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1. General methods

Unless otherwise noted, all reagents were obtained from commercial suppliers and were used without
further purification. Internal alkynes were prepared according to original or modified literature
procedures. All reactions were carried out under N, atomosphere, unless otherwise noted. Chemical
shifts are reported in ppm from tetramethylsilane with the solvent resonance as the internal standard.
The following abbreviations were used to designate chemical shift multiplicities: s= singlet, d= doublet,
t= triplet, = quartet, h= heptet, m= multiplet,. All first-order splitting patterns were assigned on the
basis of the appearance of the multiplet. Splitting patterns that could not be easily interpreted are
designated as multiplet (m) or broad (br). IR spectra were recorded on a Bruker tensor 27 infrared
spectrometer. Melting points were measured on Beijing Tech X-4 apparatus without correction. Mass
spectra were obtained using electrospray ionization (APCI) mass spectrometer. Column
chromatography was performed using silica gel (200-300 mesh). TLC was performed on glass-backed

silica plates.
2. Experimental section
2.1 The Preparation of Internal Alkynes

The internal alkynes were synthesized from methyl propiolate acid and an aryl halide following the

literature procedure (eq s1).!

0 Me
X Pd(PPh3),Cl,, dppb N =
/OH ' R@/ T R (eq s1)
Me = DBU, or TBAF = q
DMSO heat

General procedure:

A mixture of Pd(PPh;3),Cl, (0.0343 mmol), 1,4-bis(diphenylphosphanyl)butane (0.0701 mmol), 4-
halosubstituted benzene (3.04 mmol), 2-butynoic acid (3.00 mmol), base (6.0 mmol), and DMSO (6.0
mL) was stirred at 80-110 °C. After 2 -24 h, the reaction mixture was poured into a saturate aqueous
solution of NH,Cl and was extracted with CH,Cl,. The combined CH,Cl, extracts were washed with
H,O0, dried over Na,SOy, and filtered. The filtrate was concentrated in vacuo, and the resulting residue

was purified using silicagel column chromatography.

1. Y. Okuno, M. Yamashita, K. Nozaki, Eur. J. Org. Chem. 2011, 3951.

2.2 General Procedure for the Reaction of Internal Alkynes 1 with Me,PhSiBpin 2.

Ligand L9 (0.003mmol, 0.5mg), and Cs,CO; were added to a Schlenk tube, which was evacuated
and backfilled with N,. Then 1ml solution of Cu(OTf), (0.9mg/ml), Me,PhSiBpin (0.15mmol,
40pl) and internal alkyne 1a (0.1mmol,12.6pl) were added via syringe, and the reaction mixture
was stirred for 20h at room temperature. Then the reaction solution was extracted with ether for 3

times, the organic layer was combined and dried over Na,SO,4. Next, the organic solvent was
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evaporated and the residue was subjected to flash column chromatography on silica gel with
petroleum ether as eluent to afford the desired product 3a.

2.3 The screening of copper source.

Cu-salt (2.5 mol%)
L9 (3 mol%) Ph Me Ph Me

Ph—=—=—Me+ PhMe,SiBpin > >:< * >:<
Cs,CO3 (10mol%) H  SiMe,Ph PhMe,Si-  H

1a 2 H20, No, RT (E)--3a (E)-0-3a
Entry? Cu-salt Yield(%)P B/ac

1 CuOTf 65 88/12

2 CuOAc 2 83/17

3d Cu(OTf), 75 92/8

a General procedure: A mixture of la (1.0 equiv), 2 (1.5 equiv), ligand (3~6 mol%), base (10
mol%) and Cu(OTf), (2.5 mol%) in water (1 mL) was stirred under N, at room temperature. ® The
yields of 3a were determined by 'H NMR analysis. ¢ The ratio (B/o) was determined by 'H NMR

analysis. 4 The reaction was carried out under air.

