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Abstract: Dialkyl(dimethylphenylsilyl)zinclithium adds effectively to
internal acetylenes as well as terminal acetylenes in the presence of CuCN

catalyst.

Extensive studies have been explored with the reactions of cuprate
complexes such as conjugated addition or substitution.! 1In contrast, few
examples are known for the synthetic utility of organozincate reagents?
Here we wish to report that silylzinc compounds, PhMe;SiZnR)Li derived from
PhMe,5iLi and dialkylzinc, add to triple bonds effectively to give vinyl-
silanes under good control of the regio- and stereoselectivity.3

A THF solution of PhMeZSiLi4 (0.59 M, 1.7 ml, 1.0 mmol) was added to an
ethereal solution of tBuZZn5 (1.0 M, 1.0 ml, 1.0 mmol) at O °C under an
argon atmosphere. After stirring for 20 min, the reaction mixture was
diluted with THF (2.0 ml). Then a catalytic amount of CuCN (2.0 mg, 0.02
mmol) and a THF solution of l-dodecyne (85 mg, 0.5 mmol) were added at O °C,
and the whole was stirred at 0 °C for 30 min and at 25 °C for an additional
50 min. The resulting mixture was poured into sat. NH,Cl and extracted with
ethyl acetate. The combined organic layers were dried, and concentrated in
vacuo. Purification of the residual oil by preparative thin layer
chromatography on silica-gel gave 2-dimethylphenylsilyl-l-dodecene (0.14 g)
in 92% yield.

The experimental results are summarized in Tables 1 and 2, and they
indicate the following: (1) The uncatalyzed reaction of silylzinc compounds
with acetylenes proceeded very slowly to provide silylated olefins in low
yield after prolonged reaction times. For instance, the reaction of
PhMe,SiZnEtyLi with 1l-dodecyne gave a mixture of l-dimethylphenylsilyl-1-
dodecene and the 2-silyl isomer (5:3) in 13% combined yield after stirring
at 25 °C for 20 h. Cul, CuCN, Pd(PPh3),, and CoCl)(PPhy), were effective
catalysts for this silylzincation reaction, while RhCl(PPhjy)3 and
RuCl,(PPhg)3 were not efficient. (2) The regioselectivity of the reaction
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Table 1. Silylzincation of Terminal Acetylenesa

1) PhMeZSiZnRZLi R\ /H R\ /H
RC=CH . » c=c_ + Se=c
2) B0 B | “SiMe,Ph PhMe,si” “H
Substrate b Yield Ratio of I/II
Entry R Reagent Catalyst (%) I s 11
1 e ® Ph.SiZnEt.Li cul 90°¢ 100 : 0
10721 3 2 :

2 PhMe251ZnEt2L1 Pd(PPh3)4 80 75 s+ 25

3 PhMe,5iZnEt Li CuCN 81 58 : 42

4 PhMe251ZnEt2L1 CoClz(PPh3)2 60 30 : 70

5 PhMeZSiZntBuZLi CucN 92 1: 99

6 THPOCH,,CH,, (PhMezsi)3ZnMgMed CuCN 97 100 : 0

7 PhMe ,SiZnEt,Li CuCN 80 67 : 33

8 PhMeZSiZntBuzLi CuCN 87 1: 99

. . [o]

9  PhCH,OCH,CH, Ph,SiZnEt,Li cul 87 100 : 0
10 PhMe ,SiZnEt,Li CuCN 78 67 : 33
11 PhMeZSiZniPrzLi CuCN 91 33 : 67
12 PhMeZSiZntBuzLi CuCN 98 5 : 95
13 HOCH, PhMeZSiZnEtzLie CucN 82 100 : 0
14 HOCH,CH, PhMe,SiZnEt,Li® CuCN 84 67 : 33

a) The reactions were performed at 25°C in THF. Reagent (2.0 mmol), acetylene
(1.0 mmol), and catalyst (2 mol:) were employed. b) Prepared from PhMe)SiLi
and the corresponding dialkylzinc (1:1). ¢) The corresponding triphenyl-
vinylsilane was obtained. d) Prepared from PhMe2SiMgMe (3.0 mmol) and ZnBr2
(1.0 mmol). e) Reagent (3.0 mmol) and acetylene (1.0 mmol) were employed.

