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1. General information
All reactions were carried out in oven-dried Schlenk tubes under N2 atmosphere. 

Dry solvents were obtained by purification according to standard methods. Reagents 

were used as received unless otherwise noted. Column chromatography was 

performed using silica gel 60 (particle size 37–54 μm). The pure products were 

obtained by means of column chromatography. 1H NMR and 13C NMR data were 

acquired on a Bruker-400 spectrometer (400 MHz for 1H, 100 MHz for 13C NMR 

spectroscopy). Chemical shifts for 1H NMR are referred to internal Me4Si (0 ppm) 

and reported as follows: chemical shift (δ ppm), multiplicity, coupling constant (Hz) 

and integration.

2. Synthesis of the starting materials

A、Synthesis of aryl and benzyl pivalates (1a–1q, 1v-1z, 1ae-1af).1,2

PivCl, Et3N
CH2Cl2, r.t.

R OH OPivR

Aryl and benzyl pivalates were prepared by reactions of the alcohols with PivCl 

(1.20 equiv) in the presence of Et3N (1.20 equiv) in DCM at room temperature. The 

products were purified by flash chromatography (petroleum ether/EtOAc as elute).

B、Synthesis of alkenyl pivalates (1r-1u)3

O NaH, PivCl

THF,RT

OPiv

(Z)-1,2-diphenylvinyl pivalate (1u) A mineral oil suspension of NaH (60%, 0.36 g, 

15 mmol) was placed in a dry 100 mL Schlenk tube under N2 atmosphere, and THF 

(15 mL) was added into the flask. To this suspension, deoxybenzoin (1.96 g, 10 mmol) 

in THF (8 mL) was added dropwise. After stirring the mixture at room temperature 

for 2 h, pivaloyl chloride (3.1 g, 25 mmol) in 10 mL THF was added, then the 

resulting solution was stirred overnight. The reaction was quenched with saturated 

aqueous NaHCO3. The aqueous layer was extracted with CH2Cl2 (25 mL × 3) and the 

combined organic layer was dried over Na2SO4. After removal of the solvent, the 
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crude residue was purified by flash column chromatography (petroleum ether as elute) 

to afford the product as white solid in 85 % yield.

OPiv

3,4-dihydronaphthalen-1-yl pivalate(1r). Following the procedure B with use of 

3,4-dihydronaphthalen-1(2H)-one (1.33 g,10 mmol) as starting material. The product 

was produced as orange oil in 80 % yield (1.84 g).

OPiv

1H-inden-2-yl pivalate (1t). Following the procedure B with use of 1H-inden-

2(3H)-one (1.19 g, 10 mmol) as starting material, the product was produced as orange 

oil in 75 % yield (1.62g).

PivO

3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-yl pivalate (1s). Following the procedure B 

with use of 1H-inden-2(3H)-one (1.74 g, 10 mmol) as starting material, the product 

was produced as colorless oil in 82% yield (1.62 g).

3. Experimental procedures.

A、A typical procedure for Ni-catalyzed Hydrogenation of esters

1a 2a

OPiv H

PhMe (10 mL), 140 oC, 24 h

Ni(COD)2 (1 mol%)
dcype (2 mol%), HCOONa (2 equiv)

0.5 mmol GC yield > 99%
97% isolated yield

A 10 mL Schlenk tube was charged with 1a (114 mg, 0.5 mmol), HCOONa (68 mg, 

2.0 equiv), Ni(COD)2 (1.4 mg, 1 mol%), dcype (4.2 mg, 2 mol%) and 1mL anhydrous 

toluene. The flask was taken out of the glove box, and the mixture was stirred for 24 h 
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at 120 oC. The crude material was purified by silica gel column chromatography 

(petroleum ether as elute) to afford the product 2a as white solid in 97 % yield (62.0 

mg).

B、Ni-catalyzed Hydrogenation of 2-methoxynaphthalene (1aa-1ad).

