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Aktruct: Optically active allylsilanes undergo the ~regioselective cross-coupling reactions with 

aryl tritlates in the presence of a palladium catalyst and a fluoride salt; rhe absolute configuration and 

% ee of the coupled products could he conaolled by the choice of the fhtoride salt and the polarity of 

the solvent. 

Although transition metal catalyzed, asymmetric ally& substitution with nucleophiles is a potentially 

versatile method for preparing a wide range of optically active compounds, low enanti~ and ngioselectivity in 

this process often sevmly limits the synthetic utility. 1 We have reported previously that the cross-coupling 

reaction of allyltrifltxnosilanes with organic halides or uiflates promoted by a palladium catalyst and a fluoride 

salt takes place exclusively at the warbon of aUyltrifhmmsihmes, giving a coupled-product in x&chemically 

pane form.2 This finding has prompted us to investigate the possibility of stereoselective cross-coupling reaction 

of optically active allylsilanes3 with elecuophiles as a route to the selective synthesis of optically active ally1 

compounds. We report herein that the stereochemistry of the cross-coupling reaction of optically active 

(aJlyl)(difluoro)@henyl)silaues (1) with aryl triflates (2) is decisively influenced by the coordinating ability of 

solvent and the nature of a fluoride salt, and under suitable conditions provides accsess to cross-coupled pmducts 

in a highly stereoselective manner. 
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(R)-la: R = Me 2a = l-C10H7 3a: R = Me, Ar= l-Cl&i7 
(R)-lb: R = Et 2b = g-Ct&i7 3b:R=Me,Ar=2+~H7 

3c:R=Et. Ar=lC& 
9d:R-Et. Ar=2C1& 

To evaluate the effect of solvent polarity and fluoride salt on the steswchemisuy of the cmss-coupRng 

*action, optically active allylsilanes 1 were allowed to react with 2 in the psence of IWPPh3)4 at 60 OC (TaMe 
1). The reaction of (R)-Q-4-(difluoro)(phenyl)silyl-2pentene ((R)-la) (65% ee) with 2-naphthyl uiflate (2b), 

promoted by Pd(PPhg)q (5.0 mol %) and (RtzN)#+Me3SiFz- (TASF)4 (4.0 eq) as a fluoride ion source, 
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smoothly proceeded in teuabydrofuran UT-IF) to give a 4.4 : 1 mixture of Q-Q-4-(2-naphthyl)2-pemene ((0 

(E)-3b) (41% ee) and (R)-(2)-4-(2-naphthyl)-2-pentene ((It)-Q-3b) (58% ee) (entry 1). The magnitude of the 

enantiomeric excess and the E/Z ratio of the coupled products increased dramatically when the reaction was 

carried out in N,N-dimethylformatuide @Ml=). Thus, @)-la (67% ee) reacted with 2b in DMF under the same 

conditions with 99% of stereoselectivity to give (S)-(IT)-3b (66% cc) (encry 2).5 A similar solvent dependence 

was also observed in the reactions of (R)-Q-4-(difluoro)@henyl)silyl-2-hexene ((@-lb) (69% ee) with ti 

or 2b. affording (.S)-(E)-3c or (S)-Q-3d with high stereoselectivity especially in DMF (entries 4-7). 

To our surprise, the absolute configuration of the coupled products was reversed when metal fluorides 

such as CsF or KF were employed in place of TASF in THF. Thus, the reaction of @)-lb (69% ee) with 2b 

conducted in THF using CsF afforded (I?)-(E)-3d (51% ee) (entry 8). Also (R)-(E)-3d (10% ee) was isolated 

from the reaction of the same substrates using KF in THF (entry lo).6 However, in DMF which can effectively 

solvate metal cation, the stereochemistry of the cross-coupling reaction was the same as that observed using 

TASF in this solvent. The reaction of @)-lb (69% ce) with 2b using CsF in DMF rtsulted in the selective 

formation of (S)-(I?)-3d (62% ee) (entry 9). Upon addition of 18-crown-6 to CsF in THF, (s)-(E)-3d (13% ee) 

also predominated (entry 11). These observations suggest that metal coordination plays an important role in 

determining the absolute configuration of the product in THF. 

