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Abstract: The cross-coupling reaction of allyltrifluorosilanes with aryl halides or aryl triflates 

promoted by a fluoride salt takes place at the a-carbon of the allyltrifluorosilanes in the presence of a 

catalytic amount of PdC12[Ph2P(CH&,PPh2] (n = 2, 3), giving allylic arenes with high 

regioselectivity. 

Electrophilic substitution of allylsilanes has been well-established to proceed through SE’ mechanism with 

y-selectivity.1 The y-selectivity is also observed in the cross-coupling reaction of allyltrifluorosilanes with 

organic halides or ttifla~s in the presence of a fluoride salt and a catalytic amount of Pd(pPh3)4.2 We have found 

that the regioselectivity of this reaction is strongly influenced by the nature of a palladium catalyst and report 

herein that high degtee of a-selectivity can be mdized by using an appropriate diphosphiue l&and 

In order to evaluate the effect of a phosphine ligand (L) on the regioselectivity of the cross-coupling 

reaction. Q-crotyltrifluorosilane3 was allowed to teact with Cbromoacetophenone iu a sealed tube at 120 “C iu 

the presence of n-Bu4N+F- (TBAF), PdClzL (5.0 mol 46). and L (5.0 mol %) in tetrahydrofuran (THF). The 

reaction gave a mixture of I-(4-acetylphenyl)-2-butene (a-coupled product) and l-(4-acetylphenyl)-1-methyl-2- 

propene (ycoupled product) in moderate to good yields. The results summarized in Table 1 apparently show 

that the length of the methylene chain (n) of chelating diphosphines Ph2P(CH&,PPh2 significantly affects the 

regioselectivity. Thus, the aJy ratio dccrcascs in the order n = 2 (dppc) ti n = 3 (dppp) X- n = 1 (dppm) z= n = 

4 (dppb) > n = 5 (dppent) > PPh3. High a-selectivity of the cross-coupling reaction was achieved by using 

PdClAdppe) or PdClz(dppp) as a catalyst (a : 7 = 97 : 1 and 99 : 1, respectively) (entries 2 and 3). In contrast, 

palladium catalysts such as PdClz(dppb). PdC12(dppent) and PdCl&PPh3)2 preferentially gave the y-coupled 
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product (entries 4,5 and 6).28 Low regioselcctivity was observed in the reaction catalyzed by PdC&(dppm) 

(entry 1)P 

Tablo 1. L@nd Effect on tlm Rqbsebctivity of the CIDMSX@Q Reactbn ol (E)-cmtylttlfboro- 

silane with 4-BlWloacetophenone Pmmoted by’Pdcl$ and W 

Reaction Product ratb 
EW L time/h a (EZ) : y YW/%b 

1 PhR&Pph, NJWm) 23 66(4.6:1): 46 65 
2 f’bWCH2)2Pfi2 N@F@ 16 97(6.1:1): 1 66 
3 fW’W2W~2 @PFP~ 15 99(7.2:1 ) : 1 92 
4 ~2p(cH2)4p~2 (dppb) 6 16(4.3:1): 64 57 
5 ~2RWJ5PPh2 WPW 41 6(4.6:1): 94 77 
6 PhsP = 12 0:lOO 97 

.All re6ctbns wer6 c6rfled out in a S96kl tubs with (E)cmtyitMk~0nsil6ne (0.60 mmol) with 

4-bfomo~etophenons (0.15 mmol) in ths presence of a p&dium catatyst (7.5 x lOa mmol), 

a ligancl(7.5 x lo9 mmol) and TBAF (0.45 mmol) in MF at 120 “c unless oWnvise noted. 

blsokted ybkls. Vhosphine (1.5 x 1 OS2 mrnol) was used. 

The optimized conditions were applied to the reaction of various aryl halides and triflates (Table 2).5 (&I- 
Crotyltrifluorosilant smoothly reacted with aryl bromides or triflates to give the concsponding a-coupled pmduct 

selectively (a : y= > 99 : 1) in gond yields (entries l-5). It should be noted that these are the fust successful 

examples of the highly a-selective cross-coupling reaction of crotyhnetal reagents with organic halides or 

triflates.6 The cross-coupling reaction of (3-methyl-2-butenyl)trifluorosilane with aryl triflates also smoothly 

proceeded, affording the a-coupled product with high selectivity (entries 6 and 7),7 whereas the reaction with 

aryl halides led to the low aegioselectivity (entties 8 and 9). 

Functional groups such as ester and ketone carbonyls, and cyan0 group were tolerated under the reaction 

conditions. Thus, these results demonstrated that the a-selective cross-coupling reaction of allyltritIuorosilanes is 

one of the most reliable and sttaightforwrud route to a wi& range of allylic arenes with these functional groups. 

A mechanism for the present reaction most likely involves oxidative addition of Ar-X (X = Br, I. OTf) to a 

palladium(O)-phosphine complex 1 and transmetalation of the resulting arylpalladium(I1) 2 with an anionic 

pentacoonzlinate allyltetrafluorosilicate~ which is fotmed by the teaction of fluoride ion and allyltritluorosilanes 

(Scheme 1). Our recent study on transmetalation revealed that electrophilic attack of the srylpalladium(II) 

complex 2 on the double bond of an allylsilicate takes place exclusively at the ~-carbon so as to yield a U- 

allyl(aryl)palladium complexes 3.2b Rapid reductive elimination of 3 should selectively give the y-coupled 

product. Diphosphine ligands such as dppb, dppcnt and PPh3, which render a wide P-W-P bite angle, are 

considemd to sterically accelerate the reductive elimination of 3 (a = 4.5 or PPh6). thereby favoring predominant 

formation of the rcoupled product.6 On the other hand, the a-selectivity observed in the reaction catalyzed by 

PdCl2(dppp) or PdClz(dppe) can be explained in terms of slow teductive elimination of less bulky dppe- or 
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dppp-coardinatecl3 (n = 2, 3);9 these long-lived species can allow isomerization to stcrically less crowded (J- 

allyl(aryl)palladlum complexes 4 which give the a-coupled product via reductive elimination.10 

In conclusion, we have found remarkable ligand effect on the regioselectivity of the palladium catalyzed 

cross-coupling reaction of allyltrifluorosilanes. The present results should provide an insight into the long- 

standing problem whether the intennediare in the palladium catalyzed cuss-coupling reaction of allylic substrates 

is a a-allylpalladium or a n-allylpalladium complex.lQ11 
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