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SUMMARY: The allylic carbanion species generated by treatment of allylsilane with fluoride 

ion undergoes highly chemoselective conjugate addition to a series of Michael acceptors for 
which alternative known allylation procedures proved less general. 

Conjugate addition of most nucleophilic reagents to an ~1 &-unsaturated system 

can be achieved routinely using an organocopper reagent or a copper-catalyzed Grignard 

reagent. 1 House and Fischer,2 however, observed that the condensation of allyllithium 

cuprate with an cl@-enone was highly substrate dependent. Their findings inspired a search 

for a general means of allylating a,@-unsaturated functions. 

Sakurai and Hosomi were the first to demonstrate that treatment of an allylsilane 

in the presence of an o,,g-enone with a Lewis acid effected allylation in high yield.334 Later 

they reported that the fluoride ion-catalyzed allylation of an enone resulted in only a 75% 

yield of 1,2 and 1,4 addition products in a 2:l ratio.5 Sakurai also reported that nitriles, 

epoxides and esters all failed to react with the allylic anionic species generated.6 
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These results suggest that less-electrophilic Michael acceptors might pre- 

ferentially undergo conjugate addition, rather than I,2 addition, during the fluoride- 

induced allylation. Our findings in this area are highlighted in this report. Surprisingly, 

little information is available concerning allylation of substrates other than a,B-enones. 

Our findings using known methods and various Michael acceptors are also described.7 

Since our initial concern was whether the free allylic anion would exhibit high 

chemoselectivity for Michael addition, we chose to investigate substrates deprived of acidic 

protons8. These experiments showed that the fluoride induced allylation is capable of 

+In memory of Dr. Anthony Ames, Ph.D., University of Pittsburgh (19811, N.I.H. Post- 
doctoral Fellow, (1981-1982). 
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considerable chemoselectivity. 9 The nature of the solvent used was influential; signi- 

ficantly lower yields were obtained in ether, THF, DMSO, DME, acetonitrile, hexanes, toluene 

or neat. Optimum results were obtained using a highly basic medium consisting of HMPA and 

DMF.ll Tetra-n-butylammonium fluoride (TBAF) proved to be the best source of the fluoride _ 

ion, in either catalytic or stoichiometric amounts. Other fluoride salts, such as 

benzyltrimethylammonium fluoride, catalyzed the reaction only sluggishly, while sodium 

fluoride and potassium fluoride failed to promote any reaction. 

TABLE ONE -- 

1,4 allylation ) 

R R H 

Fe/ dMS TiC14/dS Li(Allyl)2Cu 

R= X=C02Me 90% No Reaction 61% 
=CN 65% No Reaction 52% 
=CONEt2 80% No Reaction no 1,4 addition 

R = CO2CH3 X'CO2CH3 80% No Reaction 64% 

R= X=C02Et 83% No Reaction 26% 
=CN 91% No Reaction 73% 

R = + X,;;,Et 80% No Reaction 
65% No Reaction 

no 1,4 addition 
47% 

R=H X=CO2CH20 65% Decomposed 28% 

R= X=C02Et 63% No Reaction 95%(1,6)12 
=CN 27% No Reaction 80%(1,6)12 

The synthetic utility of the fluoride-induced allylation would be severely 

limited should the allylic anion cause enolate formation rather than undergo conjugate 

addition. To address this issue several examples with acidic protons were examined. 

Although conjugate addition predominates, yields vary. With di- and tri-substituted Michael 

acceptors, no unreacted starting material was ever recovered, precluding the possibility of 

enolate formation. The major side reaction proved to be the intermolecular condensation of 

the initially allylated Michael acceptor with unallylated material. High dilution of the 

reagents failed to suppress this process. 13 

Several entries in Table two merit further comment. As expected, steric bulk 

adjacent to the carbonyl moiety enhances conjugate addition for cr,8-enones, and 8,8- 

disubstituted enoates undergo deprotonation only. Our observations that a,8-unsaturated 

carboxylic acids failed to react and unsaturated anhydrides furnished complex mixtures have 

not been listed. 



1911 

Known procedures were compared with the fluoride-induced allylation. Although 

highly efficient for allylation of enones, the Lewis acid-catalyzed process using either BF3 

etherate14 or Tic14 4 failed for enoates and a,B-unsaturated nitriles.l5 In contrast, doubly 

activated Michael acceptors readily underwent allylation. 

TABLE TWO 
TMS/F' 

& 
TMS/TiC14 

W 
Li(Allyl)2Cu 

R'=Phenyl R=H 86%(1,2) No Reactio"16 86%(1,2) 

0 'CH3 50%(1,2) 89%(1,4) 47%(1,4) 

25%(1.4) 26%(1,2) 

=sec-butyl 20%(112j 8%(1,2) 17%(1,4) 
57%(1,4) 74%(1,4) 

=t-butyl 26%(1,2) 92%(1,4) 45%(1,4) 

58%(1,4) 43%(1,2) 

R"CH3 R'OEt 19%(1,4) No Reaction 31%(1,2) 

RI=& R=OEt 21%(1,4) No Reaction 61%(1,6) 

R X X'C02CH20 R'=phenyl R=CH3 76%(1,4) No Reaction no 1,4 

> 

addition 
R',R= k_(CH2)3i 50%(1,4) No Reaction 15%(1,4) 

R' X=CN R',R' %_(CH2)3-I 44%(1,4) No Reaction 23%(1,4) 

/Jc 

Coy320 

I 
R' R 

R'=phenyl R'CH3 47%(1,4) No Reaction 64%(1,2) 
R'=R=CH3 deprotonation Decomposed 27%(1,4) 

only 

C02Et - 
deprotona- No Reaction 31%(1,2) 

tion only 

R02C C02R 

x 
I R=Et 52% 35%(1,4) 86%(1,4) 

R 
R'COCH3 22%(1,4) 79%(1,4) decomposed 

0 =CO2Et 49%(1,4) 83%(1,4) 91% 

As expected, organocopper allylation proved highly substrate dependent.17 In 

general, @mono-substituted enoates and their analogous nitriles experienced conjugate 

addition. Highly substituted ethylenic esters resulted in the corresponding tertiary 

allylic alcohols, in varying yields. 

In summary we have found that the fluoride-induced allylation is far 

more general than either cuprate addition or Lewis acid-catalyzed allylation for a wide 

variety of Michael acceptors. 
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