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Synthesis of a Tetracyclic Substructure of Manzamine A
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Abstract: A synthesis of tetracyclic manzamine A substructure 28 is described. The route involves (1) a new approach
to perhydraisoquinolines, (2) a Mitsunobu reaction that groceods with net retention of configuration using a new N-acyl
sulfonamide (16) and (3) a high yield preparation of a A~ 4-azocme via an Intramolecular N- alkylat:on ‘

Manzamine A (1) is one member of a family of akaloids that includes manzamines B (2), C (3), E (4), F (5) and other p-
carbolines (Figure 1).1.2 The structure of manzamine A is éecure (X-ray) and it has interesting biological activity as it inhibits
growth of P-388 mouse leukemia cells (ICsg = 0.07 ug mL-1).3 Several studies directed toward the pyrrolo-
[2,3-fisoquinoline core of 1 have been reported. Simpkins and Oishi have examined cycloaddition reactions of 5,6-dihydro-
2-pyridones [slrwllanéous construction of the C(10)-C(24) and C(25)-C(26) bom:!s]‘.4 Nakagawa and Hino have examined
related cycloadditions.5 Pandit has reported an excsllent enantioselective route that involves an intramolecular Diels-Alder
reaction [simultaneous construction of the C(10)-C(11) and C(24)-C(25) bonds].6 Martin has reported a different
intramolecular Diels-Alder approach [simultaneous construction of the C(24)-C(25) and C(12)-C{26) bonds], an approach
also being pursued by Leonard and Marko.7-9 In addition, Baldwin has proposed an ingenious biogenetic path to the
manzamines, the final stages of which have recently been accomplished in the laboratory by Kobayashi.0.11 Several years
ago, we published an approach to the tricyclic core of 1 that revolved around a free radical cyclization reaction.'2 This letter
describes the first synthesis of the tetracyclic perhydro-1H-azocino[1'2":1,5]pyrrolo[2,3- Jisoquinoline substructure of
manzamine A. ;

Wae began by developing the perhydroisoquinoline synthesis outlined in‘Scheme 1. Thus, iodolactone 7 was
prepared in 70% overall yield from benzoic acid (6) using a reductive alkylation- hablactonization sequence. Keck allylation
of 7 gave 8 in 68% yield with 96:4 diastereoselectivity. 13,14 Opening of the lactone with the magnesium salt of p-anisidine
followed by Steglich acylation of the resulting alcohol gave 9 in 91% yield."" 15~ Oxidative cleavage of the mono- -substituted
double bond, treatment of the resulting mixture of carbinol lactam and enamide with methanol and acid, and reduction of the
resulting N,O-acetal afforded perhydrousoqumolme 10 in 65% yield.16.17 This sequence represents a new route to
substituted perhydroisoquinolines. '

We next turned to construction of the azocine as 6utlineq in Schemes 1 and 2. Removal of the methy! ether and
oxidation of the resulting alcohol gave aldehyde 12 (10 — 11 — 12) in 7% yield. 819 Treatment of 12 with the appropriate
acetylide gave 13 as a 68:32 mixture of diastereomers at C(34) in 63% combined yield (87% ‘based on converted 12).20
These diastereomers were inseparable, but hydrogenation of 13 gave an easily separable mixture of cis allylic alcohols 14
(68%) and 15 (32%).21 The stereochemical assignments for 14 and 15 were based on X-ray crystallographic analysis of an
intermediate derived from 14 (vide infra). '
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Figure 1

1 Manzamine A 2 Manzamine 8 3 Manzamine C

Treatment of 14 with imide 16 under typical Mitsunobu conditions gave allylic amine derivative 17 in 86% yleld.22.23
Removal of the BOC and THP groups was foliowed by conversion of the resulting aicohol (18) to tosylate 19 in 86% dverall
yield.24 Treatment of 19 with KH and tetra-n-butylammonium lodide gave azocine 20 in a notably high 91% yiekl.25 The
structure of 20 was proven by X-ray crystallography.26
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It is notable that the conversion of 14 to 17 appears to proceed with overall retention of contiguration. This
stereochemical assignment is based on the following information. Treatment of allylic alcohol 15 with formic acid under

Mitsunobu conditions gave a formate. Hydrolysis of this formate gave not the expected alcohol 14, but returned the starting
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alcohol 15. This can be explained by invoking neighboring group participation by the amide, a process with some recent
precedence.2? We imagine that the same double inversion sequence is taking place in the conversion of 14 to 17.28
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The conversion of 20 to a tetracycle potentially suitable for elaboration into manzamine A is outlined in Scheme 3.
Conversion of 20 to amine 21 was accomplished in 95% yield using cesium fluoride in DMF, but attempts to convert 21 to
tetracycles via electrophile-initiated cyclizations were not promising. Thus, ester 20 was hydrolyzed and the resulting
homoallylic alcohol was epoxidized to afford 23 in 64% overall yield.29 Protection of the alcohol as a methoxymethyl ether
(23 — 24) was accomplished in 86% yield. Deprotection of azocine 24 was accompanied by epoxide opening to afford 25
(72%).23 Acylation of the hydroxyl group (25 — 26, 93%),'4 cleavage of the methoxymethyl ether (65%),24 oxidation of the
resulting alcohol 27,19 and chromatography of the resulting crude material over alumina gave enone 28 (quantitative from
27) (Scheme 3).30
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in summary, a synthesis of tetracyclic manzamine A substructure 28 has been accomplished. It is our hope that this
enone has functionality suitable for introduction of the B-carboline and 13-membered ring azacycle in the alkaloid target. Ina
more general sense, this study (1) provides a new route to perhydroisoquinolines that features a stereoselective free
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radical allylation, (2) provides an-example of a Mitsunobu reaction that occurs with retention of configuration, most likely due
to neighboting group participation of a tertiary lactam, (3) introduces a new N-acy! suifonamide (16) for use in Mitsunobu
reactions, and (4) provides precedent for high yield azocine preparation in a system where conformational degrees of
freedom are limited by the presence of a Z-alkene.
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