(E)-(1-(4-fluorophenyl)prop-1-en-2-yl)dimethyl(phenyl)silane ($-3a)!
SiMe,Ph colourless oil.yield 95%. 'H NMR (400 MHz, CDCl3) &: 7.57-7.56(d,
m J=4Hz, 2H), 7.36-7.26(m, 7H), 7.24-7.20(t, J=8Hz, 1H), 6.80(s, 1H),
Me 1.94(s, 3H), 0.43(s, 6H). '3C NMR (100MHz, CDCls) &: 137.99, 137.41,
137.4,137.3, 133.2, 128.2, 128.1, 127.2, 126.9, 125.7, 15.8, -4.3. IR vy, (KBr, film, cm): 1594,
1427, 1243, 1029, 823. HRMS (APCI): calcd for C,7H5Si [M+H]" 253.14070, found: 253.14055.
(E)-(1,2-diphenylvinyl)dimethyl(phenyl)silane (#-3b)
SiMe,Ph colourless oil. yield 93% 'H NMR (400 MHz, CDCl3) 3: 7.55-7.53(t,
W J=4Hz, 2H), 7.36-7.35(d, J=4Hz, 3H), 7.36-7.14(m, 3H), 7.08-7.06(t,
Fh J=4Hz, 3H), 6.94-6.88(m, 4H), 6.82(s, 1H), 0.39(s, 6H). *C NMR
(100MHz, CDCl5) &: 144.1, 141.4, 138.3, 136.8, 136.3, 133.4, 128.6, 128.2, 127.6, 127.0, 126.8,
127.7, 126.3, 124.8, -3.9. IR vy, (KBr, film, cm™): 1593, 1426, 1246, 968, 823. HRMS (APCI):
calcd for C,oH,Si[M]" 314.14853, found: 314.14835.
(E)-(1-(4-fluorophenyl)prop-1-en-2-yl)dimethyl(phenyl)silane (f-3c)
SiMe,Ph colourless oil. yield 85%. 'H NMR (400 MHz, CDCl;) 8: 7.57-7.54(m,
m 2H), 7.38-7.36(m,3H), 7.28-7.25(m, 3H), 7.04-7.69(t, /=10Hz, 2H),
= Me 1.92-1.91(d, J=4Hz, 3H), 0.43(s, 6H). *C NMR (100MHz, CDCl3) &:
140.6, 137.3, 137.1, 136.8, 133.4, 133.2, 129.8(d, 'Jcr=160Hz), 129.7,
126.93, 114(d, 2Jc=21.2Hz), 15.7, -4.3. IR v, (KBr, film, cm™): 1596, 1422, 1360, 1263, 908.
HRMS (APCI): caled for C7H gFSi [M+H]* 271.13128, found: 271.13103.
(E)-4-(2-(dimethyl(phenyl)silyl)prop-1-en-1-yl)benzonitrile (#-3d)
colourless oil. yield 95%. '"H NMR (400 MHz, CDCl;) 6:7.62-7.60(d,

