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1. General Information

Unless otherwise noted, all reactions were carried out in a flame-dried, sealed Schlenk reaction tube 

under an atmosphere of nitrogen with magnetic stirring. The oil bath acts as heat source for reactions 

that require heating. Reactions were monitored by analytical thin-layer chromatography (TLC). TLC 

was performed using Huanghai 8 ±0.2 μm precoated glass plates (0.25 mm 230-400 mesh silica gel) 

and visualized by UV fluorescence quenching, KMnO4, or phosphomolybdic acid staining. 

Visualization was accomplished by exposure to a UV lamp. All the products in this article are 

compatible with standard silica gel chromatography. Column chromatography was performed on 

silica gel (200-300 mesh) using standard methods. 

Melting points are recorded using DBK programmable melting point apparatus in capillary tubes and 

are uncorrected. 1H NMR and proton decoupled 13C NMR spectra were recorded on Bruker Avance 

500 MHz spectrometers or Bruker Avance III HD 400 MHz at ambient temperature. NMR standards 

were used as follows: 1H NMR spectroscopy: δ = 7.26 ppm (CDCl3). 13C NMR spectroscopy:  = 

77.16 ppm (CDCl3). Data for 1H NMR were reported as chemical shift (δ ppm) (multiplicity, coupling 

constant (Hz), integration) using standard abbreviations for multiplicities: s = singlet, d = doublet, t 

= triplet, q = quartet, dd = doublet of doublet, dt = doublet of triplet, m = multiplet, and bs = broad 

signal. Data for 13C NMR were reported in terms of chemical shifts (δ ppm). High resolution mass 

spectra (HRMS) were recorded on Bruker 15T SolariX FTICR or Advion Mass Expression CMS 

mass spectrometer instrument in an electrospray ionization mode (ESI+). X-ray diffraction analysis 

was recorded on an Agilent Gemini E X-ray single crystal diffractometer.

Petroleum ester (PE, 60~90 oC) and ethyl acetate (EA) were used as eluent for silica gel 

chromatography. Solvents were distilled under nitrogen from calcium hydride or 

sodium/benzophenone. Enynes 1 were prepared according to literature procedures1-3. Hydrosilanes 2 

and tributylgermane 4 were commercially available. Other reagents were purchased commercially 

and used without further purification unless otherwise noted.
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2. Preparation of Enynes
1,6-Enynes (1a-1x)1, 1,5-enyne (1y)2 and 1,7-enyne (1z)3 were prepared according to literature 

procedures.

1a 1c

1o 1p

1e 1f 1g 1h

1i 1j 1k 1l

1m 1n

1q 1r

1d1b

MeO2C
MeO2C

MeO2C
MeO2C

MeO2C
MeO2C

MeO2C
MeO2C

Me Cl

Me

MeO2C
MeO2C

Ph

MeO2C
MeO2C

Cl

MeO2C
MeO2C

MeO2C
MeO2C

Me

1s 1t

1u 1v

MeO2C
MeO2C

F

F

MeO2C
MeO2C

MeO2C
MeO2C

Me

MeO2C
MeO2C

Ph

Ph

N

PhPh

AcOH2C
AcOH2C

Ts

Me

Me

Ph

O
B
O

Ph NTs

NTs NTs ClMe NTs

Me

NTs

Cl

NTs

Ph

NTs Me NTs Me

Me
1w

NTs Cl

1x

NTs

1y

NTs

1z

Figure S1. Enynes used in this work

Analytical Data of Unkown Enynes:

(E)-N-(3-([1,1'-biphenyl]-4-yl)allyl)-4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide (1u). 

Colorless solid, m.p. 110-111 oC (262.5 mg, 65% yield). PE/EA = 10:1, Rf = 0.20. 1H NMR (500 

MHz, CDCl3): δ 7.78 (d, J = 8.4 Hz, 2H), 7.66-7.51 (m, 4H), 7.49-7.38 (m, 4H), 7.38-7.28 (m, 3H), 

6.61 (d, J = 15.8 Hz, 1H), 6.08 (dt, J = 15.8, 6.8 Hz, 1H), 4.15 (d, J = 2.4 Hz, 2H), 4.00 (d, J = 6.4 
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Hz, 2H), 2.44 (s, 3H), 2.06 (t, J = 2.4 Hz, 1H). 13C NMR (125 MHz, CDCl3): δ 143.8, 141.0, 140.7, 

136.2, 135.3, 134.6, 129.7, 129.0, 128.0, 127.6, 127.5, 127.14, 127.09, 123.2, 74.0, 48.8, 36.1, 21.7. 

HRMS (ESI, m/z) Calculated for [C24H40O6Si3Na, M + Na]+: 424.1342, found: 424.1340.

3. Typical Procedure for Bicyclo[3.1.0]hexane Silanes

MeO2C
MeO2C

MeO2C
MeO2C

Ph

HSiMe(OSiMe3)2
IPrAuNTf2 (5 mol%)

DCM, -10 oC, 12 h

1a 3aa
(3 equiv.)

+

2a
H

Ph

(Me3SiO)2MeSi

Typical procedure: A pre-dried 10.0 mL Schlenk tube was charged with stirring bar and IPrAuNTf2 

(8.7 mg, 0.01 mmol, 0.05 eq.), and then vacuumed and replaced with nitrogen three times. DCM was 

added under nitrogen atmosphere and the mixture was stirred at room temperature for 10 minutes. 

The solution was reduced down to -10 oC and added successively with 2a (133.3 mg, 0.6 mmol, 3.0 

eq.) and 1a (57.2 mg, 0.2 mmol, 1.0 eq.). Then, the reaction mixture was stirred at -10 oC for 12 h. 

Subsequently, solvent was removed by rotary evaporation instrument and 1,3,5-trimethoxybenzene 

as the internal reference was added to measure the 1HNMR yield. Finally, the mixture was transferred 

to a column and purified by flash chromatography on silica gel (PE/EA = 10:1, Rf = 0.20) to give the 

analytical pure products 3aa (colorless oil, 78.3 mg, 77% yield). 

4. Characterization of Bicyclo[3.1.0]hexane Silanes and Germanes

3aa

MeO2C
MeO2C

H

(Me3SiO)2MeSi

Dimethyl(1S,5R,6S)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-6-phenylbicyclo[3.1.0]

hexane-3,3-dicarboxylate (3aa), colorless oil (78.3 mg, 77% yield). PE/EA = 10:1, Rf = 0.20. 1H 

NMR (400 MHz, CDCl3): δ 7.24 (t, J = 7.5 Hz, 2H), 7.17-7.10 (m, 1H), 7.07-7.00 (m, 2H), 3.76 (s, 

3H), 3.71 (s, 3H), 2.82 (d, J = 14.2 Hz, 1H), 2.78-2.71 (m, 1H), 2.68 (d, J = 13.7, 1H), 2.56 (d, J = 

14.2 Hz, 1H), 1.65 (s, 2H), 0.59 (d, J = 15.4 Hz, 1H), 0.47 (d, J = 15.4 Hz, 1H), 0.08-0.02 (m, 18H), 

-0.04--0.10 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 173.7, 172.6, 139.2, 128.8, 128.0, 125.6, 60.0, 

53.03, 53.00, 43.4, 37.3, 33.7, 31.6, 29.3, 17.3, 1.96, 1.95, 1.1. HRMS (ESI, m/z) Calculated for 

[C24H40O6Si3Na, M + Na]+: 531.2025, found: 531.2028.
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3ab

MeO2C
MeO2C

H

(Me3SiO)2MeSi

Me

Dimethyl(1S,5R,6S)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-6-(o-tolyl)bicyclo[3.1.

