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Abstract A short synthetic route to (1)-geissoschizine (1) was developed that
features the construction of a Corynanthe-skeleton via radical cyclization of vinyl
iodide, which was easily prepared by assembly of three fragments. New pentacyclic
molecules formed by the radical cyclization were also reported.
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A Corynanthe-type alkaloid, geissoschizine (1), is a universal biogenetic key intermediate leading to many
skeletal types of monoterpenoid indole alkaloids, and we recently proposed a most plausible stereostructure of
(1).! From 1976 to 1996, total syntheses of geissoschizine have been reported by eight groups.2 In some
syntheses developed in the early years, there were problems concerning the control over the relative
stereochemistry between the C3 and C15 positions and/or the stereoselective construction of the 19(E)
ethylidene side chain. Although recent new synthetic methodologies overcame these problems elegantly, many
of them still required operation involving long steps, introduction of a C1-unit (C17 or C22 positions) in the
last stage of the synthesis, and/or reduction of the lactam function at the C21 position. Geissoschizine is a very
important natural product for biosynthetic studies> as well as a useful precursor for biomimetic transformation
to many other skeletal types of indole alkaloids, therefore, we aimed to develop a facile and practical synthetic
route for (1). Here, we report a new concise total synthesis of (£)-geissoschizine (1). Our basic approach to
geissoschizine is outlined in Scheme 1 and features stereoselective construction of the Corynantheoid
compound (9) having a C3/C15 cis-relationship via radical cyclization of the vinyl iodide (2), which can be
prepared by assembly of three components, i.e., tryptamine (3) , (Z)-vinyl iodide (4), and diene diester (5).
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Our synthesis started with the preparation of the Np-monosubstituted tryptamine derivative (6). Thus,
alkylation of 3 in MeCN with the bromide (4), which was prepared from known allylic alcohol by treatment
with NBS/PPh3 in CH;Cly, gave the secondary amine (6) in 82% yield. Condensation of 6 with the alkoxy
diene diester (5)28: 5. 6 in MeOH afforded the enamine (7) in 90% yield, which was then subjected to Pictet-
Spengler cyclization with 1.4 equiv. of camphor sulfonic acid in CH2Cl; to give the tetrahydro-B-carboline
derivative (2) in 60% yield. Compound 2 was, however, unstable and changed gradually to the C3-Ny, seco,
A3.14 derivative in the solution or during storage under vacuum. To stabilize the indole derivative (2), the Ny
function was protected with (Boc)20 and DMAP in CHCl, to give 8 in 44% yield from 7.

With the requisite substrate 8 for the radical cyclization in hand, we then turned our attention to the
construction of the Corynantheoid skeleton. Radical cyclization of the vinyl iodide (8) according to the
conditions developed by Oshima’? (n-Bu3zSnH, 1.5 eq; Et3B, 0.4 eq, toluene, room temperature, 75 min.)
afforded the desired tetracyclic product (9)8 possessing the C3/C15 cis-relationship as a major product in 33%
yield, along with the 19(Z) isomer (11)8 (17% yield), and two indoline derivatives (13 and 15) (32% total
yield). The use of Ph3SnH in place of n-Bu3SnH slightly improved the product ratio of 9 and 11 to 2.5:1 (44%
total yield). Employment of nickel-promoted cyclization? [1. bis(1,5-cyclooctadiene)nickel(0), EisN, MeCN,
2. Et3SiH] with 8 afforded the compound (9) as a sole isolable product, aithough the isolated yield was poor
(10% yield). High diastereoselectivity regarding C3/C15 cis-relationship observed in the above reactions can
be comprehended using the chair-like transition state models (8a) and (8b) (Scheme 3). The intermediate (8a),
in which a large malonate residue assumes an equatorial orientation, would be predominant over the
conformer (8b), resulting in the formation of the compound (9). The 19(Z) isomer (11) would be formed
through the isomerization of the vinyl radical intermediate (8a).

The structure of side-products (13 and 15) having an indoline nucleus produced in the radical cyclization
could be elucidated using the des-Boc derivatives (14 and 16).19 Characteristically, the HMBC spectra of 14
and 16 exhibited long-range connectivities between H-16 and C7 and between H-19 and C2, revealing the
presence of a l-aza-tricyclo[5.3.0.048]decane system in the molecules. The novel pentacyclic structure
including the stereochemistry at C15 was confirmed by a single-crystal X-ray analysis of compound (14). The
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tandem radical cyclization mechanism as shown in Scheme 3 could be considered for the formation of these
new skeletal types of compounds.

Finally, deprotection of the N,-Boc group in 9 with formic acid and subsequent partial reduction of the
resultant diester (10} to the monoaldehyde with DIBALH furnished (1)-geissoschizine (1) in 72% yield (based
on 50% recovered starting material) (mp. 195-197°C; lit2b mp. 187-189°C), which was identical with the
natural product by comparison of TLC, IR, 'H- and 13C-NMR, and HRMS.

In conclusion, a concise synthetic route for (1)-geissoschizine was developed that requires only seven steps
from tryptamine.!! Application of this chemistry to the total synthesis of other indole alkaloids is currently
being investigated in our laboratory.
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