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Abstract: An advanced intermediate for the heterocyclic aminal core of zoanthamine/norzoanthamine
alkaloids was prepared in an enantio and stereoselective manner. Contiguous quaternary chiral centers
were selectively constructed utilizing a stereoselective cuprate addition to the readily available (+)-
Wieland-Miescher ketone. © 1998 Elsevier Science Ltd. All rights reserved.
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Zoanthamine? (1) and norzoanthamine3 (2) are marine alkaloids which show significant biological
activities such as inhibitory effects toward phorbol myristate-induced inflammation2b for 1 and IL-6
production3¢ for 2. In particular, norzoanthamine (2) is considered to be a promising osteoporotic drug
because it strongly suppresses the decrease in bone weight and strength in ovariectomized mice without
showing the serious side effects observed in the case of 17B-estradiol.3¢ These alkaloids are structurally quite
unique, possessing a rather complicated heptacyclic ring system, along with five quaternary chiral centers, and
are considered a challenging target molecule from the synthetic point of view.4 Indeed, enantiocontrolled
construction of the hemiaminal moiety of related 28-deoxyzoanthenamine was very recently reported by
Williams and coworker.5 During the course of our studies directed toward total synthesis of norzoanthamine,
we examined an enantioselective route to the fully functionalized heterocyclic aminal core 3. Pentacyclic
heterocycle 3 contains four of the five chiral quaternary centers, including three contiguous ones, in
zoanthamine and norzoanthamine. The present paper focuses on the enantioselective preparation of 4, an
advanced intermediate for 3, and the accompanying paper describes the construction of aminal core 3.

Zoanthamine (1) : R=Me 3
Norzoanthamine (2} : R =H

0040-4039/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)01284-2



6238

Our strategy for the pentacyclic aminal ring system is shown in Scheme 1. Thus, we expected that the
fully functionalized monocyclic precursor 6 or its suitably protected derivative might undergo sequential
cyclization through aminal 5 under particular conditions to produce 3. We envisaged that partially protected 4
would serve as a potential intermediate for the synthesis of 3, and that 4 could be derived from the aldehyde 7
and the sulfone 8. The most crucial point in the preparation of 7 is the construction of the two contiguous
quaternary centers which correspond to C-9 and C-22.6 Our approach was to utilize the stereoselective cuprate
addition to the readily available (+)-Wieland-Miescher ketone (W. MK).7
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Highly diastereoselective cuprate addition to (+)-WMK was carried out according to the Piers method,3
and the reaction was quenched with TMSCI and Et3N to obtain the silyl enol ether. The crude silyl enol ether
was subjected to MCPBA oxidation, followed by treatment with CSA to afford the hydroxy ketone 99 in 73%
yield from (+)-WMK. Hydroxyketone 9 was then oxidatively cleaved with Pb(OAc)4, and the resulting
monocyclic ketoaldehyde 10 was reacted with Ph3P=CHj under ice-water cooling to give 11 in good yield.
The undesirable Wittig reaction at the ketonic part or intramolecular aldol-type reaction did not proceed under
these conditions.
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Reagents and conditions: a (i) Me2CuLi/Et20, -25°C, 0.5h, then TMSCI, Et3N, -25 10 0°C, 2h; (ii) MCPBA/
hexane, r.t., 2h; (iii) CSA/acctone, r.t. 16h; 73% from (+)-WMK. b (i) Pb(OAc)4/benzene-MeOH, 0°C, 0.5h, 89%.
¢ Ph3P*CHj3 Br, NaNHy/THF, 5°C, 2h, 70%. d TMSO(CH2);0TMS, TMSOT{/CH;Clp, r.t., 17h, 91%.

€ (i) BH3*SMey/THF, r.t., 2h, then 35% H02/3N NaOH, r.t; (ii) CHaNo/Ex0; 64%. f TBDMSCI,
imidazolc/CH,Clp, 0°C, 0.5h, quant. g DIBAL/CHCly, -78°C, 15min, 92%.
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Then, the ketone was protected with ethyleneketal by Noyori's method!0 to give 12, and the vinyl group was
transformed to the hydroxyethyl group by hydroboration followed by oxidative work-up and esterification 10
give 13. After protection of the hydroxyl group as TBDMS ether, the methoxycarbonyl group of 14 was
reduced with DIBAL to obtain the key intermediate 7.

Scheme 3
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Reagents and conditions: a (i} NaNOo/H20; (ii) BH3*SMey/THF, (iii) TBDPSCI, imidazole/DMF; (iv) LDA,
Mel/THF, -78°C, 34%. b (i) TBAF/THF, r.t,, 1h; (ii) MsCl, Ei3N/CH2Cly, r.t., 1h; (iii) NaN3/DMF, 90°C, 2h,
79%. ¢ (i) Hp, P4/C/THF, r.t, 2h; (ii) CICO2Bn, Ei3N/THF, 65%. d NaBH4/THF-McOH (4:1), 60°C, 15min,
94%. e PhSSPh, n-BusP/pyridine, r.L, 1h, 74%. f (i) 2.2-dimethoxypropane, p-TsOH/acetone, r.t., 1h, (ii)
MCPBA, NaHCO3/CH3Cly, 0°C, 1h, 94%.

The preparation of the C1-C5 segment 8 is summarized in Scheme 3. Thus, D-glutamic acid was
converted to a-methyl-y-butyrolactone 15 by the reported procedure.!l Two chiral centers in 8 are already
established with 15.12 After transformation to the Z-amino derivative 17 by the conventional method, lactone
17 was reduced to the diol 18.13 Then, the primary hydroxyl group of 18 was selectively converted to the
phenylthio group with PhSSPh and n-Bu3P.14 Protection of the aminoalcohol moiety with an isopropylidene
group and final oxidation of the phenylthio group with MCPBA afforded the sulfone 8.

Scheme 4
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R nts and conditions: a -BuLi/THF, -78°C, 0.5h. b Dess-Martin periodinane, pyridine/CH2Cl, r.1., 2h,
70% from 7. € 5% Na-Hg, NagHPO4/McOH, r.1., 2h, 87%. d (i) TBAF/THF, r.t., 18h; (ii) Dess-Martin
periodinane, pyridine/CHCly, r.t., 2h; (iii) NaClO2, NaH2POy4, 2-methyl-2-butenc/t-BuOH-H20, r.t., 1h, 78%.
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With these two segments in hand, the coupling of 7 and 8 was next examined. (Scheme 4) Thus, the
sulfone 8 (2 equiv) was treated with ¢-BuLi (2 equiv) in THF at -78°C, and the resulting lithiated 8 was then
reacted with the aldehyde 7 giving a diastereomeric mixture of hydroxysulfone 20 along with the recovery of
excess sulfone 8. Without separation, the mixture was oxidized with Dess-Martin periodinaneS to result in the
ready separation of the ketosulfone 21 (70% yield based on 7) and 8. Reductive desulfurization of 21 was
carried out with 5% Na-Hg in 87% yield. Finally, carboxylic acid 416 was obtained in 78% overall yield by
conventional transformation.

As described above, preparation of the advanced intermediate 4 was successfully achieved starting from
(+)-Wieland-Miescher ketone and D-glutamic acid. Cyclization to the pentacyclic aminal core 3 is the subject of
the accompanying paper.
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