1x 2a

OMe H

PhMe(1 mL), 140 oC, 24 h

Ni(COD)2 (10 mol%), carbene (20 mol%)
tBuONa (20 mol%), HCOONa (2 equiv) N N+

Cl-

carbene

Cy Cy

A 10 mL Schlenk tube was charged with 1x (31.6 mg, 0.2 mmol), HCOONa (27.2 

mg, 2.0 equiv), Ni(COD)2 (5.5 mg, 10 mol%), 1,3-dicyclohexiylimidazolium chloride 

(10.72 mg, 20 mol%), tBuONa (3.84 mg, 20 mol%) and 1mL anhydrous toluene. The 

flask was taken out of the glove box, and the mixture was stirred for 24 h at 140 oC. 

The crude material was purified by silica gel column chromatography (petroleum 

ether as elute) to afford the product 2a as white solid in 63 % yield (16.1 mg).

C、Ni-catalyzed Hydrogenation of 1a at 10 mmol scale.

1a 2a

OPiv H

PhMe (10 mL), 140 oC, 24 h

Ni(COD)2 (0.5 mol%)
dcype (2 mol%), HCOONa (2 equiv)

10 mmol, 2.28 g GC yield > 99%
97% isolated yield, 1.24 g

A 100 mL Schlenk tube was charged with 1a (2.28 g, 10 mmol), HCOONa (1.36 g, 

20 mmol), Ni(COD)2 (13.7 mg, 0.5 mol%), dcype (84.4 mg, 2 mol%) and 10 mL 

anhydrous toluene. The flask was taken out of the glove box, and the mixture was 

stirred for 24 h at 140 oC. The crude material was purified by silica gel column 

chromatography (petroleum ether as elute) to afford the product 2a as white solid in 97 % 

isolated yield (1.24 g).

4. Mechanistic considerations 

A. Synthesis of oxidative addition complex A14
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Ni(COD)2
dcype

THF, 30 min, r.t.
Ni(COD)dcype

PhMe

A1

1a (1 equiv) Ni
OPiv

PCy2
Cy2P

Synthesis of Ni(COD)dcype: An oven-dried 25 mL Schlenk tube containing a 

stirring bar was charged with Ni(COD)2 (82.5 mg, 0.3 mmol) and dcype (126.6 mg, 

0.3 mmol) in anhydrous THF (1 mL). After stirring the mixture at room temperature 

for 30 min, it was cooled down to 0 oC and the titled compound precipitated from the 

solution as a yellow solid. After removal the solvent, the solid was washed by 

anhydrous hexanes three times (3×1 mL).

Synthesis of complex A1: An oven-dried 25 mL Schlenk tube containing a stirring 

bar was charged with Ni(cod)dcype (118 mg,0.2 mmol), 1a (45.6 mg, 0.2 mmol) and 

anhydrous toluene (2 mL). The tube was then taken out of the glove box and stirred at 

90 oC overnight. The mixture was then cooled to room temperature, and the solvent 

was removed under vacuum. The residue was recrystallized from anhydrous hexanes 

at 0 oC, affording complex A1 as orange solid in 45% yield. 1H NMR (400 MHz, d8-

Tol) δ 8.02 (s, 1H), 7.98 (s, 1H), 7.51 (d, J = 7.8 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H), 

7.38 (d, J = 7.3 Hz, 1H), 7.05 (d, J = 7.1 Hz, 1H), 6.96 (d, J = 7.3 Hz, 1H), 2.39 (s, 

2H), 2.12 (s, 2H), 1.87-0.87 (m, 53H). 31P NM R (162 MHz, d8-Tol) δ 63.22 (d, J = 

13.9 Hz), 61.10 (d, J = 13.9 Hz). Spectroscopic data for Ni complex matched well 

with previously reported ones in the literature.4

B. Catalytic hydrogenation of 1a using complex A1 as a catalyst.

P
Ni

P

OPiv

1 mol%

1a 2a

OPiv H

dcype (1 mol%), HCOONa (2 equiv)
PhMe (1 mL), 120 oC, 24 h

GC yelid >99%

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged 
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with 1a (114 mg, 0.5 mmol), HCOONa (68 mg, 1 mmol), complex Ni A1 (3.54 mg, 1 

mol%), dcype (2.1 mg, 1 mol%) and anhydrous toluene (1 mL). The reaction tube was 

taken out of the glove box and stirred at 120 oC for 24 h. 2a was produced in an 

almost quantitative yield as determined by GC analysis using n-tridecane as an 

internal standard.

