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Allylsilanes are important intermediates for carbararbon and Table 1. Screening of Zincates for Cp,TiCl>-Catalyzed Silylation

o . . . - a

carbon-heteroatom bond formation in organic synthesis because °f 1-Heptene (1a)
of their easy handling, unique reactivities, and high regiocontrol-

Zincate M e

AN 5 mol% Cp,TiCl, PN Si\’::h
e

lability.r Methods currently available for their synthesis include - n18h »s
transition-metal-catalyzed silylmetalation of 1,3-dienes or allenes ey Zcae gz YO e Zincate 5z Ve
and Wittig reactiond. Unfortunately, however, many of these A Caton o) Anion Catien ()
reactions have significant disadvantages: low generality, low o adie U - o O we U — 0
chemoselectivity, the requirement for tedious multistep synthesis Mo Me Gmg 22 38 5 8)211_-81i—Ph )
of the precursor, and so on. We disclose here a chemo- and ' § O Me OMg 2872 &7
regioselective direct preparation methodyegubstituted allylsilanes , ol W — o
from readily available terminal alkenes with various kinds of Bu e CMg* 2674 5 | O B A — o
functional groups, using a newly developed silylzincate (SiSINOL- 6 g:z{?,Me
Zn-ate) and catalytic GPiCl, system. We also demonstrate that “f’z’nfdz-e/Me ar — o O Ve Ph 2CMg' 2476 54
the resultant functionalized allylsilanes can be versatile allylating T e 2OMg 2674 12 | crEnoL-zate)
reagents, providing basic architecture for functionalized materials. i O Me ph
Silylmetalation reaction of reactive unsaturated@bonds such \ IIBEZE'ZB'EMe awr — o , o:Zqu—i;“,\"fe ar = o
as alkynes, allenes, or dienes has been extensively utilized in organic B”Mgs'\Ph 2oMg® 2672 4 O OMéS'.Ph 20Mg* 3070 95

synthesis. However, its application to alkenes has not been well
developed due to low reactivity of the |§olated-C ‘?'OUb'e bo.nd. 2 The silylation was carried out using zincate (1.1 equiv), substrate (1.0
We have recently developed a dianion-type zincate (SiBNOL- equiv), and CpTiCl, (5 mol %) in THF at room temperature for 18 h.
Zn-ate, Table 1 entry 6) that promotes chemo- and regioselective® Isolated yield.

silylzincation of functionalized terminal alkynes without any
transition-metal cataly$t To develop a new silylmetalation reaction

(SiSINOL-Zn-ate)

Table 2. Silylation of Various Functionalized Terminal Alkenes?
Me

. . . . R 5 mol%Cp,TiCl,, SiSiNOL-Zn-ate ..Ph
of terminal alkenes, we started with the design and screening of N o Tan Az
. L . 4 oy 5
suitable silylzincates by using 1-hepted@)(as a model substrate. — - I — - —Ven

However, all initial attempts using various silylzincates without any D — (%)°
. ! e
catalyst were unsuccessful. Then, we focused on screening of 1 TBDPSO_~_(1b) 2476 95 | 8 Wor SN () 2ame 95

catalysts for the addition of the silylzincate to functionalized olefins.

é EtO.__O. .

After extensive experimentation, we found that the combination 2 B0 (o) zem2 2 |9 T TN s 7
of 5 mol %. of CQTl(?IZ and SISI!\IOL-ZI’].-Z.ite (Table 1,.entry 7.) & PVOL~_ (9 2071 94 0 JOK/\ 4 277 80
silylated1ain good yield under mild conditions. Interestingly, this ; MeO
silylation gave predominantlyg-substituted allylsilane2g, a Heck- 4 BUS ~_ (o) 2674 88 | 11 @\ ) ND. 84
type addition product), and neither regioisomers nor saturated i ,
alkylsilanes were observed at all. 5 BN O 279 75 a2 O\ (m) aofe1 47

