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钴催化芳香族烯烃的脱氢硅化反应 

程  彪    陆  鹏    赵家金    陆  展* 
(浙江大学化学系  杭州 310058) 

摘要  描述了一种钴催化的高化学、区域、立体选择性的芳香族烯烃的脱氢硅化反应. 亚胺吡啶咪唑啉的钴络合物可

以有效促进该反应, 并能显著提高该反应的化学选择性. 该方法利用地球丰产过渡金属、廉价易得的烯烃和硅烷来构

建具有高附加值的烯基硅烷. 文中同时描述了该反应可放大到克级规模制备及可能的反应机理.  

关键词  钴催化; 脱氢硅化; 烯烃; 烯基硅; 区域和立体选择性 

Cobalt-Catalyzed Dehydrogenative Silylation of Vinylarenes 

Cheng, Biao    Lu, Peng    Zhao, Jiajin    Lu, Zhan* 
(Department of Chemistry, Zhejiang University, Hangzhou 310058) 

Abstract  A highly chemo-, regio-, and stereo-selective cobalt-catalyzed dehydrogenative silylation of vinylarenes was
described. The imidazoline iminopyridine cobalt complex could promote this reaction effectively and improve the 
chemoselectivity dramatically. This protocol used earth-abundant transition metal, readily available alkenes and hydrosilanes 
to construct valuable vinylsilanes. The reaction could be carried out in gramscale and the proposed mechanism was also 
described. 
Keywords  cobalt-catalyzed; dehydrogenative silylation; alkenes; vinylsilanes; regio- and stereo-selectivity 

 

1  Introduction 

Vinylsilanes are important reagents which have great 
applications in organic synthesis and materials science.[1] 
There are various methods to prepare vinylsilanes, such as 
the silyl-Heck reaction,[2] the hydrosilylation of alkynes,[3] 

the cross-metathesis of vinylsilanes with olefins,[4] and 
others.[5] The dehydrogenative silylation of alkenes, which 
used to be viewed as an undesired side reaction in the pro-
cess of alkene hydrosilylation,[6] has attracted more and 
more interests from chemists as an alternative method to 
construct vinylsilanes (Scheme 1). The usage of transition 
metals, such as ruthenium,[7] rhodium,[8] palladium,[9] irid-
ium,[10] platinum,[11] rhenium,[12] titanium,[13] leads to rapid 
growth of the dehydrogenative silylation of alkenes. 

In recent years, base metals, such as iron, cobalt, and 
nickel, as earth-abundant, nontoxic, lower cost, and bio-
compatible transition metals, have been great attractive in 
alkene hydrosilylation.[14] In 1962, Nesmeyanov and co- 

workers[15] reported a Fe(CO)5-catalyzed dehydrogenative 
silylation of ethylene with Et3SiH, which could obtain the 
vinylsilane in high chemoselectivity. After that, several 
iron-catalyzed dehydrogenative silylation of alkenes had 
been reported, however, the substrate scopes were limited 
or not well explored.[16] Marciniec and co-workers[17] re-
ported that nickel complexes were effective for the dehy-
drogenative silylation of alkenes, however, the transfor-
mation should be performed at 120 ℃ and the chemose-
lectivities were moderate. As for cobalt, its application in 
dehydrogenative silylation was not been well explored. In 
1987, Murai group[18] reported a Co2(CO)8-catalyzed de-
hydrogenative silylation of α,β-unsaturated esters. In 2014, 
Chirik and co-workers[19] developed a bis(imino)pyridine 
cobalt-catalyzed dehydrogenative silylation of aliphatic 
alkenes. This transformation could selectively obtained 
allylsilanes in most cases. As for the substrates lacking 
allylic hydrogens, vinylsilanes were obtained as the major 
products. For 3,3-dimethylbutene, the E isomer of the vi-
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nylsilane was obtained. However, the reaction of vi-
nylarenes was not described. In 2016, Pawluć group[20] 
used a cobalt complex of a tridentate Schiff-base ligand as 
catalyst to develop a dehydrogenative silylation of styrene 
with (HSiMe2)2O, which obtained the vinylsilanes in 98% 
yield with 42% of single and 63% of double addition 
products. Besides, dehydrogenative silylation products 
used to be observed as side-products in hydrosilylation of 
alkenes.[21] To the best of our knowledge, highly chemo-, 
regio-, and stereo-selective cobalt-catalyzed dehydro- 
genative silylation of vinylarenes to obtain vinylsilanes has 
not been well developed so far. 