C. Stoichiometric reaction with complex A1.

P
Ni

P

OPiv
PhMe (1 mL), 120 oC, 24 h

HCOONa (2 equiv)

2a

H

GC yelid 63%

An oven-dried schlenk tube was charged with complex A1 (35.4 mg, 0.05 mmol), 

HCOONa (6.8 mg, 2 equiv) and anhydrous toluene (1 mL). The reaction tube was 

taken out of the glove box and heated at 120 oC for 24 h. 2a was produced in 63% 

yield as determined by GC analysis using n-tridecane as an internal standard.

1H NMR of complex A1

-11-8-5-20246811151923
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http://www.chemicalbook.com/javascript:showMsgDetail('ProductSynonyms.aspx?CBNumber=CB3232426&postData3=CN&SYMBOL_Type=A');
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31P NMR of complex A1

-20-100102030405060708090100110120130140
f1 (ppm)

61
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7

Deuturated experiment

Opiv 2 equiv DCOONa (99.5%-D)
1 mol% Ni(COD)2, 2 mol% dcype

D
> 99%-D

toluene, 120 oC, 24 h, 99% GC yield
1a 2a-D

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged 

with 1a (114 mg, 0.5 mmol), Ni(COD)2(1.4 mg, 1 mol%), dcype(4.2 mg, 2 mol%), 

DCOONa (69 mg, 1 mmol, 99.5%-D), dcype (2 mol%) and anhydrous toluene (1 mL). 

The reaction tube was taken out of the glove box and stirred at 120 oC for 24 h. 2a-D 

was produced in an almost quantitative yield as determined by GC analysis using n-

tridecane as an internal standard. The deuterium content of 2a-D obtained under the 

reaction conditions was determined to be 99% by 1H NMR spectroscopy. 1H NMR 

(400 MHz, CDCl3): δ 7.85-7.84 (m, 4H), 7.48-7.46 (m, 3H). 13C NMR (100 MHz, 

http://www.chemicalbook.com/javascript:showMsgDetail('ProductSynonyms.aspx?CBNumber=CB3232426&postData3=CN&SYMBOL_Type=A');
http://www.chemicalbook.com/javascript:showMsgDetail('ProductSynonyms.aspx?CBNumber=CB3232426&postData3=CN&SYMBOL_Type=A');
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CDCl3): δ 133.47, 127.91, 127.79, 125.84, 125.75.5 This compound is known.

5. Characterization and analytical data of products 2.

Naphthalene (2a).5 The compound was purified by column chromatography on silica 

gel using petroleum ether as elute. White solid (62.1 mg, 97% yield). 1H NMR (400 

MHz, CDCl3): δ 7.85-7.83 (m, 4H), 7.485-7.478 (m, 4H).13C NMR (100 MHz, 

CDCl3): δ 133.47, 127.90, 125.83. This compound is known.

OMe

2-Methoxynaphthalene (2b).6 The compound was purified by column 

chromatography on silica gel using petroleum ether/EtOAc (20/1) as elute. White 

solid (75.7 mg, 96% yield). 1H NMR (400 MHz, CDCl3) δ 7.77-7.72 (m, 3H), 7.43 (t, 

J = 7.2 Hz, 1H), 7.33 (t, J = 7.2 Hz, 1H), 7.14 (d, J = 8.4 Hz, 2H), 3.92 (s, 3H).13C 

NMR (100 MHz, CDCl3) δ 157.72, 134.60, 129.40, 128.99, 127.67, 126.75, 126.38, 

123.60, 118.72, 105.79, 55.31. This compound is known.

CN

2-Naphthonitrile (2c).7 The compound was purified by column chromatography on 

silica gel using petroleum ether/EtOAc (5/1) as elute. White solid (72.6 mg, 95% 

yield). 1H NMR (400 MHz, CDCl3) δ 8.23 (s, 1H), 7.92-7.88 (m, 3H), 7.67-7.59 (m, 
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3H). 13C NMR (100 MHz, CDCl3) δ 134.67, 134.17, 132.27, 129.22, 129.06, 128.43, 

128.07, 127.68, 126.35, 119.27, 109.39. This compound is known.

