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A Novel C-C Bond Forming Reaction of Aryl- and Alkenylsilanols.
A Halogen-Free Mizoroki-Heck Type Reaction
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Abstract:  When dimethyl(phenyl)silanol is subjected to an electron-deficient olefin in the presence of a

tninky $3o t nf PANA ~) ’ ;. - r om ;]
stoichiometric anount of PAOAc),, substitution of the C-H bond of the olefin by a phenyl group on the silanol

occurs in 52-86% yields. The reactions of several aryl- and alkenylsilanols with several olefins are also found to
proceed in the system of 10 mol% of PAOAc), Cu(OAc), (3 mol), LiOAc (2 mol) to give the comesponding
products in up to 69% yield. © 1998 Elsevier Science Ltd. All rights reserved.

organolithium or the cyclic siloxane which possessed the functional groups was employed as the reagent or the
substrate. The corresponding silanois with functional groups are, thereby, availabie for transformation
reactions of their groups. In particular, the hydroxy group of the silanol plays an important role to effect
reactions to neighboring functionalities such as cyclopropanation of an olefinic group of alkenylsilanol, for

example, and several other reactions.’*

Hence, transformation of the carbon-silicon bond of the silanol to a
carbon-carbon bond or a carbon-heteroatom bond has increased its importance directed to the construction of
backbones of complex organic molecules.* During the course of our studies based on the above strategy, we

found a novel carbon-carbon bond forming reaction as shown in eq 1 when dimethyl(phenyl)silanol (1) was

subjected to an o, B-unsaturated carbonyl compound 2 in the presence of palladium(II) acetate
) . Pd(OAc)2 Ph. i
PhMe,SIOH  + ZEWG ~ ~ewac !
-100 °C
1 2 3 (~86%)
The reaction of PhMe,SiOH (1) with methyl vinyl ketone (2a) is representative. A mixture of 1 (1
mmol), 2a (1 mmol) and Pd(OAc), (1 mmol) in l,” dimethoxyethane (0.235 M) was stirred at 60 °C for 13 h
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Further purification by flush
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The reaction proceeded in a variety of solvents (MeCN: 66%, THF: 45%, DMF: 71%, hexane: 38%,
AcOH: 77%) in moderate to excellent yields under similar conditions. Palladium(II) chloride also effected the
reaction in 38% yield. However, the addition of triphenylphosphine to Pd(OAc), poisoned the reaction to give
no desired product. The reaction using 20 mol% of Pd(OAc), afforded the product in 18% yield, showing
good correspondence to the stoichiometry of the palladium species. On the other hand, a use of palladium(0)
species such as Pd(PPh,), and Pd,(dba), resulted in no reaction.

The reaction was found less effective when other organosilicon derivatives such as PhMe, SiOMe (47%),
Dhq'l /{P (RD/I\\ nr Dh red Q;Fl [R \ LS AT nmr\]r\‘rnr‘ Al"f‘[\" ;Y‘I n]xr thp C‘;‘Qﬂn‘ l\ﬂf"‘;f\ﬂ‘)];h! anmnaarg tn '\lﬂ‘l ar
a lluuvn’} \U Il// i o1 111'1\12\)1\41 \\.I /V, Y Wi Wwili) A\IJ Al I3 1\4\4\1;\4“151 LW O EICIINL lull\leUllwlLy <1 H\/(‘.l\) ws l.ll.a ailk

s gy

S P 1 5 N 4o e
TOIC W plulnovwe e buwul ical.«uuu Ul Hic Oulcl

reactivity comparable to that of silanol.> ®

Since the reactivity of the organic group of a silicon reagent
generally increases with the number of the fluorine substituent on the silicon, as observed in the palladium-
catalyzed cross-coupling reactions,’ it should be pointed out that a single hydroxy group on silicon is as
effective as three fluorine atoms of the trifluorosilane. The reactions similarly proceeded with several electron-
deficient olefins such as CH,=CHCOMe (2a) (80%), CH,=CHCOOBu (2b) (76%), CH,=CHCN (2¢) (86%,
E/Z = ca 2:1), CH,=CHCHO (2d) (83%), and CH,=CHCOOH (52%) to furnish the corresponding phenylated

products, respectively.® However, the use of styrene resulted in no reaction.
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Mizoroki-Heck type reaction using