0]hexane-3,3-dicarboxylate (3ab), colorless oil (94.0 mg, 90% yield). PE/EA = 10:1, Rf = 0.20. 1H 

NMR (500 MHz, CDCl3): δ 7.16-7.12 (m, 1H), 7.11-7.03 (m, 2H), 6.94-6.86 (m, 1H), 3.74 (s, 3H), 

3.71 (s, 3H), 2.88 (d, J = 14.0 Hz, 1H), 2.81 (dd, J = 13.6 Hz,  J = 5.0 Hz, 1H), 2.69 (d, J = 13.8 Hz, 

1H), 2.59 (d, J = 14.0 Hz, 1H), 2.26 (s, 3H), 1.74 (t, J = 4.6 Hz, 1H), 1.53 (d, J = 4.3 Hz, 1H), 0.62 

(d, J = 15.4 Hz, 1H), 0.08-0.01 (m, 19H), -0.03 (s, 3H). 13C NMR (125 MHz, CDCl3): δ 173.7, 172.4, 

138.5, 137.6, 129.7, 127.5, 125.9, 125.6, 60.1, 53.0, 52.96, 42.7, 37.3, 32.4, 29.3, 27.6, 20.0, 16.8. 

2.0, 1.9, 1.1. HRMS (ESI, m/z) Calculated for [C25H42O6Si3Na, M + Na]+: 545.2181, found: 

545.2183. 

3ac

MeO2C
MeO2C

H

(Me3SiO)2MeSi

Cl

Dimethyl(1S,5R,6R)-6-(2-chlorophenyl)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)bi

cyclo[3.1.0]hexane-3,3-dicarboxylate (3ac), colorless oil (92.2 mg, 85% yield). PE/EA = 10:1, Rf = 

0.20. 1H NMR (500 MHz, CDCl3): δ 7.39-7.29 (m, 1H), 7.18-7.07 (m, 2H), 7.00-6.92 (m, 1H), 3.76 

(s, 3H), 3.71 (s, 3H), 2.94-2.85 (m, 1H), 2.79-2.69 (m, 2H), 2.69-2.60 (m, 1H), 1.79-1.69 (m, 2H), 

0.84-0.68 (m, 1H), 0.08-0.02 (m, 19H), 0.01--0.04 (s, 3H). 13C NMR (125 MHz, CDCl3): δ 173.5, 

172.4, 137.4, 136.3, 129.2, 129.1, 127.0, 126.3, 60.0, 53.0, 42.6, 37.3, 33.3, 29.5, 28.4, 17.0, 2.0, 1.9, 

1.0. HRMS (ESI, m/z) Calculated for [C24H39ClO6Si3Na, M + Na]+: 565.1635, found: 565.1639.

3ad

MeO2C
MeO2C

H

(Me3SiO)2MeSi

Me

Dimethyl(1S,5R,6S)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-6-(p-tolyl)bicyclo[3.1.

0]hexane-3,3-dicarboxylate (3ad), colorless oil (47.0 mg, 45% yield). PE/EA = 10:1, Rf = 0.20. 1H 

NMR (500 MHz, CDCl3): δ 7.04 (d, J = 8.0 Hz, 2H), 6.93 (d, J = 8.0 Hz, 2H), 3.75 (s, 3H), 3.71 (s, 

3H), 2.84-2.78 (m, 1H), 2.76-2.65 (m, 2H), 2.60-2.52 (m, 1H), 2.29 (s, 3H), 1.65-1.58 (m, 2H), 0.57 

(d, J = 15.4 Hz, 1H), 0.47 (d, J = 15.4 Hz, 1H), 0.10-0.01 (m, 18H), -0.01--0.10 (m, 3H). 13C NMR 
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(125 MHz, CDCl3): δ 173.7, 172.6, 136.0, 135.0, 128.7, 128.6, 60.0, 53.01, 52.98, 43.4, 37.3, 33.4, 

31.2, 29.2, 21.1, 17.3. 1.97, 1.95, 1.1. HRMS (ESI, m/z) Calculated for [C25H42O6Si3Na, M + Na]+: 

545.2181, found: 545.2180.

3ae

MeO2C
MeO2C

H

(Me3SiO)2MeSi

Cl

Dimethyl(1S,5R,6S)-6-(4-chlorophenyl)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)bi

cyclo[3.1.0]hexane-3,3-dicarboxylate (3ae), colorless oil (60.7 mg, 56% yield). PE/EA = 10:1, Rf = 

0.20. 1H NMR (500 MHz, CDCl3): δ 7.20 (d, J = 8.4 Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 3.75 (s, 3H), 

3.71 (s, 3H), 2.83-2.77 (m, 1H), 2.77-2.71 (m, 1H), 2.70-2.64 (m, 1H), 2.60-2.53 (m, 1H), 1.65-1.58 

(m, 2H), 0.64-0.51 (m, 1H), 0.51-0.38 (m, 1H), 0.11-0.02 (m, 18H), 0.00--0.10 (m, 3H). 13C NMR 

(125 MHz, CDCl3): δ 173.7, 172.4, 137.8, 131.3, 130.1, 128.13, 128.10, 128.0, 59.8, 53.0, 43.3, 37.2, 

33.8, 31.0, 29.6, 17.3, 2.0, 1.1. HRMS (ESI, m/z) Calculated for [C24H39ClO6Si3Na, M + Na]+: 

565.1635, found: 565.1637. 

3af

MeO2C
MeO2C

H

(Me3SiO)2MeSi

Dimethyl(1S,5R,6S)-6-([1,1'-biphenyl]-4-yl)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methy

l)bicyclo[3.1.0]hexane-3,3-dicarboxylate (3af), colorless oil (72.5 mg, 62% yield). PE/EA = 10:1, 

Rf = 0.20. 1H NMR (500 MHz, CDCl3): δ 7.57 (d, J = 7.2 Hz, 2H), 7.48 (d, J = 8.2 Hz, 2H), 7.42 (t, 

J = 7.6 Hz, 2H), 7.32 (t, J = 7.4 Hz, 1H), 7.12 (d, J = 8.2 Hz, 2H), 3.78 (s, 3H), 3.72 (s, 3H), 2.89-

2.81 (m, 1H), 2.80-2.67 (m, 2H), 2.64-2.53 (m, 1H), 1.69 (s, 2H), 0.70-0.59 (m, 1H), 0.59-0.46 (m, 

1H), 0.12-0.02 (m, 18H), 0.00--0.10 (m, 3H). 13C NMR (125 MHz, CDCl3): δ 173.7, 172.6, 141.2, 

138.5, 138.4, 129.1, 128.8, 127.10, 127.07, 126.7, 59.9, 53.05, 53.04, 43.4, 37.3, 34.0, 31.4, 29.6, 

17.4, 1.98, 1.96, 1.2. HRMS (ESI, m/z) Calculated for [C30H44O6Si3Na, M + Na]+: 607.2338, found: 

607.2338. 
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3ag

MeO2C
MeO2C

H

(Me3SiO)2MeSi Me

Dimethyl(1S,5R,6S)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-6-(m-tolyl)bicyclo[3.

