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The structural feature of spirovetivanes,2 a group of sesquiterpenes is that they are the 

spiro[4.5]decane derivatives 1. v We have been interested in constructing the spiro[4.5]decane 

system generally suited for the synthesis of these sesquiterpenes. 

We are reporting here a facile method of preparing the properly functionalized spiro[4.5] 

decane system by acid-catalyzed condensation of a 4-(3'-formylpropyl)-3-cyclohexenone 

derivative 2, and the stereospecific synthesis of B-vetivone 28, 3. in racemic form, using this 

type of condensation as a crucial step (St+ 15). The acid L4 was converted to the aldehyde 

s5 ( *60%) by reduction (LiA1H4 - ether, 25') and the subsequent oxidation (DMSO - DCC - 

H3P04, 25'). Acetalization of Jtgave the acetal $, 5.6 bp 160 - 161' (2 mm), (95%), and 

the reduction of $ (Li in liquid NH3 - t-BuOH - THF, -33") followed by hydrolysis (aqueous 

oxalic acid) afforded the cyclohexenone L, 5J6 (-90%). Two modes of condensation of 7 were Y 

found to take place under the acidic conditions. While the cyclohexenone L afforded mainly 

a diastereomeric mixture (ratio, ca. - 4:1, estimated by nmr spectrum) of the conjugated ketone 

:I 
5'6 (77% after preparative tic purification on silica gel with EtOAc), together with the 

saturated ketone 2, 6'7 mp 105' (15%) under rather mild conditions [6N HCl - DME (1:2), SO', 

1 hr], the saturated ketone 11 was formed as the sole product in the condensation of 7 under N 

forcing conditions [6N HCl - DME (1:2), reflux, 2 hr]. The Spiro structure zof the 

conjugated ketone was established by the ir spectrum [vmax(CHC13) 1740 cm -1 (five-membered 

ring ketone)] of the ketone 10 
e' 6'8 obtained by oxidation of !$ (Cr03 - pyridine), excluding 

the alternative possible structure 12. The structural assignment of the saturated ketone 11 
* 

based on the spectral evidence was confirmed by the stepwise synthesis of this compound.' 

Further, the Spiro compound 9_was found to be transformed quantitatively into the saturated 

ketone 2 under forcing conditions [6N HCl - DME (1:2), reflux, 2 hr]. This finding suggests 
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that, although the two modes of condensation of L occur, only the desired Spiro compound 9 * 

would be synthesized by protecting, during the condensation, the hydroxyl group of 9. For 
W 

this purpose, the cyclohexenone &was prepared, the condensation of which was performed. 

The reaction of the aldehyde 5 lo with methoxymethylene triphenylphosphorane (DMSO - DME, rv 

-ZOO) followed by acetalization afforded the acetal 6_, 596 mp 120 - 122” (73%), which was 

converted to the desired cyclohexenone 2, 5’6 (-~80%) by reduction (Li in liquid NH3 - t-BuOH - 

THF, -33’) and the subsequent hydrolysis (aqueous oxalic acid). Under the acidic conditions 

[6N HCl - DME (1:2), reflux, 4 hr], condensation of 8_took place to give a lactone 12, 
6,11,12 

mp 137 - 139” (90%) as the sole product. Assignment of the stereochemistry of J.$ was based 

on: i) the inspection of the Dreiding models by considering the fact that 12 was the more 

stable isomer; l2 and ii) conversion of 12 to dJ-8-vetivone z. The lactone 12 was converted 

to the ketone 12, 
6,13 

mp 108 - 110” (77%) by the sequence: (1) ketalization; (2) reduction 

(LiAlH4 - THF, 25’, 2 hr); and (3) treatment with acid [2N HCl - DME (1:5), 25”, 1.5 hr]. 

Further, the ketone 12 was transformed into the ketal l7, 5,6 mp 131.5 - 132” (83%) by the 

following sequence; l4 (1) acetylation (A~20 - pyridine, 25”, 16 hr); (2) ketalization; and 

(3) hydrolysis (KOH - MeOH, 25’, 2 hr). Oxidation of l,! (CrD3 - pyridine, 25”, 2 hr) 

afforded the ketone 12, 596 mp 72 - 74’ [vmax(CHC13) 1735 cm-‘], which was converted (NaH - 

dimethyl carbonate, SO’, 14 hr) to the E-keto ester z, 5,6 (-90% from 1lJ after preparative 

tic purification on silica gel with 95:s CHC13 - MeOH). Conversion of 22 to the conjugated 

ester $,5a6 mp 135 - 136’ (82%) was effected by the following sequence: (1) reduction (NaBH4 - 

MeOH, O’, 30 min); (2) mesylation (MsCl - pyridine, So, 17 hr); and (3) elimination (NaOMe - 

MeOH, 25’, 2 hr). Catalytic hydrogenation of $J (Pt02 - MeOH, 25’) afforded the saturated 

ester ~,5J6a15 (98%). The ester 22 was converted to the isopropylidene ketone g,5’6 

mp 93 - 94 ’ in 71% overall yield by the sequence: (1) treatment with methyl lithium (DME, 40°, 

1 hr) to give 23; ’ (2) dehydration (POC13 - pyridine, 25’, 2 hr) affording g,5J6 mp 73.5 - 

75.5”; and (3) deketalization [2N HCl - DME (1:3), 25’, 2 hr]. Regeneration 16 of the double 

bond in the six-membered ring of 2 without migration of the labile double bond of the 

isopropylidene group was effected by treating 22 with triphenylphosphine dibromide (MeCN, 25’, 

3 hr) to give the bromomethyl derivative g, 5,6 mp 126 - 127” (88% based on reacted 22) with 

2 recovered (~20%). The bromomethyl derivative $$ was converted (NaI - MeCOEt, SO”, 20 hr) 

to the iodomethyl compound 22, 596 mp 118 - 119’ (80%), which was reduced (Zn - AcOH, 25”, 1 hr) 

to give dl-B-vetivone 28, 5,6 
- 

mp 48 - 49’ (90%), mixture rnp17 47.5 - 49’, SpeCtrOSCOpiCally 
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mass spectrum) and chromatographically identical with natural B-vetivone. 
18 
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