R
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R3SiH

R R

R R

SiR3

SiR3

SiR3 SiR3

Markovnikov-type anti-Markovnikov-type

dehydrogenative silylation
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Scheme 1  Transition metal-catalyzed hydrosilylation and dehy- 
drogenative silylation of alkenes 

2  Results and discussion 

Our group is interested in earth-abundant transition met-
al-catalyzed asymmetric hydrofunctionalization of alkenes 
and alkynes.[22～25] In the course of our research on hydros-
ilylation of alkenes and alkynes,[24] an undesired side- 
product, vinylsilane, was observed, when using cobalt 
complex as the catalyst for the hydrosilylation of styrene 
with diphenylsilane. Then, we began to optimize the con-
ditions for vinylsilane (Table 1). At the beginning of 
screening, readily available styrene and Ph2SiH2 were 
chosen as model substrates. Imidazoline iminopyridine 
(IIP) ligand cobalt complex[23g] and NaBHEt3 were used as 
a precatalyst and activator, respectively. The reaction was 
conducted using 1a (0.75 mmol), 2a (0.5 mmol), La•CoCl2 
(5 mol%) and NaBHEt3 (15 mol%) in neat condition at 
room temperature for 1 h to afford a mixture of dehydro-
genative silylation product 3a, hydrosilylation product 4a 
and 5a, as well as the hydrogenation product generated 
from the alkenes which served as sacrificial hydrogen ac-
ceptors. When changing the steric hindrance of R3 group, 
we discovered that iPr (Lc) was the most suitable group for 
the selectivity for 3a (Entries 1～3). The use of more ste-
rically hindered 2,6-diisopropyl imine (Le) led to further 
improvement of the selectivity for 3a (Entries 3～6). Using 
other protected groups on nitrogen or the oxazoline 
iminopyridine (OIP)[23,24,26] ligand led no further im-
provement (Entries 6～8). Adding solvents to the reaction, 
such as tetrahydrofuran (THF), toluene, and Et2O, had 
slight influence on the results (Entries 9～11). Increasing 
the amount of styrene to 2 equiv. could increase the yield 
up to 77% (Entry 12). The reaction underwent smoothly to 
afford 3a in 77% yield using 3 mol% catalyst loading 
within 10 minutes (Entry 13). The standard conditions 

were identified as using alkene (2.0 mmol), Ph2SiH2 (1.0 
mmol), Le•CoCl2 (3 mol%) and NaBHEt3 (9 mol%) in 
neat condition at room temperature for 10 min. 

 

Table 1  Optimizations for dehydrogenative silylationa 

 

Entry L•CoCl2
 (mol%) Solvent Yieldb/% of 3a/4a/5a

1 La (5) Neat 38/19/11 
2 Lb (5) Neat 19/3.8/58 
3 Lc (5) Neat 49/5.9/10 
4 Ld (5) Neat 58/4.8/0 
5 Le (5) Neat 58/2.5/0 
6 Lf (5) Neat 56/3.5/0 
7 Lg (5) Neat 50/7.1/0 
8 Lh (5) Neat 46/17/0 
9c Le (5) THF 52/1.7/0 

10c Le (5) Toluene 57/2.1/0 
11c Le (5) Et2O 56/1.9/0 
12d Le (5) Neat 77/2.0/0 

13 d,e Le (3) Neat 77/1.1/0 
a The reaction was conducted using styrene (0.75 mmol), Ph2SiH2 (0.5 mmol), 
cobalt complex and NaBHEt3 (3 equiv. to cobalt precatalyst) at room tempera-
ture for 1 h. b Determined by 1H NMR using mesitylene as an internal stand-
ard.) c Solvent (1 mol/L) d 1a/2a＝2/1. e 10 min. 

Under the optimized conditions, the substrate scope was 
explored in Table 2. The substituents at ortho-, meta-, and 
para-position on phenyl group of styrene were well toler-
ated, which gave the corresponding vinylsilanes in 81%～
86% yields (3b～3d). The rate of this reaction was influ-
enced by the electronic effect of the substituents on phenyl 
group of styrene. Electron-donating functional group was 
well tolerated (3f) while the reactions of electron-deficient 
styrenes should extend the reaction time or increase the 
catalyst loading (3g～3k). Ester could be tolerated to af-
ford the corresponding product (3l) in 47% yield for there 
were not some starting materials been consumed up. 
1-Vinylnaphthalene could be converted to the correspond-
ing product (3m) in 76% yield. Not only secondary silanes, 
but also tertiary silanes, such as Ph2MeSiH (2n), PhMe2- 
SiH (2o), (EtO)3SiH (2p) were well tolerated to afford the 
corresponding products in 42%～88% yields. 

