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Abstract

Double silylation of 1,3-butadienes with chlorosilanes was found to proceed by using titanocene dichloride as the
catalyst in the presence of "BuMgCl, giving rise to 1,4-disilylated 2-butenes in good yields. Aryl substituted
alkenes also afforded 1,2-disilylated products under similar conditions. © 1998 Elsevier Science Ltd. All rights reserved.
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Of particular importance among various silylation reactions is the double silylation of
unsaturated hydrocarbons, which enables concomitant introduction of two silyl groups onto
carbon centers. This reaction has been studied extensively using late transition metal
catalysts, such as palladium and platinum complexes, and employing disilanes or hydrosilanes
as the silylating reagents.! We report herein the first example of a metal-catalyzed double
silylation of dienes and alkenes with chlorosilanes,” which proceeds under mild conditions by
the use of Cp,TiCl, in the presence of "BuMgCl.”

For example, into a mixture of isoprene (3.12 mmol), chlorotriethylsilane (2.2 equiv, 6.86

mmol) and titanocene dichloride (0.05 equiv) was added a THF solution of "BuMgCl1 (2.2
equiv, 0.9 M, 7.6 mL) at 0 °C. The solution was stirred for 1 h and the nroduct was
avtracted with athar The N\ analvcic of the crude nroduct indicated the formation of 1. 4-
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bis(triethylsilyl)-2-butene 1a in 91% yield (E/Z = 91/9) (eq 1). Under similar conditions,
1 2 latadiana affrerdad Th in AQ0L viald 5] wharaae 27 A_dimathvlhntadianes failed ta oive tha
1,2~-0DULAUITHIC dallVIuCU AWV i1l U0 /U yluvilu, WIICIUAD Ly J"ULILICUL Y IUULAUITIIV LGV WU SI VL v
........ g di "I-.I_ALA,J mendirat  Whan ~hlaradimathulnhanuvleilana (2 anniv) and TRoN o
LUITCprIlUll g Sityiatea proauct. wici CliuorouumculyipriCilyisiaiic (o Cyulv) aild Duivigid
(3 equiv) were used, 1¢ was obtained in 78% yield (eq 2).
R cat. CpTiCly R
+ Et3SiCl > Et3Sin AR ™o ()
SN ° "BuMgCl, 0 °C, 1 h s SiEt
1a, 91% [E/Z = 91/9], R = Me
1b, 68% [E/Z = 60/40), R = H
| - PhMesSi.__Ja @)
ALt PhMesicl 29N 5iMe,Ph

1¢, 78% [E/Z = 69/31)
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We then applied this procedure to the double silylation of alkenes. Under the same
conditions as those of eq 2, p-chlorostyrene afforded 2a in only 29% yield along with a

substantial amount of MezPhSﬂ‘Bu. This result suggests that silylation of p-chlorostyrene is
slow and competes with the direct reaction of Me,PhSiCl with "BuMgCL.!® This problem was
practically overcome by using a large amount of the catalyst and by adopting a dropwise
addition procedure as follows. Into a mixture of p-chlorostyrene (2.02 mmol) and "BuMgCl
(3.0 equiv) in THF (6.7 mL) was added a THF solution (10 mL) containing Me,PhSiCl (3.0
equiv) and Cp,TiCl, (0.15 equiv) over a period of 30 min at 0 °C. After stirring the solution
for another 1 h, 2a was formed in 72% yield (eq 3)."7 In a similar manner 2b was formed in

64% yleld trm styrene, whereas double sﬂylatxon did not proceed with alkenes having no

as 1-octene
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Cp2TiClz
An_z + PhMe,SiCl \/\S'PhMez @)
nBUMgCl 0°C,15h SlPhM82

2a, 72%, Ar—r»(‘!Cb 14
2b 64/a, Ar = Ph
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The present titanocene-catalyzed reaction 1 provi ides a new and synthetically
for double silylation of dienes and aryl alkenes with chlorosilanes. Studies o
of this reaction are currently in progress.
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- IR (neat) 3068, 2955, 1489, 1427, 1114, 1096, 863, 836, 811, 775, 729, 700 cm™; 13C NMR (100 MH

IR TIgAL) SUGG, 24T50, 2540, 1115, 3UFY, GUS, GO, Vi (AU AT

a zZ,

38.8, 136.7, 133.9, 1332, 129.7, 129.0, 128.8, 128.5, 127.6, 127.4, 127.3, 30.7, 15.4, -1.9, -2.9, -4.2, -5.7 HNMR(400
MHz, CDCl,) § 7.38-7.30 (m, 10H), 7.11 (d, J = 8.5 Hz, 2H), 6.81 (d, J = 8.5 Hz, 2H), 2.30 (dd, J = 3 4, 11.8 Hz, 1H), 1.23
(dd, J = 11.8, 15.1 Hz, 1H), 1.17 (dd, J = 3.4, 15.1 Hz, 1H), 0.26 (s, 3 H), 0.17 (s, 3 H), 0.03 (s, 3 H), 0.02 (s, 3 H); MS (ED)
m/z (relative intensity, %, *Cl) 408 (M*, 1), 238 (24), 223 (65), ]35 (100) 107 (16), 105 (14). HRMS calcd for C,,H,51,Cl
408.1496, found 408.1506; Anal. Calcd for C,,H,,Si,Cl: C, 70.46; H, 7.15. Found: C, 70.41; H, 7.22.

CDCl,;) § 142.3
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