- SiMezPh
m J=8Hz, 2H), 7.56-7.53(m, 2H), 7.39-7.38(t, J=2Hz, 4H), 7.36(s, 1H),
NC 6.760-6.757(d, J=1.2Hz, 1H), 1.934-1.929(d, J=1.5Hz, 3H), 0.45(s,
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6H). 13C NMR (100MHz, CDCls) 8:142.0, 141.9, 136.8, 136.0, 133.1, 130.9, 128.7, 128.4, 127.0,
118.2, 109.1, 15.9, -4.5. IR vpay (KBr, film, em): 2242, 1591, 1422, 1202, 1029, 834. HRMS
(APCI): caled for C;gH9NSi  [M+H]* 278.13595, found: 278.13571.
(E)-4-(2-(dimethyl(phenyl)silyl)prop-1-en-1-yl)benzonitrile (f-3e)
- SiMezPh colourless oil. yield 90%. 'H NMR (400 MHz, CDCI3) §: 8.02-
m 8.00(d, J/=8Hz, 2H), 7.57-7.55(m, 2H), 7.39-7.34(m, 5H), 6.819-
EtO,C 6.816(d, J/=1.2Hz, 1H), 4.40-4.35(q, J=7.2Hz, 2H), 1.952-1.948(d,
J=1.6Hz, 3H), 1.41-1.38(t, J=7.2Hz, 3H), 0.45(s, 6H). 3C NMR (100MHz, CDCl;) &: 165.6,
141.9, 140.3, 137.0, 133.2, 130.5, 128.5, 128.0, 127.6, 126.9, 59.9, 15.9, 13.5, -4.4. IR v« (KBr,
film, cm!): 1597, 1716, 1437, 1263, 1029, 829. HRMS (APCI): caled for CyH,40,Si
[M+H]*325.16183, found: 325.16150. (E)-dimethyl(phenyl)(1-(4-
(trifluoromethyl)phenyl)prop-1-en-2-yl)silane (§-3f)
. SiMePh colourless oil. yield 76%. 'H NMR (400 MHz, CDCI3) &: 7.59-
/©/\( 7.55(dd, J=8Hz, J=4Hz, 3H), 7.39-7.38(t, J=3.6Hz, SH), 6.80(s,
FsC Me 1H), 1.939-1.936(d, J=1.6Hz, 3H), 0.46(s, 6H). 13C NMR (100MHz,
CDCls) 6: 140.9, 140.4, 137.6, 136.7, 136.5, 133.2, 128.3, 127.4 (q, 2Jcr=32.2Hz), 126.9, 124.7 (q,
1Jep=255), 124.1(q, 3JcF=3.8), 15.8, -4.4. IR vy (KBr, film, em™): 1595, 1332, 1426, 1223, 827.
HRMS (APCI): caled for C;gH gF3Si [M+H]* 321.12809, found: 321.12750.
(E)-dimethyl(phenyl)(1-(2-(trifluoromethyl)phenyl)prop-1-en-2-yl)silane (f-3g)
CF3 colourless oil. yield 78%. 'H NMR (400 MHz, CDCI3) &: 7.66-7.64(d,
©/ys”\"ezph J=8Hz, 1H), 7.58-7.55(dd, J=2.5Hz, J=3.6Hz, 2H), 7.49-7.46(t, J=7.6Hz,
Me 1H), 7.38-7.36(t, J=3.2Hz, 3H), 7.34-7.32(d, J=8Hz, 1H), 7.30-7.26(t,
J=5.2Hz, 1H), 6.99(s, 1H), 1.698-1.695(d, J=1.2Hz, 3H), 0.44(s, 6H). 13C NMR (100MHz, CDCl3)
8: 139.7, 136.8, 136.7, 135.0, 132.2, 133.1, 130.2, 129.9, 128.7, 127.6(d, 2Jc=77.8Hz,), 126.9,
125.7(d, 'Jcp=250), 124.8 (d, 3Jcr=5Hz), 15.4, -4.5. IR Vpa (KBr, film, cm™): 1594, 1334, 1428,
1243, 1029. HRMS (APCI): calcd for CigHoF3Si [M+H]* 321.12809, found: 321.12757.
(E)-(1-(2-methoxyphenyl)prop-1-en-2-yl)dimethyl(phenyl)silane (#-3h)
OMe colourless oil. yield 85%. 'H NMR (400 MHz, CDCI3) &: 7.63-7.60(m,
©/ys”\"62ph 2H), 7.39-7.38(t, J=2.4Hz, 3H), 7.27-7.22(m, 2H), 6.97(s, 1H), 6.95-
Me 6.89(dd, J=7.6Hz, J=8.4Hz, 2H), 3.84(s, 3H), 1.899-1.895(d, J=1.2Hz,
3H), 0.47(s, 6H). 13C NMR (100MHz, CDCl;) &: 156.3, 137.7, 136.8, 133.8, 133.2, 129.4, 128.0,
127.2, 126.8, 126.3, 118.9, 109.7, 54.6, 15.9, -4.2. IR v, (KBr, film, cm™): 1592, 1425, 1247,
1210, 1029. HRMS (APCI): caled for C;gH,,0OSi[M+H]" 283.15127, found: 283.15097.
(E)-dimethyl(phenyl)(1-(3-(trifluoromethyl)phenyl)prop-1-en-2-yl)silane (f-3i)
_ colourless oil. yield 87%. 'H NMR (400 MHz, CDCI3) 6:7.57-
F3C N SiMe,Ph 3 -
\©/\( 7.55(dd, J=2.4Hz, J=3.6Hz, 2H), 7.53(s, 1H), 7.48-7.44(m, 3H),
Me 7.39-7.38(m, 3H), 6.97(s, 1H), 1.933-1.929(d, J=1.2Hz, 3H),
0.45(s, 6H).13C NMR (100MHz, CDCls) &: 139.8, 138.0, 136.7, 136.4, 136.2, 131.3, 127.9 (q,
2Jer=31.8Hz), 128.3, 127.5, 126.9, 124.8 (q, 3Jcr=5.3Hz), 124.7(d, 'Jcr=270Hz), 122,3 (4,
3Jcr=3.7THz), 15.7, -4.4. IR Viex (KB, film, cm™): 1594, 1427, 1334, 1246, 1129. HRMS (APCI):
caled for CigH oF5Si [M+H]* 321.12809, found: 321.12769.
(E)-dimethyl(phenyl)(1-phenylhex-1-en-2-yl)silane (5-3))
colourless oil. yield 65%. '"H NMR (400 MHz, CDCI3) &: 7.60-7.58(dd,