1.0]hexane-3,3-dicarboxylate (3ag), colorless oil (68.9 mg, 66% yield). PE/EA = 10:1, Rf = 0.20. 
1H NMR (500 MHz, CDCl3): δ 7.12 (t, J = 7.6 Hz, 1H), 6.95 (d, J = 7.5 Hz, 1H), 6.86 (s, 1H), 6.82 

(d, J = 7.6 Hz, 1H), 3.75 (s, 3H), 3.71 (s, 3H), 2.87-2.78 (m, 1H), 2.77-2.71 (m, 1H), 2.70-2.64 (m, 

1H), 2.60-2.52 (m, 1H), 2.30 (s, 3H), 1.69-1.59 (m, 2H), 0.68-0.44 (m, 2H), 0.11-0.02 (m, 18H), 0.01-

-0.10 (m, 3H). 13C NMR (125 MHz, CDCl3): δ 173.7, 172.6, 139.0, 137.4, 129.6, 127.8, 126.4, 125.6, 

59.9, 53.02, 53.01, 43.4, 37.3, 33.6, 31.5, 29.3, 21.5, 17.2, 2.0, 1.9, 1.1. HRMS (ESI, m/z) Calculated 

for [C25H42O6Si3Na, M + Na]+: 545.2181, found: 545.2183. 

3ah

MeO2C
MeO2C

H

(Me3SiO)2MeSi Me

Me

Dimethyl(1S,5R,6S)-6-(3,5-dimethylphenyl)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methy

l)bicyclo[3.1.0]hexane-3,3-dicarboxylate (3ah), colorless oil (80.5 mg, 75% yield). PE/EA = 10:1, 

Rf = 0.20. 1H NMR (500 MHz, CDCl3): δ 6.78 (s, 1H), 6.65 (s, 2H), 3.76 (s, 3H), 3.71 (s, 3H), 2.84-

2.78 (m, 1H), 2.77-2.71 (m, 1H), 2.70-2.63 (m, 1H), 2.59-2.52 (m, 1H), 2.26 (s, 6H), 1.64-1.56 (m, 

2H), 0.66-0.56 (m, 1H), 0.55-0.45 (m, 1H), 0.09-0.02 (m, 18H), 0.00--0.08 (m, 3H). 13C NMR (125 

MHz, CDCl3): δ 173.7, 172.6, 138.9, 137.3, 127.3, 126.6, 59.9, 53.0, 52.98, 43.4, 37.3, 33.5, 31.5, 

29.2, 21.4, 17.2, 2.0, 1.9, 1.1. HRMS (ESI, m/z) Calculated for [C26H44O6Si3Na, M + Na]+: 559.2338, 

found: 559.2338. 

3ai

MeO2C
MeO2C

H

(Me3SiO)2MeSi F

F

Dimethyl (1S,5R,6S)-6-(3,5-difluorophenyl)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methy

l)bicyclo[3.1.0]hexane-3,3-dicarboxylate (3ai), colorless oil (55.5 mg, 51% yield). PE/EA = 10:1, 

Rf = 0.20. 1H NMR (500 MHz, CDCl3): δ 6.64-6.52 (m, 3H), 3.76 (s, 3H), 3.71 (s, 3H), 2.84-2.77 

(m, 1H), 2.76-2.70 (m, 1H), 2.70-2.63 (m, 1H), 2.60-2.52 (m, 1H), 1.66-1.58 (m, 2H), 0.65-0.53 (m, 

1H), 0.53-0.42 (m, 1H), 0.10-0.04 (m, 18H), 0.01--0.06 (m, 3H). 13C NMR (125 MHz, CDCl3): δ 
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173.6, 172.3, 163.8 (d, J = 13.5 Hz), 161.9 (d, J = 13.5 Hz), 143.7 (t, J = 9.5 Hz), 111.6 (d, J = 5.7 

Hz), 111.4 (d, J = 5.7 Hz), 101.1 (t, J = 25.4 Hz), 59.7, 53.1, 43.3, 37.1, 34.5, 31.5, 30.0, 17.3, 1.9, 

1.1. HRMS (ESI, m/z) Calculated for [C24H38F2O6Si3Na, M + Na]+: 567.1836, found: 567.1838. 

3aj

MeO2C
MeO2C

H

(Me3SiO)2MeSi

Dimethyl(2aR,2a1R,2bS,5aR)-2a-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)octahydro-

1H-cyclopropa[cd]indene-1,1-dicarboxylate (3aj), colorless oil (72.8 mg, 77% yield). PE/EA = 

10:1, Rf = 0.20. 1H NMR (500 MHz, CDCl3): δ 3.74 (s, 3H), 3.67 (s, 3H), 3.03 (s, 1H), 2.76-2.65 (m, 

1H), 2.16-2.08 (m, 1H), 2.00-1.82 (m, 2H), 1.42-1.23 (m, 5H), 1.07-0.95 (m, 1H), 0.87-0.75 (m, 1H), 

0.12-0.06 (m, 20H), 0.04-0.01 (m, 2H). 13C NMR (125 MHz, CDCl3): δ 173.7, 170.7, 72.4, 52.7, 

52.2, 39.9, 38.6, 30.6, 28.6, 28.2, 25.4, 24.1, 19.0, 17.6, 2.05, 2.03, 1.0. HRMS (ESI, m/z) Calculated 

for [C21H40O6Si3Na, M + Na]+: 495.2025, found: 495.2029. 

3ak

MeO2C
MeO2C

Me

(Me3SiO)2MeSi

Dimethyl(1S,5R)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-5-methylbicyclo[3.1.0]he

xane-3,3-dicarboxylate (3ak), colorless oil (31.2 mg, 35% yield). PE/EA = 10:1, Rf = 0.20. 1H NMR 

(400 MHz, CDCl3): δ 3.72 (s, 6H), 3.06-2.84 (m, 4H), 2.08-1.93 (m, 2H), 1.59 (s, 3H), 0.60-0.42 (m, 

2H), 0.15-0.02 (m, 18H), -0.01 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 173.2, 134.8, 126.8, 57.3, 

52.8, 46.1, 43.3, 21.3, 16.0, 13.3, 2.0, -0.3. HRMS (ESI, m/z) Calculated for [C19H38O6Si3Na, M + 

Na]+: 469.1868, found: 469.1868. 

