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In 1986, Higa, Jefford, and co-workers reported the isolation of a structurally novel
polycyclic alkaloid, manzamine A, 1, from a sponge harvested near the coast of Okinawa.
The unique structure of 1 consists of a f-carboline heterocycle attached to a novel
pentacyclic diamine core containing both eight- and thirteen-membered rings on a
pyrrolo[2,3-ilisoquinoline framework. The cytotoxic activity (ICsg = 0.07 pg/mL against
P-388 mouse leukemia cells) and unique structure of 1 have stimulated considerable interest
and activity directed toward the total synthesis of manzamine A which has not yet been
successfully achieved to date.2 The intramolecular vinylogous amide photoaddition/
fragmentation/Mannich closure sequence that we have developed has been applied to the
stereoselective synthesis of complex structural types including mesembrine and the
aspidosperma alkaloids from simple precursors.3 We have described the application of this
methodology to the construction of the tetracyclic core of the manzamine alkaloids, in which
the single stereocenter on the unsaturated eight-membered ring template 2 dictates all of the
requisite stereochemical relationships embodied in 3, which represents the tetracyclic core
of manzamine A.# Outlined herein is the extension of these preliminary investigations to the
first total synthesis of manzamine A.

The retrosynthetic analysis for our approach to the synthesis of manzamine A is outlined in
Scheme 1. Disconnection of the -carboline from 1 leads to ircinal A, 4, a naturally
occurring compound that has been converted to 1 by Pictet—Spengler cyclization followed
by DDQ oxidation.® We anticipated that ircinal A could be formed by B-ring
functionalization and macrocyclization of 5. The tetracyclic ring system of 5 would result
from the Mannich closure of ketoiminium 6, which is derived by retro-Mannich
fragmentation of 7, the product of intramolecular cycloaddition of 8.

The preparation and reaction of the requisite photosubstrate is outlined in Scheme 2.
Reaction of the previously described secondary amine 97 with acetylenic ketone 108 gave
the requisite vinylogous amide photosubstrate 11 in 99% yield from 9. Photoaddition and
retro-Mannich fragmentation of 11 led, via O-closure of the ketoiminium intermediate 13, to
aminal 14. The isomerization of 14 to the manzamine tetracycle 16 proceeded on exposure
of 14 to pyridinium acetate to give 16 as a single stereoisomer in 20% overall yield from 11
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(an average of 60% yield/step for photoaddition, fragmentation, and Mannich closure). The
assignment of the relative stereochemistry shown in 16 follows from our published studies
on the photocycloaddition of 2% and the conversion of 16 to manzamine A, as detailed
below. The unique stereochemistry of the C-12 substituent in 16, which is not critical to the
subsequent stereoselective introduction of the C-12a hydroxyl moiety, was not established
at this stage.

The elaboration of the B ring of 16 to include the functionality present in manzamine A was
achieved as follows: Carboxylation of the kinetic enolate derived from 17, the silyl ether of
16, with Mander’s reagent gave ketoester 18, with the C-10a. ester on the convex face of the
AB ring system. Reduction of the C-11 ketone, followed by elimination of the derived
mesylate with DBU in refluxing benzene, gave a 2:1 mixture of the a,p- and B,y-unsaturated
esters 19 and 20, respectively. Equilibration of 19 to a 2:1 mixture of 19 and 20 could be
achieved in quantitative yield by reexposure of 19 to DBU in refluxing benzene.

Selenation of the conjugate base of 19 (LiTMP) led to the formation of the a-selenated
product 21 in ca. 40% yield, while selenation of the deconjugated ester 20 led to the
formation of the same product in 78% yield. We attribute this difference in reactivity to the
relative difficulty of deprotonation of the C-12 hydrogen in 19. Oxidation of selenide 21
resulted in the formation of the desired C-12a alcohol 22, the stereochemical assignment of
which was supported by the H bonding observed between the hydroxyl hydrogen and the
azocine nitrogen by IH NMR (br s, § 6.5, exchanges with D,0) and subsequently confirmed
by the conversion of 22 to manzamine A. The same product 22 could be obtained more
efficiently via epoxidation of the 3,y —unsaturated ester 20 and treatment of the derived
epoxide with sodium methoxide (69% overall yield of 22 from 20). The closure of the
macrocyclic 13-membered ring to complete the synthesis of the pentacyclic ring system of
manzamine A proved challenging. Deprotection of silyl ether 22, followed by tosylation of
the derived alcohol 23, gave 24. Removal of the Boc protecting group and exposure of the
secondary amine to Hinig’s base under high dilution conditions (1 mM) led to the formation
of methyl ircinate 25 in a disappointing 12% yield. We were delighted to find that
cyclization of the acetylenic substrate 26° under the same reaction conditions led to the
formation of the desired macrocyclic product in 89% yield, which on Lindlar reduction gave
25in 94% yield.

Reaction of the unsaturated ester 25 with DIBAL-H resulted in the first total synthesis of
ircinol A, 27, [a]p = -18° (c = 0.30, MeOH), in 83% yield, the isolation of which was
recently reported by Kobayashi and co-workers.10 Oxidation of 27 with the Dess—Martin
reagent gave a 90% yield of ircinal A, 4, ([a]p = +46° (c = 0.23, CHCl3); lit.° [a]p = +48°
(c) = 2.9, CHCly)), the transformation of which to manzamine A has been reported by
Kobayashi.® Following that procedure, reaction of 4 with tryptamine in the presence of
trifluoroacetic acid gave manzamine D, 28, in 58% yield, which on oxidation with DDQ
provided manzamine A, 1 (50% yield), which was identical in all respects with an authentic
sample kindly provided to us by Professor Kobayashi.

The completion of the first total synthesis of manzamine A in 17 steps from the readily
available bicyclic precursor 9 (which was prepared in 14 steps from pyridine-3-methanol)*
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underscores the utility of the vinylogous amide photoaddition/ fragmentation/Mannich
closure sequence that we have developed for the synthesis of complex structures from
simple precursors. The establishment of all of the stereochemical relationships in 1 from the
single stereogenic center in 9 further attests to the remarkable levels of stereochemical
control that are possible using this photochemical cascade in organic synthesis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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