The gram-scale reaction using 2.4 equiv. of styrene  
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Table 2  Scope of vinylsilanesa 

Ar+ [Si]

Le•CoCl2 (3 ~ 5 mol%)
NaHBEt3 (9 ~ 15 mol%)

neat, r.t., 10 min ~ 3 h
[Si]Ar

2 equiv.

H

 

 
a Standard conditions: alkenes (2.0 mmol), silanes (1.0 mmol), Le•CoCl2 (0.03 mmol), NaBHEt3 (0.09 mmol), neat, r.t., 10 min. Isolated yield. b 1 h. c Le•CoCl2 (5 
mol%). d Alkenes (1.0 mmol), silanes (0.5 mmol), Le•CoCl2 (0.025 mmol), NaBHEt3 (0.075 mmol), 3 h. e 2 h.

 

could be smoothly performed at room temperature for 26 h 
to afford 3p in 91% yield (Eq. 1), which is a very useful 
synthetic intermediate.[27] 

Inspired by the previously reported mechanism of dehy-
drogenative silylation of alkenes,[19] the proposed mecha-
nism was shown in Scheme 2. The cobalt-silicon species 
(A) obtained from reducing IIP•CoCl2 by NaBHEt3 and 
hydrosilane could undergo alkene insertion to generate 
cobalt alkyl species (B). The cobalt alkyl species (B) un-
derwent β-hydrogen elimination to generate the dehydro-
genative silylation product and the cobalt-hydrogen species 
(C). The cobalt-hydrogen species (C) underwent alkene 
insertion to generate cobalt alkyl species (D), which react-
ed with hydrosilane to regenerate cobalt-silicon species (A) 
and the hydrogenation byproduct. 

3  Conclusions 

In summary, we developed a highly chemo-, regio-, and 
stereo-selective cobalt-catalyzed dehydrogenative silyla-
tion of vinylarenes using imidazoline iminopyridine cobalt 
complex to deliver vinylsilanes. This protocol used 
earth-abundant transition metal and readily available mate-
rials to construct valuable vinylsilanes, which were useful 
synthetic intermediates. The reaction could be easily 
carried out in gramscale and the proposed mechanism was 
also described. The development of more non-precious 
metal-catalyzed reactions is continuously desirable in our 
laboratory. 

 

 

Scheme 2  Proposed mechanism 

4  Experimental section 

4.1  General information 

THF, ether and toluene were distilled from sodium ben-
zophenone ketyl prior to use. Ph2SiH2 (97%) was pur-
chased from TCI. NaHBEt3 (1.0 mol/L in THF) was pur-
chased from Aldrich, CoCl2 (99.7%) was purchased from 
Aladdin, Pd(OAc)2 (98%) was purchased from Zhejiang 
Metallurgical Research Institute and PPh3 (98%), CuI 
(98%), DBU (98%) were purchased from Energy. All the 
commercially available chemicals were used as received. 
Alkenes were prepared according to Wittig Reaction.  

NMR spectra were recorded on a Bruker-400 instrument 
or a BIXI-I-400 instrument. 1H NMR chemical shifts were 
referenced to tetramethylsilane signal (δ 0), and 13C NMR 
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chemical shifts were referenced to the solvent resonance  
(δ 77.00, CDCl3). High-resolution mass spectra (HRMS) 
were recorded on a Water XEVOG2-S TOF or GCT 
Premier. IR spectra were recorded on a Perkin-Elmer 
Spectrum One FTIR spectrometer with diamond ATR ac-
cessory. 

4.2  Procedures for preparation of ligands and metal 
complexes 

A 50 mL Schlenk flask equipped with a magnetic stirrer 
and a flanging rubber plug was dried with flame under 
vacuum. When cooled to ambient temperature, it was vac-
uumed and flushed with N2. This degassed procedure was 
repeated for three times. Then Pd(OAc)2 (5 mol%), PPh3 
(10 mol%), CuI (1.0 equiv.), DBU (1.0 equiv.), imidazo-
line (1.2 equiv.), imidopyridine (1.0 equiv.), and DMF (0.3 
mol/L) were added sequentially. The mixture was placed in 
an oil bath and stirred at 110 ℃ overnight. Then the mix-
ture was cooled to room temperature, diluted with diethyl 
ether, washed with 10% aqueous ammonia and brine, dried 
over Na2SO4 anhydrous, and concentrated in vacuo. The 
crude mixture was purified by flash column chromatog-
raphy to give the corresponding product. 