. SiMe,Ph
©/\L/\ J=2.8 Hz, J=3.6 Hz, 2H), 7.38-7.36(dd, J=2.8 Hz, J=2.8 Hz, 4H), 7.34-

s4



7.32(d, J/=8Hz, 2H), 7.29-7.21(m, 2H), 6.82(s, 1H), 2.38-2.34(t, J/=8.2Hz, 2H), 1.35-1.23(m, 4H),
0.82-0.78(t, J/=8Hz, 3H), 0.46(s, 6H). *C NMR (100MHz, CDCl;) &: 142.7, 138.7, 137.9, 137.5,
133.2, 128.0, 127.8, 127.2, 126.8, 125.7, 31.1, 29.6, 22.1, 12.9, -3.3. IR v (KBr, film, cm™):
1594, 1485, 1288, 1110, 923. HRMS (APCI): calcd for C,yHpsSi [M+H]* 295.18765, found:
295.18710.
(E)-dimethyl(1-(naphthalen-2-yl)prop-1-en-2-yl)(phenyl)silane (f-3k)
SiMe,ph  White solide. yield 92%. m.p. 56-58°C. '"H NMR (400 MHz, CDCI3)
X 2
0:7.81-7.78(m, 3H), 7.75(s, 1H), 7.61-7.58(dd, J=2.8Hz, J=3.2Hz,
2H), 7.45-7.43(m, 3H), 7.39-7.37(t, J=4Hz, 3H), 6.95(s, 1H), 2.023-
2.019(d, J=1.6Hz, 3H), 0.47(s, 6H). 3C NMR (100MHz, CDCl;) &: 138.0, 137.9, 137.2, 134.9,
133.2, 132.4, 131.3, 128.2, 127.8, 127.1, 126.9, 126.9, 126.7, 126.6, 125.1, 124.8, 15.9, -4.3. IR
Vmax (KBr, film, em™): 1633, 1427, 1243, 894, 753. HRMS (APCI): caled for CyHp,Si [M]*
302.14853, found: 302.14819.
(E)-dimethyl(1-(naphthalen-1-yl)prop-1-en-2-yl)(phenyl)silane (£-31)

colourless oil. yield 89%. 'H NMR (400 MHz, CDCI3) &: 7.92-7.89(t,
O - SiMezPh J=6Hz, 1H), 7.86-7.83(t, J=6Hz, 1H), 7.76-7.74(d, /=8Hz, 1H), 7.65-
O Me 7.64(t, J=2Hz, 2H), 7.49-7.46(m, 2H), 7.44-7.42(d, J/=8Hz, 1H), 7.40-

7.39(t, J=2Hz, 3H), 7.33-7.31(t, J=4Hz, 1H), 7.24(s, 1H), 1.78(s, 3H),
0.52(s, 6H). 13C NMR (100MHz, CDCl;) &: 139.4, 137.3, 136.6, 134.7, 133.2, 132.7, 130.8, 128.2,
127.5, 126.9, 126.2, 125.4, 124.9, 127.77, 124.3, 124.1, 15.9, -4.2. IR Vynax (KBr, film, cm™!): 1634,
1423, 1247, 1129, 843. HRMS (APCI): calcd for Cy;H,,Si [M]* 320.14853, found:302.14818.

(E)-dimethyl(1-(phenanthren-9-yl)prop-1-en-2-yl)(phenyl)silane (f#-3m)
white soilde. yield 91%. M.p. 80-82°C. '"H NMR (400 MHz, CDCI3) &:
8.77-8.75(d, /=8Hz, 1H), 8.72-8.70(d, J/=8Hz, 1H), 8.05-8.03(m, 1H),
7.90-7.88(m, 1H), 7.74-7.71(m, 2H), 7.70-7.66(m, 2H), 7.64-7.61(m,
3H), 7.30(s, 1H), 1.894-1.890(d, J=1.6Hz, 3H), 0.597(s, 6H). 3C
NMR (100MHz, CDCl3) &: 139.8, 137.3, 136.8, 133.3, 133.2, 130.7,
130.3, 129.6, 128.9, 128.3, 127.6, 127.1, 126.0, 125.8, 125.6, 125.5, 125.5, 124.8, 122.1, 121.7,
16.0, -4.1. IR vy, (KBr, film, cm™): 1698, 1574, 1457, 1029, 893. HRMS (APCI): calcd for
CysHp4S1[M]* 352.16418, found: 352.16388.
(E)-2-(2-(dimethyl(phenyl)silyl)prop-1-en-1-yl)pyridine (#-3n)

