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ABSTRACT: An intermolecular three-component arylsilylation of
alkynes has been developed under mild palladium/copper cooperative
catalysis. The reaction proceeds through syn-addition of an aryl group
and a silyl group across the carbon−carbon triple bond of an alkyne.
This represents the first transition-metal-catalyzed fully intermolecular
arylsilylation of alkynes, and transformations of the resulting products have also been demonstrated.

Carbosilylation of alkynes can provide highly substituted
alkenylsilanes efficiently from relatively simple substrates.

In particular, a catalytic and fully intermolecular three-
component reaction composed of a carbon donor, a silicon
donor, and an alkyne is attractive in view of the convergence
and efficiency of the process. The most well-known reaction of
this type is silylformylation of alkynes using hydrosilanes and
carbon monoxide catalyzed by rhodium complexes.1 A related
silylimination reaction with isocyanides in place of carbon
monoxide has also been reported.2 Other catalytic intermo-
lecular processes are currently limited to a palladium-catalyzed
alkynylsilylation of terminal alkynes,3 a copper-catalyzed
silacarboxylation of internal alkynes,4 and a palladium/copper-
catalyzed allylsilylation of alkynoates.5 In contrast, no
intermolecular three-component arylsilylation of alkynes has
been reported to date under transition-metal catalysis as far as
we are aware, although Baba and co-workers recently reported a
montmorillonite-catalyzed arylsilylation of ethynylbenzenes
using nucleophilic aromatic solvents (mesitylene and anisole)
as the carbon donor.6,7 In this context, herein we describe the
development of an intermolecular three-component arylsilyla-
tion of internal alkynes under palladium/copper cooperative
catalysis,8 which allows for a facile access to 1,2-disubstituted 2-
arylethenylsilanes compared to the existing methods.9

To realize such an arylsilylation reaction, we decided to
employ a nucleophilic silicon donor in combination with an aryl
electrophile. Specifically, we envisioned that the use of a
silylboronate10 under copper catalysis would provide a
silylcopper(I) species,4,5,11,12 which undergoes silylcupration
of an alkyne to give an alkenylcopper(I) species,4,5,12,13 and that
the use of an aryl halide under palladium catalysis would
provide an arylpalladium(II) species, which undergoes a
coupling with the alkenylcopper(I) through transmetalation
(Scheme 1).8a,b,14 Based on this strategy, we initially employed
3-bomoanisole (1a), diphenylacetylene (2a), and dimethylphe-
nylsilylboronic acid pinacol ester15 as a model substrate
combination and conducted a reaction in the presence of
Pd(OAc)2 (4 mol %), PPh3 (8 mol %), and CuI (20 mol %) as
the catalysts with stoichiometric NaOtBu as the base in THF at

40 °C (Table 1, entry 1). Under these conditions, desired
arylsilylation product 3aa was successfully obtained in 35%
yield. The yield of 3aa was significantly improved by changing
the ligand to PCy3 (entry 2), but bulkier P(tBu)3 was found to
be less effective (entry 3), and the use of an N-heterocyclic
carbene ligand, IPr (1,3-bis(2,6-diisopropylphenyl)imidazole-2-
ylidene), resulted in a low yield of 3aa (entry 4). The yield of
3aa was also low in the absence of any ligand (entry 5). In the
presence of PCy3 as the ligand, the amount of CuI could be
reduced to 10 mol %, although the yield of 3aa became
somewhat lower (entry 5). It is worth noting that both
palladium and copper catalysts were found to be necessary to
promote this reaction as shown in entries 6 and 7. In addition,
we confirmed that the arylsilylation took place in a syn-fashion
by X-ray crystallographic analysis of compound 3aa.16