(S,E)-N-(1-(6-(4-Benzyl-1-phenyl-4,5-dihydro-1H-imid- 
azol-2-yl)pyridin-2-yl)ethylidene)-2-(tert-butyl)aniline  
(La): Yellow oil (0.9305 g, 63% yield). [α]20 

D ＋29.0 (c 
1.07, CHCl3); 

1H NMR (400 MHz, CDCl3) δ: 8.27～8.20 
(m, 1H), 8.08～8.00 (m, 1H), 7.81 (dd, J＝8.0, 7.6 Hz, 
1H), 7.38～7.32 (m, 1H), 7.32～7.23 (m, 4H), 7.21～7.16 
(m, 1H), 7.13～6.96 (m, 4H), 6.94～6.86 (m, 1H), 6.66 (d, 
J＝7.6 Hz, 2H), 6.52 (dd, J＝1.2, 7.6 Hz, 1H), 4.69～4.56 
(m, 1H), 4.08 (t, J＝9.6 Hz, 1H), 3.74 (dd, J＝7.6, 9.2 Hz, 
1H), 3.27 (dd, J＝4.8, 14.0 Hz, 1H), 2.91 (dd, J＝8.4, 13.6 
Hz, 1H), 1.66 (s, 3H), 1.27 (s, 9H); 13C NMR (100 MHz, 
CDCl3) δ: 165.2, 160.2, 155.3, 149.4, 148.4, 143.2, 139.4, 
138.0, 136.8, 129.3, 128.19, 128.16, 126.2, 126.15, 126.06, 
124.9, 123.52, 123.47, 123.1, 121.8, 119.4, 65.5, 58.2, 
42.0, 34.9, 29.4, 15.9; IR (neat) ν: 3059, 2921, 2856, 1675, 
1497 cm－1. HRMS (ESI) calcd for C33H35N4 [M＋H]＋ 
487.2862, found 487.2877. 

(S,E)-2-(tert-Butyl)-N-(1-(6-(4-(tert-butyl)-1-phenyl- 
4,5-dihydro-1H-imidazol-2-yl)pyridin-2-yl)ethylidene)- 
aniline (Lb): Yellow oil (2.9426 g, 81% yield). [α]20 

D ＋18.7 
(c 1.10, CHCl3). 

1H NMR (400 MHz, CDCl3) δ: 8.25～
8.19 (m, 1H), 8.08 (dd, J＝0.8, 3.6 Hz, 1H), 7.84 (dd, J＝
8.0, 7.6 Hz, 1H), 7.36 (dd, J＝1.2, 8.0 Hz, 1H), 7.16～7.07 
(m, 3H), 7.05～6.98 (m, 1H), 6.98～6.91 (m, 1H), 6.85～
6.79 (m, 2H), 6.38 (dd, J＝1.6, 8.0 Hz, 1H), 4.20 (dd, J＝
9.6, 10.8 Hz, 1H), 4.07 (dd, J＝8.0, 11.2 Hz, 1H), 3.72 (dd, 
J＝8.0, 8.8 Hz, 1H), 1.66 (s, 3H), 1.27 (s, 9H), 1.03 (s, 
9H); 13C NMR (100 MHz, CDCl3) δ: 165.4, 160.1, 155.4, 
149.5, 148.8, 143.9, 139.6, 137.0, 128.4, 126.3, 126.2, 
125.0, 123.6, 123.5, 123.3, 121.8, 119.6, 74.2, 55.4, 35.0, 
34.3, 29.5, 26.0, 16.1; IR (neat) ν: 2954, 2925, 2868, 1639, 
1592, 1480, 1390 cm－1. HRMS (EI) calcd for C30H36N4 
[M]＋ 452.2940, found 452.2935. 

(S,E)-2-(tert-Butyl)-N-(1-(6-(4-isopropyl-1-phenyl-4,5- 

dihydro-(1H)-imidazol-2-yl)pyridin-2-yl)ethylidene)aniline 
(Lc): Yellow oil (3.3660 g, 74% yield). [α]20 

D －18.7 (c 
1.13, CHCl3). 

1H NMR (400 MHz, CDCl3) δ: 8.23 (dd, J＝
8.0, 0.8 Hz, 1H), 8.05 (dd, J＝8.0, 1.2 Hz, 1H), 7.83 (dd,  
J＝8.0, 7.6 Hz, 1H), 7.36 (dd, J＝7.6, 1.2 Hz, 1H), 7.17～
7.08 (m, 3H), 7.06～6.98 (m, 1H), 6.94 (dd, J＝7.6, 7.2 
Hz, 1H), 6.86～6.78 (m, 2H), 6.38 (dd, J＝7.6, 1.2 Hz, 
1H), 4.22～4.09 (m, 2H), 3.78～3.65 (m, 1H), 2.03～1.92 
(m, 1H), 1.67 (s, 3H), 1.27 (s, 9H), 1.10 (d, J＝6.8 Hz, 
3H), 1.00 (d, J＝6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 165.4, 160.0, 155.4, 149.5, 148.8, 143.8, 139.6, 136.9, 
128.4, 126.3, 126.2, 125.0, 123.6, 123.4, 123.1, 121.8, 
119.6, 70.6, 56.6, 35.0, 33.2, 29.5, 19.0, 1 IR (neat) ν: 
2957, 1639, 1592, 1479, 1390. 8.1, 16.1 cm－1; HRMS (EI) 
calcd for C29H34N4 [M]＋ 438.2783, found 438.2784. 