H

O

2-Naphthaldehyde (2d).8 The compound was purified by column chromatography on 

silica gel using petroleum ether/EtOAc (20/1) as elute. White solid (59.3 mg, 76% 

yield). 1H NMR (400 MHz, CDCl3) δ 10.17 (s, 1H), 8.35 (s, 1H), 8.01 (d, J = 8.0 Hz, 

1H), 7.95-7.90 (m, 3H), 7.67-7.58 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 192.27, 

136.49, 134.54, 134.15, 132.68, 129.55, 129.12, 128.10, 127.11, 122.80. This 

compound is known.

OMe

1-Methoxynaphthalene(2e).6 The compound was purified by column 

chromatography on silica gel using petroleum ether/EtOAc (20/1) as elute. Colorless 

oil (64.7 mg, 83% yield). 1H NMR (400 MHz, CDCl3) δ 8.16 (b, 1H), 7.67 (d, J = 6.4 

Hz, 1H), 7.36-7.23 (m, 4H), 6.66 (d, J = 7.2 Hz, 1H), 3.84 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 155.53, 134.58, 127.55, 126.48, 125.96, 125.71, 125.27, 122.08, 

120.31, 103.87, 55.54. This compound is known.
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NHtBu

O

N-(Naphthalen-1-yl)pivalamide (2f).9 The compound was purified by column 

chromatography on silica gel using petroleum ether/EtOAc (8/1) as elute. White solid 

(97.6 mg, 86% yield). 1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 7.6 Hz, 1H), 7.87 (d, 

J = 7.6 Hz, 1H), 7.78 (d, J = 7.6 Hz, 2H), 7.69 (d, J = 8.4 Hz, 1H), 7.55-7.46 (m, 3H), 

1.44 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 176.89, 134.13, 132.63, 128.90, 127.31, 

126.32, 125.91, 125.82, 125.61, 120.84, 120.21, 39.92, 27.85. This compound is 

known.

N

Quinoline (2g)5. The compound was purified by column chromatography on silica gel 

using petroleum ether/EtOAc (5/1) as elute. Yellow oil (52.2 mg, 81% yield). 1H 

NMR (400 MHz, CDCl3) δ 8.91 (s, 1H), 8.13-8.10 (m, 2H), 7.78 (d, J = 7.6 Hz, 1H), 

7.70 (dd, J = 7.2, 7.2 Hz, 1H), 7.51 (dd, J = 7.2, 7.2 Hz, 1H), 7.36-7.33 (m, 1H). 13C 

NMR (100 MHz, CDCl3) δ 150.36, 148.25, 136.03, 129.44, 129.41, 128.26, 127.77, 

126.52, 121.05. This compound is known.
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Phenanthrene (2h).5 The compound was purified by column chromatography on 

silica gel using petroleum ether as elute. White solid (77.4 mg, 87% yield). 1H NMR 

(400 MHz, CDCl3) δ 8.69 (d, J = 8.0 Hz, 2H), 7.89 (d, J = 8.0 Hz, 2H), 7.74 (s, 2H), 

7.66 (dd, J = 7.2, 7.6 Hz, 4H), 7.60 (dd, J = 7.6, 7.6 Hz, 4H). 13C NMR (100 MHz, 

CDCl3) δ 132.07, 130.32, 128.58, 126.93, 126.58, 122.67. This compound is known.

1,1'-Biphenyl (2i).5 The compound was purified by column chromatography on silica 

gel using petroleum ether as elute. White solid (73.2 mg, 95% yield). 1H NMR (400 

MHz, CDCl3) δ 7.59 (d, J = 7.2 Hz, 4H), 7.44 (dd, J = 7.2, 7.6 Hz, 4H), 7.34 (t, J = 

7.2 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 141.27, 128.77, 127.27, 127.19. This 

compound is known.