Under the conditions in Table 1, entry 2, several electroni-
cally different aryl bromides can be used for the present
catalysis to give the corresponding arylsilylation products 3 in
60−76% yield (Table 2, entries 1−5). In addition, other
(hetero)aryl bromides such as 2-naphthyl, 1-methyl-5-indolyl,
and 2-pyridyl bromides are also applicable in moderate to good
yields (51−74% yield; entries 6−8). Furthermore, not only
arylsilylation but also alkylsilylation17 can be achieved by using
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Scheme 1. Arylsilylation of Alkynes with Aryl Halides and
Silylboronates under Palladium/Copper Cooperative
Catalysis
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an alkyl bromide, although the yield becomes lower under the
present reaction conditions (26% yield; entry 9). With regard
to the alkyne component, substituted diarylacetylenes as well as
dialkyl- and alkyl(aryl)acetylenes undergo arylsilylation with
moderate efficiency (45−68% yield; entries 10−13).
On the basis of the literature precedents for related

palladium/copper cooperative catalysis,5,8d−f a proposed
reaction pathway of the present arylsilylation of alkynes is

illustrated in Scheme 2. Thus, oxidative addition of an aryl
bromide to palladium(0) generated in situ gives arylpalladium-

(II) A1 as shown in cycle A. At the same time, a silylboronate
undergoes transmetalation to copper(I) halide with the aid of
NaOtBu to give silylcopper(I) B1,4,5,11,12 which then reacts
with an alkyne to give alkenylcopper(I) B2 as shown in cycle
B.4,5,12,13 Subsequent transmetalation of B2 with A1 leads to
the formation of alkenyl(aryl)palladium(II) A2 along with
regeneration of copper(I) halide. Reductive elimination of A2
gives the arylsilylation product and the palladium(0) species to
close the catalytic cycles.
We have also briefly investigated synthetic transformations

using the present arylsilylation products. For example,
desilylative bromination of compound 3fa proceeded smoothly
to give the corresponding alkenyl bromide 4 in 85% yield while
retaining the alkene geometry (eq 1).16,18 In contrast,

bromination of 3aa possessing a methoxy group selectively
occurred at its para-position without cleavage of the carbon−
silicon bonds to give aryl bromide 5,19 which could be further
transformed into benzosilole 6 through a lithiation−cyclization
process (eq 2).20,21

In summary, we have developed an intermolecular three-
component arylsilylation of alkynes under mild palladium/
copper cooperative catalysis. The reaction proceeds through
syn-addition of an aryl group and a silyl group across the
carbon−carbon triple bond of an alkyne. This represents the
first transition-metal-catalyzed fully intermolecular arylsilylation
of alkynes, and transformations of the resulting products have

Table 1. Palladium/Copper-Catalyzed Arylsilylation of
Diphenylacetylene: Catalyst and Ligand Effect

entry ligand x yield (%)a

1 PPh3 20 35
2 PCy3 20 82 (75)b

3 P(tBu)3
c 20 60

4 IPrd 20 8
5 none 20 7
6 PCy3 10 66
7 PCy3 0 0e

8f PCy3 20 <1g

aDetermined by 1H NMR against internal standard (MeNO2).
bIsolated yield in parentheses. cP(tBu)3·HBF4/NaOtBu was used.
dIPr·HCl/NaOtBu was used. eMajor product was 3-MeOC6H4B(pin)
(34% based on the amount of 3-MeOC6H4Br employed). fIn the
absence of Pd(OAc)2.

gMajor products were 3-MeOC6H4B(pin) (31%
based on the amount of 3-MeOC6H4Br employed) and (E)-(1,2-
diphenylethenyl)dimethylphenylsilane (17%).

Table 2. Scope of Carbosilylation of Alkynes

entry 1 (R) 2 (R1, R2) 3
yielda

(%)

1 1a (3-MeOC6H4) 2a (Ph, Ph) 3aa 75
2 1b (2-MeOC6H4) 2a 3ba 60b

3 1c (4-MeOC6H4) 2a 3ca 71
4 1d (4-FC6H4) 2a 3da 62c

5 1e (4-
tBuO2CC6H4)

2a 3ea 76

6 1f (2-naphthyl) 2a 3fa 74
7d 1g (1-Me-5-indolyl) 2a 3ga 51
8 1h (2-pyridyl) 2a 3ha 53
9 1i ((CH2)4OMe) 2a 3ia 26
10e 1a 2b (4-MeC6H4, 4-

