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Concise and protective group free syntheses of (+)-hamigeran B and (+)-4-bromohamigeran B are reported. The key reactions include an
enone migration and a Diels—Alder cyclization to provide the requisite tricyclic skeleton.

Hamigeran B (1) and 4-bromohamigeran B (2) were first
isolated from the poecilosclerid sponge Hamigera tarangen-
sis Bergquist and Fromont (family Anchinoidae, syn. Phor-
basidae) and reported by Cambie and co-workers in 2000.
While most members of the hamigeran family of natural
products, including 2, possess mild antitumor activity toward
P-388, hamigeran B also possesses potent antiviral activity.
The challenging nature of its unique structure has been
highlighted by recent syntheses of hamigeran B.2~ Herein
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we report an aternative synthesis to hamigeran B and also
to 4-bromohamigeran B that is extremely concise and does
not require the use of protective groups.

A similar feature of the previous syntheses is that the
aromatic A ring is already present as part of their respective
starting precursors, upon which the B and C rings are
incorporated (Figure 1). In contrast, we sought to first

OH O
POO*
\\

1 R = H Hamigeran B
2 R = Br 4-Bromohamigeran B

Figure 1. Hamigeran B and 4-bromohamigeran B listing the A—C rings.

construct the B and C rings and envisaged an intermolecular
Diels—Alder cyclization as the key step in forming the A
ring toward the latter part of the synthesis (Scheme 1).
Although studies toward a direct route to 4 via cyclopen-



Scheme 1. Retrosynthetic Analysis of Hamigeran B
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tenone annulation chemistry developed in the Piers labora-
tory® showed limited success, we were able to take advantage
of some previously reported work in order to build the
desired enone 4 through an enone migration protocol on
enone 5.°

Enone 5 was synthesized on the basis of work performed
by Snider and co-workers'® and by Corey and Engler*!
order to obtain bicyclic ketone 9 stereospecificaly, containing
the requisite rel ative stereochemistry of the three contiguous
chirality centers in hamigeran B (Scheme 2). Introduction

Scheme 2. Synthesis of Enone 5
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of the unsaturation was accomplished by the regioselective
o-bromination of 9 using pyridinium tribromide in acetic
acid,*? followed by elimination of HBr with lithium carbon-
ate and lithium bromide in hot dimethylformamide,*® to
provide the desired enone 5 in 88% yield.**
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With enone 5 in hand, a Reusch enone migration®
protocol was performed (Scheme 3).1° Enone 5 was treated

Scheme 3. Enone Migration Protocol
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with 30% hydrogen peroxide and catalytic sodium hydroxide
in methanol to furnish epoxide 10. Without purification, the
epoxide was opened with sodium methoxide in methanol,
providing the a.-methoxy enone 11 in 87% yield over two
steps. Enone 11 was then treated with tosyl hydrazide in
ethanol to furnish the hydrazone 12 as a mixture of geometric
isomers. Again without purification, hydrazone 12 was
subjected to Shapiro conditions'’ using 4 equiv of methyl-
lithium at —78 °C and then warming from —78to 0 °C. An
in situ hydrolysis of the resulting methyl enol ether with
refluxing aqueous acetic acid afforded the desired enone 4
in 79% yield from 11.

Surprisingly, enone 4 was a poorly reactive dienophile and
required the use of ketene acetal 13 as the reactive diene.
Acetal 13 was synthesized from 3,3-dimethylacrylic acid in
77% yield following a procedure developed by Boehler and
Konopelski (Scheme 4).2®

Diene 13 and dienophile 4 were mixed in a 4:1 ratio,
respectively, with 10 mol % of K,CO; (as a proton
scavenger) and heated to 150 °C in a sealed vial for 4 days
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Scheme 4. Preparation of Ketene Acetal 13
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to afford the Diels—Alder adduct 16 as primarily a single
diastereomer (Scheme 5),*° with yields ranging from 61%

Scheme 5. Diels—Alder Cyclization and End Game
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(83% based on recovered starting material) to 77% (complete
consumption of the enone). Heating of the reaction for longer
periods in order to completely consume the enone tended to
lower the yield. Furthermore, use of fewer equivalents of
diene resulted in a sluggish reaction. For example, when 13:
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dienophile 4 were mixed in a 2:1 ratio, respectively, for 4 d
at 150 °C, only 23% conversion was observed.

With the cyclized compound 16 in hand, hydrolysis of
the ketal functionality® using sulfuric acid in wet acetone
gave enol 17 quantitatively. Compound 17 was then aroma-
tized using DDQ?* in benzene at rt to give ketone 3 aso in
high yield. The 1,2-diketone functionality was introduced
using selenium dioxide?® with catalytic acetic acid in
refluxing wet dioxane to form 18 in 92% yield.

Careful o-bromination of the phenol using NBS with
diisopropylamine in methylene chloride™ afforded hamigeran
B, whose spectral data were in agreement with reported data.*
Use of an excess of NBS with rapid addition to the phenol
resulted in the dibromination of phenol 18 to form 4-bro-
mohamigeran B, whose spectral data were also in agreement
with reported data.*

In summary, we report anovel, concise, and stereospecific
synthesis of (+)-hamigeran B and of (+)-4-bromohamigeran
B that does not require the use of any protective groups.
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