3am

AcOH2C
AcOH2C

H

(Me3SiO)2MeSi

1,1'-((1S,5R,6S)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-6-phenylbicyclo[3.1.0]hex

ane-3,3-diyl)bis(propane-1,2-dione) (3am), colorless oil (34.2 mg, 32% yield). PE/EA = 10:1, Rf = 

0.20. 1H NMR (400 MHz, CDCl3): δ 7.28-7.20 (m, 2H), 7.14 (t, J = 7.4 Hz, 1H), 7.08-7.00 (m, 2H), 

4.08-3.92 (m, 4H), 2.10-2.00 (m, 8H), 1.91-1.83 (m, 1H), 1.79-1.75 (m, 1H), 1.74-1.68 (m, 1H), 1.67-



S9

1.63 (m, 1H), 0.67-0.52 (m, 2H), 0.08--0.02 (m, 18H), -0.12--0.22 (m, 3H). 13C NMR (125 MHz, 

CDCl3): δ 171.30, 171.26, 139.4, 128.3, 128.0, 125.6, 68.4, 68.1, 49.4, 44.0, 39.4, 37.0, 36.2, 31.5, 

21.1, 21.0, 18.7, 2.0, 1.9, 1.1. HRMS (ESI, m/z) Calculated for [C26H44O6Si3Na, M + Na]+: 559.2338, 

found: 559.2345.

3an
H

(Me3SiO)2MeSi

O
B
O

3-(((1S,5R,6S)-2',6-diphenylspiro[bicyclo[3.1.0]hexane-3,5'-[1,3,2]dioxaborinan]-1-yl)methyl)-

1,1,1,3,5,5,5-heptamethyltrisiloxane (3an), colorless oil (53.8 mg, 50% yield). PE/EA = 10:1, Rf = 

0.20. 1H NMR (500 MHz, CDCl3): δ 7.86-7.72 (m, 2H), 7.45-7.38 (m, 1H), 7.37-7.31 (m, 2H), 7.29-

7.22 (m, 2H), 7.18-7.13 (m, 1H), 7.09-7.02 (m, 2H), 3.97-3.83 (m, 4H), 2.16-2.03 (m, 2H), 2.00-1.91 

(m, 1H), 1.89-1.78 (m, 1H), 1.76-1.64 (m, 2H), 0.70-0.55 (m, 1H), 0.53-0.39 (m, 1H), 0.08-0.02 (m, 

18H), -0.05--0.12 (m, 3H). 13C NMR (125 MHz, CDCl3): δ 139.4, 134.0, 130.8, 128.5, 128.1, 128.0, 

127.7, 125.7, 72.7, 72.6, 46.0, 44.1, 38.0, 37.4, 35.6, 31.0, 18.1, 2.0, 1.8, 1.2. HRMS (ESI, m/z) 

Calculated for [C28H43BO4Si3Na, M + Na]+: 561.2454, found: 561.2454.

3ao

N

H

(Me3SiO)2MeSi

S
O

O
Me

(1R,5R,6S)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-6-(naphthalen-1-yl)-3-tosyl-3-

azabicyclo[3.1.0]hexane (3ay), colorless oil (93.2 mg, 78% yield). PE/EA = 10:1, Rf = 0.20. 1H 

NMR (400 MHz, CDCl3): δ 7.94-7.87 (m, 1H), 7.87-7.80 (m, 1H), 7.78 (d, J = 8.1 Hz, 2H), 7.71 (d, 

J = 8.2 Hz, 1H), 7.54-7.46 (m, 2H), 7.40-7.30 (m, 3H), 7.11 (d, J = 7.1 Hz, 1H), 3.87-3.76 (m, 2H), 

3.41 (dd, J = 9.1, 3.8 Hz, 1H), 3.38-3.32 (m, 1H), 2.40 (s, 3H), 2.37 (d, J = 4.2 Hz, 1H), 1.93 (t, J = 

4.0 Hz, 1H), 0.58-0.44 (m, 1H), 0.02-0.00 (m, 1H), -0.02--0.10 (m, 18H), -0.28--0.39 (m, 3H). 13C 

NMR (100 MHz, CDCl3): δ 143.6, 134.25, 134.21 133.7, 133.6, 129.9, 128.6, 127.6, 127.0, 126.1, 

125.9, 125.5, 125.3, 124.6, 54.8, 51.1, 31.5, 27.6, 26.2, 21.6, 15.0, 1.9, 0.9. HRMS (ESI, m/z) 

Calculated for [C30H43NO4SSi3Na, M + Na]+: 620.2113, found: 620.2116. 
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3ap

N

H

(Me3SiO)2MeSi

S
O

O
Me

(1R,5R,6S)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-6-phenyl-3-tosyl-3-azabicyclo 

[3.1.0]hexane (3ap), white solid, m.p. 71-72 oC (71.1 mg, 65% yield). PE/EA = 10:1, Rf = 0.20. 1H 

NMR (500 MHz, CDCl3): δ 7.72 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.25 (t, J = 7.4 Hz, 

2H), 7.17 (t, J = 7.4 Hz, 1H), 6.99 (t, J = 7.4 Hz, 2H), 3.71-3.60 (m, 2H), 3.26 (dd, J = 9.1, 3.8 Hz, 

1H), 3.18-3.08 (m, 1H), 2.44 (s, 3H), 2.05-1.99 (m, 1H), 1.73-1.65 (m, 1H), 0.60-0.40 (m, 2H), 0.08--

0.06 (m, 18H), -0.20--0.32 (m, 3H). 13C NMR (125 MHz, CDCl3): δ 143.6, 137.8, 134.0, 129.8, 

128.6, 128.1, 127.7, 126.0, 55.3, 50.9, 31.9, 29.9, 27.2, 21.7, 14.9, 2.0, 1.9, 0.8. HRMS (ESI, m/z) 

Calculated for [C26H41NO4SSi3Na, M + Na]+: 570.1956, found: 570.1956. 

3aq

N

H

(Me3SiO)2MeSi

S
O

O
Me

Me

(1R,5R,6S)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-6-(o-tolyl)-3-tosyl-3-azabicyclo

[3.1.0]hexane (3aq), colorless oil (83.1 mg, 74% yield). PE/EA = 10:1, Rf = 0.20. 1H NMR (400 

MHz, CDCl3): δ 7.73 (d, J = 8.2 Hz, 2H), 7.32 (d, J = 8.1 Hz, 2H), 7.18-7.03 (m, 3H), 6.90-6.83 (m, 

1H), 3.73-3.57 (m, 2H), 3.37 (dd, J = 9.2, 3.8 Hz, 1H), 3.32-3.22 (m, 1H), 2.42 (s, 3H), 2.17 (s, 3H), 

1.86-1.74 (m, 2H), 0.62-0.46 (m, 1H), 0.06-0.04 (m, 1H), 0.03--0.07 (m, 18H), -0.20--0.30 (m, 3H). 
13C NMR (125 MHz, CDCl3): δ 143.5, 138.4, 136.0, 134.4, 129.9, 129.8, 127.61, 127.58, 126.3, 

125.7, 55.1, 51.1, 30.9, 28.5, 26.1, 21.6, 20.0, 14.6, 1.9, 0.9. HRMS (ESI, m/z) Calculated for 

[C27H43NO4SSi3Na, M + Na]+: 584.2113, found: 584.2116.

