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Abstract: Aryl- and alkenylsilanediols, which possesstwo hydroxy
groupson the silicon atom, undergo the rhodium-catalyzed addition
of an organic group on silicon to internal akynes. Treatment of sev-
eral internal alkyneswith aryl- or alkenylsilanediolsin the presence
of 3 mol% of [Rh(OH)(cod)], affords the hydroarylated or hy-
droalkenylated products in good yields. A crucia role of the hy-
droxy group of silanediol for the catalytic reaction is also discussed
with the related aryltin reagent.
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We have recently described rhodium-catalyzed C-C
bond-forming reactions with silanediols to a,-unsaturat-
ed carbonyl compounds affording both conjugate addition
and Mizoroki—Heck (MH)-type productsin acontrollable
manner as shown in Scheme 1.12 Further studies on the
rhodium-catalyzed reactions with organosilicon com-
pounds have been partly focused on a substrate that is un-
able to undergo B-hydride elimination leading to the MH-
type product. Internal alkyne is a choice since it does not
possess an appropriate hydrogen atom to facilitate B-hy-
dride elimination of the arylmetallated product.® A recent
communication by Hayashi and co-workers on the rhodi-
um-catalyzed addition of arylboronic acids to alkynes*
prompted us to report our findings on the reaction with si-
lanediols. We discuss also that the hydroxy group on the
silicon atom playsacrucial rolefor the rhodium-catalyzed
reaction.

Ary/\/ﬁ\ﬂ

MH-type product

THF-H,0 Aw/\/ﬁ\ﬁ

1.4-adduct

THF

. cat. Rh
ArytSIiEt(OH), + \/E\R

Scheme 1

When 4-octyne (1a) was treated with ethyl(4-methox-
yphenyl)silanediol (2) in the presence of [Rh(OH)(cod)],
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(3 mol%) in toluene—H,O at 100 °C for 24 hours, 3 was
obtained in 73% yield (Equation). The Table showsthere-
sults on various akynes (1la—c) with aryl- and alkenylsi-
lanediols (2 and 4-6). A cationic rhodium complex,
[Rh(cod),]BF,, aso catalyzed the arylation (64%, for 18
h), whereas no reaction occurred with a neutral rhodium
complex, [RhCl(cod)],. The reaction took place in tolu-
ene-H,0 system efficiently, while the yield was found to
be much inferior in the absence of water. Symmetrical in-
ternal alkynes 1la and 1b with akyl or aryl substitutents
proceeded smoothly.> On the other hand, phenylacety-
lene, a terminal alkyne, resulted in polymerization, and
disubstituted akynes bearing e ectron-withdrawing
groups such as methyl phenylpropiolate (PhC=CCOOMe)
and dimethyl acetylenedicarboxylate (MeO-
COC=CCOOMe) afforded a complex mixture of uniden-
tified products. In addition to arylsilanediols,
alkenylsilanediol 6 also affected the hydroalkenylation to
afford the corresponding dienes 9 and 10° in good yields.
Although the reaction with an unsymmetrical alkyne 1c
proceeded, the regiochemistry was not controlled effec-
tively to result in giving a mixture of isomers 11 and 12.”

MeO‘QSiEt(OH)Q + Pr—=——="r

2 (2.0 equiv) 1a

P Pr

[Rh(OH){cod)]s (3 mol %)

toluene-Ho O (10:1)

100 °C, 24 h, 73%
MeO

Equation

We consider that the key intermediate of the catalytic re-
action is an alkenylrhodium species, which would be sub-
jected to protonolysis leading to the product. On the other
hand, the similar reaction with tributyl(4-methoxyphe-
nyl)tin that did not possess any hydroxy groups resulted to
afford the hydroarylated product in < 5% yield with re-
covery of aconsiderable amount of the tin reagent both in
the presence and the absence of water.2 The results sug-
gest that the hydroxy group of silanediol plays a signifi-
cant role for protonolysis. Indeed, addition of
triethylsilanol or diisopropylsilanediol that did not pos-
sess atransferable organic group on silicon to thereaction
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with the tin reagent could affect the hydroarylation as
shown in Scheme 2. Butylboronic acid and phenol were
also found to be effective additives whereas benzoic acid
resulted in no reaction.