MeC6H4)
3ab 68f

11e 1a 2c (4-FC6H4, 4-FC6H4) 3ac 64f

12d 1a 2d (Et, Et) 3ad 45g

13 1a 2e (Ph, Me) 3ae 59h

aIsolated yield (Z-isomer (E-isomer for entry 9) was obtained
exclusively unless otherwise noted). bZ/E = 97/3. cContaining an
inseparable impurity (ca. 5%). dThe reaction was conducted with 8
mol % of Pd(OAc)2 and 16 mol % of PCy3.

eThe reaction was
conducted with 2.2 equiv of (pin)B-SiMe2Ph and NaOtBu.

fZ/E = 99/
1. gZ/E = 98/2. hRegioselectivity = 76/24 along with 7% of
inseparable side product (3-MeOC6H4)SiMe2Ph.

Scheme 2. Proposed Catalytic Cycles for the Arylsilylation of
Alkynes under Palladium/Copper Cooperative Catalysis
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also been demonstrated. Future studies will be directed toward
the improvement and expansion of the present catalysis as well
as the development of other processes under bimetallic
cooperative catalysis.

■ EXPERIMENTAL SECTION
General Procedure for Table 2. Aryl bromide 1 (0.24 mmol)

and dimethylphenylsilylboronic acid pinacol ester (99 μL, 0.36 mmol)
were added with the aid of THF (0.20 mL) to a mixture of alkyne 2
(0.20 mmol), Pd(OAc)2 (1.8 mg, 8.0 μmol), PCy3 (4.5 mg, 16 μmol),
CuI (7.7 mg, 40 μmol), and NaOtBu (35 mg, 0.36 mmol) in THF
(0.30 mL) at 0 °C. The resulting mixture was stirred for 6 h at 40 °C
and then diluted with Et2O. This was passed through a pad of silica gel
with EtOAc, and the solvent was removed under vacuum. The residue
was purified by silica gel preparative TLC to afford compound 3.
Entry 1 ((Z)-(2-(3-Methoxyphenyl)-1,2-diphenylethenyl)-

dimethylphenylsilane (3aa)). EtOAc/hexane = 1/15 → 1/30 was
used for preparative TLC. White solid. 75% yield (63.3 mg). 1H NMR
(CDCl3, 400 MHz): δ 7.38−7.32 (m, 2H), 7.32−7.22 (m, 3H), 7.12
(t, 3JHH = 7.8 Hz, 1H), 7.09 (t, 3JHH = 7.6 Hz, 2H), 7.04−6.88 (m,
8H), 6.80−6.72 (m, 2H), 6.66 (s 1H), 3.60 (s, 3H), 0.01 (s, 6H). 13C
NMR (CDCl3, 126 MHz): δ 159.2, 155.2, 145.3, 143.9, 143.1, 142.3,
140.4, 134.0, 129.9, 129.6, 129.0, 128.6, 127.6, 127.5, 127.4, 126.2,
125.2, 122.3, 115.0, 113.3, 55.1, −0.6. Mp: 88−90 °C. HRMS (ESI-
TOF): calcd for C29H28OSiNa (M + Na+) 443.1802, found 443.1781.
Entry 2 ((Z)-(2-(2-Methoxyphenyl)-1,2-diphenylethenyl)-

dimethylphenylsilane (3ba)). EtOAc/hexane = 1/30 → 1/10 was
used for preparative TLC. White solid. 60% yield (50.7 mg; Z/E = 97/
3). 1H NMR (CDCl3, 400 MHz): δ 7.35−7.10 (m, 7H), 7.07 (t, 3JHH
= 7.3 Hz, 2H), 7.03−6.87 (m, 8H), 6.83 (t, 3JHH = 7.5 Hz, 1H), 6.67
(d, 3JHH = 8.0 Hz, 1H), 3.62 (s, 3H), 0.04 (s, 3H), −0.07 (s, 3H). 13C
NMR (CDCl3, 126 MHz): δ 157.0, 151.8, 143.9, 143.1, 142.9, 139.8,
134.0, 133.0, 131.3, 129.9, 129.4, 128.9, 128.4, 127.41, 127.36, 127.0,
125.9, 125.0, 119.9, 110.7, 55.1, −0.5, −1.6. Mp: 60−63 °C. HRMS
(ESI-TOF): calcd for C29H28OSiNa (M + Na+) 443.1802, found
443.1817.
Entry 3 ((Z)-(2-(4-Methoxyphenyl)-1,2-diphenylethenyl)-