B silanol as a metalloid.'® In
contrast to the fact that the

\\ RPdOAc / R Mizoroki-Heck reactions generally

P > “ P _
h\/\EWG\ Ph\)\EWG 77 TEWG employ a Pd(0) species as a
3 2 catalyst, the silanol reaction
appears to proceed mediated by
Fig 1. The reaction of a silanol and an electron deficient olefin with PA(OAC)2 5 iirmy 11 Wra shire  cmmcidar tha
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initial stage of our silanol reaction is migration of the phenyl group of 1 to palladium, a transmetalation which
occurs by the use of Pd(Il) (See A in Fig 1). Since the transmetalation has not been achieved, to the best of
our knowledge, without addition of a fluoride ion which forms a pentacoordinate organosilicate, the migration is
remarkably unexpected.® '*  Indeed, subsequent generation of Pd(0) as shown in B of Fig 1 would account for
the failure of the attempted catalytic reaction.

In light of the presumed mechanistic aspect, we were intrigued to perform the reaction of silanol using a
catalytic amount of a palladium species. Since Pd(0) is formed along with desired product 3, regeneration of
the PA(TT) species should be promising to complete the catalytic cycle in Fig 1 (the step shown as dotted arrow).

The reaction of silanol and an olefin in the nresence of a catalvtic amount of PA(QAc). with a wide variety
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by the catalysis of 10 moi% of Pd(OAc), in the presence of copper(II) acetate (3 mol) and lithium acetate (2 mol)
in DMF. The corresponding product 3b was obtained in 69% yield after the reaction at 100 °C for 24 h. As
summarized in Table 1, the reaction proceeded with a variety of olefins. It is remarkable that a catalytic
reaction with styrene proceeded to give 63% yield, although the stoichiometric reaction failed. In addition, the
use of alkenylsilanols also effected the reaction in moderate yields to afford the corresponding dienes,

respectively.
cat Pd(OAc),
Cu(OAc)z-Li
RMe;SiOH + ,//'\Y u(OAc)z-LiOAC R\/\\{ (2)
2 DMF, 100 °C

R = Aryl, Alkenyl
Y = COMe, CO3R, CN, Ph, etc.

Table 1. Reactions of organosilanols with olefins in the presence of catalyticPd(OAc); with Cu(OAc),/LiOAc.2

Silanol Olefin 2 Time/h Product (Yield/%)
Ph—SiMe,OH X COMe 24 X COMe
1 2a 3a (48)
X LO02Bu 24 PNOQBU
2b 3b (69)
X CN 24 pH XN
2¢ 3c (34)P
X LHO 24 P X HO
2d 3d (37)
\/Pﬂ 24 pr(\/Ph
2e 3e (63)
=\ AN . _LC0O5Bu
MeO—-< >—SiMeQOH 2b 24 ﬂ/ \l/\\/u :
bt ) MeO” 2
a 5 (55)

— RN
6 7 (54)
‘\\\/S”\vnveon S CO-Et 44 N POQEt
Ph/ \/b 2 Pr(l\/\/u
8 2f 9 (41)
i H W
n_Can/\/SlMeQO of 44 n-CeHyg A LOEL
10 11 (52)°

@Reaction conditions (unless otherwise specified): solvent DMF (3 mL}, temp 100 "C, silanol (0.5 mmol),
olefin (0.5 mmol), Pd(OAc), (10 mol%), Cu(OAc)z (1.5 mmol), LiOAc (1.0 mmol). PEZ=ca. 2/1 by "H NMR.
“The product contains a small amount of stereoisomers (not identified).

In summary, the carbon-silicon bond of silanol was transformed to a carbon-carbon bond through the
reaction with olefins mediated by palladium(II) acetate or the catalytic use of Pd(OAc), with Cu(OAc),/LiOAc.
The reaction serves as a halogen-free Mizoroki-Heck type reaction with silanol, which would be a potential
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environmentally benign synthetic process. Taken together with our facile synthesis of the silanol as reported

previously,' the present transformation demonstrates a high synthetic utility of siianois.
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