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1. General remarks

1H, 13C and 19F NMR spectra were recorded at 400 MHz, 100 MHz and 376 MHz, respectively. 

HRMS spectra were recorded by EI, ESI, FI method. Infrared spectra were recorded on a Perkin-

Elmer PE-983 spectrometer with absorption in cm-1. Mass spectra were recorded by EI, ESI, and 

HRMS was measured on an Agilent Technologies 6224 TOF LC/MS instrument and a Waters 

Micromass GCT Permier. Melting points were determined on a digital melting point apparatus and 

temperatures were uncorrected. The employed solvents were dried up by standard methods when 

necessary. Commercially obtained reagents were used without further purification. All reactions 

were monitored by TLC plate analysis with silica gel coated plates (Huanghai GF254). Flash 

column chromatography was performed by using 300-400 mesh silica gel eluting with ethyl acetate 

and petroleum ether at increased pressure.
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Reaction setup

Figure S1. 8 W LEDs strip and reaction setup

As depicted in the picture, reactions were carried out in oven-dried sealed tubes. The reaction 

temperature was maintained at room temperature by a water bath and a fan.
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2. General procedures for the synthesis of substrates 1

Synthesis of substrates 1a-1ac

CHO
R1 +

O

R2
NaOH (3.0 N)

MeOH, rt, 25 h

O

R1 R2

O

R1 R2
Me3SOI (1.1 equiv)
NaH (1.2 equiv)
DMSO, 0 oC-rt

O

R1 R2

S1 S2 S3

S4 S5

A sodium hydroxide solution (3.0 N, 2.0 equiv) was added to a solution of S1 (1.0 equiv) in MeOH 

(20 mL per gram) at room temperature. Then acetophenone S2 (1.1 equiv) was added to the reaction 

mixture. After stirring at room temperature for 25 h, the resulting mixture was concentrated to yield 

the residue. The residue was dissolved in ethyl acetate and washed with brine, dried over anhydrous 

Na2SO4.After evaporation of the solvents, the residue was further purified by a flash column 

chromatography on silica gel (petroleum ether: ethyl acetate : dichloromethane = 25 : 1 : 1) to 

afford S3 as a yellow solid in 40 – 65% yields.

S5 were synthesized according to the previous literature.[1] To a two-necked round flask, sodium 

hydride (1.2 equiv) was added in dry DMSO, trimethylsulfoxonium iodide (1.1 equiv) was added to 

the flask under argon atmosphere. The flask was immersed in an ice bath and a solution of S4 (5 

mmol, 1.0 equiv) in dry DMSO was added to the reaction mixture. After that, the reaction was 

quenched with addition of water and the aqueous layer was extracted with ethyl acetate. The crude 

product was purified by a column chromatography with eluent (petroleum ether : ethyl acetate = 20 : 

1) to afford products S5 (1a-1ac) in 80 – 90% yields.
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Synthesis of substrates 1ad and 1ae.[2]
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DCC (1.2 eq)
DMAP (0.1 eq)
DCM, rt, 12 h

O
H

H
O

CHO

O
Ph3P+

DCM, rt
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H
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O

Me3SOI (1.5 eq)
NaH (1.5 eq)
DMSO, 0 oC-rt

S6 S7

S7 S8

S8
1ad

Dicyclohexylcarbodiimide (1.2 equiv) and 4-dimethylaminopyridine (0.1 equiv) were added to a 

solution of 4-formylbenzoic acid (1.0 equiv) in dichloromethane (DCM) (0.3 M). 

Dimethylbicyclohepteneethanol (S6) (1.0 equiv) was added after stirring for five minutes. After the 

reaction mixture was stirred for 12 h, petroleum ether was added and the resulting mixture was 

filtered through a thin pad of silica gel. The solvent was removed in vacuo and the residue was 

purified by a flash column chromatography on silica gel to afford S7.

To a suspension of aldehyde S7 (1.0 equiv) in DCM (0.3 M) was added the 

triphenylphosphoranylidene (2.2 equiv), and the reaction mixture was stirred at room temperature 

for 24 h. Then, the mixture was concentrated directly in vacuum and the residue was purified by a 

silica gel chromatography with petroleum ether : EtOAc (10 : 1) to give S8.

To a two-necked round flask, sodium hydride (1.2 equiv) was added in dry DMSO, 

trimethylsulfoxonium iodide (1.1 equiv) was added to the flask under argon atmosphere. The flask 

was immersed in an ice bath and a solution of S8 (5.0 mmol, 1.0 equiv) in dry DMSO was added to 

the reaction mixture. After that, the reaction was quenched with water and the aqueous layer was 

extracted with ethyl acetate. The crude product was purified by a column chromatography with 

eluent (petroleum ether : ethyl acetate = 20 : 1) to afford product 1ad in 75% yields.