dimethylphenylsilane (3ca)). EtOAc/hexane = 1/10 → 1/30 was
used for preparative TLC. White solid. 71% yield (59.6 mg). 1H NMR
(CDCl3, 400 MHz): δ 7.37−7.23 (m, 5H), 7.12−6.87 (m, 12H), 6.71
(d, 3JHH = 8.8 Hz, 2H), 3.79 (s, 3H), 0.02 (s, 6H). 13C NMR (CDCl3,
101 MHz): δ 158.9, 155.0, 144.1, 143.6, 142.3, 140.5, 136.7, 133.9,
130.9, 129.9, 129.7, 128.5, 127.5, 127.4, 127.3, 126.1, 125.1, 113.3,
55.4, −0.5. Mp: 75−77 °C. HRMS (ESI-TOF): calcd for
C29H28OSiNa (M + Na+) 443.1802, found 443.1803.
Entry 4 ((Z)-(2-(4-Fluorophenyl)-1,2-diphenylethenyl)-

dimethylphenylsilane (3da)). EtOAc/hexane = 1/10 → 1/30 → 1/
50 was used for preparative TLC. Pale yellow oil. 62% yield (50.7 mg;
containing ca. 5% inseparable impurity). 1H NMR (CDCl3, 400
MHz): δ 7.35−7.23 (m, 5H), 7.13−6.91 (m, 10H), 6.91−6.81 (m,
4H), 0.03 (s, 6H). 13C NMR (CDCl3, 126 MHz): δ 162.2 (d, 1JCF =
246 Hz), 154.2, 143.8, 143.3, 143.2, 140.1, 139.9 (d, 4JCF = 3.6 Hz),
133.8, 131.4 (d, 3JCF = 8.2 Hz), 129.8, 129.6, 128.7, 127.7, 127.6,
127.4, 126.3, 125.3, 114.8 (d, 2JCF = 21.8 Hz), −0.6. HRMS (ESI-
TOF): calcd for C28H25FSiCs (M + Cs+) 541.0759, found 541.0768.
Entry 5 ( (Z ) - (2 - (4 - te r t -Butoxycarbony lpheny l ) -1 ,2 -

diphenylethenyl)dimethylphenylsilane (3ea)). EtOAc/hexane = 1/
30 → 1/10 was used for preparative TLC. Pale yellow oil. 76% yield
(74.3 mg). 1H NMR (CDCl3, 400 MHz): δ 7.80 (d, 3JHH = 8.1 Hz,
2H), 7.35−7.28 (m, 3H), 7.27−7.22 (m, 2H), 7.19 (d, 3JHH = 8.1 Hz,
2H), 7.10 (t, 3JHH = 7.3 Hz, 2H), 7.05−6.84 (m, 8H), 1.60 (s, 9H),
0.02 (s, 6H). 13C NMR (CDCl3, 101 MHz): δ 165.7, 154.2, 148.2,
143.6, 143.3, 142.7, 139.7, 133.9, 130.7, 129.7, 129.6, 129.5, 129.1,
128.7, 127.64, 127.55, 127.4, 126.4, 125.3, 81.0, 28.4, −0.6. HRMS
(ESI-TOF): calcd for C33H34O2SiNa (M + Na+) 513.2220, found
513.2207.
Ent ry 6 ( (Z ) - (2 - (2 -Naphthy l ) -1 ,2 -d ipheny le theny l ) -

dimethylphenylsilane (3fa)). EtOAc/hexane = 1/30 was used for
preparative TLC, and the solid thus obtained was washed with hexane.
White solid. 74% yield (65.1 mg). 1H NMR (CDCl3, 400 MHz): δ

