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Total Synthesis of Haliclamine A, a Macrocyclic Marine Alkaloid Related to the
Key Biogenetic Intermediate of Manzamines
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Abstract: The first total synthesis of haliclamine A (1), a macrocyclic marine alkaloid closely related
to the key bisdihydropyridine intermediate 3 of the biogenetically unique manzamine family, has been
efficiently achieved via stepwise inter- and intramolecular N-alkylations of 3-alkylpyridine derivatives
26 and 28. © 1997 Elsevier Science Ltd.

Recently, an increasing number of structurally and bioactively unique macrocyclic alkaloids have been
isolated from different marine sponges. Among them, the sponge of the genus Haliclona produces a variety of
alkaloids such as halitoxin,’ papuamine,’ haliclonadiamine,’ haliclamines, halicyclamine A,” and
haliclonacyclamines® as well as manzamines’ which are representative of these alkaloids. In 1992, Baldwin and
Whitehead have proposed the fascinating biogenesis of these unique alkaloids, wherein the key feature is an
intramolecular Diels-Alder reaction of bisdihydropyridine intermediate possessing various 3-alkyl chains linking
the two heterocycles such as 3 (Fig. 1).® The appearance of the hypothetical biogenesis has prompted extensive
work directed toward the biomimetic synthesis of these alkaloids.’

Two novel cytotoxic alkaloids haliclamines A (1) and B (2), isolated from a marine sponge of the genus
Haliclona by Fusetani et al., consist of two tetrahydropyridines linked through C, and C,, alkyl chains,® and
their structures are most closely related to the key bisdihydropyridine intermediate 3 of macrocyclic alkaloids
isolated ever." In this communication we report the first convergent total synthesis of biogenetically stimulating
haliclamine A (1) via inter- and intramolecular N-alkylations as a part in the course of our biomimetic synthetic
studies on these marine alkaloids.

key intermediate 3

halicyclamine A
manzamine A

Fig. 1. Some representative alkaloids from sponges of the genus Haliclona which are considered to be
biosynthesized by way of the bisdihydropyridine intermediate 3.
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Scheme 1. Retrosynthetic analysis of haliclamine A (1).

The retrosynthetic analysis of haliclamine A (1) is outlined in Scheme 1. The disconnections of the N1-C7
and N1’-C7’ bonds in 1 can envisage two 3-alkylpyridine derivatives 4 and 5 as valid precursors. It was
anticipated that the macrocycle of 1 would be constructed by the convergent intermolecular N-alkylation of the
two 3-alkylpyridine derivatives 4 and 5 followed by the intramolecular version. The further disconnections at
the positions shown in 4 and 5 straightforwardly lead to the commercially available units, i.e. 3-picoline, 3-
butyn-1-ol, and the appropriate diols 6 and 7, respectively.

The preparation of alkyl chains 15 and 22 required for a coupling with 3-picoline began with
monoprotection of the commercially available diols 6 and 7, respectively (Scheme 2). The alkylation of iodide
10, which was converted from the monobenzyl ether 8 via mesylation, with lithium acetylide 11'' in 1,3-
dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU)-THF (1:1) as mixed solvent system'? afforded
acetylene 12 in 86% yield. The reduction of triple bond to trans double bond and removal of the benzyl
protective group in the acetylene 12 were simultaneously carried out by treatment with a large excess of sodium
in the presence of -BuOH at —40 ~ 30 °C for a long time to yield stereoselectively trans olefin 13 as a single
isomer, the stereochemistry of which could be secured by the coupling constant of 15.4 Hz between the olefinic
protons in its '"H NMR spectrum. The trans olefinic alcohol 13 was led to the desired iodide 15 in the usual
manner. The same sequence of reactions starting from 1,7-heptanediol (7) gave the another desirable iodide 2 2
in comparable overall yields with the iodide 15.
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Scheme 2. Reagents and conditions: (a) NaH, BnBr, DMF, 0 °C - 1t, 15 h; (b) MsCl, Et;N, CH,Cl,, 0
°C, 1 h; (c) Nal, acetone, reflux, 3 ~ 4 h; (d) 11, DMPU-THF (1:1), -15 °C, 30 min — rt, overnight; () an
excess of Na, 7-BuOH, NH;-Et,0, 40 ~ -30°C,3 ~ 4 d.
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Scheme 3. Reagents and conditions: (a) LDA, 3-picoline, THF, —78 °C, 30 min, then 15 or 22, —78 °C —
1t, 4.5 h; (b) AcOH-H,0 (3:2), 1t, 2 h; (c) MsCl, Et;N, CH,Cl,, 0 °C, 1 h; (d) m-CPBA, CH,CI,, 0°C, 5
h - tt, overnight; (e) KI, CH,;CN, reflux, 4 d; (f) KI, 2 mM of 30 in CH;CN, reflux, 2 d; (g) NaBH,,
MeOH-H,0 (3:2), 0 °C - rt, overnight.

With the appropriate alkyl chains 15 and 22 in hand, the next stage is preparation of 3-alkylpyridine
derivatives 25 and 28 corresponding to 4 and 5, respectively, and their convergent assembly (Scheme 3).
Lithiation of 3-picoline was performed with lithium diisopropylamide in THF at ~78 °C'® and subsequent
addition of the iodide 15 provided alkylated adduct 23 in good yield, which was converted to the mesylate 25
via deprotection of r-butyldimethylsilyl ether. To avoid self-polymerization or intramolecular N-alkylation of 25
in the face of coupling 25 with 28 prepared by the same way, the nucleophilic nitrogen functionality in 25 was
protected as N-oxide. The intermolecular N-alkylation of 28" with the N-oxide 26'* in the presence of
potassium iodide in refluxing acetonitrile™ affoded the desired pyridinium alcohol 29 in 67% yield. The usual
mesylation of hydroxyl group in 29 concurrently resulted in an expedient deoxygenation of pyridine N-oxide for
the next macrocyclization. The intramolecular N-alkylation of 30 in the presence of potassium iodide proceeded
under high dilution condition (2 mM solution of 30 in refluxing CH,CN)** to yield ring closed bispyridinium
macrocycle 31.' Finally, reduction of the bispyridinium 31 with sodium borohydride's gave the synthetic
haliclamine A (1)," the spectroscopic data of which was identical with the natural 1* in all respects.

In summary the first total synthesis of haliclamine A (1), a macrocyclic marine alkaloid closely related to
the key biogenetic intermediate of manzamines, has been efficiently accomplished through a convergent coupling
of the 3-alkylpyridine derivatives 26 and 28. Application of this strategy to haliclamine B (2) and an effort
directed toward the biomimetic synthesis via bisdihydropyridine macrocycle 3 will be reported in due course.
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