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Stereoselective Addition of Methylcuprates to a 2 -Formy1 -cyclohexa-2,5 -dienone 
System. A Stereoselective Total Synthesis of Racemic p-Vetivone 

By GIULIANO BOZZATO, JEAN-PIERRE BACHMANN, and MARIO PESARO* 
(Givaudan Research Company Ltd.,  8600 Diibendorf, Switzerland) 

Sumw~uyy The ketone (2), obtained from racemic or-ter- 
pineol (3), was converted by a six-step sequence into the 
2-formyl-cyclohexadienone (14) which reacted stereo- 
selectively with several methylcuprates, possibly by 
formation of an intermediate of type (16); e.g. with the 
lithium methylbromocuprate-di-isobutylamine complex a 
5 :  1 mixture of racemic /3-vetivone (1) and 10-epi-p- 
vetivone (12j was obtained, after deformylation. 

WE describe a new total synthesis' of racemic fl-vetivone, 
a fragrant component of vetiver oil having the structure 
(1) \Ve planned to  construct the spiro[4,5]decane 
system of /?-vetivone by spiroanellation of a suitable 
functionalized cyclopentane derivative such as (2 ) .  

Ozonizstion of racemic or-terpineol (3) in methanol gave 
the hemiacetal (4) (84% yield), which was converted b y  

treatment with dilute phosphoric acid and steam distillation 
to the dienone (5) (m.p. 47-48'; 44./;, yield). This com- 
pound was hy-drogenated preferentially a t  the conjugated 
double bond (EtOH-H,O, Raney Ni) yielding the desired 
ketone (2) (b.p. 93-94', 8 mmHg; 40% yield). Preliminary 
experiments showed, however, that the base-catalysed 
Robinson anellatiori of ketone (2) with methyl vinyl ketone 
affords the spiroketones (6) (m.p. 89-90") and (7) (b.p. 80- 
85', 0.03 mmHg) in the unfavourable ratio of 3 : T . 3  

Ketone (6) was eventuallv synthesized by the following 
route. Cyanoethylation of ketone (2) (triton I3, ButOH) 
gave the cyanolietone (8) (m.p. 44-45'; 850,/, yield) which 
\$-as transforined by Wittig reaction (PhJ'= CH,, IvIc,SO) 
into the olefinic nitrile (9)  (b.p. 80--85O, 0.04 mmHg; 86% 
vield) . Basic hydrolysis of this compound gave the acid (10) 
(t1.p. 111-113', 0-03 mmHg; 5476 yield) which was con- 
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verted into ketone (6) (60--SO~o yield) by intramolecular isomeric compounds (92% yield) in a ratio of approximately 
acylation, of the corresponding acid chloride [(COCl),; 1 : 1, separable by silica gel chromatography. The first 
SnCI,, CS,, - 25'1. substance eluated is 10-epi-/?-vetivone5 (12) (rn.p. 55-56') 

( 1 )  
OH 

(7) 

(2 )  

(81 X=CN , Y = O  
(91 X=CN , Y=CH2 
(101X=COzH, Y=CH2 

'q, 

(6) R = H2 
(131 R = CHOH 

(11) Z=H 
(141 Z-CHO 

and the second is racemic -p-vetivone (1) (m.p. 47-48"), 
which was identified by comparison with natural (-)-p- 
vetivone (u.v., i.r., n.m.r. and mass spectra as well as 
identical retention time on a g.1.c. glass capillary column). 

To circumvent the DDQ-dehydrogenation step (6)-( 1 l), 
which could only be accomplished with very low yields, 
ketone (6) was converted in the usual manner into the 
hydroxymethylene derivative (13) (m.p. 56-58") which 
readily dehydrogenated6 with DDQ giving the expected 
dienone (14) (m.p. 95-96'; 80% yield from ( 6 ) ) .  Lithium 
dimethylcuprate reacted (Et,O, 0') with the dienone (14) 
to give a mixture of hydroxymethylene-p-vetivones (15), 
isomeric in position 10, in a ratio of approximately 2:  1, as 
determined by g.1.c. Deformylation of compounds (15) 
(MeOH-H,O; 195') gave a 2:  1 mixture of racemic p- 
vetivone (1) and 10-epi-P-vetivone (12) [69% yield from 

The unexpected stereoselective addition of lithium 
dimethylcuprate to (14) led us to look for reaction con- 
ditions and reagents inducing a higher share of p-vetivone. 
The following representative results were obtained [Et,O, 
-775-0'; MeOH-H,O, 195'; ratios of (1) to (12) in paren- 
theses] : Me,Cu- Li+ (Bun,S), + Li17, (1 : 1) ; Me,Cu-Li+- 
(Bui,NH), + LiBr,* (1 : 1) ; [NIeCuII- L~+(BU~,S) , ,~  (2.6 : 1) ; 
[MeC~1]-Li+(Bui,i?jH),,~~ (3.2 : 1). The species [R/IeCuBr]-- 
Li+(Bui,NH),lI gave a most favourable, reproducible 5 : 1 
mixturc of (1) and (12) [75% yield from (14)], from which 
p-vetivone (1) can be isolated directly by crystallization. 

The stereoselective behaviour of most cuprates can be 
explained by the assumption that they preferentially 

( 1 4 ~  

(12) 

form an intermediate complex of type (16) involving the 
formyl group and the tetrasubstituted double bond of 
dienone (14) as ligands. The methyl ligand would then be 
transferred to the formyldienone system from that side of 

lies. The presence of the formyl group seems to be essential 
for the stereoselectivity of the reaction, because practically 
no sterecselectivity was observed if this group was missing. 

, + the cyclohexadienone plane where the isopropylidene group *--%c u(' p... 
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The DDQ-dehydrogenation of ketone (6) led to dienone 
(11) (m.p. 82-83'; 15% yield) which by reaction with 
lithium dimethylcuprate in ether gave a mixture of two (Received, 30th September 1974; Conz. 1225.) 
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