7.82−7.74 (m, 1H), 7.64 (d, 3JHH = 8.6 Hz, 1H), 7.62−7.55 (m, 2H),
7.50−7.43 (m, 2H), 7.32−7.18 (m, 5H), 7.18−7.10 (m, 3H), 7.08−
6.90 (m, 8H), −0.04 (s, 6H). 13C NMR (CDCl3, 126 MHz): δ 155.2,
144.1, 143.1, 143.0, 141.5, 140.6, 133.9, 132.8, 132.6, 130.0, 129.9,
128.7, 128.6, 128.3, 127.9, 127.8, 127.63, 127.59, 127.4, 126.3, 126.2,
126.0, 125.3, −0.6. Mp: 159−161 °C dec. HRMS (ESI-TOF): calcd
for C32H28SiCs (M + Cs+) 573.1009, found 573.0997.

Entry 7 ((Z)-(2-(1-Methyl-5-indolyl)-1,2-diphenylethenyl)-
dimethylphenylsilane (3ga)). EtOAc/hexane = 1/30 → 1/20 was
used for preparative TLC. The reaction was conducted with 8 mol %
of Pd(OAc)2 and 16 mol % of PCy3. Pale yellow solid. 51% yield (45.5
mg). 1H NMR (CDCl3, 400 MHz): δ 7.39 (s, 1H), 7.35−7.22 (m,
5H), 7.17−7.06 (m, 3H), 7.06−6.87 (m, 10H), 6.36 (d, 4JHH = 2.4 Hz,
1H), 3.78 (s, 3H), −0.07 (s, 6H). 13C NMR (CDCl3, 126 MHz): δ
156.5, 144.5, 144.2, 141.8, 141.1, 136.1, 135.6, 134.0, 130.2, 129.9,
129.2, 128.4, 127.9, 127.43, 127.41, 127.2, 125.9, 125.0, 123.8, 122.6,
108.7, 101.4, 33.0, −0.7. Mp: 108−109 °C. HRMS (ESI-TOF): calcd
for C31H29NSiNa (M + Na+) 466.1961, found 466.1940.

En t r y 8 ( ( Z ) - ( 2 - ( 2 - P y r i d y l ) - 1 , 2 -d i pheny l e t heny l ) -
dimethylphenylsilane (3ha)). EtOAc/hexane = 1/10 → 1/30 was
used for preparative TLC. Pale yellow solid. 53% yield (41.8 mg). 1H
NMR (CDCl3, 400 MHz): δ 8.41 (d, 3JHH = 4.7 Hz, 1H), 7.48−7.37
(m, 3H), 7.26−7.18 (m, 3H), 7.12−6.89 (m, 12H), 0.10 (s, 6H). 13C
NMR (CDCl3, 126 MHz): δ 159.8, 152.8, 148.3, 145.6, 144.1, 141.5,
140.9, 136.0, 133.4, 129.9, 129.3, 128.1, 127.6, 127.5, 127.4, 126.5,
125.1, 124.3, 122.2, 0.3. Mp 65−67 °C. HRMS (ESI-TOF): calcd for
C27H25NSiNa (M + Na+) 414.1648, found 414.1632.

Entry 9 ((E)- (6-Methoxy-1,2-diphenyl-1-hexen-1-yl ) -
dimethylphenylsilane (3ia)). EtOAc/hexane = 1/30 → 1/50 was
used for preparative TLC. White solid. 26% yield (20.6 mg). 1H NMR
(CDCl3, 400 MHz): δ 7.73−7.64 (m, 2H), 7.43−7.35 (m, 3H), 7.08−
7.00 (m, 4H), 7.00−6.87 (m, 4H), 6.84−6.76 (m, 2H), 3.20 (s, 3H),
3.06 (t, 3JHH = 6.8 Hz, 2H), 2.44 (t, 3JHH = 8.0 Hz, 2H), 1.30−1.20 (m,
2H), 1.15−1.05 (m, 2H), 0.27 (s, 6H). 13C NMR (CDCl3, 126 MHz):
δ 155.7, 144.5, 142.9, 140.3, 138.7, 133.9, 129.3, 129.0, 128.8, 128.0,
127.44, 127.37, 125.9, 124.6, 72.7, 58.5, 38.5, 29.5, 25.0, −0.1. Mp:
59−60 °C. HRMS (ESI-TOF) calcd for C27H32OSiNa (M + Na+)
423.2115, found 423.2105.