3ar

N

H

(Me3SiO)2MeSi

S
O

O
Me

Cl

(1R,5R,6R)-6-(2-chlorophenyl)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-3-tosyl-3-

azabicyclo[3.1.0]hexane (3ar), colorless oil (67.5 mg, 58% yield). PE/EA = 10:1, Rf = 0.20. 1H 

NMR (500 MHz, CDCl3): δ 7.73 (d, J = 8.1 Hz, 2H), 7.40-7.28 (m, 3H), 7.18-7.10 (m, 2H), 6.98-

6.90 (m, 1H), 3.76-3.63 (m, 2H), 3.36 (dd, J = 9.1, 3.9 Hz, 1H), 3.32-3.22 (m, 1H), 2.42 (s, 3H), 2.05 

(d, J = 4.3 Hz, 1H), 1.80-1.72 (m, 1H), 0.78-0.60 (m, 1H), 0.06-0.05 (m, 1H), 0.04--0.07 (m, 18H), -
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0.17--0.30 (m, 3H). 13C NMR (125 MHz, CDCl3): δ 143.5, 136.3, 136.0, 134.3, 129.8, 129.4, 129.3, 

127.6, 127.5, 126.4, 54.9, 50.9, 31.6, 28.6, 26.6, 21.6, 14.8, 1.91, 1.90, 0.9. HRMS (ESI, m/z) 

Calculated for [C26H40ClNO4SSi3Na, M + Na]+: 604.1566, found: 604.1568. 

3as

N

H

(Me3SiO)2MeSi

S
O

O
Me Me

(1R,5R,6S)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-6-(p-tolyl)-3-tosyl-3-azabicycl

o[3.1.0]hexane (3as), white solid, m.p. 67-69 oC (70.6 mg, 63% yield). PE/EA = 10:1, Rf = 0.20. 1H 

NMR (500 MHz, CDCl3): δ 7.72 (t, J = 8.2 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.05 (t, J = 7.8 Hz, 

2H), 6.88 (t, J = 8.0 Hz, 2H), 3.72-3.56 (m, 2H), 3.26 (dd, J = 9.1, 3.8 Hz, 1H), 3.19-3.08 (m, 1H), 

2.44 (s, 3H), 2.30 (s, 3H), 2.00-1.92 (m, 1H), 1.69-1.61 (m, 1H), 0.63-0.35 (m, 2H), 0.10--0.05 (m, 

18H), -0.20--0.30 (m, 3H). 13C NMR (125 MHz, CDCl3): δ 143.5, 135.5, 134.6, 134.1, 129.8, 128.8, 

128.4, 127.7, 55.3, 50.9, 31.6, 29.5, 27.2, 21.6, 21.1, 14.9, 2.0, 1.9, 0.9. HRMS (ESI, m/z) Calculated 

for [C27H43NO4SSi3Na, M + Na]+: 584.2113, found: 584.2113. 

3at

N

H

(Me3SiO)2MeSi

S
O

O
Me Cl

(1R,5R,6S)-6-(4-chlorophenyl)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-3-tosyl-3-

azabicyclo[3.1.0]hexane (3at), white solid, m.p. 65-66 oC (40.6 mg, 35% yield). PE/EA = 10:1, Rf 

= 0.20. 1H NMR (500 MHz, CDCl3): δ 7.71 (t, J = 8.2 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.22 (d, J 

= 8.4 Hz, 2H), 6.93 (d, J = 8.4 Hz, 2H), 3.74-3.57 (m, 2H), 3.23 (dd, J = 9.1, 3.8 Hz, 1H), 3.17-3.05 

(m, 1H), 2.44 (s, 3H), 2.07-1.98 (m, 1H), 1.68-1.62 (m, 1H), 0.57-0.35 (m, 2H), 0.08--0.04 (m, 18H), 

-0.18--0.28 (m, 3H). 13C NMR (125 MHz, CDCl3): δ 143.7, 136.5, 134.0, 131.9, 130.0, 129.9, 128.3, 

127.8, 55.2, 50.8, 32.0, 29.3, 27.5, 21.7, 15.0, 2.05, 1.98, 1.0. HRMS (ESI, m/z) Calculated for 

[C26H40ClNO4SSi3Na, M + Na]+: 604.1566, found: 604.1567. 

3au

N

H

(Me3SiO)2MeSi

S
O

O
Me

(1R,5R,6S)-6-([1,1'-biphenyl]-4-yl)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-3-tosyl
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-3-azabicyclo[3.1.0]hexane (3au), white solid, m.p. 86-87 oC (58.6 mg, 47% yield). PE/EA = 10:1, 

Rf = 0.20. 1H NMR (400 MHz, CDCl3): δ 7.73 (d, J = 8.2 Hz, 2H), 7.56 (d, J = 7.3 Hz, 2H), 7.49 (d, 

J = 8.2 Hz, 2H), 7.43 (t, J = 7.6 Hz, 2H), 7.38-7.29 (m, 3H), 7.07 (d, J = 8.2 Hz, 2H), 3.74-3.62 (m, 

2H), 3.28 (dd, J = 9.1, 3.8 Hz, 1H), 3.20-3.06 (m, 1H), 2.45 (s, 3H), 2.09-2.02 (m, 1H), 1.76-1.70 (m, 

1H), 0.68-0.38 (m, 2H), 0.08--0.05 (m, 18H), -0.16--0.28 (m, 3H). 13C NMR (125 MHz, CDCl3): δ 

143.6, 141.0, 139.0, 137.0, 134.0, 129.8, 129.0, 128.9, 127.7, 127.2, 127.1, 126.8, 55.3, 50.9, 32.1, 

29.6, 27.5, 21.7, 15.0, 2.0, 1.9, 0.9. HRMS (ESI, m/z) Calculated for [C32H45NO4SSi3Na, M + Na]+: 

646.2269, found: 646.2269. 

3av

N

H

(Me3SiO)2MeSi

S
O

O
Me

Me

(1R,5R,6S)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-6-(o-tolyl)-3-tosyl-3-azabicyclo

[3.1.0]hexane (3av), white solid, m.p. 72-74 oC (67.5 mg, 60% yield). PE/EA = 10:1, Rf = 0.20. 1H 

NMR (500 MHz, CDCl3): δ 7.73 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.13 (t, J = 7.5 Hz, 

1H), 6.98 (d, J = 7.5 Hz, 1H), 6.84-6.73 (m, 2H), 3.74-3.55 (m, 2H), 3.26 (dd, J = 9.1, 3.8 Hz, 1H), 

3.21-3.05 (m, 1H), 2.44 (s, 3H), 2.30 (s, 3H), 1.99-1.92 (m, 1H), 1.71-1.64 (m, 1H), 0.61-0.40 (m, 

2H), 0.08--0.06 (m, 18H), -0.19--0.30 (m, 3H). 13C NMR (125 MHz, CDCl3): δ 143.5, 137.7, 137.6, 

134.1, 129.8, 129.4, 128.0, 127.7, 126.8, 125.5, 55.3, 50.9, 31.8, 29.8, 27.2, 21.7, 21.6, 14.9, 2.0, 1.9, 