The experimental procedure for the synthesis of 1ae is the same as that of 1ad.
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3. Optimization of reaction conditions
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Figure S2. Structure of photocatalysts
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Table S1. Optimization of the reaction conditions using 1c as a template substrate (photocatalyst 

and Lewis or Brønsted acid).

Photocatalyst
additive
CH3CN

8 W BLue LEDs, rt, 15 h

entry photocatalyst additive yield (%)b

1a

Ir(ppy)3 (3 mol%)

Ir(dF-CF3-ppy)2(dtbpy)PF6 (3 mol%)

Ir(ppy)2(dtbbpy)PF6 (3 mol%) iPr2NEt (1.5 eq) 75

iPr2NEt (1.5 eq) 32

iPr2NEt (1.5 eq) 18

Ir(dF-ppy)3PF6 (3 mol%) iPr2NEt (1.5 eq) trace
iPr2NEt (1.5 eq) traceRu(bpy)3(PF6)2 (3 mol%)

iPr2NEt (1.5 eq) traceRu(bpz)3(PF6)2 (3 mol%)

2

3

4

5

6

7 Ir(ppy)2(dtbbpy)PF6 (3 mol%)
iPr2NEt (1.5 eq)

Sc(OTf)3 (20 mol%) 50

8 Ir(ppy)2(dtbbpy)PF6 (3 mol%)
iPr2NEt (1.5 eq)

Gd(OTf)3 (20 mol%) 65

O
ClO

Cl 1c 2c

aReaction condition: 0.2 mmol of substrate 1c, 2 mL of CH3CN, Ar, 8 W Blue LEDs,
15 h. b Yields were determined by 1H NMR analysis of the crude mixture using CH2Br2
as an internal standard.

8 Ir(ppy)2(dtbbpy)PF6 (3 mol%)
iPr2NEt (1.5 eq)
PhCOOH (1.0 eq) 63
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Table S2. Optimization of the reaction conditions using 1c as a template substrate (additive and 

solvent).

Ir(ppy)2(dtbbpy)PF6 (3 mol%)
additive
Solvent

8 W BLue LEDs, rt, 15 h

entry additive solvent yield (%)b

2 TMEDA (1.5 eq) CH3CN 21

3 TEEDA (1.5 eq) CH3CN

5 iPr2NEt (1.0 eq) CH3CN 81

6 iPr2NEt (2.0 eq) CH3CN 59

1 TEA (1.5 eq) CH3CN 55

70

7 iPr2NEt (1.0 eq) DCM trace

8 iPr2NEt (1.0 eq) Toluene 65

9 iPr2NEt (1.0 eq) THF 41

4 HE (1.5 eq) CH3CN N.R

O
ClO

Cl 1c 2c

aReaction condition: 0.2 mmol of substrate 1c, 2 mL of
CH3CN, Ar, 8 W Blue LEDs, 15 h. b Yields were determined
by 1H NMR analysis of the crude mixture using CH2Br2 as an
internal standard.
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Table S3. Optimization of the reaction conditions using 1c as a template substrate (equivalent of 

photocatalyst, equivalent of H2O and control experiments).

Ir(ppy)2(dtbbpy)PF6
additive
CH3CN

8 W BLue LEDs, rt, 15 h

entry photocatalyst additive yield (%)d

1 Ir(ppy)2(dtbbpy)PF6 (3 mol%) iPr2NEt (1.0 eq) 60
4 A molecular sieves

2 Ir(ppy)2(dtbbpy)PF6 (3 mol%)
iPr2NEt (1.0 eq)
H2O (1.2 eq)

90

3b Ir(ppy)2(dtbbpy)PF6 (2 mol%)
iPr2NEt (1.0 eq)
H2O (1.2 eq)

92

4b Ir(ppy)2(dtbbpy)PF6 (2 mol%)
iPr2NEt (1.5 eq)
H2O (3.0 eq)

99

O
ClO

Cl 1c 2c

5b Ir(ppy)2(dtbbpy)PF6 (1 mol%)
iPr2NEt (1.5 eq) 99 (97)

6 Ir(ppy)2(dtbbpy)PF6 (2 mol%)

7

8c Ir(ppy)2(dtbbpy)PF6 (1 mol%)

N.R

N.R

N.R

H2O (3.0 eq)

iPr2NEt (1.5 eq)
H2O (3.0 eq)
iPr2NEt (1.5 eq)
H2O (3.0 eq)

aReaction condition: 0.2 mmol of substrate 1c, 2 mL of CH3CN, Ar, 8 W Blue LEDs, 15
h. bReaction time: 24 h. cNo light. d Yields were determined by 1H NMR analysis of the
crude mixture using CH2Br2 as an internal standard.
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4. General procedure for the synthesis of 2