NH
tBu

O

 N-Phenylpivalamide (2j).9 The compound was purified by column chromatography 

on silica gel using petroleum ether/EtOAc (10/1) as elute. White solid (81.4 mg, 92% 

yield). 1H NMR (400 MHz, CDCl3) δ 7.53 (d, J = 8.0 Hz, 2H), 7.32 (dd, J = 7.2, 7.6 

Hz, 2H), 7.32 (b, 1H), 7.10 (t, J = 7.2 Hz, 1H), 1.32 (s, 9H)..13C NMR (100 MHz, 

CDCl3) δ 176.56, 138.04, 128.96, 124.21, 119.96, 39.61, 27.65. This compound is 

known.
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MeO OMe

1,3-dimethoxybenzene(2k)10. The reaction was conducted at 0.2 mmol scale. The 

compound was purified by column chromatography on silica gel using petroleum 

ether/EtOAc (30/1) as elute. Yellow oil (19.9 mg, 72% yield).1H NMR (400 MHz, 

CDCl3) δ 7.16 (t, J = 8.0 Hz, 1H), 6.56 -6.33 (m, 3H), 3.76 (s, 6H).13C NMR (100 

MHz, CDCl3) δ 160.88, 129.91, 106.18, 100.48, 55.28. This compound is known.

NMe2

N,N-dimethylaniline(2l)11. The compound was purified by column chromatography 

on silica gel using petroleum ether/EtOAc (5/1) as elute. Yellow oil (42.1mg, 70% 

yield).1H NMR (400 MHz, CDCl3) δ 7.24 (s, 2H), 6.74 (d, J = 5.6 Hz, 3H), 2.93 (s, 

6H).13C NMR (101 MHz, CDCl3) δ 150.69, 129.13, 116.67, 112.69, 40.69. This 

compound is known.

O

Diphenyl oxide(2m)11. The compound was purified by column chromatography on 

silica gel using petroleum ether as elute. colorless solid (74.8 mg, 88% yield). 1H 

NMR (400 MHz, CDCl3) δ 7.33 (t, J = 7.6 Hz, 4H), 7.09 (t, J = 7.3 Hz, 2H), 7.01 (d, J 

= 7.7 Hz, 4H). 13C NMR (100 MHz, CDCl3) δ 157.26, 129.75, 123.23, 118.91, 55.28. 

This compound is known.
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CN

Benzonitrile (2n).7 The compound was purified by column chromatography on silica 

gel using petroleum ether/EtOAc (10/1) as elute. Colorless oil (33.4 mg, 65% yield). 

1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 7.6 Hz, 2H), 7.61 (t, J = 7.6 Hz, 1H), 7.47 

(dd, J = 7.6, 7.6 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 132.81, 132.14, 129.15, 

118.85, 112.43. This compound is known.

O

Acetophenone (2o).12 The compound was purified by column chromatography on 

silica gel using petroleum ether/EtOAc (20/1) as elute. Colorless oil (57.6 mg, 96% 

yield). 1H NMR (400 MHz, CDCl3) δ 7.95 (d, J = 7.6 Hz, 2H), 7.55 (t, J = 6.8 Hz, 

1H), 7.45 (dd, J = 7.6, 7.2 Hz, 2H), 2.59 (s, 3H).13C NMR (100 MHz, CDCl3) δ 

198.12, 137.13, 133.10, 128.57, 128.30, 26.58. This compound is known.

F OMe

1-Fluoro-4-methoxybenzene (2p).13 The compound was purified by column 

chromatography on silica gel using petroleum ether/EtOAc (30/1) as elute. Colorless 

oil (57.2 mg, 91% yield). 1H NMR (400 MHz, CDCl3) δ 6.96 (dd, J = 8.4, 8.8 Hz, 2H), 

6.82 (dd, J = 4.0, 8.8 Hz, 2H), 3.76 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 157.25 (d, 

J = 236.3 Hz), 155.74 (d, J = 1.8 Hz), 115.76 (d, J = 22.9 Hz), 114.78 (d, J = 8.0 Hz), 

55.72. This compound is known.
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1,2-Dihydronaphthalene (2q).14 The compound was purified by column 

chromatography on silica gel using hexane as elute. Colorless oil (57.8 mg, 89% 

yield). 1H NMR (400 MHz, CDCl3) δ 7.12-7.08 (m, 3H), 7.00 (b, 1H), 6.44 (d, J = 9.6 

Hz, 1H), 6.02-5.99 (m, 1H), 2.78 (t, J = 7.6 Hz, 2H), 2.29 (b, 2H). 13C NMR (100 

MHz, CDCl3) δ 135.52, 134.20, 128.70, 127.87, 127.59, 126.91, 126.50, 125.95, 

27.56, 23.26. This compound is known.

