
S1 
 

Supporting Information for: 
 
Rhodium(I)-Catalyzed Highly Enantioselective Insertion of Carbenoid into Si-H: 

Efficient Access to Functional Chiral Silanes 
 

Diao Chen, Dong-Xing Zhu and Ming-Hua Xu * 

State Key Laboratory of Drug Research, Shanghai Institute of Materia Medica, 
Chinese Academy of Sciences 

 

 

Contents: 

1.General ........................................................................................................................................S2 

2. Synthesis of C1-symmetric chiral diene L7 , [Rh(L7)Cl]2 and [Rh(L7)(OH)]2 ....................S2 

3. General procedure for Rh(I)-Catalyzed asymmetric Si-H insertion of α-diazoesters .........S3 

4. General procedure for Rh(I)-Catalyzed asymmetric Si-H insertion of 

α-diazophosphonates .....................................................................................................................S3 

5. Characterization data and HPLC chromatogram of Si-H insertion products 3 and 5 .......S5 

6. The calculated cartesian coordinates for the minima .......................................................... S36 

7. Copies of 1H NMR and 13C NMR spectra of products and catalyst ................................... S47 

8. Copies of 1H NMR spectra of products in KIE experiments ............................................... S80 

9. X-ray structures of catalyst [Rh(L7)Cl]2 ............................................................................... S81 

 

  



S2 
 

1.General 

All reactions were carried out in flame-dried glassware with magnetic stirring under an 

atmosphere of argon. Solvents were dried and distilled by standard procedures. NMR spectra were 

recorded on a Varian spectrometer (300 MHz, 400 MHz for 1H; 100 MHz, 126 MHz for 13C; and 

202 MHz for 31P). Chemical shifts are reported in δ ppm referenced to an internal SiMe4 standard 

for 1H NMR and chloroform-d (δ 77.16) for 13C NMR. HPLC was performed on a JASCO 2000 

instrument by using Daicel column with hexane/2-propanol as the eluent. High Resolution Mass 

Spectra (HRMS) were recorded on an Orbitrap mass spectrometer with ESI resource. Optical 

rotation were measured using a Rudolph Autopol VI Automatic Polarimeter. The α-diazoesters[1], 

α-diazophosphonates[2] and PhSiDMe2
[3] were prepared according to the known literature. 

 

2. Synthesis of C1-symmetric chiral diene L7 , [Rh(L7)Cl]2 and [Rh(L7)(OH)]2 

 

The phenyl ketone A was prepared according to the literature procedures[4]  

Under Ar atmosphere, 3.5-bis(trifluoromethyl)-phenyl magnesium bromide (1 M, 20 mL) was 

added to a solution of phenyl ketone A (1.98 g, 10 mmol) in THF in an ice bath dropwise. The 

mixture was allowed to warm to room temperature and stirred for another 2 h. The reaction was 

quenched by water with cooling. The aqueous layer was extracted with EA. The combined organic 

phases were washed with water, dried over anhydrous Na2SO4. The solvent was removed under 

reduced pressure to give the corresponding crude product B as a solid (quant. 4.1 g).  

The above obtained crude B (200 mg, 0.48 mmol) was dissolved in 20 mL of toluene. To this 

solution was added p-toluene sulfonic acid monohydrate (9.3 mg, 0.048 mmol) and then the 

resulting mixture was heated to reflux for 30 minutes. The solvent was removed under reduced 

pressure, and the residue was purified by silica gel column chromatography to give the 

corresponding C1-symmetric chiral diene ligand L7 (143 mg, 75% yield, 99.7% ee). 