0.9. HRMS (ESI, m/z) Calculated for [C27H44NO4SSi3, M + H]+: 562.2293, found: 562.2290. 

3aw

N

H

(Me3SiO)2MeSi

S
O

O
Me

Me

Me

(1R,5R,6S)-6-(2,6-dimethylphenyl)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-3-tosyl

-3-azabicyclo[3.1.0]hexane (3aw), colorless oil, (80.5 mg, 70% yield). PE/EA = 10:1, Rf = 0.20. 1H 

NMR (400 MHz, CDCl3): δ 7.72 (d, J = 8.1 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 6.80 (s, 1H), 6.58 (s, 

2H), 3.73-3.53 (m, 2H), 3.26 (dd, J = 9.1, 3.8 Hz, 1H), 3.19-3.06 (m, 1H), 2.45 (s, 3H), 2.26 (s, 6H), 

1.93-1.84 (m, 1H), 1.71-1.62 (m, 1H), 0.64-0.37 (m, 2H), 0.06--0.05 (m, 18H), -0.17--0.29 (m, 3H). 
13C NMR (100 MHz, CDCl3): δ 143.5, 137.6, 137.5, 134.0, 129.8, 127.70, 127.67, 126.4, 55.3, 51.0, 

31.7, 29.8, 27.2, 21.7, 21.4, 14.8, 2.0, 1.9, 0.9. HRMS (ESI, m/z) Calculated for [C28H45NO4SSi3Na, 

M + Na]+: 598.2269, found: 598.2274. 
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3ax

N

H

(Me3SiO)2MeSi

S
O

O
Me

Cl

(1R,5R,6S)-6-(3-chlorophenyl)-1-((1,1,1,3,5,5,5-heptamethyltrisiloxan-3-yl)methyl)-3-tosyl-3-

azabicyclo[3.1.0]hexane (3ax), white solid, m.p. 97-98 oC (32.5 mg, 28% yield). PE/EA = 10:1, Rf 

= 0.20. 1H NMR (500 MHz, CDCl3): δ 7.71 (d, J = 8.2 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 7.22-7.11 

(m, 2H), 6.96 (s, 1H), 6.89 (d, J = 7.2 Hz, 1H), 3.74-3.57 (m, 2H), 3.24 (dd, J = 9.2, 3.8 Hz, 1H), 

3.17-3.04 (m, 1H), 2.45 (s, 3H), 2.02-1.90 (m, 1H), 1.72-1.64 (m, 1H), 0.60-0.34 (m, 2H), 0.07--0.07 

(m, 18H), -0.19--0.29 (m, 3H). 13C NMR (125 MHz, CDCl3): δ 143.7, 140.1, 134.1, 133.9, 129.9, 

129.3, 128.6, 127.7, 126.9, 126.2, 55.2, 50.8, 32.1, 29.5, 27.4, 21.7, 14.9, 2.0, 1.9, 0.9. HRMS (ESI, 

m/z) Calculated for [C26H40ClNO4SSi3Na, M + Na]+: 604.1566, found: 604.1568. 

3ay

MeO2C
MeO2C

H

(iPr)3Si

Dimethyl(1S,5R,6S)-6-phenyl-1-((triisopropylsilyl)methyl)bicyclo[3.1.0]hexane-3,3-dicarboxyl

ate (3bc), colorless oil (67.8 mg, 77% yield). PE/EA = 10:1, Rf = 0.20. 1H NMR (500 MHz, CDCl3): 

δ 7.23 (t, J = 7.5 Hz, 2H), 7.13 (t, J = 7.3 Hz, 1H), 7.05 (d, J = 7.3 Hz, 2H), 3.76 (s, 3H), 3.72 (s, 3H), 

2.82 (d, J = 14.0 Hz, 1H), 2.75-2.65 (m, 2H), 2.58 (d, J = 14.0 Hz, 1H), 1.74-1.68 (m, 1H), 1.66-1.62 

(m, 1H), 0.99-0.88 (m, 21H), 0.75 (d, J = 15.5 Hz, 1H), 0.67 (d, J = 15.5 Hz, 1H). 13C NMR (125 

MHz, CDCl3): δ 173.5, 172.8, 139.0, 128.6, 128.0, 125.7, 60.4, 53.2, 53.0, 44.1, 37.4, 35.2, 33.3, 

31.2, 19.0, 11.6, 9.5. HRMS (ESI, m/z) Calculated for [C26H40O4SiNa, M + Na]+: 467.2588, found: 

467.2588.

3az

MeO2C
MeO2C

H

Et3Si

Dimethyl(1S,5R,6S)-6-phenyl-1-((triethylsilyl)methyl)bicyclo[3.1.0]hexane-3,3-dicarboxylate 

(3ba), colorless oil (40.2 mg, 50% yield). PE/EA = 10:1, Rf = 0.20. 1H NMR (500 MHz, CDCl3): δ 

7.24 (t, J = 7.6 Hz, 2H), 7.14 (t, J = 7.3 Hz, 1H), 7.04 (d, J = 7.2 Hz, 2H), 3.76 (s, 3H), 3.73 (s, 3H), 

2.78 (d, J = 14.0 Hz, 1H), 2.75-2.66 (m, 2H), 2.49 (d, J = 14.0 Hz, 1H), 1.67-1.61 (m, 2H), 0.82 (t, J 
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= 8.0 Hz, 9H), 0.69 (d, J = 15.3 Hz, 1H), 0.56 (d, J = 15.3 Hz, 1H), 0.50-0.35 (m, 6H). 13C NMR 

(125 MHz, CDCl3): δ 173.6, 172.9, 139.1, 128.6, 128.0, 125.7, 60.4, 53.2, 53.0, 44.1, 37.6, 35.3, 32.5, 

30.2, 11.4, 7.5, 4.2. HRMS (ESI, m/z) Calculated for [C23H34O4SiNa, M + Na]+: 425.2118, found: 

425.2119. 

3bb

N

H

(iPr)3Si

S
O

O
Me

(1R,5R,6S)-6-phenyl-3-tosyl-1-((triisopropylsilyl)methyl)-3-azabicyclo[3.1.0]hexane (3bf), 

white solid, m.p. 91-92 oC (88.0 mg, 91% yield). PE/EA = 10:1, Rf = 0.20. 1H NMR (400 MHz, 

CDCl3): δ 7.72 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.25 (t, J = 7.5 Hz, 2H), 7.16 (t, J = 7.3 

Hz, 1H), 7.01 (d, J = 7.3 Hz, 2H), 3.65 (t, J = 8.8 Hz, 2H), 3.25 (dd, J = 9.2, 3.8 Hz, 1H), 3.08 (d, J 

= 9.4 Hz, 1H), 2.46 (s, 3H), 2.07 (d, J = 4.2 Hz, 1H), 1.70 (t, J = 4.0 Hz, 1H), 0.86-0.76 (m, 18H), 

0.76-0.64 (m, 4H), 0.50 (d, J = 15.7 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 143.8, 137.6, 133.0, 

129.7, 128.6, 128.2, 127.9, 126.2, 55.9, 51.1, 33.1, 31.2, 28.8, 21.7, 18.8, 18.7, 11.6, 7.0. HRMS 

(ESI, m/z) Calculated for [C28H41NO2SSiNa, M + Na]+: 506.2519, found: 506.2520. 

