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(Z)-Di-t-butoxymethylsilyl enol ethers were stereoselective-
ly produced by the copper(I) t-butoxide-promoted cross-cou-
pling of o-(dimethylphenylsilyl)phenyl ketones with organic
halides. The reaction proceeds via the formation of arylcopper
species generated by silyl migration to enolate oxygen, accom-
panied by substitution of t-butoxy on silicon.

Organosilicon-based cross-coupling has emerged as an ef-
fective method for carbon–carbon bond formation.1 With the
aim of activating the unreactive Si–C bond, fluoro- or alkoxy-
functionalized organosilanes as well as silacyclobutanes1d–1f

have successfully been employed for palladium-catalyzed
cross-coupling. Recently the silyl group activation by intra-
molecular coordination of oxygen or nitrogen atom has been uti-
lized for the cross-coupling.2

The cleavage of the Si–C bond in cyclic silicates formed by
the intramolecular coordination of alkoxide is also essential for
the formation of reactive organometallic species in the Brook re-
arrangements.3 The silyl migration from sp2 carbon to oxygen
has potential to generate functionalized alkenylmetal species;
however, synthetic application has strictly been limited.4 In
this context, we have studied copper(I) t-butoxide-promoted
1,4- and 1,3-silyl migrations from sp2 carbon to alkoxide oxy-
gen.4a,4c–4e,5 Such silyl migration has recently been extended to
the migration to enolate oxygen, while the resulting alkenylcop-
per species possessing an enol silyl ether substructure react with
various organic halides to afford cross-coupling products.6 Here
we report the generation of arylcopper species 1 and 2 bearing an
enol silyl ether substructure from o-silylphenyl ketones 3 and 4
by the copper(I) t-butoxide-promoted silyl migration from aro-
matic sp2 carbon to carbonyl oxygen and their cross-coupling
with organic halides 5 giving (Z)-enol silyl ethers 6 and 7 stereo-
selectively (Scheme 1). What is striking is that simultaneous in-
termolecular displacement of the phenyl and methyl groups on
silicon with t-butoxy took place in these reactions, depending
on the substituents of the silyl group. To our best knowledge,
such substitution on silicon associated with the silyl migration
has not been known.

1-[o-(t-Butyldimethylsilyl)phenyl]-1-butanone (3a) was
treated with copper(I) t-butoxide (2 equiv), prepared prior to
use by the reaction of copper(I) iodide with lithium t-butoxide,7

in DMF (25 �C, 4 h), and then with methallyl chloride (5a) (2
equiv, 2 h) to produce the stereochemically pure (Z)-enol silyl
ether 6a in 54% yield (Table 1, Entry 1). The cross-coupling
of 3a proceeded not only with allylic halides, but also with alkyl
halides such as ethyl iodide (5b) and chlorotributylstannane (5c)
(Table 1, Entries 2 and 3). All reactions examined were stereo-
selective and (Z)-enol silyl ethers were obtained as single iso-
mers.8

A study on the scope of the cross-coupling revealed that the
above silyl migration was accompanied by nucleophilic substitu-
tion at the silicon atom with t-butoxy when o-(dimethylphenyl-
silyl)phenyl ketones 4 were employed. Thus, the successive
treatment of 1-[o-(dimethylphenylsilyl)phenyl]-1-butanone (4a)
with CuOt-Bu (2 equiv) in DMF and 5a (2 equiv) gave (Z)-Di-t-
butoxymethylsilyl enol ether 7a in 44% yield. The yield was im-
proved to 55% when 3 equiv of CuOt-Bu was used (Table 1,
Entry 4). The enol silyl ether 7a was also obtained by the
reaction of diphenylmethylsilyl-substituted phenyl ketone 8
(Entry 10). The 29SiNMR spectrum of 7a showed a signal at
�58:2 ppm, typical of the chemical shifts of trialkoxyalkylsi-
lanes,9 and 7a was hydrolyzed to the corresponding ketone with
TBAF. Under similar conditions, the concomitant cross-cou-
pling and the substitution on silicon underwent to afford t-bu-
toxy-substituted (Z)-enol silyl ethers 78 predominantly when
various silyl ketones 4 were treated with organic halides 5. Suc-
cessive treatment of 4a with CuOt-Bu and H2O produced the
protonated enol silyl ether 7d (Entry 7). This cross-coupling
was successfully extended to palladium(0)-catalyzed arylation
(Entry 11). The products of these reactions, alkoxy-substituted
silyl enol ethers, have recently attracted much attention due to
their unique reactivities.10

A plausible mechanism for the concomitant substitution is
shown in Scheme 2. The Si–Ph bond cleavage in preference to
the silyl migration proceeds in the cyclic silicate 9 to produce
the cyclic silyl ether 10.2b–2d,4a,11 Displacement of the methyl
group of 10 with CuOt-Bu and subsequent formation of the sil-
icate 11 by nucleophilic attack of another CuOt-Bu promote the
silyl migration to give 2.12

Stereoselective formation of (Z)-enol silyl ethers 6 and 7 can
be explained by formation of the thermodynamically more stable
(Z)-enolates 12 in preference to (E)-enolates which experience
steric repulsion between the o-silylphenyl group and R1

(Scheme 1).
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Scheme 1. Silyl group dependent formation of enol silyl ethers
with and without t-butoxy substituent on silicon.

1180 Chemistry Letters Vol.38, No.12 (2009)

Copyright � 2009 The Chemical Society of Japan



In summary, we have demonstrated an unprecedented silyl
migration to enolate oxygen ‘‘with substitution on silicon’’ in
copper(I) t-butoxide-promoted cross-coupling of silylphenyl
ketones with organic halides.13 The enol silyl ethers thus ob-
tained are useful intermediates in organic synthesis.
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Table 1. Formation of enol silyl ethers 6 and 7 by the coupling
of 3 and 4 with organic halides 5a

o-Silylphenyl ketone

t-BuMe2Si O

3a

3a

3a

4a

PhMe2Si O

4a

4a

4c

PhMe2Si O

Ph

Ph2MeSi O

8

4a

PhMe2Si O

4b

4a

Entry

1b

2b

3b

4

5

6

9e

10

11f

8d

7

Product (Isolated yield/%)

OSiMe2t-Bu

6a (54)

Et OSiMe2t-Bu

6b (55)

n-Bu3Sn OSiMe2t-Bu

6c (56)

OSi(Ot-Bu)2Me

7a (55)

OSi(Ot-Bu)2Me

7b (56)

Et OSi(Ot-Bu)2Me

7c (57)

OSi(Ot-Bu)2Me

Ph

7f (60)

7a (40)

OSi(Ot-Bu)2Me

7g (52)

Ph

7e (40)

OSi(Ot-Bu)2Me

Cy

H OSi(Ot-Bu)2Me

7d (63)

Halide

Cl

5a

5b
EtI

5c
n -Bu3SnCl

5a

5d

Cl

5b

5a

5a

5e
PhI

5a

c

aThe o-silylphenyl ketones were treated with CuOt-Bu (3 equiv)
in DMF (25 �C, 4 h) and then with 5 (2 equiv) unless otherwise
noted. b2 equiv of CuOt-Bu were used. cQuenched without treat-
ment with the organic halide. d4b was reacted with 5a for 16 h.
eA mixture of 4c and 5a (3.5 equiv) was treated with CuOt-Bu
(3.2 equiv) in DMF (25 �C, 1 h). fCarried out in the presence
of Pd(PPh3)4 (3mol%).
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Scheme 2. A plausible mechanism for the substitution on sili-
con.
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