White solid, 99.7% ee 

1H NMR (300 MHz, CDCl3) δ 7.83 (s, 2H), 7.72 (s, 1H), 7.51-7.39 
(m, 2H), 7.35 (t, J = 7.4 Hz, 2H), 7.27-7.25 (m, 1H), 6.85 (dd, J = 
6.5, 2.0 Hz, 1H), 6.65 (dd, J = 6.5, 2.0 Hz, 1H), 4.31 (d, J = 6.3 Hz, 
1H), 4.23 (d, J = 6.3 Hz, 1H), 1.61-1.56 (m, 4H). 13C NMR (126 
MHz, CDCl3) δ 146.9, 144.9, 140.3, 137.8, 133.3, 131.9 (d, JC-F = 

34.0 HZ), 128.74, 128.67, 127.3, 124.9, 124.8, 124.7, 122.5, 120.3, 40.4, 40.0, 25.8, 25.5. EI-MS 
(m/z, %) 394 [M]+; EI-HRMS calcd for C22H16F6 [M]+ 394.1156, found 394.1147. 
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The synthesis of [Rh(L7)Cl]2 :  

Under Ar atmosphere, L7 (100 mg, 0.25 mmol) and [Rh(C2H4)2Cl]2 (58 mg, 1.2 equiv, 0.3 mmol 

Rh) were mixed in 15 mL DCM stirred at 40 oC for 12 h. The color of the solution was changed 

from yellow to red. The solvent was evaporated in vacuo, the resulting residue was then purified 

by silica gel column chromatography to afford the corresponding [Rh(L7)Cl]2 (117 mg, 83% 

yield). 1H NMR (300 MHz, CDCl3) δ 7.73-7.62 (m, 10H), 7.40 (s, 6H), 4.91 (s, 2H), 4.71 (s, 2H), 

3.86 (s, 2H), 3.25 (s, 2H), 1.16 (s, 8H). 13C NMR (126 MHz, CDCl3) δ 141.7, 137.7, 131.7 (d, JC-F 

= 32.4 Hz), 128.6, 128.2, 127.2, 126.5, 124.5, 122.3, 120.6, 120.2, 67.3, 60.7, 45.9, 45.09, 45.01, 

42.8, 42.7, 25.6, 25.2.  

 

The synthesis of [Rh(L7)(OH)]2 :  

Under Ar atmosphere, [Rh(L7)Cl]2 (80 mg, 0.15 mmol Rh) was dissolved in 2 mL acetone and 

keep stirring. 1.5 mL KOH (1M) was added into the solution and the resulting mixture was stirred 

in room temperature for another 2 hours. The red solid precipated from the system was filtered, 

washed three times by water (3*1 mL) and dried to afford the corresponding [Rh(L7)(OH)]2 (43 

mg, 56% yield). 1H NMR (300 MHz, CDCl3) δ 7.84 (s, 1H), 7.71 – 7.69 (m, 4H), 7.57 (s, 1H), 

7.50 – 7.39 (m, 8H), 7.34 – 7.23 (m, 2H), 4.86 (s, 2H), 4.47 (s, 2H), 3.60 (d, J = 5.2 Hz, 2H), 2.79 

(s, 2H), 2.17 (s, 1H), 1.17 (s, 8H). 13C NMR (126 MHz, CDCl3) δ 143.3, 139.5, 131.8 (q, JC-F = 

32.8 Hz), 129.4, 128.9, 127.2, 125.6, 125.4, 124.4, 122.3, 119.7, 60.5, 60.4, 55.0, 54.9, 42.5, 42.4, 

42.1, 42.0, 40.6, 40.5, 25.5, 24.7. 

 

3. General procedure for Rh(I)-Catalyzed asymmetric Si-H insertion of 

α-diazoesters 

Under Ar atmosphere, a solution of [Rh(C2H4)2Cl]2 (0.6 mg, 0.0015mmol, 1.5 mol%), L7 (1.3 mg, 

0.0033 mmol, 3.3 mol%) in 1mL of DCM was stirred at room temperature for 30 min. The color 

of the solution was changed from yellow to red. The ɑ-diazoester 1 (0.1 mmol) and trisubstituted 

silanes (0.15 mmol) dissolved in another 1mL of DCM was introduced into the system 

subsequently. The resulting mixture was stirred at room temperature for 6 hours until the diazo 

compound disappeared. The solvent was evaporated in vacuo, the resulting residue was then 

purified by silica gel column chromatography to afford the corresponding insertion product 3. 

