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Abstract—Stereospecific alkylation of (Z)-B-hydroxymethylvinylsilanes proceeded by treatment with copper(l) tert-butoxide and
alkyl halides. Tri- and tetra-substituted allylic alcohols were obtained with complete retention of configuration. © 2003 Elsevier

Science Ltd. All rights reserved.

Transition metal promoted coupling reactions of vinyl-
silane derivatives with organic halides have been stud-
ied as a method for the construction of highly
substituted olefinic compounds.! Vinylsilanes possessing
fluorine,? alkoxy,® or hetaryl* groups on the silicon
atom react with aryl or vinyl halides in the presence of
palladium(0) catalyst. These reactions also require the
additional activation of vinylsilane with a fluoride ion.
Alternatively Denmark and co-workers reported the
palladium(0)-catalyzed coupling reaction of 1-(1-
alkenyl)silacyclobutanes with aryl and vinyl halides
assisted by fluoride ion.’

Despite the above extensive investigations, successful
coupling of vinylsilanes with organic halides other than
aryl and vinyl halides is limited only to the palla-
dium(0)-catalyzed® or copper(I) salt-promoted® allyla-
tion of certain vinylsilanes. Recently, we reported the
copper(I) tert-butoxide 1 promoted allylation,” aryla-
tion,® and vinylation® of (Z)-y-trimethylsilylallylic alco-
hols 2 (Scheme 1). We assume that the vinylcopper(I)
species 3 is generated by silyl group migration from sp?
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carbon to oxygen in these reactions (Scheme 2). On the
basis of this assumption, we further studied the reaction
of organocopper intermediate 3 and found its unusually
high reactivity toward primary alkyl halides.

Initially, we investigated the reaction of (Z)-y-
trimethylsilylallylic alcohols 2 with reactive organic
halides. The vinylsilanes 2 were successively treated
with a slight excess of copper(I) tert-butoxide 1 and
benzyl bromide 4a in DMF-THF to produce the silyl
ethers 5 and their hydrolysis with N,N,N,N-tetra-
butylammonium fluoride (TBAF) gave the tri- or tetra-
substituted olefins 6 with complete retention of
configuration (Table 1). In the case of the primary
alcohol 2d, the use of palladium catalyst Pd(PPh,),
slightly improved the yield (entry 5). When
chloromethyl methyl ether 4b was employed, the fur-
ther O-alkylation also proceeded and the MOM ether 7
was obtained as a major product (entry 6).

The following is a typical experimental procedure. To a
DMF (1 ml) suspension of copper(I) iodide (63 mg,
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Scheme 1. Copper(I) tert-butoxide 1 promoted reaction of (Z)-y-trimethylsilylallylic alcohols 2 with organic halides 4.
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Scheme 2. Formation of vinylcopper(I) species 3 by silyl
group migration from sp? carbon to oxygen.

0.33 mmol) was added a THF solution of lithium
tert-butoxide (1 M, 0.36 ml, 0.36 mmol) at 0°C under
argon, and the reaction mixture was stirred for 20 min
at room temperature. A DMF (1 ml) solution of (Z)-
2-[3-phenyl-1-(trimethylsilyl)propane- 1 - ylidene]cyclo-
hexanol (2a) (86 mg, 0.30 mmol) and a DMF (1 ml)
solution of benzyl bromide (4a) (103 mg, 0.60 mmol)
were successively added and the mixture was stirred for
2 h. The reaction was quenched by addition of 3.5%
NH; aqueous solution and the organic materials were
extracted with ether and dried over Na,SO,. After
removal of the solvent, the residue was dissolved in
THF (3 ml) and a THF solution of TBAF (1 M, 0.3 ml,
0.3 mmol) was added to the solution. The mixture was
stirred for 2 h and then diluted with water. The organic
materials were extracted with AcOEt, washed with 1IN
HCI and water, and dried over Na,SO,. After removal
of the solvent under reduced pressure, the residue was

purified by PTLC (hexane:AcOEt=4:1) to yield 70 mg
(76%) of (Z)-2-(1,4-diphenylbutane-2-ylidene)cyclo-
hexanol (6a).

It is of special interest that the alkylation proceeds even
when the primary alkyl iodides are employed (Table 2).
As shown in entry 6, we observed that the yield of 6
was improved when the reaction took place in the
presence of additional equivalents of lithium iodide in
certain cases, though a full equivalent of lithium iodide
was formed during the preparation of copper(l) tert-
butoxide 1. Without hydrolysis, the corresponding silyl
ether 5 was isolated (entries 7 and 8).

It is well known that vinylcopper(I) species are unreac-
tive toward organic halides other than allylic, propar-
gylic, and activated alkenyl halides.” Although the
detail of the alkylation mechanism is unclear at present,
the unusual high reactivity of 3 generated by the silyl
migration is attributable, at least in part, to the activa-
tion by intramolecular coordination of oxygen to cop-
per as depicted in Scheme 2.

In conclusion, we have developed the first alkylation of
vinylsilane derivatives with alkyl halides. Further study
on the copper(I) tert-butoxide-promoted reactions of a
variety of organosilicon compounds possessing a
hydroxy group is now in progress.

Table 1. Reaction of the y-silylallylic alcohols 2 with reactive alkyl halides 4

Entry y-Silylallylic Alcohol 2 Organic Halide 4 (equiv)  Time (h) Product Yield (%)
3SI OH Ph OH
PhCH,Br (2.0)

1 /\)\@ 2 2 Ph S 76

6a
MesSi Ph OH

2 /\)W/K/ 4a (2.0) 2 o N 72

6b
Me3Si Ph

3 /w 42 (2.0) 6 /w 61
Nph
6¢

3SI
4 /\)\/\ 4a (2.0) 20 59
2d
50.b) 2d 4a (2.0) 20 6d 69
CH30
6 2a CH;0CH,CI (2.0)
4b
6e:R=H 22

7:R=CH,0CH; 40

a) ‘BuOCu was prepared from ‘BuOLi and CuCl .

b) The reaction was carried out in the presence of 3 mol% of Pd(PPhs),.
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Table 2. Reaction of the y-silylallylic alcohols 2 with primary alkyl iodides 4

Entry vy-Silylallylic Alcohol2  Alkyl lodide 4 (equiv) Time (h) Product Yield (%)
3SI OH
Mel (2.0)
/\)\@ te 6 /\)\6 74
MesS) Etl (2.0)
tl (2.
/\)ﬁ/K/ 4d 6 84
3S|
3 w 4d (1.2) 6 57
3SI
/\)\/\ 4d (1.2) 24 56
Bul (2.0)
5 2a ™ 4 j/\j\<j 57
6 2a 4e (2.0) 4 64
OSIMe3
79 2b 4e (2.0) P o 53
R 2b de (2.0) 2 67

9% 2d 4e (1.2)

a) 1.5equiv of Cul were used. b) The reaction was carried out in the presence of additional 1.1 equiv of Lil.

¢) The product was isolated without hydrolysis.
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