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Over the past decade there has been an upsurge in the
discovery of biologically active natural products from marine
sponges.l'l In comparison to terrestrial plant and microbial
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systems, little is known about the biosynthesis of sponge
metabolites.”) One class of cytotoxic sponge metabolites
which have recently fascinated organic chemists are the
manzamine alkaloids. The first member of this class, man-
zamine A (1, Figure 1), was isolated in 1986 by Higa et al.l¥

Figure 1. Manzamine A (1), B (2), and C (3).

and recently synthesized.['” The unprecedented structure led
the authors to the conclusion that “no obvious biogenetic
path” could be envisaged leading to 1. Manzamines B (2) and
C (3) were subsequently isolated from the same sponge.[

In 1992, we put forward a biogenetic hypothesis for the
formation of the manzamines.®! We proposed that each
structure could be reduced into four building blocks: ammo-
nia, a Cy, unit (a symmetrical dialdehyde), tryptophan, and a
C; unit (an acrolein equivalent), shown in Scheme 1 for
manzamine B (2). The key step in the proposal is the
intramolecular endo Diels— Alder cycloaddition of the bis-
dihydropyridine 4.1 To date it is not known whether a
“Diels— Alderase” exists."]

Since the publication of the hypothesis a large number of
manzamine and related alkaloids have been isolated from
various species of sponge worldwide.l®! Despite the lack of
experimental evidence, the proposal has been applied repeat-
edly to explain the biogenetic origin of the manzamine and
related alkaloids. One related alkaloid is keramaphidin B (5,
Scheme 1), which was isolated independently by both the
Kobayashi and Andersen groups.’! Structurally 5 is simply the
reduced form of the proposed cycloadduct 6 (Scheme 1).
Herein, we report the biomimetic synthesis of 5, the first in
vitro chemical evidence for this proposal.

The synthesis of 7 was first communicated in 1996, but we
found the route unsatisfactory because of moderate yields
(7% overall) and the instability of one intermediate. Since
then we have modified the synthesis (Scheme 2) with
significant improvements (37 % overall yield). Hydroxyphos-
phonium salt 8 was masked as its tetrahydropyranyl (THP)
derivative 9 (93 %). Olefin 10 was obtained from the ylide
generated from 9 and 3-(3-pyridyl)propanal in 83 % yield.
Acid-mediated deprotection gave the alcohol 11 (94%),
which was treated with p-toluenesulfonyl chloride to give 12
(95%). A one-pot Finkelstein reaction, dimerization and
macrocyclization was effected by the slow addition of 12 into a
mixture of Nal in 2-butanone under reflux. The crude product
was reduced to give bis-tetrahydropyridine 13 in 56 % yield
over the two steps. Oxidation of 13 with 3-chloroperbenzoic
acid (mCPBA) furnished diastereomeric N-oxides (98 %),
which could be treated with trifluoroacetic anhydride to give
bis-dihydropyridine 7 (100 % ).
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Scheme 1. A hypothesis for the biosynthesis of the manzamine alkaloids.!

It was eventually discovered that dissolution of 7 in an
aqueous methanol buffer, followed by reduction, yielded a
small but detectable amount of keramaphidin B (5) within a
complex mixture of products. After extensive chromato-
graphic purification of this mixture, 5
was isolated in 0.2-0.3% yield.'’? The
synthetic material was identified by
NMR spectroscopy, LC-MS, and by
doping the synthetic sample with au-
thentic material (Figure 2). The major
product (60-85%) was the recyclable
bis-tetrahydropyridine 13. This com-
pound originated from disproportiona-
tion of 4 giving a mixture of tetrahy-
dropyridine and the pyridinium salt,
which was subsequently reduced to
afford 13.01

10 X=OTHP
11 X=OH
dC 12 X=0Ts

e, f

LI G

Yo

13

|

Scheme 2. Synthesis of bis-dihydropyridine 7. Reagents and conditions:
a) 1.5 equiv 3,4-dihydro-2H-pyran, 0.01 equiv pyridinium p-toluenesulfon-
ate, CH,Cl,, 15 h, 93 % b) 1.2 equiv potassium hexamethyldisilazide, THF,
—78°C to RT, 1h, then 3-(3-pyridyl)propanal, —78°C to RT, 2h, 83%
(Z:E~99:1); c) 3m HCI, MeOH, 3 h, 94 %; d) 1.5 equiv p-toluenesulfonyl
chloride, 2equiv Et;N, CH,Cl,, 0°C, 3h, 95%; e) 1.2 equiv Nal, 2-
butanone, A, 192 h; f) 3 equiv NaBH,, MeOH, —78°C to RT, 0.5 h, 56 %
over 2 steps; g) 2 equiv mCPBA, CH,Cl,, 0°C, 98 %; h) 4 equiv trifluoro-
acetic anhydride, CH,Cl,, 100 %; i) MeOH/1m aqueous TRIS buffer (1/1;
pH 7.3; TRIS = tris(hydroxymethyl)aminomethane), 1h; then 3 equiv
NaBH,, MeOH, —78°C to RT, 0.5 h, 0.2-0.3%.

keramaphidin B (5)

keramaphidin B (5) reflects the preference of 4 to dispropor-
tionate and the difficulty of purification. A “Diels— Alderase”
that limited the conformational mobility of the substrate
would not only decrease the change in entropy towards the
transition state, but could also exclude the disproportionation.
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In conclusion, we have demonstrated 60 55
the chemical feasibility of our theoret-
ical proposal for the biosynthesis of the
manzamine alkaloids. The low yield of
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Figure 2. '"H NMR doping experiment of 5 (500 MHz, CD;OD): a) synthetic material; b) authentic
material of similar concentration; c¢) 1:1 mixture of (a) and (b).
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prepared in high yield by the reaction of CygSizO,, (4) with
triflic acid (TfOH) in noncoordinating solvents such as
CH,Cl, or CH.['"" The triflate groups from 6 are rapidly
displaced by many nucleophiles with complete stereochemical
inversion at both Si centers. With difunctional nucleophiles
(e.g., H,0), there are two possible products: difunctional
derivatives resulting from two sequential bimolecular dis-
placement reactions (e.g., 7) or “edge-capped” products
resulting from intramolecular cyclization of the monosubsti-
tuted (e.g., 4).[”1 Cyclization is usually favored when reactions
are performed in dilute solutions with stoichiometric quanti-
ties of reagents.

The reaction of 6 with aniline produces 8 and/or 9 in high
yield. When the reaction is performed in toluene/Et;N with an
excess of aniline (>4 equiv), 8 is obtained in >95% NMR
yield. The structure of 8, which was assigned on the basis of
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