R1
R2

O

Ir(ppy)2(dtbbpy)PF6 (1 mol%)
iPr2NEt (1.5 eq)
H2O (3.0 eq)

8 W Blue LEDs, CH3CN, rt, 24-36 h

R2

O
R1

1 2

To a 10.0 mL oven-dried tube were added substrate 1 (0.20 mmol, 1.0 equiv), Ir(ppy)3 (0.002 mmol, 

0.01 equiv), and the flask was equipped with Argon for three times. Then the anhydrous degassed 

CH3CN (4.0 mL), N,N-diisopropylethylamine (0.3 mmol, 1.5 equiv) and H2O (0.6 mmol, 3.0 equiv) 

were added to this flask via a syringe. The resulting mixture was stirred upon irradiation of 8 W 

blue LEDs at room temperature for 24-36 hours. Then, the solvent was removed under vacuum and 

the residue was purified by a silica gel column chromatography (petroleum ether: ethyl acetate = 30 : 

1) to give the desired products 2 in 38 - 99% yields.
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5. Deuterium labeling experiment

O
Cl

Ir(ppy)2(dtbbpy)PF6 (3 mol%)
iPr2NEt (1.0 eq)
D2O (5 eq)

O
Cl

Ir(ppy)2(dtbbpy)PF6 (3 mol%)
iPr2NEt (1.0 eq)

CD3CN
8 W Blue LEDs, rt, 24 h

O
Cl

D D
98%

O
Cl

O
Cl

Ir(ppy)2(dtbbpy)PF6 (3 mol%)
iPr2NEt (1.0 eq)
D2O (1.2 eq) O

Cl

D D

8 W Blue LEDs, CH3CN, rt, 24 h

54% 36%

freshly distilled iPr2NEt

CH3CN
8 W Blue LEDs, rt, 24 h1c [D]-2c, 81% yield

1c

1c

2c, 75% yield

[D]-2c, 76% yield

98%

a)

b)

c)

Experimental procedure:

a) To a 10.0 mL oven-dried tube were added substrate 1c (0.20 mmol, 1.0 equiv), Ir(ppy)3 (0.002 

mmol, 0.01 equiv), and the flask was equipped with Argon for three times. Then the anhydrous 

degassed CH3CN (4.0 mL), N,N-diisopropylethylamine (0.2 mmol, 1.0 equiv) and D2O (1.0 mmol, 

5.0 equiv) were added to this flask via a syringe. The resulting mixture was stirred upon irradiation 

of 8 W blue LEDs at room temperature for 24 hours. Then, the solvent was removed under vacuum 

and the residue was dissolved in CDCl3 to afford the crude 1H NMR spectrum using CH2Br2 as the 

internal standard.

b) To a 10.0 mL oven-dried tube were added substrate 1c (0.20 mmol, 1.0 equiv), Ir(ppy)3 (0.002 

mmol, 0.01 equiv), and the flask was equipped with Argon for three times. Then the anhydrous 

degassed CD3CN (4.0 mL) and N,N-diisopropylethylamine (0.2 mmol, 1.0 equiv) were added to 

this flask via a syringe. The resulting mixture was stirred upon irradiation of 8 W blue LEDs at 

room temperature for 24 hours. Then, the solvent was removed under vacuum and the residue was 

dissolved in CDCl3 to afford the crude 1H NMR spectrum using CH2Br2 as the internal standard.

c) To a 10.0 mL oven-dried tube were added substrate 1c (0.20 mmol, 1.0 equiv), Ir(ppy)3 (0.002 

mmol, 0.01 equiv), and the flask was equipped with Argon for three times. Then the anhydrous 

degassed CH3CN (4.0 mL), N,N-diisopropylethylamine (newly distilled) (0.2 mmol, 1.0 equiv) and 
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D2O (0.24 mmol, 1.2 equiv) were added to this flask via a syringe. The resulting mixture was stirred 

upon irradiation of 8 W blue LEDs at room temperature for 24 hours. Then, the solvent was 

removed under vacuum and the residue was dissolved in CDCl3 to afford the crude 1H NMR 

spectrum using CH2Br2 as the internal standard.
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6. The monitoring of 1H NMR spectra of the reaction residues.

Experimental procedure:

To a 10.0 mL oven-dried tube were added substrate 1c (0.20 mmol, 1.0 equiv), Ir(ppy)3 (0.006mmol, 

0.03 equiv), and the flask was equipped with Argon for three times. Then the anhydrous degassed 

CD3CN (4.0 mL), N,N-diisopropylethylamine (0.2 mmol, 1.0 equiv) and H2O (1.0 mmol, 5.0 equiv) 

were added to this flask via a syringe. The resulting mixture was stirred upon irradiation of 8 W 

blue LEDs at room temperature for 24 hours. Then, the mixture was monitored by 1H NMR spectra. 