(S,E)-N-(1-(6-(1,4-Diisopropyl-4,5-dihydro-(1H)-imida- 
zol-2-yl)pyridin-2-yl)ethylidene)-2,6-diisopropylaniline  
(Lf): Yellow solid (1.6296 g, 74% yield). [α]20 

D －39.1 (c 
1.05, CHCl3). m.p. 103～105 ℃. 1H NMR (CDCl3, 400 
MHz) δ: 8.37 (dd, J＝8.0, 0.8 Hz, 1H), 7.94 (dd, J＝7.6, 
1.2 Hz, 1H), 7.84 (dd, J＝8.0, 7.6 Hz, 1H), 7.20～7.13 (m, 
2H), 7.09 (dd, J＝8.6, 6.6 Hz, 1H), 4.60～4.48 (m, 1H), 
3.99～3.87 (m, 1H), 3.55 (dd, J＝10.8, 9.2 Hz, 1H), 3.24 
(dd, J＝9.6, 9.2 Hz, 1H), 2.82～2.66 (m, 2H), 2.19 (s, 3H), 
1.96～1.83 (m, 1H), 1.22 (d,  J＝6.8 Hz, 3H), 1.19～1.09 
(m, 15H), 1.07 (d, J＝6.8 Hz, 3H), 0.97 (d, J＝6.8 Hz, 
3H); 13C NMR (100 MHz, CDCl3): δ 166.6, 162.5, 155.1, 
150.3, 146.3, 137.0, 135.7, 135.6, 125.7, 123.5, 122.9, 
122.8, 121.5, 69.6, 46.2, 45.8, 33.4, 28.2, 28.1, 23.1, 22.8, 
20.9, 19.7, 19.0, 18.0, 17.1; IR (neat) ν: 2961, 1644, 1565, 
1462, 1364 cm－1. HRMS (ESI) calcd for C28H41N4 [M＋H]
＋ 433.3331, found 433.3331. 

(S,E)-N-(1-(6-(1-(tert-Butyl)-4-isopropyl-4,5-dihydro- 
(1H)-imidazol-2-yl)pyridin-2-yl)ethylidene)-2,6-diisoprop- 
ylaniline (Lg): Yellow solid (0.4684 g, 22% yield). [α]20 

D －
3.9 (c 0.48, CHCl3). m.p. 118～120 ℃. 1H NMR: (400 
MHz, CDCl3) δ: 8.31 (dd, J＝7.8, 0.6 Hz, 1H), 7.81 (dd,  
J＝7.8, 7.6 Hz, 1H), 7.51 (dd, J＝7.6, 1.2 Hz, 1H), 7.20～
7.12 (m, 2H), 7.12～7.04 (m, 1H), 3.92～3.81 (m, 1H), 
3.68 (dd, J＝10.6, 9.4 Hz, 1H), 3.36 (dd, J＝9.4, 9.2 Hz, 
1H), 2.80～2.64 (m, 2H), 2.18 (s, 3H), 1.93～1.81 (m, 
1H), 1.19～1.10 (m, 21H), 1.06 (d, J＝6.8 Hz, 3H), 0.99 
(d, J＝6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 166.9, 
163.9, 155.4, 153.5, 146.3, 136.7, 135.73, 135.68, 125.3, 
123.5, 122.9, 121.0, 69.0, 54.1, 50.8, 33.4, 29.4, 28.20, 
28.18, 23.11, 23.08, 22.7, 18.9, 18.2, 17.4; IR (neat) ν: 
2961, 1645, 1568, 1463, 1364 cm－1. HRMS (EI) calcd for 
C29H42N4 [M]＋ 446.3409, found 446.3401. 

La•CoCl2～Lg•CoCl2
[23g]

 and Lh•CoCl2
[28] were pre-

pared according to the previously reported procedures. 