2,3,4,5-Tetrahydro-1,1'-biphenyl (2r).15 The compound was purified by column 

chromatography on silica gel using hexane as elute. Colorless oil (55.3 mg, 70% 

yield); 1H NMR (400 MHz, CDCl3) δ 7.37 (d, J = 7.2 Hz, 2H), 7.28 (dd, J = 7.2, 7.6 

Hz, 2H), 7.19 (t, J = 7.2 Hz, 1H), 6.11 (b, 1H), 2.40 (b, 2H), 2.20 (b, 2H), 1.78-1.76 

(m, 2H), 1.711.64 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 142.76, 136.66, 128.24, 

126.56, 125.00, 124.81, 27.47, 25.95, 23.15, 22.25. This compound is known.

1H-Indene (2s).16 The compound was purified by column chromatography on silica 

gel using hexane as elute. Yellow oil (36.5 mg, 63% yield). 1H NMR (400 MHz, 

CDCl3) δ 7.45 (d, J = 6.8 Hz, 1H), 7.39 (d, J = 7.2 Hz, 1H), 7.27-7.24 (m, 1H), 7.19-

7.16 (m, 1H), 6.86 (b, 1H), 6.53 (b, 1H), 3.37 (b, 2H). 13C NMR (100 MHz, CDCl3) δ 
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144.93, 143.75, 134.23, 132.16, 126.32, 124.63, 123.80, 121.04, 39.14. This 

compound is known.

(E)-1,2-Diphenylethene (2t)5 (cis-trans mixture, the ratio of trans-isomer to cis-

isomer was ca. 70/30 by GC analysis of the reaction mixture. After purification, the 

ratio was ca. 58/42 by 1H NMR spectra). The compound was purified by column 

chromatography on silica gel using petroleum ether as elute. 72% yield. 1H NMR 

(400 MHz, CDCl3) δ 7.52 (d, J = 8.0 Hz, 5.42H), 7.36 (dd, J = 7.6, 7.6 Hz, 5.33H), 

7.28-7.18 (m, 13.62H), 7.11 (s, 2.79H), 6.60 (s, 2H). 13C NMR (100 MHz, CDCl3) δ 

137.36, 137.26, 130.27, 128.88, 128.72, 128.70, 128.22, 127.63, 127.10, 126.53. This 

compound is known.

CH3

2-Methylnaphthalene (2u).5 The compound was purified by column chromatography 

on silica gel using petroleum ether as elute. Colorless oil (68.9 mg, 97%). 1H NMR 

(400 MHz, CDCl3) δ 7.77-7.71 (m, 3H), 7.58 (s, 1H), 7.42-7.36 (m 2H), 7.29-7.28 (m, 

1H), 2.48 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 135.55, 133.83, 131.87, 128.25, 

127.84, 127.75, 127.38, 126.99, 126.00, 125.09, 21.83. This compound is known.
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CH3

9-Methylanthracene (2v).5 The compound was purified by column chromatography 

on silica gel using petroleum ether as elute. Yellow solid (86.4 mg, 90% yield). 1H 

NMR (400 MHz, CDCl3) δ 8.33 (s, 1H), 8.28 (d, J = 8.8 Hz, 2H), 7.99 (d, J = 8.4 Hz, 

2H), 7.52-7.44 (m, 4H), 3.10 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 131.50, 130.14, 

129.07, 125.30, 125.26, 124.83, 124.70, 13.95. This compound is known.