3bc

N

H

Et3Si

S
O

O
Me

(1R,5R,6S)-6-phenyl-3-tosyl-1-((triethylsilyl)methyl)-3-azabicyclo[3.1.0]hexane (3bg), white 

solid, m.p. 112-113 oC (20.4 mg, 23% yield). PE/EA = 10:1, Rf = 0.20. 1H NMR (400 MHz, CDCl3): 

δ 7.73 (d, J = 8.2 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.30-7.21 (m, 2H), 7.20-7.12 (m, 1H), 6.99 (d, J 

= 7.2 Hz, 2H), 3.66 (d, J = 9.2 Hz, 1H), 3.61 (d, J = 9.2 Hz, 1H), 3.25 (dd, J = 9.1, 3.9 Hz, 1H), 2.99 

(d, J = 9.4 Hz, 1H), 2.46 (s, 3H), 2.05 (d, J = 4.2 Hz, 1H), 1.63 (t, J = 4.0 Hz, 1H), 0.71 (t, J = 8.0 

Hz, 9H), 0.62 (d, J = 15.6 Hz, 1H), 0.43 (d, J = 15.6 Hz, 1H), 0.33-0.15 (m, 6H). 13C NMR (100 

MHz, CDCl3): δ 143.7, 137.7, 133.1, 129.8, 128.5, 128.2, 127.8, 126.1, 55.8, 51.1, 33.2, 30.6, 27.8, 

21.7, 8.9, 7.4, 4.1. HRMS (ESI, m/z) Calculated for [C25H35NO2SSiNa, M + Na]+: 464.2050, found: 

464.2051.
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5a

MeO2C
MeO2C

H

(nBu)3Ge

Dimethyl(1S,5R,6S)-6-phenyl-1-((tributylgermyl)methyl)bicyclo[3.1.0]hexane-3,3-dicarboxyl

ate (5a), colorless oil (61.7 mg, 58% yield). PE/EA = 10:1, Rf = 0.20. 1H NMR (400 MHz, CDCl3): 

δ 7.23 (t, J = 7.6 Hz, 2H), 7.14 (t, J = 7.3 Hz, 1H), 7.03 (d, J = 7.4 Hz, 2H), 3.76 (s, 3H), 3.72 (s, 3H), 

2.82-2.62 (m, 3H), 2.42 (d, J = 14.0 Hz, 1H), 1.70-1.60 (m, 2H), 1.30-1.12 (m, 12H), 0.90-0.80 (m, 

10H), 0.76 (d, J = 14.4 Hz, 1H), 0.67-0.52 (m, 6H). 13C NMR (100 MHz, CDCl3): δ 173.5, 172.8, 

139.0, 128.6, 128.0, 125.7, 60.4, 53.1, 53.0, 44.1, 37.6, 36.3, 32.9, 30.4, 27.4, 26.7, 13.9, 13.4, 13.2. 

HRMS (ESI, m/z) Calculated for [C29H46GeO4Na, M + Na]+: 555.2500, found: 555.2502. 

5b

MeO2C
MeO2C

H

(nBu)3Ge

Dimethyl(2aR,2a1R,2bS,5aR)-2a-((tributylgermyl)methyl)octahydro-1H-cyclopropa[cd]inden

e-1,1-dicarboxylate (5b), colorless oil (56.6 mg, 57% yield). PE/EA = 10:1, Rf = 0.20. 1H NMR 

(400 MHz, CDCl3): δ 3.75 (s, 3H), 3.67 (s, 3H), 3.12-3.00 (m, 1H), 2.68 (d, J = 14.6 Hz, 1H), 2.04-

1.83 (m, 3H), 1.38-1.23 (m, 18H), 0.88 (t, J = 6.8 Hz, 9H), 0.77-0.67 (m, 7H), 0.30 (d, J = 13.8 Hz, 

1H). 13C NMR (100 MHz, CDCl3): δ 173.5, 170.7, 72.6, 52.7, 52.3, 39.8, 38.8, 31.5, 30.6, 27.6, 26.8, 

26.5, 24.4, 24.1, 19.0, 17.7, 13.9, 13.4. HRMS (ESI, m/z) Calculated for [C26H46GeO4Na, M + Na]+: 

519.2500, found: 519.2502. 

5c

N

H

(nBu)3Ge

S
O

O
Me

(1R,5R,6S)-6-phenyl-3-tosyl-1-((tributylgermyl)methyl)-3-azabicyclo[3.1.0]hexane (5c), white 

solid, m.p. 42-43 oC (22.8 mg, 20% yield). PE/EA = 10:1, Rf = 0.20. 1H NMR (400 MHz, CDCl3): δ 

7.72 (d, J = 8.2 Hz, 2H), 7.35 (t, J = 8.0 Hz, 2H), 7.28-7.22 (m, 2H), 7.17 (t, J = 7.3 Hz, 1H), 6.99 (t, 

J = 7.3 Hz, 2H), 3.67 (d, J = 9.1 Hz, 1H), 3.60 (d, J = 9.3 Hz, 1H), 3.23 (dd, J = 9.1, 3.8 Hz, 1H), 

2.95 (d, J = 9.3 Hz, 1H), 2.45 (s, 3H), 2.09 (d, J = 4.1 Hz, 1H), 1.62 (t, J = 4.0 Hz, 1H), 1.23-1.13 (m, 

6H), 1.13-1.01 (m, 6H), 0.83 (t, J = 7.2 Hz, 9H), 0.77 (d, J = 14.6 Hz, 1H), 0.63 (d, J = 14.6 Hz, 1H), 
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0.54-0.32 (m, 6H). 13C NMR (100 MHz, CDCl3): δ 143.7, 137.7, 133.2, 129.8, 128.5, 128.2, 127.8, 

126.1, 60.3, 55.7, 51.1, 34.1, 30.7, 28.0, 27.3, 26.6, 21.7, 13.9, 13.4, 10.6. HRMS (ESI, m/z) 

Calculated for [C31H47GeNO2SNa, M + Na]+: 594.2431, found: 594.2434. 

5. Large-Scale Experiment and Product Transformations

(a) Large-scale experiments

DCM, -10 oC, 24 h

1a, 2 mmol
(3 equiv.)

+

2a

IPrAuNTf2 (5 mol%)HSiMe(OSiMe3)2
MeO2C
MeO2C

H

Ph

(Me3SiO)2MeSi

3aa, 65%, 0.66 g

MeO2C
MeO2C

Ph

A pre-dried 10.0 mL Schlenk tube was charged with stirring bar and IPrAuNTf2 (86.6 mg, 0.1 

mmol, 0.05 eq.). DCM was added and the mixture was stirred at room temperature for 10 minutes. 

The solution was reduced down to -10 oC and added successively with 2a (1332.6 mg, 6.0 mmol, 3.0 

eq.) and 1a (572.2 mg, 2.0 mmol, 1.0 eq.). Then, the reaction mixture was stirred at -10 oC for 24 h. 