Entry 10 ((Z)-(2-(3-Methoxyphenyl)-1,2-di(4-methylphenyl)-
ethenyl)dimethylphenylsilane (3ab)). EtOAc/hexane = 1/30 → 1/
100 was used for preparative TLC. The reaction was conducted with
2.2 equiv of (pin)B−SiMe2Ph and NaOtBu. White solid. 68% yield
(60.7 mg; Z/E = 99/1). 1H NMR (CDCl3, 400 MHz): δ 7.39−7.32
(m, 2H), 7.32−7.22 (m, 3H), 7.10 (t, 3JHH = 7.8 Hz, 1H), 6.92 (d,
3JHH = 7.8 Hz, 2H), 6.84 (d, 3JHH = 8.0 Hz, 2H), 6.81 (d, 3JHH = 8.4
Hz, 2H), 6.78 (d, 3JHH = 8.5 Hz, 2H), 6.76−6.70 (m, 2H), 6.62 (t,
4JHH = 2.0 Hz, 1H), 3.58 (s, 3H), 2.25 (s, 3H), 2.15 (s, 3H), −0.02 (s,
6H). 13C NMR (CDCl3, 126 MHz): δ 159.1, 154.8, 145.7, 141.5,
141.0, 140.7, 140.2, 135.7, 134.4, 133.9, 129.7, 129.6, 128.9, 128.5,
128.3, 128.1, 127.6, 122.4, 115.0, 113.2, 55.1, 21.23, 21.20, −0.5. Mp
109−110 °C. HRMS (ESI-TOF): calcd for C31H32OSiNa (M + Na+)
471.2115, found 471.2105.

Entry 11 ((Z)-(2-(3-Methoxyphenyl)-1,2-di(4-fluorophenyl)-
ethenyl)dimethylphenylsilane (3ac)). EtOAc/hexane = 1/50 → 1/
100 was used for preparative TLC. The reaction was conducted with
2.2 equiv of (pin)B−SiMe2Ph and NaOtBu. Pale yellow solid. 64%
yield (58.0 mg; Z/E = 99/1). 1H NMR (CDCl3, 400 MHz): δ 7.35−
7.23 (m, 5H), 7.15 (t, 3JHH = 7.9 Hz, 1H), 6.90−6.72 (m, 8H), 6.72−
6.60 (m, 3H), 3.63 (s, 3H), 0.01 (s, 6H). 13C NMR (CDCl3, 126
MHz): δ 161.2 (d, 1JCF = 246 Hz), 160.9 (d, 1JCF = 243 Hz), 159.3,
154.6, 144.9, 141.8, 139.9, 139.5 (d, 3JCF = 3.6 Hz), 138.9 (d, 3JCF = 3.6
Hz), 133.9, 131.24, 131.18, 129.2, 128.8, 127.7, 122.2, 115.1, 114.6 (d,
2JCF = 20.9 Hz), 114.5 (d, 2JCF = 21.8 Hz), 113.3, 55.2, −0.8. Mp 86−
88 °C. HRMS (ESI-TOF): calcd for C29H26F2OSiCs (M + Cs+)
589.0770, found 589.0742.

