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Abstract 

The cross-coupling reaction promoted by a palladium catalyst and fluoride salt of 1-[(fluoroXdimethyl)silyl]-1-phenylethene (1) with 
substituted aryl iodides gave the unexpected &e-substitution products (El-1-aryl-2-phenylethenes (3) along with the normal 
ipso-substitution product 1-aryl-1-phenylethene (2). The product ratios were strongly dependent on the electronic nature of the 
substituent on aryl iodides: ipso-substitution products (2) were favoured by an electron-withdrawing substituent, and cine-substitu- 
tion products (3) by an electron-donating substituent. On the basis of these observations, the following mechanism of transmetalla- 
tion of alkenyl(fluorokilicates with arylpalladium is proposed: electrophilic attack of an a&palladium complex on the olefinic 
a-carbon of an alkenyl(fluoro)silicate produces a p-cationic organosilicate-palladium species which then transfers the alkenyl group 
from silicon to the palladium complex. 
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1. Introduction 

The cross-coupling reaction promoted by a palla- 
dium catalyst and fluoride salt of organosilicon com- 
pounds with organic electrophiles has proved useful for 
selective carbon-carbon bond formation [l]. A plausi- 
ble mechanism for this reaction involves oxidative addi- 
tion of an electrophile to a palladium(O) catalyst, fol- 
lowed by transmetallation with an anionic pentacoordi- 
nate organoQluoro)silicate [2] which is formed by nu- 
cleophilic attack of fluoride ion on an organosilicon 
compound. A resulting bis(organo)palladium(II) com- 
plex undergoes rapid reductive elimination to give a 
coupled product and to regenerate the palladium(O) 
catalyst. Although the mechanisms of oxidative addi- 
tion and reductive elimination have been well estab- 
lished [31, difficulties in stereochemical and kinetic 
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studies of the transmetallation of transition metal com- 
plexes with main group organometallics have severely 
limited the mechanistic understanding of this reaction 
14*l. 

We have demonstrated that the cross-coupling of 
alkenyl(fluoro)silanes with aryl halides or alkenyl 
halides is a reliable method for the synthesis of stereo- 
defined conjugated polyenes 151. However,. the desired 
ipso-substitution reaction is sometimes accompanied by 
an unexpected &e-substitution, i.e., the cross-cou- 
pling reaction taking place at the olefinic p-carbon of 
the alkenyNfluoro)silanes 161. For example, the cross 
coupling of l-[(fluoroXmethyl)silyl]-1-phenylethene (1) 
with aryl iodide gives a mixture of l-aryl-l-phenyl- 
ethene (2) and (E)-1-aryl-2-phenylethene (3). We have 
studied the effect of substituent on the regioselectivity 
of the cross-coupling reaction with 1 and proposed that 

* Reference number with an asterisk indicates a note in the list of 
references. 
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R-R’ + Pd(O) - R-Pd-R’ 

Scheme 1. 

transmetallation of alkenyl(fluoro)silicates with arylpal- 
ladium(II) complexes should involve a @cationic 
organosilicate-palladium species (5) during alkenyl 
transfer from silicon to palladium [7]. 

2. Results and discussion 

A series of reactions of 1 with 4-substituted aryl 
iodides was carried out in the presence of a palladium 
catalyst and fluoride salt to evaluate the effect of 
substituent on the regiochemistry of cross-coupling re- 
actions. 

2.1. Substituent effect on the cross-coupling of l- 

fluoro(dimethyl)silyl-I-@aenylethene (Z) with aryl iodk!es 
The cross-coupling of .l with 4-substituted aryl io- 

dides in the presence of (~3-C3H,PdCl), (2.5 mol%) 
and tetrabutylammonium fluoride (TBAF) (1.1 equiv) 
in tetrahydrofuran (TI-II?) at 60°C afforded a mixture of 
an ipso-substitution product (2) and a tine-substitution 
product (3). The ratio 2/3 varied depending on the 
electronic nature of the 4-substituent. The formation 
of the @so-substitution product (2) was favoured by 
electron-withdrawing groups like trifluoromethyl and 
acetyl. The relative amount of ipso-substitution prod- 
uct (2) decreased in step with the decrease of sub- 
stituent constant err. Thus, the reaction of 1 with 
4-(trifluoromethylj-1-iodobenzene (CF,, ai, = + 0.54) 
gave a mixture of 2 and 3 with a ratio of 93: 7, while 
the reaction with 4-acetyl-1-iodobenzene (CH,CO, u 

+0 50) and 4-fluoro-1-iodobenzene (F u = +0.345 
ive the products with ratios of 88: 1; $d 79: 21 
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Scheme 3. Proposed mechanism for the transmetallation of an 
alkenylsilane with a palladium complex. 

respectively. In contrast, the tine-substitution was in- 
duced by electron-donating groups like methyl and 
ethoxy, with the corresponding coupled products 2 and 
3 being produced in ratios of 59 : 41 and 60 : 40 respec- 
tively. In addition to electronic effects, steric attributes 
of the substituents also affected product selectivity. For 
example, the cross-coupling of bulky l-iodonaphtha- 
lene with 1 gave the ipso-substituted product 2 exclu- 
sively. These observations led us to propose a mecha- 
nism for the transmetallation of alkenylsilanes with 
palladium complexes as depicted in Scheme 3. 

