthesis of a close analog of C is

presented here.
0 Y
= =>
z z

D E

[}

A; X=0CH,

¢

B; X=H

Anhydride l? was readily converted to the functionally differentiated diester 2
which on epoxidation and careful acidic hydrolysis yielded, stereospecifically, the
dihydroxy diester 3. Removal of the benzylic ester by catalytic hydrogenolysis afforded
acid 4 (mp. 169-169.5°) in 74% yield from 1. Lactonization, with simultaneous acetylation
of the remaining hydroxyl group, was then effected by heating 4 with acetic anhydride to
give triester 5 (mp. 65.5-66°; & 4.9 and 4.6).
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Reduction of the lactone carbonyl of 5 initially posed serious problems, but after
considering numerous possibilities, a solution was found in the elegant work of Tsurugi.6’7
Thus exposure of 5 to HSiCl; (2.5 eq.) in the presence of (g:BuO)Z (catalytic, uv ini-
tiation) Ted to the production of ether 6 in 50% yield, a highly selective reaction. Con-
version of 6 to ketone 7 was then accomplished in a routine fashion. After considerable
investigation the ring expansion step (E > D) was achieved by the BF3 OEt, catalyzed
reaction between ketone 7 and ethyl diazoacetate.® Basic hydrolysis of the resulting
regioisomeric p-ketoesters followed by acidic workup gave a product from which ring
expanded ketone 8 was isolated by fractional crystallization (25%; mp. 137-137.5°; § 4.1
and 2.8).9

The final stage in the construction of the non-aromatic tricyclic nucleus of gel-
semicine and gelsedine (D - C) involved closure of the pyrrolidine ring. This was effec-
tively accomplished by employing a modification of the Hofmann-Loffler reaction.l® Acid
8 was first converted to protected amide 9 (mp. 152-153°) which was then reduced, acety-
lated, and hydrolyzed to give ketone 10 (mp. 126-127°; ir 1670 cm-l). N-Chlorination of
acetamide 10 with tert-buty]hypoch]orite11 gave the unstable N-chloro compound 11 which
on irradiation followed by workup and chromotographic purification afforded the pyrrolidine
12 as a waxy solid (43%) plus a small amount of recovered starting amide 10. That cycliza-
tion had occurred was evident from the amide carbonyl absorption of 1631 em-1
in agreement with absorptions of 1626 em™! and 1621 em! for N-acetylpyrrolidine
and N-acetylpiperidine respectively.12b More important, it is in agreement with the
value of 1626 em1 obtained for N-acety]demethoxyge]sedine.3

That the product was the pyrrolidine 12 and not the alternative piperidine 13 was

, a value
12a

clear from a close examination of the pmr spectrum. Particularly diagnostic was the
absorption for the C-5 bridgehead methine proton adjacent to the nitrogen at & 4.65, a
value in accord with Titerature reports for several bridged bicyclic N-acetylamines13
and inconsistent with the additional deshielding which would be present in structure 13.
Furthermore the multiplicity of this absorption (quintet, J = 4Hz) is only consistent with
structure 12.

Thus a synthesis of the tricyclic nucleus of gelsemicine and gelsedine has been accom-
plished. The remaining tasks of stereospecific incorporation of the C-20 ethyl group and
the spirooxindole-hydroxamic acid group, as well as improving the efficiency of some of the

reactions reported herein, are under active investigation.



No. 35 32177

s WOH e @”
A \
N CH30, o 0,
CH302C 32

0
C0,CHy6 C0,CH,6 CO,H
I 2 3 4
0 0
f g h,i 0 J.k
—_— — e —_—
OAc OAc
C0,CH, 0,CH3 CO,CH,
5 6 7
0,/‘57
¢ 1,m,n 0 0,P,9q r
COZH ONHZ NHAC
8 £l 10
.ji
— 0
0
H
NAc NAc NAc
11 12 13

¢CH OH {90%); CH N2 (91%), mcpba (95%),dH 0 (95%), eHZ, Pd/C (100%); Ac20 90° (66%);

g k

HS1C1 /hV (50%); ]2C03/CH30H (67%), 2Cr04 (83%); NZCHCOZCZHS’ BF3-0Et2, NaOH/CzHSOH
(25%), two steps); NaH/CgHg (COC])5 (88%), NH (86%), HOCHZCH OH/C Hs/p-TSOH (78%);
OLiATHy/THF (95%); PAc,0/pyr (94%); * (s0n); " £-BuUOC1/CC1 ,/HOAC (78-100%); Shu/CoH, (43%).



3278

5.
6.
7.

(Yol
.

10.
11.
12.

13.
14.

No, 35

References and Notes

Acknowledgement is gratefully given to the North Carolina Board of Science and
Technology, a Biomedical Researches Support Grant administered by Duke University,
and the Merck Foundation for Faculty Development for financial support of this work.
We are also indebted to Dr. David Rosenthal and Mr. Fred Williams of the Research
Triangle Institute for Mass Spectrometry (supported by NIH grant RR 00330) for high
resolution mass -spectral determinations.

M. Przyblska, Acta. Cryst., 15, 301 (1962).

E. Wenkert, J. C. Orr, S. Garratt, J. H. Hanson, B. Wickberg, and C. L. Leicht, J.
Org. Chem., 27, 4123 (1962).

J. E. Saxton, "Alkaloids of Gelsemium Species," The Alkaloids, Vol. VILI (ed.
Manske), Academic Press, N. Y. (1965), p. 93-117,

F. V. Brutcher, Jr. and D. D. Rosenfeld, J. Org. Chem., 29, 3154 (1964).
J. Tsurugi, R. Nakao, and T. Fukumoto, J. Am. Chem. Soc., 91, 4587 (1969).

(a) S. W. Baldwin, R. J. Doll, and S. A. Haut, J. Org. Chem., 39, 2470 (1974); (b} S.
W. Baldwin and S. A. Haut, ibid., 40, 3885 (1975).

(a) J. A. Marshall and J. J. Partridge, Tetrahedron, 25, 2155 (1969); (b) W. L. Mock
and M. L. Hartman, J. Org. Chem., 42, 459 and 466 (1977), and references cited
therein.

The other ring expanded keto acid was isolated in a yield of 8%, making the ring
expansion ratio 3:1. The low yield in this two sequence is apparantly associated
with the hydrolysis~decarboxylation reaction since the ring expanded g-ketoesters
were isolated in high yield. Other published procedures were even less useful,
although work in this area is continuing, e.g., S. W. Baldwin and N. G. Landmesser,
Syn. Commun., 8, 413 (1978).

(a) M. E. Wolff, Chem. Rev., 63, 55 (1963); (b) R. S. Neale, N. L. Marcus, and R.
G. Schepers, J. Am. Chem. Soc., 88, 3051 (1966).

S. S. Israelstam, J. S. Afr. Chem. Inst., 9, 30 (1956).

(a) H. W. Thompson and R. J. L. Popplewell, Z. Elektrochim., 64, 746 (1960); (b) M.
Yamaguchi, Nippon Kagakau Zasshi, 78, 1236 (1957); Chem. Abstr., 52, 13540¢
(1958).

H. Paulsen and K. Todt, Chem. Ber., 100, 3385 (1967).

A1l new compounds reported herein gave satisfactory elemental analyses (+ 0.3%) or
consistent high resolution mass spectral molecular jons for homogenous materials. In
addition all spectral data were fully consistent with the assigned structures.

(Received in USA 12 Februsry 1979)