Ent ry 12 ( (Z ) - (4 - (3 -Methoxypheny l ) -3 -hexen-3-y l ) -
dimethylphenylsilane (3ad)). EtOAc/hexane = 1/30 → 1/80 was
used for preparative TLC. The reaction was conducted with 8 mol %
of Pd(OAc)2 and 16 mol % of PCy3. Pale yellow oil. 45% yield (28.4
mg; Z/E = 98/2). 1H NMR (CDCl3, 400 MHz): δ 7.41−7.33 (m,
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2H), 7.32−7.22 (m, 3H), 7.08 (t, 3JHH = 7.9 Hz, 1H), 6.70 (dd, 3JHH =
7.8 Hz and 4JHH = 2.6 Hz, 1H), 6.59 (d, 3JHH = 7.4 Hz, 1H), 6.45 (d,
4JHH = 1.5 Hz, 1H), 3.58 (s, 3H), 2.43 (q, 3JHH = 7.5 Hz, 2H), 2.28 (q,
3JHH = 7.5 Hz, 2H), 0.99 (t, 3JHH = 7.5 Hz, 3H), 0.90 (t, 3JHH = 7.5 Hz,
3H), −0.03 (s, 6H). 13C NMR (CDCl3, 126 MHz): δ 158.9, 155.9,
146.2, 141.3, 135.6, 133.9, 128.6, 128.3, 127.5, 121.9, 114.7, 112.5,
55.1, 28.3, 25.1, 15.6, 13.2, −0.7. HRMS (ESI-TOF): calcd for
C21H28OSiNa (M + Na+) 347.1802, found 347.1786.
Entry 13 ((Z)-(1-(3-Methoxyphenyl)-1-phenyl-1-propen-2-yl)-

dimethylphenylsilane/(Z)-(2-(3-Methoxyphenyl)-1-phenyl-1-
propen-1-yl)dimethylphenylsilane (3ae)). EtOAc/hexane = 1/20 →
1/50 was used for preparative TLC. Pale yellow oil. 3ae. 59% yield
(46.2 mg; regioselectivity = 76/24, along with (3-MeOC6H4)SiMe2Ph
(7% yield based on 3-bromoanisole)). The structures of the
regioisomers were deduced by NOE experiments. 1H NMR (CDCl3,
400 MHz): δ 7.52−7.45 (m, 1.52H), 7.38−7.04 (m, 9H), 7.02 (d, 3JHH
= 7.3 Hz, 0.48H), 6.78−6.64 (m, 2H), 6.63−6.57 (m, 1H), 3.62 (s,
0.72H), 3.55 (s, 2.28H), 1.85 (s, 2.28H), 1.81 (s, 0.72H), 0.06 (s,
4.56H), −0.11 (s, 1.44H). Major isomer: 13C NMR (CDCl3, 101
MHz): δ 159.1, 154.0, 146.9, 143.3, 140.5, 133.8, 133.6, 129.3, 128.9,
128.7, 128.0, 127.8, 126.7, 122.4, 115.1, 113.0, 55.0, 21.6, −1.3. Minor
isomer: 13C NMR (CDCl3): δ 159.2, 151.3, 146.4, 144.8, 140.3, 139.7,
133.9, 129.0, 128.5, 128.4, 128.1, 127.5, 125.4, 120.7, 113.4, 113.0,
55.1, 24.8, −0.8. HRMS (ESI-TOF): calcd for C24H26OSiNa (M +
Na+) 381.1645, found 381.1629.
Procedure for Equation 1. Br2 (11.5 μL, 0.224 mmol) and

NaOMe (0.38 mL, 0.38 mmol; 1.0 M in MeOH) were added to a
solution of compound 3fa (66.1 mg, 0.150 mmol) in CH2Cl2 (1.5 mL)
at −78 °C, and the mixture was stirred for 30 min at −78 °C. The
reaction was quenched with H2O and then warmed to room
temperature. This was extracted with Et2O, and the organic layer
was dried over MgSO4, filtered, and concentrated under vacuum. The
residue was purified by silica gel preparative TLC with toluene/hexane
= 1/3, and the solid thus obtained was washed with hexane to afford
(Z)-2-(2-bromo-1,2-diphenylethenyl)naphthalene (4) as a white solid
(49.2 mg, 0.128 mmol; 85% yield). 1H NMR (CDCl3, 400 MHz): δ
7.91−7.80 (m, 4H), 7.54−7.45 (m, 3H), 7.40−7.33 (m, 2H), 7.24−
7.15 (m, 3H), 7.13−7.04 (m, 3H), 7.04−6.97 (m, 2H). 13C NMR
(CDCl3, 101 MHz): δ 143.6, 141.3, 141.21, 141.18, 133.3, 132.8,
130.6, 130.5, 128.8, 128.3, 128.1, 128.0, 127.88, 127.86, 127.7, 127.2,
126.4, 126.3, 122.6. Mp: 168−169 °C dec. HRMS (ESI-TOF): calcd
for C24H17BrCs (M + Cs+) 516.9563, found 516.9582.
Procedure for Equation 2. NaBr (41.1 mg, 0.399 mmol) and N-