An anionic pentacoordinate silicate, formed by nu- 
cleophilic attack of fluoride ion on 1, can coordinate to 
an arylpalladium species through a fluoride bridge [4] 
to form a rr-complex (4). Subsequent bond formation 
between the palladium and the olefmic a-carbon of 
the coordinated alkenylsilicate gives a p-&ionic 
organosilicate-palladium complex (5) [8 * I, whose par- 
tial positive charge can be stabilized effectively by the 
anionic silyl moiety [9*]. Subsequent desilylation (path 
a) leads to an ipso-substitution product (2). On the 
other hand, the presence of an electron-donating sub- 
stituent on Ar enhances the nucleophilicity of the aryl 
group to promote intramolecular nucleophilic attack of 
Ar to the cationic P-carbon (path b). The resulting 
a-organopalladium complex (7) undergoes p-hydride 
elimination to give 8, re-addition of H-Pd-X to pro- 
duce 9, and a final desilyl-depalladation to afford a 
tine-substitution product (3). The selective formation 
of the &o-substitution product (2) from the coupling 
of 1 with 1-iodonaphthalene can be explained by the 
same scheme. Since the nucleophilic attack of bulky 
naphthyl group to the cationic centre is sterically re- 
tarded, desilylation (path a) may well take place prefer- 
entially to yield 2. 

Similar regiochemical scrambling during the palla- 
dium catalyzed cross-coupling reactions has been re- 
ported for the arylation of l-deuterio-l-(trimethyl- 
silyljethene [6c, d] and 1-trimethylsilyl-1-phenylethene 





100 Y. Hatanaka et al. / Pd-catalyzed cross-coupling of alkenylsilanes 

1-phenylethene (6.0 g, 33 mmol) and magnesium (1.04 
g, 43 mmol) in THF (15 ml). After stirring at room 
temperature, the bulk of the solvent was removed 
under reduced pressure, and dry hexane was added to 
the reaction mixture. The resulting slurry was filtered, 
and the filtrate was concentrated to give a brown oil. 
Distillation of this oil at 100°C (22 mmHg) afforded 
l-[chloro(dimethyl)silyl]-1-phenylethene as a colourless 
oil (3.6 g, 18 mmol, 56%): IR (neat) 3060, 2960, 1400, 
1260, 845, 790 cm- ‘; ‘H NMR (90 MHz): 6 0.30 
(s, 6H), 5.68 (d, J = 2.0 Hz, lH), 5.82 (d, J = 2.0 
Hz, lH), 7.00-7.30 (m, 5H). This chlorosilane was con- 
verted to the corresponding fluorosilane. A solution of 
l-[chloro(dimethyl)silyl]-l-phenylethene (1.8 g, 9.0 
mmol) in ether (5 ml) was added to a suspension of 
CuF, - 2H,O (0.62 g, 4.5 mmol) in ether (5 ml) at 0°C 
and the resulting reaction mixture was stirred at room 
temperature for 8 h. The mixture was diluted with 
pentane (50 ml), and filtered. The filtrate was dried 
over MgSO,, and concentrated to give l-[fluoro(di- 
methyl)silyl]-1-phenylethene (1) (1.2 g, 6.6 mmol, 73%): 
bp (bulb-to-bulb) 130°C (14 mmHg); IR (neat) 3050, 
2950, 1255, 850, 790 cm- , ‘* iH NMR (90 MHz): 6 0.38 
(d, J= 7.5 Hz, 6H), 5.76 (d, J = 3.0 Hz, 3H), 6.00 (d, J 
= 3.0, 3H), 7.20-7.45 (m, 5H). Anal. Calcd. for 
C,,H,,SiF: C, 66:62; H, 7.27. Found: C, 66.51; H, 
7.33%. 

4.2. Repre&tative procedure for cross-coupling reaction; 
reaction of l-fluoro(dimethyl)silyl-I-phenylethene (I) 
with 4-ethoxy-I-iodobenzene 

A THF solution of TBAF (1.1 M solution, 0.23 ml, 
0.25 mm00 was added to l-[(fluoroXdimethyl)silyl]-l- 
pheriylethene (1) (45 mg, 0.25 mmol), 4-ethoxy-l-iodo- 
benzene (55 mg, 0.20 mmol) and (n3-C3H,PdC1), (2.3 
mg, 0.005’0 mm00 dissolved in THF (1.5 ml) at 0°C 
under argon atmosphere. The reaction mixture was 
stirred at 60°C for 4 h. Concentration and purification 
by column chromatography (silica gel) using hexane 
gave (E&l-(4-ethoxyphenylj-2-phenylethene 01 mg, 
25%) and l-(4-ethoxyphenylj-1-phenylethene (17 
mg, 38%). The iH NMR spectrum of (E)-1-(4-eth- 
oxyphenylj-2-phenylethene was consistent with that re- 
ported [22]. 

1-(4-Ethoxyphenyl)-1-phenylethene: colourless solid, 
mp 77.&77:8”C; IR (KBr) 3100,3000,1610,1510,1245, 
845,790,710 cm-‘; rH NMR (90 MHz): 6 1.43 (t, J = 7 
Hz, 3H), 4.05 (4, J= 7 Hz, 2H), 5.33-5.68 (m, 2H), 
6.88 (d, .I= 9 Hz, 2H), 7.30 (d, J= 9 Hz, 2H), 7.33 
(s, 5H). Anal. Calcd for C,,H,,O: C, 85.68; H, 7.19. 
Found: C~85.44; H, 7.38%. 
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