4.3  Dehydrogenative silylation of vinylarenes 

A 25 mL Schlenk flask equipped with a magnetic stirrer 
and a flanging rubber plug was dried with flame under 
vacuum. When cooled to ambient temperature, it was vac-
uumed and flushed with N2. This degassed procedure was 
repeated for three times. Then Le•CoCl2 complex (3～5 
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mol%), alkene (2.0 equiv.), hydrosilane (1.0 equiv.), 
NaBHEt3 (3 equiv. to cobalt precatalyst) were added se-
quentially. The reaction was run for 10 min～3 h  at room 
temperature. Then the resulting solution was quenched 
with 10 mL of ether and filtered through a pad of silica gel, 
washed with ether (10 mL×3). The combined filtrate was 
concentrated and purified by flash column chromatography 
to give the corresponding product. 

(E)-Diphenyl(styryl)silane (3a)[29]: Colorless oil (0.2210 
g, 77% yield). 1H NMR (CDCl3, 400 MHz) δ: 7.68～7.59 
(m, 4H), 7.50～7.25 (m, 11H), 7.09 (d, J＝19.0 Hz, 1H), 
6.72 (dd, J＝3.2, 19.0 Hz, 1H), 5.25 (d, J＝3.2 Hz, 1H).  

(E)-(2-Methylstyryl)diphenylsilane (3b): Colorless oil 
(0.2593 g, 86% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.68～7.51 (m, 5H), 7.47～7.31 (m, 7H), 7.23～7.08 (m, 
3H), 6.62 (dd, J＝3.2, 18.8 Hz, 1H), 5.26 (d, J＝3.2 Hz, 
1H), 2.31 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ: 147.1, 
137.2, 135.7, 135.5, 133.7, 130.4, 129.7, 128.3, 128.0, 
126.1, 125.5, 123.2, 19.5; IR (neat) ν: 3066, 3016, 2120, 
1595, 1481, 1428 cm－1. HRMS (EI) calcd for C21H20Si 
[M]＋ 300.1334, found 300.1332. 

(E)-(3-Methylstyryl)diphenylsilane (3c): Colorless oil 
(0.2438 g, 81% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.69～7.55 (m, 4H), 7.49～7.33 (m, 6H), 7.32～7.19 (m, 
3H), 7.13～7.01 (m, 2H), 6.70 (dd, J＝3.2, 18.8 Hz, 1H), 
5.24 (d, J＝3.2 Hz, 1H), 2.34 (s, 3H); 13C NMR (CDCl3, 
100 MHz) δ: 149.3, 138.1, 137.8, 135.5, 133.6, 129.7, 
129.4, 128.5, 128.0, 127.4, 123.9, 121.2, 21.3; IR (neat) ν: 
3049, 3016, 2120, 1581, 1483, 1428 cm－1. HRMS (EI) 
calcd for C21H20Si [M]＋ 300.1334, found 300.1335. 

(E)-(4-Methylstyryl)diphenylsilane (3d):  Colorless oil 
(0.2586 g, 86% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.66～7.59 (m, 4H), 7.47～7.33 (m, 8H), 7.14 (d, J＝8.0 
Hz, 2H), 7.06 (d, J＝19.0 Hz, 1H), 6.64 (dd, J＝3.2, 19.0 
Hz, 1H), 5.23 (d, J＝3.2 Hz, 1H), 2.34 (s, 3H); 13C NMR 
(CDCl3, 100 MHz) δ: 149.1, 138.6, 135.5, 135.2, 133.7, 
129.7, 129.3, 128.0, 126.7, 120.0, 21.3; IR (neat) ν: 3048, 
2921, 2121, 1606, 1510, 1429 cm－1. HRMS (EI) calcd for 
C21H20Si [M]＋ 300.1334, found 300.1330. 

(E)-(4-(tert-Butyl)styryl)diphenylsilane (3e): Colorless 
oil (0.2726 g, 80% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.65～7.57 (m, 4H), 7.45～7.34 (m, 10H), 7.07 (d, J＝
18.8 Hz, 1H), 6.66 (dd, J＝3.2, 18.8 Hz, 1H), 5.24 (d, J＝
3.2 Hz, 1H), 1.32 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ: 
151.8, 149.0, 135.5, 135.1, 133.7, 129.7, 128.0, 126.5, 
125.5, 120.3, 34.6, 31.2; IR (neat) ν: 2959, 2923, 2121, 
1604, 1429, 1366 cm－1. HRMS (EI) calcd for C24H26Si [M]
＋ 342.1804, found 342.1806. 