The rhodium-catalyzed reaction would occur via trans-
metalation-insertion sequence to give alkenylrhodium
spcecies 13a in a similar manner to other rhodium-cata-
lyzed reactions of silanediols'® and boron reagents.? The

intermediate 13a would partly rearrange into 13b viain-
tramelecular 1,4-hydrogen shift.*® The result that hy-
droarylation with the aryltin reagent has not proceeded
even in the presence of water suggests following: Subse-
guent protonolysis of 13a or 13b does not proceed with
water but occurs via the reaction of 13 with SO-H to re-
sult in giving the hydroarylated product as illustrated in
Scheme 3.

Table Rhodium-catalyzed Hydroarylation and -alkenylation of Alkyneswith Silanediols*

Alkyne Silanediol Solvent Time (h) Product, (Yield,? %)
P Pr
P——Pr MeO“‘@" SiEt(OH), toluene—H,0 (10:1) 24 —
la 2 4'M€O‘C6H4
3(73)
toluene—H,O (10:1) 18 3(60)
toluene—H,0 (1:1) 3(58)
toluene 3(28)
dioxane-H,O (10:1) 3(39)
dioxane 3(27)
MeOH-H,0 (10:1) 3(25)
P Pr
M SIEt(OH), toluene-H,0 (10:1) 24 —
4 4-Me-CgH4
7(67)
P Pr
PhSIiEt(OH), —
5 Ph
8 (65)
Pr
SiMe(OH /\/k/
prr X SIMe(OM: e
6 9 (66)
Ph
Ph—=—=—FPh /\)\/Ph
1b PH
10 (49)
P ™S P TMS
Ph—=——TMS — \=—(
1c 5 Ph Ph
11 (39) 12 (22)

aThe reaction was carried out using 0.3 mmol of 1, 0.6 mmol of 2 and 4-6, and 0.009 mmol of [Rh(OH)(cod)], at 100 °Cin 3.3 mL of solvent.

b |solated yield after silicagel chromatography.
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[Rh(OH)(cod)]> (3 mol %)

additive
MeO SnBug + 1a 3
toluene-HxO (10:1)

(1.0 equiv) 100 °C
additive (equiv) time, h Y%yield
none 4 <5
Et3SiOH (3) 4 40
i-Pr Si(OH), (3) 13 48
BuB(OH)2 (3) 13 40
PhOH (1) 14 72
PhCOOH (1) 14 trace
Scheme 2
R R
Rh
H —
MeG  13a HO  HOSi R R
5& \ H
H
MeQO
R R
H
Rh | —
MeQ 13b
Scheme 3

In conclusion, aryl and alkenylsilanediols were found to
promote the rhodium-catalyzed addition of an organic
group on silicon to internal alkynes. Although the similar
reaction with aryltributyltin that possess no hydroxy
group ontin did not proceed, several additivesbearing hy-
droxy groups to the reaction could affect the reaction of
the tin reagent. The results suggest that the hydroxy group
of silanediol was found to play acrucia rolefor the aryla-
tion and alkenylation of organosilicon reagents.

Typical Experimental Procedure for the Rhodium-catalyzed
Hydroarylation and Hydroalkenylation with Silandiolsis as
follows, (E)-4-(4-M ethoxyphenyl)-4-octene (3)

To amixture of 2 (595 mg, 3 mmol) and [Rh(OH)(cod)], (20 mg,
0.045 mmol) in 15 mL of tolueneand 1.5 mL of H,O was added 1a
(0.22 mL, 1.5 mmol) and the resulting light yellow solution was
gtirred at 100 °C for 24 h. After cooling to r.t. the mixture was
poured into the mixture of 1 M HCI and diethyl ether and the two
phases were separated. The organic layer was washed with sat. aq
NaHCO; solution and brine and dried over anhyd magnesium sul-

fate. Concentration of the solvent left a crude ail, which was sub-
jected to chromatography on silicagel (hexane) to afford 216 mg of
3 (66%).
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