Tamao an_d co-worke_rs repprted some expellent S|Iylt|tar_1at|on o o (9 zms s | 1 @/\ ) sme 710
reactions using a stoichiometric amount of,Titl, and 2 equiv o ;
of DMPSLI to acetylenes or 1,3-dienedut no example using 7ol W 2476 100 | 4 g (o) 2179 e
alkenes as substrates has been reported to date. A Fi@iHjctive ’
species, CgliSiMe,Ph, is proposed to be involved in those aUnless otherwise noted, the silylzincation was carried out using zincate

silyltitanation reactions. Although the silylation mechanism in our (1.1 equiv), substrate (1.0 equiv), and;TiCl> (5 mol %) in THF at room

case is not clear yet Zn-ate is esseniial for this cataytc siylation [SFBETALTE o 18 sated ekl Toe reacton was cavied out under

at terminal alkenes; the yield of the allylsilane was less than 1% ec_ fvinyisilane was isolated in 18% vieldE(Z = 64/36).9 Vinylsilane

when Zn(ll) was omitted, and other metals such as Mg(ll), Al(lll), was isolated in 8% yieldE/Z = 58/42)." Vinylsilane was isolated in 19%

v(I1), Cr(Il), Mn(lI/11T), Ee(l1/111), Co(lI/11), and Cu(l) could not yield (E/Z = 50/50).

replace Zn(ll). In addition, the coordination number and the nature possessing a range of functional groups could be used: suitably

of the countercations were also critical for this silylation reaction. protected alcohols, amines, thiol, and ketones (entri€s, 14), as
With optimized conditions in hand, we studied the scope of this well as cyclohexyl and aryl substitution (entries-1113), are

new protocol, and representative results are summarized in Tabletolerated in the reaction. A variety of electrophilic functional groups,

2. In addition to terminal alkenes bearing simple alkyl chains, those including a carbamate, carbonate, and ester, also caused no problems
13116 = J. AM. CHEM. SOC. 2005, 127,13116—13117 10.1021/ja0541074 CCC: $30.25 © 2005 American Chemical Society
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Scheme 1. Reactivity and Selectivity of the Present Silylation Scheme 2. Reactivity of the Functionalized AIIyIsiIanes
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76% 116 (R = Ry) 68% n,18h
8 1i(R=Ry) 62% Ry = (CHo):0Bn Ra = (CH):.CO0Me 94% 12¢ (R = Ry)

. L . (R =Ry 8% E.Z=22:78 E:Z:I25172 86% 121 (R =Ry
(entries 8-10). Substrates containing a free-8 moiety, such as 69% 121 (R = (CHz),CO0H)
aliphatic alcohols and carboxylic acid could also be utilized, and o A T
no self-condensation was observed (entries 6, 7). To our knowledge, 7870, 30min e
this reaction is the f|r§t example of.an efficient one-step‘synthess _ (CHE)SW \(CHg:08n M’s.“’“’ N e o0t
of y-substituted allylsilanes with wide substrate generality. /I© OH L

. . . .. +
Some characteristic aspects of the regio- and stereoselectivity . y o (o0 : It oo =1y

i H 1 H c c 65% 98 : 2) 1511161 (R = (CH,),0H

of this silylation can be drawn from the data in Table 2. (1) o ol bR PR

Regioselectivity of addition: the silylation reaction occurs with very
high regiospecifically for monosubstituted alkenes (no regio isomer
was detected), probably due to the steric effect. (2) Direction of
p-elimination (allyl/vinyl selectivity): as evidenced by entries10,

the reactions with terminal alkenes containing any functional group
distal from the reaction site (the double bond) gave the allylsilanes
preferentially over the corresponding vinylsilanes. On the other
hand, in the case of terminal alkenes containing bulky substituents,
such as a cyclohexyl, benzyl, or cyclic ketal group, near the reaction
site, the allyl/vinyl selectivity showed a declining trend. (3)
Stereoselectivity: thé=/Z ratios of the allylsilanes were almost
constant (except for entry 12), witd isomers as the major
component. (4) Isomerization of double bond: no movement of
the C-C double bond of allylsilanes was observed at all, even when
a carbonyl or phenyl moiety was present. Isomerization to give
conjugated products often occurs in Ru- and Pd-catalyzed reattions.

reaction and to elucidate the reaction pathway with the help of
theoretical and spectroscopic studies are in progress in our
laboratory.
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