(E)-(4-Methoxystyryl)diphenylsilane (3f): Colorless oil 
(0.2787 g, 88% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.66～7.58 (m, 4H), 7.46～7.34 (m, 8H), 7.03 (d, J＝18.8 
Hz, 1H), 6.86 (m, 2H), 6.53 (dd, J＝3.6, 19.2 Hz, 1H), 
5.23 (d, J＝3.2 Hz, 1H), 3.81 (s, 3H); 13C NMR (CDCl3, 
100 MHz) δ: 160.0, 148.6, 135.5, 133.8, 130.8, 129.7, 
128.0, 118.4, 113.9, 55.2; IR (neat) ν: 3067, 2927, 2120, 
1605, 1510, 1427 cm－1. HRMS (EI) calcd for C21H20OSi 

[M]＋ 316.1283, found 316.1284. 

(E)-(4-Fluorostyryl)diphenylsilane (3g): Colorless oil 
(0.2330 g, 77% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.65～7.58 (m, 4H), 7.48～7.35 (m, 8H), 7.07～6.98 (m, 
3H), 6.62 (dd, J＝3.2, 18.8 Hz, 1H), 5.23 (d, J＝3.2 Hz, 
1H); 13C NMR (CDCl3, 100 MHz) δ: 162.9 (d, J＝247.1 
Hz, 1C), 147.7, 135.5, 134.1, 133.4, 129.8, 128.3 (d, J＝
8.1 Hz, 1C), 128.1, 121.2, 115.5 (d, J＝21.2 Hz, 1C); 19F 
NMR (376.5 MHz, CDCl3) δ: －112.9; IR (neat) ν: 3068, 
3016, 2124, 1602, 1506, 1429 cm－1. HRMS (EI) calcd for 
C20H17FSi [M]＋ 304.1084, found 304.1081. 

(E)-(2-Fluorostyryl)diphenylsilane (3h): Colorless oil 
(0.2288 g, 75% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.66～7.55 (m, 5H), 7.47～7.35 (m, 6H), 7.35～7.28 (m, 
1H), 7.28～7.21 (m, 1H), 7.15～7.09 (m, 1H), 7.07～6.99 
(m, 1H), 6.79 (dd, J＝3.2, 19.2 Hz, 1H), 5.25 (d, J＝3.2 
Hz, 1H); 13C NMR (CDCl3, 100 MHz) δ: 160.3 (d, J＝
249.4, 1C), 140.9, 135.5, 133.3, 129.8, 128.1, 127.2, 125.7 
(d, J＝11.7, 1C), 124.8, 124.0, 115.7 (d, J＝21.9, 1C); 19F 
NMR (376.5 MHz, CDCl3) δ: －118.7; IR (neat) ν: 2923, 
2854, 2125, 1605, 1483, 1456, 1429 cm－1. HRMS (EI) 
calcd for C20H17FSi [M]＋ 304.1084, found 304.1080. 

(E)-(4-Chlorostyryl)diphenylsilane (3i): Colorless oil 
(0.2300 g, 72% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.65～7.58 (m, 4H), 7.47～7.36 (m, 8H), 7.33～7.27 (m, 
2H), 7.02 (d, J＝19.2 Hz, 1H), 6.69 (dd, J＝3.2, 19.2 Hz, 
1H), 5.23 (d, J＝3.2 Hz, 1H); 13C NMR (CDCl3, 100 MHz) 
δ: 147.6, 136.2, 135.5, 134.2, 133.2, 129.8, 128.7, 128.1, 
127.9, 122.5; IR (neat) ν: 3067, 3017, 2124, 1602, 1489, 
1428 cm － 1. HRMS (EI) calcd for C20H17ClSi [M] ＋ 

320.0788, found 320.0792. 
(E)-(2-Chlorostyryl)diphenylsilane (3j): Colorless oil 

(0.2438 g, 76% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.69～7.60 (m, 5H), 7.53 (d, J＝19.2 Hz, 1H), 7.47～7.32 
(m, 7H), 7.28～7.18 (m, 2H), 6.72 (dd, J＝3.4, 18.8 Hz, 
1H), 5.27 (d, J＝3.4 Hz, 1H); 13C NMR (CDCl3, 100 MHz) 
δ: 144.8, 135.9, 135.5, 133.4, 133.2, 129.8, 129.7, 129.3, 
128.1, 126.9, 126.8, 125.3; IR (neat) ν: 3066, 3016, 2124, 
1593, 1466, 1430 cm－1. HRMS (EI) calcd for C20H17ClSi 

[M]＋ 320.0788, found 320.0784. 
(E)-(3-Bromostyryl)diphenylsilane (3k): Colorless oil 

(0.2395 g, 66% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.65～7.57 (m, 5H), 7.47～7.33 (m, 8H), 7.20 (dd, J＝7.6, 
8.0 Hz, 1H), 6.99 (d, J＝19.0 Hz, 1H), 6.73 (dd, J＝3.0, 
19.0 Hz, 1H), 5.24 (d, J＝3.0 Hz, 1H); 13C NMR (CDCl3, 
100 MHz) δ: 147.3, 139.8, 135.5, 133.1, 131.3, 130.0, 
129.9, 129.5, 128.1, 125.3, 123.7, 122.8; IR (neat) ν: 3067, 
2923, 2125, 1592, 1560, 1470, 1428 cm－1. HRMS (EI) 
calcd for C20H17BrSi [M]＋ 364.0283, found 364.0282. 

