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Total Syntheses of the Diterpenoids (1)-Verrucosan-28-0l, (+)-Neoverrucosan-
5B-ol, and (i)-Homoverrucosan-58-0l. An Approach to the Synthesis of the
Sesterterpenoid Variecolin
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Abstract: Efficient total syntheses of the racemic versions of the diterpenoids verrucosan-2f-ol
(5), neoverrucosan-5B-ol (6), and homoverrucosan-58-ol (7) are described. The production of
the key intermediate 15 suggests a possible synthetic approach to the tetracyclic natural product
variecolin (1). © 1997 Elsevier Science Ltd.

The sesterterpenoid (-)-variecolin, produced by fermentation of the fungus Aspergillus variecolor MF138,
was shown! to possess the constitution and relative configuration depicted in formula 1. This architecturally
novel substance is an angiotensin II receptor binding inhibitor and, thus, 1 (or structurally related analogs) may be
of use in the treatment of hypertension.! The structure of the functionalized CD-ring portion of 1 is closely related
to that of the substituted bicyclo{4.3.0]nonane segment of the verrucosane, neoverrucosane, and homoverru-
cosane families of diterpenoids, which possess the carbon skeletons shown in 2, 3, and 4, respectively.2 (-)-
Verrucosan-2B-ol (5)3, (-)-neoverrucosan-58-ol (6)4, and (+)-homoverrucosan-5B-ol (7),40¢ which possess the
absolute configurations shown in the structural formulas, are, respectively, members of these relatively small
groups of natural products. In connection with developing a viable approach to the synthesis of 1, we report
herein total syntheses of the racemic versions of §, 6, and 7. To our knowledge, this work represents the first
reported synthesis of a verrucosane, neoverrucosane, or homoverrucosane diterpenoid.
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The synthesis of (+)-neoverrucosan-5B-ol (6) is outlined in Scheme 1. Me3SiCl-facilitated> conjugate
addition of the higher order cuprate 96 to the known? bicyclic enone 8 provided a mixture of the epimers 1010 and
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11, in a ratio of approximately 11:1. Thus, with respect to the new stereogenic center generated B to the carbony!
group of 8, this 1,4-addition is completely stereoselective.!! Equilibration (step b, Scheme 1) of the mixture of
10 and 11 provided (95%) a mixture of the same two compounds, in a ratio of 1:14.11,12 Separation of these
substances by flash chromatography on silica gell3 provided pure 11 (~65%)14 and, thus, an intermediate with
the correct relative configuration at three of the stercogenic centers present in 6 was readily synthesized.
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Scheme 1. a: Me3SiCl, THF, -78 °C; NH4Cl, H20. b: MeONa, MeOH, 40 °C. ¢: (Me3Si}2NK, THF, -78
°C; 2-(tert-butyldimethylsilyloxy)-4-iodobutane, HMPA, 78 °C to -48 °C to r.t. d: i-PraNLi, THF, -78 °Cto 0
°C; Mel (excess), —78 °C to r.t. e: BuyNF, THF, r.t. f: pyridinium chlorochromate, Celite, CH2Cla, 1t. g:
EtONa, EtOH, reflux. h: Li, NH3, +~-BuOH, THF, 78 °C; NH4Cl (solid). i: H2 (1 atmosphere), Pt, EtOAc, r.t.
J: (Me38i)aNK, THF, ~78 °C to 0 °C; dimethyldioxirane, acetone, 78 °C. k: Mea(¢-Bu)SiCl, imidazole,
CH2Cly, r.t. I: Cp2TiCHAICIMe; (Tebbe reagent), benzene, THF, r.t. m: BugNF, THF, r.t. n: Pr4NRuOs4,
N-methylmorpholine-N-oxide, 4A molecular sieves, CHaCly, r.t. o: RhCl3e3H70, EtOH, reflux. p: NaBHj4,
CeCl3*6H20, MeOH, r.t. q: Et2Zn, ICH,Cl, CICH2CH(C], 0 °C.

Alkylation of the potassium enolate of 11 with 2-(er-butyldimethylsilyloxy)-4-iodobutane, 15 foliowed by
methylation of the resultant product 12 (a mixture of four diastereomers), provided, in excellent overall yield, the
ketone 13. The fact that the latter substance consisted of only two diastereomers showed clearly that the
methylation step had occurred with very high stereoselectivity. The expectationl? that the methyl group had been
installed in an axial orientation was verified by suitable proton NMR nuclear Overhauser enhancement difference
(NOED) experiments and by the eventual acquisition of (1)-6. Suitable functional group interconversions
transformed 13 into the corresponding dione (a single diastereomer), which, upon subjection to base—promoted
ring closure, was converted into the tricyclic enone 14. Metal-ammonia reduction of 14 produced the ketone 185,
which should serve as a suitable intermediate for the total synthesis of variecolin (1).18 For the present work, the
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isopropenyl group in 15 was hydrogenated and the acquired ketone 16 was sequentially treated with base and
dimethyldioxirane!? to give the a-hydroxylated product 17 as a single diastercomer. Proton NMR NOED
experiments showed that the carbinol proton in 17 is 1,3-diaxial to the angular Me group associated with the
cyclohexanone ring. Conversion of 17 into the terz-butyldimethylsilyl ether 18, followed by methylenation of the
latter substance with the Tebbe reagent, 20 and subsequent fluoride-mediated cleavage of the silyl ether linkage in
19, afforded the allylic alcohol 20 in very high overall yield. All attempts to effect isomerization of the exocyclic
double bond in 19 or 20 to the required endocyclic position (see 23) failed. However, oxidation2! of 20,
followed immediately by treatment of the resultant enone 2122 with RhCl3 in EtOH,23 provided, in good overall
yield, the enone 22. Reduction? of this material furnished, as the major product, the required alcohol 23,25
which was stereoselectively cyclopropanated?6 to give (+)-neoverrucosan-58-ol (6).27

Scheme 2. a: dimethyldioxirane (excess), acetone, CH2Cly, r.t. b: H)NNH>, 1-hexene, MeOH, HOAc, 0 °C.
¢: EtoZn, ICH,Cl, CICH,CHCl, 0 °C. d: H2804, HyO, acetone, reflux.

Scheme 2 summarizes the completion of the syntheses of (1)-verrucosan-28-ol (§) and (+)-homo-
verrucosan-58-ol (7). Direct epoxidation of the enone 22 with excess dimethyldioxirane28 provided a single
product, 24, derived from approach of the reagent from the less hindered face of the carbon-carbon double bond.
Subjection of 24 to the Wharton reaction,2? followed by face-selective cyclopropanation26 of the olefinic bond in
the acquired product 25, provided (1)-verrucosan-2f-ol (5).27 Treatment of either (£)-5 or (£)-6 with aqueous
H2804 in acetone3a.48 furnished racemic homoverrucosan-58-ol (7).27

Cytotoxicity studies on compounds 5-7 are underway and the results will be published in due course.
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