Finally, the mixture was transferred to a column and purified by flash chromatography on silica gel 

(PE/EA = 10:1, Rf = 0.20) to give the analytical pure products 3aa (0.66 g, 65% yield). 

N

H

Ph

(iPr)3Si

Ts

3bb, 90%, 0.87 g

DCM, -10 oC, 24 h
IPrAuNTf2 (5 mol%)

1p, 2 mmol
(3 equiv.)

+

2b

HSi(iPr)3N

Ph

Ts

A pre-dried 10.0 mL Schlenk tube was charged with stirring bar and IPrAuNTf2 (86.6 mg, 0.1 

mmol, 0.05 eq.). DCM was added and the mixture was stirred at room temperature for 10 minutes. 

The solution was reduced down to -10 oC and added successively with 2b (948.9 mg, 6.0 mmol, 3.0 

eq.) and 1p (651.0 mg, 2.0 mmol, 1.0 eq.). Then, the reaction mixture was stirred at -10 oC for 24 h. 

Finally, the mixture was transferred to a column and purified by flash chromatography on silica gel 

(PE/EA = 10:1, Rf = 0.20) to give the analytical pure products 3bb (0.87 g, 90% yield). 

(b) Product transformations
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3aa 6

MeO2C
MeO2C

HO

H

PhMeO2C
MeO2C

H

Ph

(Me3SiO)2MeSi

1) HBF4 Et2O (2.5 eq.), DCM, 0 oC

2) KF (2.0 eq.), KHCO3 (10.0 eq.),
MeOH/THF, 0 oC

then aq. H2O2 (30%), rt

Tetrafluoroboric acid diethyl ether complex (92.0 mg, 0.5 mmol, 2.5 eq.) was added dropwise 

to a solution of 3aa (101.6 mg, 0.2 mmol, 1.0 eq.) in DCM (1.0 mL) at 0 °C. The mixture stirred for 

1 hour at 0 °C and then the solvent was removed under vacuum. The residue was dissolved in MeOH 

(1.0 mL) and THF (1.0 mL). Then, KF (23.2 mg, 0.40 mmol, 2.0 eq.) and KHCO3 (200.0 mg, 2.0 

mmol, 10.0 eq.) were added to this solution at 0 °C. After stirring for 15 minutes at 0 oC, H2O2 (272.0 

mg, 2.4 mmol, 13.0 eq., 30% in water) was added, and the mixture was stirred for 12 h at room 

temperature. The reaction was quenched with Na2S2O3 (10.0 mL, 2M aqueous) and then poured into 

HCl (0.5 M aqueous). DCM (20.0 mL) was added for extraction and the organic phase was washed 

with brine (20.0 mL) and water (20.0 mL). The aqueous phase was extracted with DCM (2 × 20.0 

mL). The combined organic phases were dried over anhydrous MgSO4, filtered and evaporated under 

reduced pressure. Purification of the residue by flash column chromatography on silica gel using 

PE/EA = 10/1 as eluent afforded 6 (59.0 mg, 97% yield). Known compound.1 1H NMR (500 MHz, 

CDCl3): δ 7.26 (t, J = 7.9 Hz, 2H), 7.21-7.10 (m, 3H), 3.75 (s, 3H), 3.73 (s, 3H), 3.47 (q, J = 24.8 Hz, 

2H), 2.80 (d, J = 14.3 Hz, 1H), 2.76-2.66 (m, 2H), 2.59 (d, J = 13.9 Hz, 1H), 2.00 (d, J = 4.0 Hz, 1H), 

1.94 (t, J = 4.7 Hz, 1H), 1.43-1.29 (m, 1H). 13C NMR (125 MHz, CDCl3): δ 172.94, 172.87, 137.4, 

128.6, 128.5, 126.4, 63.5, 61.9, 53.2, 53.0, 41.0, 39.7, 37.4, 34.5, 27.4. 

3aa 7

MeO2C
MeO2C

H

Ph

(Me3SiO)2MeSi

HOH2C
HOH2C

H

Ph

(Me3SiO)2MeSi

LiAlH4 (4 eq.)
THF, 0 oC-rt

LiAlH4 (30.4 mg, 0.8 mmol) was suspended in anhydrous THF (1.0 mL), and the slurry was 

cooled to 0 °C. A solution of 3aa (101.6 mg, 0.2 mmol) in anhydrous THF (1.0 mL) was added 

dropwise at 0 °C. When effervescence had ceased, the mixture was allowed to warm to room 

temperature for overnight. The mixture was diluted with wet ethyl acetate (EA, 5.0 mL) and quenched 

by addition of sodium sulfate decahydrate (36.2 mg) slowly, to control the effervescence. After 

stirring for 1 h under room temperature, a few drops of saturated aqueous NH4Cl were added, until 

the suspension became white. The solids were filtered off over Celite, and the cake was washed 

thoroughly with EA (10 mL). The filtrate was concentrated in vacuo, and the residue was purified by 

column chromatography on silica gel eluting with PE/EA 2:1 to afford a colorless solid (m.p. 72-74 
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oC, 77.8 mg, 86%). 1H NMR (400 MHz, CDCl3) δ 7.25 (t, J = 7.6 Hz, 2H), 7.14 (t, J = 7.3 Hz, 1H), 

7.05 (d, J = 7.2 Hz, 2H), 3.80-3.55 (m, 4H), 2.34 (bs, 2H), 2.06 (dd, J = 13.8, 6.0 Hz, 1H), 1.97 (d, J 

= 14.2 Hz, 1H), 1.83 (d, J = 14.2 Hz, 1H), 1.74-1.65 (m, 3H), 0.59 (d, J = 15.3 Hz, 1H), 0.48 (d, J = 

15.3 Hz, 1H), 0.09-0.01 (m, 18H), -0.10 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 139.7, 128.4, 128.0, 

125.5, 71.8, 71.7, 52.0, 43.2, 39.2, 36.4, 35.8, 31.4, 18.6, 2.03, 1.98, 1.3. HRMS (ESI, m/z) 

Calculated for [C22H40O4Si3Na, M + Na]+: 475.2127, found: 475.2126. 
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7. Crystal Data and Structure Refinement for 3bb. 

ORTEP drawing of 3bb (thermal ellipsoids set at 50% probability). Recrystallization from n-

hexane/DCM afforded the single crystal suitable for X-ray diffraction analysis. X-ray diffraction 

measurements were performed using an Agilent Diffraction Gemini E Diffractometer equipped with 

an Eos CCD detector and a Cu Kα (λ = 1.54184 Å) incident beam at the school of chemistry and 

chemical engineering, state key laboratory of crystal materials at Liaocheng University. A crystal was 

mounted on a glass fibre. The CCD data were integrated and scaled using the CrystAlisPro software 

suite, and the structure was solved using the charge-flipping algorithm, as implemented in the 

program XS and refined by full-matrix least-squares techniques against Fo2 using the SHELXL 

program through the Shelxtl interface.
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8. NMR Spectra
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