 

4. General procedure for Rh(I)-Catalyzed asymmetric Si-H insertion of 

α-diazophosphonates 

Under Ar atmosphere, [Rh(L7)2Cl]2 (1.8 mg, 0.0015mmol, 1.5 mol%) was solute in 1 mL of DCM 

keep stirring at room temperature. The ɑ-diazophosphonates 4 (0.1 mmol) and trisubstituted 

silanes (0.15 mmol) dissolved in another 1 mL of DCM was introduced into the system 

subsequently. The resulting mixture was stirred at 40 oC for 12 hours until the diazo compound 

disappeared. The solvent was evaporated in vacuo, the resulting residue was then purified by silica 

gel column chromatography to afford the corresponding insertion product 5. 
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, 127.8, 125.9

calcd for C19H
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 Hz, 1H), 7.3
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H24O2NaSi [M
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4, 40.7, 20.5, 
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mL/min; Rete

ethyl(phenyl)

C
1H

4

(s

1.8, 129.7, 12

) 371 [M+N
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5.0, 60.3, 45.9

aSi [M+Na]+

xane/i-propan

(d, J = 8.0 Hz,
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, 126.2, 125.

alcd for C22

m); detected at

3 min (major

nylacetate (3

 δ 7.53 (d, J

H), 3.87 (s, 1H

71.2, 150.7, 1

.8, 125.0, 12
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xane/i-propan

7.6 Hz, 2H), 7

(m, 6H), 0.97
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in. 

Hz, 2H), 6.90(

m, 1H), 1.82 –

(t, J = 7.5 Hz
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ention time: 1
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-4.10, -4.15. E
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0.5, CHCl3).

m); detected at

 min (major)

-enoate (3x)

% ee. 

 δ 7.27 (d, J =

H), 6.18 (d, J =
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CDCl3) δ 137
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= 7.7 

NMR 

BrPSi 

ow = 

 

 



 

Diet

(t, J 

130.

33.9 
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4.9 (d, J = 7.5

J = 139.4, 6.1

P NMR (202 M

O3NaPSi [M+

= 95/5; flow 

96 (d, 

= 25.4 

, 0.91 
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1, 125.4, 61.9

Hz). 31P NMR

H34O3PSi [M+

); detected at 

 min (major).

osphonate (5

δ 7.78 – 7.70

.69 (m, 2H), 2
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0.44 (s, 3

129.42, 1

3.8 Hz), 

202 MHz, CD

[M+Na]+ 435
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J = 7.0 Hz), 1

70.1, 6.3 Hz),

l3) δ 28.0. ESI

, found 441.0

nol = 95/5; fl

m, 5H), 

 1H), 

, 3H). 

130.7, 

, 37.2 
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Zero-point correction=                           0.509140 (Hartree/Particle) 

 Thermal correction to Energy=                      0.548146 

 Thermal correction to Enthalpy=                    0.549090 

 Thermal correction to Gibbs Free Energy=             0.430517 

 Sum of electronic and zero-point Energies=          -2553.884885 

 Sum of electronic and thermal Energies=            -2553.845878 

 Sum of electronic and thermal Enthalpies=            -2553.844934 

 Sum of electronic and thermal Free Energies=         -2553.963507 
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  Zero-point correction=                          0.508293(Hartree/Particle) 

 Thermal correction to Energy=                    0.547526 

 Thermal correction to Enthalpy=                  0.548470 

 Thermal correction to Gibbs Free Energy=           0.429572 

 Sum of electronic and zero-point Energies=          -2553.917179 

 Sum of electronic and thermal Energies=                     -2553.877946 

 Sum of electronic and thermal Enthalpies=           -2553.877001 

 Sum of electronic and thermal Free Energies=        -2553.995899 
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