(E)-4-(2-(Diphenylsilyl)vinyl)phenyl acetate (31): Col-
orless oil (0.0815 g, 47% yield). 1H NMR (CDCl3, 400 
MHz) δ: 7.67～7.55 (m, 4H), 7.50～7.34 (m, 8H), 7.10～
7.01 (m, 3H), 6.66 (dd, J＝3.2, 19.2 Hz, 1H), 5.24 (d, J＝
3.2 Hz, 1H), 2.29 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ: 
169.3, 150.8, 147.9, 135.6, 135.5, 133.4, 129.8, 128.1, 
127.7, 121.9, 121.7, 21.1; IR (neat) ν: 3067, 2123, 1766, 
1604, 1504, 1429 cm－1. HRMS (EI) calcd for C22H20O2Si 

[M]＋ 344.1233, found 344.1231. 
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(E)-(2-(Naphthalen-1-yl)vinyl)diphenylsilane (3m): 
Colorless oil (0.2554 g, 76% yield). 1H NMR (CDCl3, 400 
MHz) δ: 8.09～8.02 (m, 1H), 7.94～7.72 (m, 4H), 7.72～
7.65 (m, 4H), 7.53～7.37 (m, 9H), 6.81 (dd, J＝4.0, 18.8 
Hz, 1H), 5.34 (d, 1H); 13C NMR (CDCl3, 100 MHz) δ: 
146.5, 135.9, 135.5, 135.1, 133.6, 130.9, 129.8, 128.7, 
128.5, 128.1, 126.2, 125.8, 125.6, 125.5, 123.9, 123.4; IR 
(neat) ν: 3064, 3013, 2856, 2122, 1594, 1428 cm－1. HRMS 
(EI) calcd for C24H20Si [M]＋ 336.1334, found 336.1335. 

(E)-Methyldiphenyl(styryl)silane (3n):[30] Colorless oil 
(0.1274 g, 85% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.61～7.55 (m, 4H), 7.49～7.43 (m, 2H), 7.43～7.25 (m, 
9H), 6.96 (d, J＝19.2 Hz, 1H), 6.76 (d, J＝19.2 Hz, 1H), 
0.71 (s, 3H). 

(E)-Dimethyl(phenyl)(styryl)silane (3o):[30] Colorless oil 
(0.1054 g, 88% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.61～7.53 (m, 2H), 7.47～7.41 (m, 2H), 7.40～7.29 (m, 
5H), 7.28～7.22 (m, 1H), 6.94 (d, J＝19.2 Hz, 1H), 6.58 
(d, J＝19.2 Hz, 1H), 0.43 (s, 6H). 

(E)-Triethoxy(styryl)silane (3p):[31] Colorless oil 
(0.0563 g, 42% yield). 1H NMR (CDCl3, 400 MHz) δ: 
7.50～7.45 (m, 2H), 7.38～7.27 (m, 3H), 7.22 (d, J＝19.6 
Hz, 1H), 6.18 (d, J＝19.6 Hz, 1H), 3.89 (q, J＝7.0 Hz, 
6H), 1.27 (t, J＝7.0 Hz, 9H).  

4.4  Gram scale reaction 

The reaction was conducted according to the general 
procedure B using Le•CoCl2 complex (0.2981 g, 0.50 
mmol, 5 mol %), styrene (2.75 mL, 0.91 g/mL, 24 mmol, 
2.4 equiv.), (EtO)3SiH (1.85 mL, 0.89 g/mL, 10 mmol, 1.0 
equiv.), NaBHEt3 (1.5 mL, 1.5 mmol, 1 mol/L in THF, 15 
mol%). The reaction was run for 26 h at room temperature. 
The crude product was purified by flash column chroma-
tography using PE/EtOAc (50/1) as the eluent to give 
2.4207 g (0.91 mmol, 91% yield) of the product (3p). 

 
Supporting Information  1H NMR, 13C NMR spectra for 
the synthesized compounds. The Supporting Information is 
available free of charge via the Internet at http://sioc- 
journal.cn/. 
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