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Abstract 

, A stereocontrolled total synthesis of (±)-khusimone (1) has been successfully accomplished involving Wittig olefma
tion of the tricyclic ketone (17) as a key step. Intramolecular anionic cyclisation of the indane derivative (10) provilied 
the tricyclic dienone (11) which was efficiently converted into the mesylate (15). Base-induced 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 impOl;tant 
constituents of vetiver oil and was fIrst isolated by Umrani et al. 1 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[6.2.1.01

•
5]undecane ring system 

characteristic of the zizaane group of sesqtiiterpenes 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[6.2.1.01

,
S]undecane ringsystein 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 goodyield which was easily converted to thecis~diol (14) using the 
functional groups in ring A. Base-induced rearrangement of the corresponding llionomesylate 
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Scheme 1. Reagents and conditions: (i), LDA, BrCH2CChEt. THF, -10--20°C: (ii) LAH, EllO, reflux; Lit liq.NH3• 

NH.Cl; (iii) Ph,!'. CBr •• Et,O. 25'C. (iv) BBr,.CH,cI,. ()"'20°C; (v). I-BoOK, I-BoOR. 800C; (vi) NaB",. BlOB. ()... 
2OOC; (vii) DIIP. PPTS. CB,cI,. 200C; (viii) 0.0 •• C,B,N. 25°C; (ix) M,Cl. C,HsN. lOOC; (x) I-BoOK, I-BIlOB. 
woc; (xi) PPTS. BlOB. 55'C; (xii) CH,(coHs),P'r. I-BoOK, 9O'C; (xiii) Jone, reagent. (CB,),CO. O°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 Buehi el al.' 
and Oppolzer and Pitteloud' and of (-)-khusimone have been accomplished by Liu and Chan.' 
Oppolzer el aI.,' and SakUrai et aI.,· Liu and Chan' have converted khusitrione into thezlzaane 
sesquiterpenes zlzanal (2), zizanoic acid (3), epizizanal (4) and epizizanoic acid (5) (Fig. 1). 
The present work, therefore, constitotes formal total synthesis of the zizaane sesquiterpenes 
(2'-5). . . 

Alkylation of 3,3,dimethyl-7-methoxyindanone (6)9 with ethyl bro~ta1C using J.,DA as 
the bil8e provided the \c:eto-ester (7)10 in 72% yield. Reduction of 7 with. Li.AIH. followed by 
hydrogenQlysis of the resulting diol with Li in liquid ammouia affo~ the primary alcohlll (8) 
in 8S%yield 'rreatment of 8 with a mixture of Ph,P and CBr. furqished the bromoether (1/)11 
(80%) which on demethylationwith BBr, afforded the bromophenol (10.) (111 %) .. Intrantolecu, 
1ar auinuic cyclization'2 0f 10 using I-BoOK as the base provided the tricyclic dienone(U)1I 
(70%). Redaction" of 11 with NaB.S. furnished the alcobo\(l;l)1I (82%), m. p, 117-1 we 
which was conv"f\!ld to te\rlthydtQPyranyl ether (13). (95%). The sweochemical ~ssigume ... ts 
at C-1, C-2.and C-8.of II followed from subsequent U'ansformationsleadi!l8. to the keto
alcohol (17), the structure of which was established by single--Q'Ystal X-raY01Yst'lllpgtaphy of 
one of its derivatives.llydroxylation of 13 with OsO. furnishe4 the cis,diol (14)(88%) which 
was converted into the monomesylate (IS) in near quantitative yield. The stereochemistries of 
the hydroxyl groups at C-5 and C-6 have been tentatively assig\ledJj from the following con
siderations: (i) isolongifolene (19) possessing a similar tricyc1o[6.2.1.0' ·'lundecane ring system 
undergoes epoxidation" with perbenzoic acid to yield thefj-epoxide (20), (il) hydroxylation of 
the olefin (21) with OsO. furnished" the cis-diol (22) as the ooly prodUct (Fig. 2). The stereo
structures of the compounds 2016 and 22" have been established by singl«c'<f)'stal X-rll-Y crys
tallography. The bonds a and b of 15 being antiperiplanar, the mesyla!e reartangedl8 smoothly 
on treatment with I-BuOK (1 equiv.) at 20°C to afford the ketone (16) (88%) which, afterre
moval of the THP group, furnished the \c:eto-alcohol (17)" (93%), m. p. 89-9O°C as the sole 
product. As mentioned earlier, the relative stereochemistries at Cl, C-Z. c,5 and C-8 of 
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FIG. 2. 

(17) were detennined by X-ray crystallographyl9 of one of its derivatives. Wittig olefination of 
the ketone (17) with methylenetriphenylphosphorane according to a modified procedure20 af
forded the hydroxyolefin (18)11 in 40% yield. Jones oxidation of 18 furnished (±)-khusimone 
(1)11 (85%). The identity of synthetic khusimone was secured through IH NMR, \3C NMR, IR 
and microanalytical data. The structure of 1 was further confirmed from DEPT experiments. 
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