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. catalyzed cross-coupling of organosilanes occurs in high yield (Eq. 1, Figure 1)
with organic halides and related providing a straightforward alternative
derivatives have been reported. Many of from the more classical approaches to
these require the use of fluoride ion transformation. On the other hand, in
promotion while others do not (2-5). The  presence of the palladium phosphin
majority of these silicon-based carbon- acid catalyst, POPd, an oxidative
carbon bond formation reactions have esterification (Eq. 2) occurs (6).
en applied to systems wherein the Arylcarbinols are also produced |
from both partners are either sp2  reaction of the aryltriethoxysilane wi
The focus of this short aldehyde under the influence of soc

hydroxide, which works better than
ddition to aldehydes fluoride ion. Enones and related spe
react in a Michael fashion under the

cousins and to lected conditions (7).

systems. In this regart ' The very stable and readily prepare
alternatives to the reactions of and handled pentafluorophenyl-
organomagnesium, organolithium, trimethylsilane reacts with aldehydes
organocopper and other reagents. ketones to form the pentafluorophenyl-
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carbinol in good )
yields (8). This iPr iPr
reaction can be @
promoted by O Q
cupric acetate, but CuF
requires a wr.  IPF
diphosphine ligand .
(Eq. 3). Q OH
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allylcopper
|ntermedlate5 .
aldehydes. Thus, toluene, 70°C, 41 h
the allylation of B8
aldehydes with 92%; 82% ee
allylsiloxanes under
the catalysis of Figure 2
employed for the synthesis.
of allylsilanes from
p-silylenones (13).
MBz [Rh(OH)(cod)], (10 mol %) & Michael arylation_‘e‘rf
THE 350 N % enones and enals with
' Me; aryltimethoxysilanes in
aqueous medium is
0% possible (Eq. 9) (14). The
Michael addition of
& HO arylsilanes to enones and
% + Ar—M — > MesSi (8) enals is also catalyzed by
Me; (M = Li, MgX) Ar palladium acetate, fluoride
ion with antimony
CF3 trichloride promotion (15).
) 0 Aryltrialkoxysilanes react
Si(OMe)s /\)j\ Pd(dba),/dppben/Cu(BF4); (5 mol%) with Baylis-Hillman acetate
* nCsHyy dioxane, H,0, 23 h > o @ adducts, most likely
through a pi-allylpalladium
nCsHi1 intermediate, leads to a
- prepondé’r’ance of the Z
isomer of the resultant

'elds of the

towards the anti dlastereomer 9).
Simple base catalysis can be used to
form propargyl alcohols from the reaction

The yields of the
argyl alcohols are

ee's (Eq. 6). This reaction does not work
well with regular ketones showing the
need for the activation of the carbonyl
group by the trifluoromethyl group.
Phenylethynyltriethoxysilane gave a 99%
yield and 46% ee when reacted with
phenyl(trifiuoromethyl) ketone (11).
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The asymmetric 1,4-arylation and
vinylation of enones is possible with

1,4-ADDITION OF
ORGANOSILANES TO .
AND KETONES

A novel approach to the M_it‘-:l*i_aél__
of enones with arylsilanes is via th
of the o-hydroxymethylphenyl ligan !
silic Eq 7 Fgure 3). Thts hgand_ n

SEPTEMBER/OCTOBER 2010 F 1 L



[Rh(cod(MeCNY]BF4 (2 mol%) . BT 5 g
SHEIGH )\¢\I\/ (Srbinap (3 mol%) > - whereas the vinylations take place in high
1 e3 + E 0 . F
dioxane, H,0, 90°C, 20 h yields, but with only moderate ee's. Both

e

o h reactions require the assistance of
62%; 98% ee fluoride ion in the form of TASF (20).
o The asymmetric alkynylation of
[Rh(cod)(MeCN)]BF; (2 mol%) enones with alkynylsilanols has been
Ph (Sybinap (3 mol%) Ph shown to occur with hlgh
vi{OElh + - , o ) (1) enantioselectivity under the promotion of
HRens; FEG: 9O°C) 20h ' chiral rhodium catalysts to yield
88%; 87% ee

5-ketoalkynes in good yields and high
(o] ee's (21).
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60%: 94% ee nitroalkenes can be carried out with aryl-
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by POPd1, a phosphinous acid palladium
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@ (:[0'“9 NaO'Bu (5 mol%), THF, 22°C, 3 h OMe -
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Various vinyltrimethylsilanes couple nicely.
Figure 4 with alcohols under the catalytic influence.
of indium trichloride or bismuth
tribromide (Eq. 14, Figure 5). No great
difference was found between the two
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YN T e (1) though the trimethylsilyl derivatives are
R used here fluoride promotion is not
0 iPr iPr 88% necessary for satisfactory reaction. In
=\ related work ethynylsilanes are coupled
iPICUF = with propargyl alcohols to produce
1,4-diynes (24).
ipr CUFipy Organofunctional copper reagents are
(2) prepared in good yield via the reaction of
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the allylcopper reagent. The resulting copper reagents were trapped in high yields
with allyl bromide (Eq. 15) (25). Other reactions of these readily available copper
reagents should also be possible. A copper intermediate has been proposed in the
allylation of o-trimethylsilylbenzyl alcohols with allyl chloride and

tert-butoxycopper (1) (26).

A sequential combination of a Hivama cross-coupling and a Narasaka acylation of
vinylsilanes can be used to prepare (E)-f-aryl-a.,3-unsaturated ketones (Egs. 16, 17,
Figure 6) (27). The yields of this two-step, one-pot sequence ranged from modest
to good. A similar reaction is seen between aliphatic alkoxytrimethylsilanes and ally}-
trimethylsilanes to form three-carbon-extended olefins. In this case the reaction is
promoted by indium chloride and iodine and the reaction is limited to the
trimethylsilyl ethers of secondary and tertiary alcohols (28).

The direct arylation of alkyl bromides is possible via its coupling with an aryl-
trimethoxysilane. The reaction requires palladium (11) bromide and the hindered
di-tert-butylmethylphosphine ligand as well as fluoride ion promotion to give good
yields (29). Alkyl iodides work equally well. This has been extended to the nickel-
catalyzed arylation of secondary halides in good yields (30). The nickel-catalyzed
cross-coupling of unactivated alkyl halides with various organometallic reagents has
been reviewed (31).

Aryltrialkoxysilanes have been shown to undergo a vinylogous addition to
vinylepoxides to generate 4-aryl allyl alcohols (Eq. 18) (32). This chemistry involves
the transmetalation of the organosilane to an organocopper reagent, which then
adds to the vinylepoxide. The reaction also works for benzylic alkoxysilanes.
Butadiene monoepoxide gives exclusively 1,4-addition, but a mixture of E and Z
isomers with the E isomers predominating.

1-Trimethylsilylaryl acetylenes are coupled with propargyl chlorides to give
allenynes in moderate yields (33). The reaction requires a fluoride ion source and is
complicated by the formation of the homo-coupled diyne.
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