yellow oil. yield 87%. 'H NMR (400 MHz, CDCI3) &: 8.62-8.61(d,

J=4Hz, 1H), 7.66-7.62(td, J=1.6 Hz, J=1.2 Hz, J=1.2 Hz, 1H), 7.58-
SiMezPh 7 56(dd, J=2 Hz, J=3.4 Hz, 2H), 7.37-7.36(m, 3H), 7.30-7.28(d, J/~8Hz,
1H), 7.11-7.09(q, J=4.4Hz, 1H), 6.87(s, 1H), 2.092-2.089(d, J=1.2Hz, 3H), 0.461(s, 6H). 3C
NMR (100MHz, CDCl;) 6: 156.91, 149.29, 143.23, 138.14, 137.64, 135.85, 134.13, 129.12,
127.85, 124.22, 121.27, 16.95, -3.45. IR vy (KBr, film, cm™): 1598, 1432, 1193, 1009, 873.
HRMS (APCI): caled for Ci6HgNSi [M+H]" 254.13595, found: 254.13580.
(E)-dimethyl(phenyl)(1-(thiophen-2-yl)prop-1-en-2-yl)silane (f-30)

Me yellow oil. yield 94%. '"H NMR (400 MHz, CDCI3) &: 7.55-7.53(m, 2H),
WSiMeZPh 7.37-7.35(dd, J/=2Hz, J=1.6Hz, 3H), 7.299-7.287(d, J=5.2Hz, 1H), 7.06-

S 7.02(m, 2H), 6.936-6.933(d, J=1.2Hz. 3H), 0.42(s, 6H). *C NMR

(100MHz, CDCl,) 6: 140.9, 137.1, 135.0, 133.2,132.1, 130.4, 128.2, 126.9, 125.8, 124.9, 16.2, -

|\ Me

pZ
N
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4.3. 1R Vpay (KBr, film, cm™): 1592, 1426, 1126, 1111, 868. HRMS (APCI): caled for C;sH;sSSi
[M+H]* 259.09712, found:259.09690.
(E)-(2-(dimethyl(phenyl)silyl)vinyl)trimethylsilane (f-3p)
colourless oil. yield 95%. '"H NMR (400 MHz, CDCI3) &: 7.56-7.53(dd,
J=2.8Hz, J=3.6Hz, 2H), 7.39-7.38(t, /=2Hz, 3H), 6.73(s, 2H), 0.37(s, 6H),
0.1(s, 9H). 13C NMR (100MHz, CDCls) &: 152.1, 147.1, 137.9, 132.9, 127.9, 126.8, -2.5, -3.8. IR
Vimax (KBr, film, cm™): 1594, 14527, 1243, 867, 823. HRMS (APCI): calcd for C3Hy,Si [M+H]*
235.13328, found:235.13307.
(E)-dimethyl(phenyl)(1-phenylprop-1-en-2-yl-1-d)silane (f-4a)
D colourless oil. yield 96%. 'H NMR (400 MHz, CDCI3) &: 7.56-7.55(t,
- SiMe;Ph J=2Hz, 2H), 7.37-7.35(t, J=4Hz, 3H), 7.33-7.30(t, J/=6Hz, 4H), 7.22-
m 7.19(m, 1H), 1.94(s, 3H), 0.43(s, 6H). 3C NMR (100MHz, CDCl;) &:
137.3,137.3, 137.2, 133.2, 128.2, 128.1, 127.2, 126.9, 125.8, 124.5, 15.8,
-4.3. IR Vipax (KBr, film, cm™): 2596, 1584, 1426, 1019, 833. HRMS (APCI): caled for C{;H;oDSi
[M+H]* 254.14705, found:254.14698.

TMS/\/SIMGZPI’I

1. Hazra, C. K.; Fopp, C.; Oestreich, M. Chem. Asian J., 2014, 9, 3005.
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NOESY spectrum of 8-3n
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