O

CH3

1-Methyl-4-phenoxybenzene (2w).11 The compound was purified by column 

chromatography on silica gel using petroleum ether/EtOAc (40/1) as elute. Colorless 

oil (65.3 mg, 71% yield). 1H NMR (400 MHz, CDCl3) δ 7.30 (dd, J = 7.6, 8.0 Hz, 2H), 

7.19 (t, J = 8.0 Hz, 1H), 7.07 (dd, J = 7.2, 7.6 Hz, 1H), 6.99 (d, J = 8.0 Hz, 2H), 6.89 

(d, J = 7.2 Hz, 1H), 6.82-6.79 (m, 2H), 2.31 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

157.45, 157.28, 139.97, 129.76, 129.52, 124.12, 123.15, 119.66, 118.92, 116.00, 

21.45. This compound is known.

 

CH3MeS

Methyl(p-tolyl)sulfane (2x).17 The compound was purified by column 

chromatography on silica gel using petroleum ether/EtOAc (30/1) as elute. Colorless 

oil (46.9 mg, 68% yield). 1H NMR (400 MHz, CDCl3) δ 7.16 (d, J = 8.0 Hz, 2H), 7.07 
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(d, J = 7.9 Hz, 2H), 2.43 (s, 3H), 2.29 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 135.07, 

134.81, 129.67, 127.36, 20.97, 16.56. This compound is known.

CH3

MeO OMe

1,3-Dimethoxy-5-methylbenzene(2y).18 The compound was purified by column 

chromatography on silica gel using petroleum ether/EtOAc (30/1) as elute. Colorless 

oil (69.2 mg, 91% yield). 1H NMR (400 MHz, CDCl3) δ 6.34 (s, 2H), 6.29 (s, 1H), 

3.77 (s, 6H), 2.30 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 160.73, 140.22, 107.11, 

97.54, 55.23, 21.82. This compound is known.

O

1-(naphthalen-2-yl)ethanone(2z)19. The compound was purified by column 

chromatography on silica gel using petroleum ether/EtOAc (30/1) as elute. White 

solid (22.1 mg, 65% yield). 1H NMR (400 MHz, CDCl3) δ 8.47 (s, 1H), 8.03 (d, J = 

8.6 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.92-7.85 (m, 2H), 7.58 (dt, J = 14.8, 7.1 Hz, 

2H), 2.73 (s, 3H).13C NMR (101 MHz, CDCl3) δ 198.16, 135.62, 134.51, 132.54, 

130.23, 129.58, 128.50, 128.45, 127.81, 126.80, 123.92, 26.73. This compound is 

known.
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H

H

O

H

(8R,9S,13S,14S)-13-Methyl-7,8,9,11,12,13,15,16-octahydro-6H-

cyclopenta[a]phenanthren-17(14H)-one(2aa).20 The compound was purified by 

column chromatography on silica gel using petroleum ether/EtOAc (8/1) as elute. 

White solid (109 mg, 86% yield). 1H NMR (400 MHz, CDCl3) δ 7.29 (d, J = 7.2 Hz, 

1H), 7.17-7.09 (m, 3H), 2.93-2.91 (m, 2H), 2.54-2.41 (m, 2H), 2.34-2.29 (m, 1H), 

2.19-1.93 (m, 4H), 1.87-1.40 (m, 6H), 0.91 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

220.91, 139.73, 136.49, 129.09, 125.85, 125.79, 125.34, 50.58, 48.02, 44.51, 38.14, 

35.89, 31.65, 29.40, 26.53, 25.70, 21.62, 13.87. This compound is known.

NHPiv

O

OMe

Methyl-3-phenyl-2-pivalamidopropanoate(2ab).21 The compound was purified by 

column chromatography on silica gel using petroleum ether/EtOAc (15/1) as elute. 

White solid (105 mg, 80% yield). 1H NMR (400 MHz, CDCl3) δ 7.31-7.22 (m, 3H), 

7.08 (d, J = 7.2 Hz, 2H), 6.05 (d, J = 6.4 Hz, 1H), 4.88-4.84 (m, 1H), 3.74 (s, 3H), 

3.19-3.07 (m, 2H), 1.15 (s, 9H). 13C NMR (100 MHz, CDCl3) δ 177.89, 172.31, 

135.94, 129.31, 128.52, 127.13, 52.86, 52.30, 38.68, 37.79, 27.37. This compound is 

known.
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7. Copies of 1H NMR and 13C NMR spectra
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