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Abstract TMS chloride raises the yield in the conjugate addition of silylcuprates and zincates to 13-un- 
substituted enones, and Si-to-OH conversion is possible using the 2-methylbut-2-enyl(diphenyl)silyl 
group in the presence of highly nucleophilic alkenes. Both reactions are used in a synthesis of lavandulol. 
Copyright © 1996 Elsevier Science Ltd 

Having established that a phenyldimethylsilyl group could be added to the I~-position of enones using the 
silylcuprate reagent, 1 and that the silyl group could be converted into a hydroxyl in one pot, 2 we considered a 
synthesis of the monoterpene lavandulol 4, from the enone 1. However, even as uncomplicated an illustration 
of our ideas as this exposed us to two limitations in our methods. First, and more serious, a phenyldimethylsilyl 
group cannot be converted into a hydroxyl in the presence of alkene groups, because the conditions for the 

1 2 3 4 

electrophilic removal of the phenyl group disturb the C=C double bonds. We have already reported our solution 

to this problem: the 2-methylbut-2-enyl(diphenyl)silyl group can be made into a cuprate, and carries a highly 
labile group easily removed selectively by electrophiles in the presence of alkene groups, 3 although we had not 
tested anything quite as challenging as the two alkene groups in an intermediate like 3. The second problem was 
that the yields in some of our silylcuprate additions are not always high. The problem appears to be the 
subsequent Michael reaction of the intermediate enolate with a second, and even a third, molecule of the enone. 
We have already reported that using zincates in place of the cuprates 4 often solves this problem, but even they 
did not give good yields when the enone carried no [~-substituents, as in the substrate 1. We record here that the 
addition of trimethylsilyl chloride 5 to enones having no I~-substituent, before adding them to the silylcuprate or 
zincate, leads to higher yields in the conjugate addition, and that the 2-methylbut-2-enyl(diphenyl)silyl group 
can be unmasked in the presence of di- and trisubstituted double bonds with the substitution pattern in the diene 
3, making it possible for us to synthesise lavandulol along these lines. 

R 1 

R 2 

(PhMe2Si)2CuCN Li2 
or PhMe2SiZnMe 2 Li R 1 

P h M e 2 S i ~ O  
THF, -78 °C, 1.25 h R2 
with or without Me3SiC1 

~ " C N  * PhMe2Si~ /~CN 

Yield % without Me,SiC1 Yield % with Me3SiC1 
R 1 R 2 Cuprate Zinca'te Cuprate Zincate 

Me H 24 36 71 78 
H OMe 29 12 80 72 
Me OMe 22 25 74 74 
H Me 42 j 37 57 64 
H NMe 2 5 6 28 57 

29 21 50 93 

As model reactions, we carried out conjugate additions of  our phenyldimethylsilylcuprate and zincate 
reagents to methacrolein, methyl acrylate, methyl methacrylate, methyl vinyl ketone, N,N-dimethyl acrylamide, 
and acrylonitrile, and obtained in each case better yields in the presence of trimethylsilyl chloride than in its 
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absence. 6 The addition of TMEDA, with or without the trimethylsilyl chloride, made no difference to the yields. 
The yields with Qt,13-unsaturated carbonyl compounds like methyl crotonate, which do have 13-substituents, did 
not improve in the presence of trimethylsilyl chloride--if anything they were worse. 

We prepared the starting material 1 in 60% yield from acetylacetone, prenyl bromide and formaldehyde, 
using the method of Amri, 7 and carried out the conjugate addition reaction using trimethylsilyl chloride and our 
2-methylbut-2-enyl(diphenyl)silylcuprate, and obtained the ketone 5 in reasonable yield. Wittig reaction gave 
the diene 6, and the only problem was to find conditions that would remove the 2-methylbut-2-enyl group from 
the silicon without disturbing the other double bonds. This was not quite as easy as we had hoped, but it was 
possible using methanolic hydrochloric acid in THF in the presence of fluoride ion so that we could isolate and 
characterise an intermediate fluoride. Tamao's conditions 8 for silyl-to-hydroxy conversion completed the 
synthesis of (+)-lavandulol 4, identical TLC, IR, IH-NMR) with an authentic sample, 3,5-dinitrobenzoate, 
m.p. 75-76 °C (lit. 9 73-75 °C). 

Me3SiCI Ph2Si~ n2~ k 2. H202, KHCO3, 
1 THF, -78 °C, \ _ , 2  ~ KF, reflux, 12 h 4 57% 

1.25 h 

5 85% 6 85% 
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