heavily depends on the nature of the dialkylzinc employed. The use of bulky
alkyl group favours the formation of 2-silyl-l-alkenes (II). In the case of
PhMeZSiZntBuzLi, high regioselectivity (>95%) was achieved for all examined
substrates. (3) The opposite regio-isomers, l-silyl-l-alkenes (I) were
obtained selectively with Ph3SiZnEt2Li or (PhMeZSi)3ZnMgMe.6 (4) 1In
contrast to the previously reported silylmetal reagents such as PhMe,SiMgMe,
PhMe,SiAlEt,, and (PhMe,81i)7Zn, silylzinc compounds, PhMe,SiZnRyLi are much
more reactive and add easily to internal acetylenes as well as terminal
acetylenes (Table 2). Regioselective silylmetalation was performed for
propargylic or homopropargylic alcohols. Thus, 2-butyn-l-ol or 3-pentyn-1-
ol gave (E)-3-dimethylphenylsilyl-2-buten-1l-ol or (E)-4-dimethylphenylsilyl-
3-penten-l-ol exclusively.



4631

Table 2. Silylzincation of Internal Acetylenes in the Presence of CuCN

Catalyst?@
1) PhMezsiZnEtzLi R, _R' R, _R'
RC=CR’ T LC=C_ + _C=C_
2) Hq0 H SiMe,Ph  PhMe,Si H
T v
Substrate Yield Ratio of II/IV
Entry R R' Reagent (%) m : IV
1 DeoH fc_H PhMe. SiZnEt,Li 90 —
5511 5711 €2 2
2 CH,  CH,OH PhMeZSiZnEtzLib 85° 0 : 100
. .b,d .
3 CH3 CHZCHZOH (PhMe251)3ZnL1 89 0 : 100
n . . .
4 C6H13 SJ.Me3 (PhMe251)3ZnL1 42 0 : 100
n . . e
5 C3H7 CHZCHZOTHP (PhMe251)3ZnLl 96 50 : 50
6 CH 4 CH,CH,OCH,Ph PhMe,SizZnEt,Li 78 20 : 80
. t . . .
7 CH, CH,CH,0SiMe,"Bu PhMe,SiZnEt,Li 62 17 : 83

a) Reagent (2.0 mmol), acetylene (1.0 mmol), and CuCN (2 mol%) were employed.
b) Three mmol of reagent was used per 1.0 mmol of substrate. c) See ref. 8.
d) See ref. 2. e) See ref. 10.

The cis mode of addition was confirmed by the comparison of the tetra-
hydropyranyl ether of (Z)-3-penten-1-0l derived from the silylzincation
product of 3-pentyn-l-ol (entry 3 in Table 2) with an authentic sample.l1

CH CHr CH,OH CH _CH~CH~OTHP
Bnp_pq-iipvéli2 a,b 3N oLhy c )

C=C. — c=c< <C _ - .
PhMe,S1” oy CH3C=CCH, CH,OTHP

a: dihydropyran, TsOH/CHyCl,  b: "Bu,NF/HMPALZ
c: Ho/Pd-C, 5% BaSO0,, quinoline

The intermediary vinylzinc compound could be easily trapped by some
electrophiles. For instance, treatment of the intermediate derived from
CuCN catalyzed silylzincation (PhMeZSiZntBuzLi) of l-dodecyne with methyl
iodide or benzaldehyde gave the corresponding silylalkene in 92% or 70%
yield, respectively. The application of this new method is exemplified by
the synthesis of the trisubstituted olefinl3 depicted below. 14
Crafor. M 1 CygHoqe M CHz. _CH,0AC
10721>cop” B 1027 oygCzcony0n D e 500 " 2
PhMe,S17 %9 Buy PhMe, St H CHy CH=CH,
a: 1) (PhMe,Si)zZnLi

El=Mel or PhCHO E=PMe or PhCH(OH) 2) Chy=CHCH,Br/Pd(0)
b: 1) Acy0, Py 2) MBuyNF/DMSO
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