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Abstract

. A stereocontrolled mtal synthesns of (2)-khusimone (1) has been successfully accomphshed involving Wittig olefina-
tion of the tricyclic ketone (17) as a key step. Intramolecular anionic cyclisation of the indane derivative (10) provided
the tricyclic dienone (11) which was efficiently converted into the mesylate (15) Base—mduced rearrangement of (15)
furnished the ketone (16) in high yield.
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Vetiver oil is widely used in high-quality expensive perfumery compositions and soap per-
fumes. Khusimone (1), a norsesquiterpene ketone, is one of the main olfactively important
constituents of vetiver oil and was first isolated by Umrani ef al.' Jain et al.® and Komagata et
al? reported that 1 shows repellent activity against several pests such as cockroaches, flies,
weevils and mosquitoes. Khusimone possesses the tricyclo[6.2.1.0" *Jundecane ring system
characteristic of the zizaane group of sesquiterpenes and has attracted considerable attention as
a challenging synthetic target. The total synthesis of khusimone presents three principal prob-
lems: (i) construction of the tricyclo[6.2.1.0" *Jundecane ring system with~ gem-dimethyl
groups at C-7, (ii) introduction of the exocyclic methylene unit at C-6 and the carbonyl group
at C 2, and (iii) control of the stereochemistry of the trans-fused hydroindane ring junction.
We report herein a' stereocontrolled total synthesis of (+)-khusimone starting from the easily
accessible indane derivative (10). Intramolecular anionic cyclization of 10 provided the tri-
cyclic: dienone (11) in good yield which was easily converted to the cis-diol (14) using the
functional groups in ring A. Base-induced rearrangement of the corresponding monomesylate
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1 2,R=CHO "4,R=CHO'
. 3, R =CO2H 5,R = COgH
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Scheme 1. Reagents and conditions: (i), LDA, BrCH,CO:Et, THF, ~10-20°C: (i) LAH, Et;0, reflux; Li, lig.NH,,
NELCY; (iii) PhyP, CBry, E:0, 25°C, (iv) BBrs,CH:Cl;, 0-20°C; (v), +-BuOK, +-BuOH, 80°C; (vi) NaBH,, EtOH, 0—
20°C; (vii) DHP, PPTS, CH,Cl,, 20°C; (vii} Os0,, CsHsN, 25°C; (ix) MsCl, CsHaN, 10°C; (x) +-BuOK, +-BuOH,
2°C; (xi) PPTS, BAOH, 55°C; (xif) CHo(CeHs)sP*'T", 1-BuOK, 90°C; (xiii) Jones reagent, (CH;),CO. 0°C. |
(15) afforded the tricyclic ketone (16) in high yield which was subsequently converted to ()-
khusimone (1). The total syntheses of racemic khusimone were reported earlier by Buchi et al.*
and Oppolzer and Pitteloud® and of (-)-khusimone have been accomplished by Liu and Chan.®
Oppolzer et al., and Sakurdi ef al..® Liu and Chan® have converted khusimone into the zizasne
sesquiterpenes zizanal (2), zizanoic acid (3), epizizanal {4) and epizizanoic acid (5} (Fig. 1).
The present work, theref()rc constitutes formal total synthc31s of the zmaane sesqulterpenes
2-5. :

A]kylatlon of 3,3-dimethyl- T—methoxymdanone 6)’ Wlth ethyl bmmgacetate usmg LDA as
the base provided the keto-ester (7)'° in 72% yield. Reduction of 7 with LiAIH, followed by
hydrogenolysis of the resulting diol with.Li in liquid ammonia afforded the primary algohol (8)
in 85% yield. Treatment of 8 with a mixture of PhsP and CBr, furnished the bromoether (9)'!
(80%) which on demelhylatmn with BBr;. afforded the bromophenol (10) (91%). Inll'amolccu-
lar anionic cyclization' of 10 using #-BuOK as the base provided the tricyclic dienone (11)"
(70%). Reduction™ of 11 with NaBH, furnished the alcohol. A" (82%), m. p. 117-118°C
which was converted to tetrahydropyranyl ether (13) (95%). The stereochemical assignments
at' C-1, C-2 and €-8 of 12 foliowed from subsequent transformations leadipg to the keto-
alcohol (17), the structure of which was established by single-crystal X-ray arystallography of
one of its derivatives. Hydroxylation of 13 with OsO, furnished. the cis-diol (14} (88%) which
was converted into the monomesylate (15) in near quantitative yield. The stereochemistries of
* the hydroxyl groups at C-5 and C-6 have been tentatively assigned j from the following con-
siderations: (i) 1solong]folene (19) possessing a similar tricyclo[6.2.1.0" 6]unde:cane ring system
undergoes epoxidation'* with perbenzoic acid to yield the. B-epoxide (20), (ii) hydmxylatmn of
the olefin (21) with OsO, furnished'® the cis-diol (22) as. the only product (Fig. 2). Thé stereo-
structures of the compounds 20" and 22'7 have been established by single-erystal X-ray crys-
tallography. The bonds a and b of 15 being antiperiplanar, the mesylate reartanged'® smoothly
on treatment with +-BuOK (1 equiv.) at 20°C to afford the ketone (16) (88%) which, after re-
moval of the THP group, furnished the keto-alcohol (17)'* (93%), m. p, 89-90°C as the sole
product. As mentioned earlier, the relative stereochemistries at ‘Cl, C-2, c-5 and C-8 of
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(17) were determined by X-ray crystallography'® of one of its derivatives. Wittig olefination of
the ketone (17) with methylenetriphenylphosphorane according to a modified procedure® af-
forded the hydroxyolefin (18)'! in 40% yield. Jones oxidation of 18 furnished (+)-khusimone
(1)" (85%). The identity of synthetic khusimone was secured through ‘H NMR, *C NMR, IR
and microanalytical data. The structure of 1 was further confirmed from DEPT experiments.
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