bromosuccinimide (71.2 mg, 0.400 mmol) were added with the aid of
MeOH (1.4 mL) to a solution of compound 3aa (84.2 mg, 0.200
mmol) in MeOH (0.6 mL), and the mixture was stirred for 23 h at
room temperature. The solvent was removed under vacuum, and the
residue was extracted with Et2O−H2O. The organic layer was washed
with saturated NaClaq, dried over MgSO4, filtered, and concentrated
under vacuum. This residue was purified by silica gel preparative TLC
with EtOAc/hexane = 1/12 → CH2Cl2, and the solid thus obtained
was washed with hexane to afford (Z)-(2-(2-bromo-5-methoxyphen-
yl)-1,2-diphenylethenyl)dimethylphenylsilane (5) as a white solid
(91.5 mg, 0.183 mmol; 92% yield, ca. 97% purity). 1H NMR (CDCl3,
400 MHz): δ 7.41−7.32 (m, 3H), 7.32−7.23 (m, 3H), 7.15−7.07 (m,
2H), 7.07−6.91 (m, 8H), 6.76 (d, 4JHH = 3.1 Hz, 1H), 6.66 (dd, 3JHH =
8.8 Hz and 4JHH = 3.1 Hz, 1H), 3.61 (s, 3H), 0.06 (s, 3H), 0.02 (s,
3H). 13C NMR (CDCl3, 101 MHz): δ 158.5, 152.5, 144.5, 143.7,
143.3, 140.9, 139.7, 134.0, 133.5, 130.2, 129.7, 128.7, 127.6, 127.1,
126.4, 125.4, 117.2, 115.23, 115.19, 55.4, −0.6, −2.1. Mp: 152−154
°C. HRMS (ESI-TOF): calcd for C29H27BrOSiCs (M + Cs+)
631.0064, found 631.0035.
tBuLi (244 μL, 0.403 mmol; 1.65 M solution in pentane) was slowly

added to a suspension of compound 5 (91.5 mg, 0.183 mmol) in Et2O
(10 mL) at −72 °C, and the mixture was stirred for 2 h while gradually
the temperature was gradually raised to −20 °C. The reaction was
quenched with H2O, and this was extracted with Et2O. The organic
layer was washed with saturated NaCl aq, dried over MgSO4, filtered,
and concentrated under vacuum. The residue was purified by silica gel
preparative TLC with EtOAc/hexane = 1/20, and the solid thus

obtained was washed with cold hexane to afford 5-methoxy-1,1-
dimethyl-2,3-diphenyl-1H-benzo[b]silole (6) as a white solid (46.4
mg, 0.135 mmol; 74% yield). 1H NMR (CDCl3, 400 MHz): δ 7.53 (d,
3JHH = 7.8 Hz, 1H), 7.36−7.25 (m, 3H), 7.22−7.16 (m, 2H), 7.12 (t,
3JHH = 7.3 Hz, 2H), 7.05 (t, 3JHH = 7.3 Hz, 1H), 7.00−6.94 (m, 2H),
6.79 (dd, 3JHH = 7.8 Hz and 4JHH = 2.3 Hz, 1H), 6.65 (d, 4JHH = 2.3
Hz, 1H), 3.73 (s, 3H), 0.45 (s, 6H). 13C NMR (CDCl3, 101 MHz): δ
161.7, 153.0, 152.7, 144.6, 140.1, 138.1, 132.8, 129.8, 128.8, 128.7,
128.5, 128.0, 127.2, 125.8, 111.6, 111.2, 55.3, −3.0. Mp: 132−134 °C.
HRMS (ESI-TOF) calcd for C23H22OSiNa (M + Na+) 365.1332,
found 365.1322.
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