Table 1. Cross-couplin~ Rections of Optiiliy A&w Altyl(difluoro)pt?enylsila~ wtth Aryl Trtfktes Pmmotsd 

byW’W4=JF- 

ailylsitane 

entry (%W ArOlV’ F- solvent (% ee, confign) 

lq la (65)q 2bq TAS@ THP (If)-3b (41,S)q 

(Z)-3b W,R) 

2 la (87) 2b TASF DMF (E)-3b (86,s) 

3 la (87) 2a TASF DMF (wa (59,s) 
4 lb (89) 2 b TASF THF m-m (5X5) 

5 lb (89) 2b TASF DMF (E)-a (6315) 
6 lb (69) 2a TASF TIIF (0-X (4OsI 
7 lb (89) 2a TASF DMF (E)-= (67,5) 

lb (89) 2b CsF THF (E)+J (51 *m 8 
9 lb (69) 2b CsF DMF (E)-3d (62*5) 

10 lb (69) 2b KF THF (E)-3d (mm 

11 lb (69) 2b CsF THF (w3d (13,s) 

/18crown-6 

‘OTf=OS@CF, b%eeof3/%eeof1 

product 

% stersoselectivttb 

63q 

89 

99 

88 
77 

91 

58 
97 

74 
90 
14 

19 

%yield(ElZ) 

64 (4.4)q 

70 (8.8) 

39 (3.1) 

50 (9.3) 

64 (24) 

88 (4.5) 

55 (4.3) 

50 (42) 

50 (15) 

50 (100/O) 

38 (16) 

The palladium catalyzed cross-coupling reaction of (allyl)(difluoro)(phenyl)silanes with aryl triflates is 

assumed to involve the electrophilic substitution (SE’ reaction) of an allylsilicate7 by an arylpalladium complex 

and the reductive elimination of the resulting (qt-allyl)(aryl)palladium complex (Scheme 1)_8 Since the 

reductive elimination of a diorgauopalladium complex proceeds with retention of the configuration of the alkyl 

ligand,g the observed stereochemistry should reflect that of the SE’ reaction of the allylsilicate with the 

aryipalladium complex. To explain the above observations, we propose two plausible transition state models for 
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this pmcess as ibaaed in S&me 1.10 In reactions co&uXed in THF using TASF. the arylpalhtdium complex 

attacks the double bond of the allylsibcate with unti selectivity with mapect to the silyl leaving graup. giving (s)- 

Q-3. In contrast, in the presence of CsF or KF in THF, metal coo&mtion to the flunride ion might form a 

silicon-fluorine-met bridge10 and favors a cyclic transition state, wherein the electtophilic attack of the 

ary1palladium complex on the double bond of the allylsilicate takes place with syn selectivity so as to yiekl (I!)- 

(0-3. The presence of a crown ether in the THF/CsF system or the use of DMF may well cleave this bridge by 

CoMdination to the alkali metal_ favaing anti attack of the arylpalladium complex to give (S)-(E)-1 

The stetwchemisuy of the SE’ reaction of allylsilanes has been of synthetic and mechanistic interest for a 

long time, and it is well-established that, in the absence of other conauaints. the maction takes place with anri 

se1e~tivity.t~ In contrast, SE* reactions with syn selectivity wete exceptionally observed for highly bii 

hit&red allylsiis such as 2-(trimethylsilyl)bicyclo[3,2,0]-3-hepten-7-one,t2 trans-3,6-bis(uimethylsilyl)-l- 

cyclohexenc,t f and 1 -fluoro(dimethyl)silyl- 1 -trimcthylsilyl-2-alkenes,t4 wherein stereochemistry of the 

electrophilic attack was determined by steric reasons. Present work, however, demonstrates that the syn 

selectivity can be realized for the SE’ reaction of unbiased, strain-free allylsilancs such as 1 when electropbihc 

attack is controlled by coordination between the silicon and the electrophile. mediated by fluoride ion and alkali 

metal. 

Scheme 1 

In conclusion, our results clearly show that the stereochemistry of the SE’ maction of allylfluorosilanes can 

be controlled by choice of solvent and fluoride salt. The present reaction is particularly important as a method for 

accomplishing the stereoselective coupling of an allylic unit in a manner that allows the selective synthesis of both 

enantiomcrs ikom a common precursor. 
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