By comparing the spectroscopic data with those in the previous reference,[3] we successfully 

detected the presence of acetaldehyde.

H3C

O

H

N
H2O O

Hhydrolysis N
H

+

O
Cl

Ir(ppy)2(dtbbpy)PF6 (3 mol%)
iPr2NEt (1.5 eq)
H2O (5 eq) O

Cl 90% yield8 W Blue LED, CD3CN, rt, 15 h

a) Reference (2019, Doyle)

b)

H3C

O

H

Figure S3. 1H NMR spectra of the reaction residues.
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7. Spectroscopic data of substrates 1

O

 

Phenyl(2-phenylcyclopropyl)methanone (1a)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A colorless oil. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.52-1.57 (m, 1H), 1.90-1.94 (m, 

1H), 2.67-2.72 (m, 1H), 2.87-2.92 (m, 1H), 7.17 (d, J = 7.2 Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 7.30 (t, 

J = 7.4 Hz, 2H), 7.44 (t, J = 7.6 Hz, 2H), 7.54 (t, J = 7.2 Hz, 1H), 7.98 (d, J = 7.6 Hz, 2H). 13C 

NMR (CDCl3, TMS, 100 MHz) δ 21.0, 31.0, 31.8, 127.9, 128.3, 129.8, 130.3, 134.6, 139.4, 142.2, 

200.3.
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-20-100102030405060708090100110120130140150160170180190200210220230240

f1 (ppm)
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(2-(4-fluorophenyl)cyclopropyl)(phenyl)methanone (1b)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.48-1.53 (m, 1H), 1.88-1.93 (m, 

1H), 2.66-2.71 (m, 1H), 2.83-2.87 (m, 1H), 6.49 (t, J = 8.2 Hz, 2H), 7.14 (t, J = 6.8 Hz, 2H), 7.47 (t, 

J = 7.2 Hz, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.99 (d, J = 7.8 Hz, 2H). 13C NMR (CDCl3, TMS, 100 

MHz) δ 20.9, 30.8, 30.9, 117.1 (d, J = 21.5 Hz), 129.5 (d, J = 8.0 Hz), 129.8, 130.3, 134.7, 137.8 (d, 

J = 3.0 Hz), 139.3, 163.4 (d, J = 244.7 Hz), 200.1. 19F NMR (CDCl3, CFCl3, 376 MHz) δ -116.1.
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(2-(4-chlorophenyl)cyclopropyl)(phenyl)methanone (1c)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.49-1.54 (m, 1H), 1.89-1.94 (m, 

1H), 2.64-2.69 (m, 1H), 2.84-2.88 (m, 1H), 7.10 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 7.46 

(t, J = 7.6 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.97-8.00 (m, 2H). 13C NMR (CDCl3, TMS, 100 MHz) 

δ 20.9, 30.9, 31.0, 129.3, 129.8, 130.3, 130.4, 134.0, 134.7, 139.2, 140.7, 199.9.
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O

Br

(2-(4-bromophenyl)cyclopropyl)(phenyl)methanone (1d)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[7] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.48-1.53 (m, 1H), 1.88-1.93 (m, 

1H), 2.62-2.67 (m, 1H), 2.83-2.88 (m, 1H), 7.03 (dt, J1 = 8.4 Hz, J2 = 2.4 Hz, 2H), 7.39-7.47 (m, 

4H), 7.55 (tt, J1 = 7.2 Hz, J2 = 1.2 Hz, 1H), 7.96-7.99 (m, 2H). 13C NMR (CDCl3, TMS, 100 MHz) 

δ 20.9, 30.9, 30.9, 122.0, 129.7, 129.8, 130.3, 133.3, 134.8, 139.2, 141.3, 199.9.
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O

Phenyl(2-(p-tolyl)cyclopropyl)methanone (1e)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[7] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.49-1.54 (m, 1H), 1.88-1.93 (m, 

1H), 2.32 (s, 3H), 2.64-2.68 (m, 1H), 2.83-2.87 (m, 1H), 7.05-7.12 (m, 4H), 7.43 (t, J = 7.6 Hz, 2H), 

7.53 (tt, J1 = 6.8 Hz, J2 = 1.2Hz, 1H), 7.96-7.99 (m, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 20.8, 

22.8, 31.1, 31.7, 127.9, 129.8, 130.3, 131.0, 134.6, 138.0, 139.1, 139.5, 200.3.
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S23

MeO

O

(2-(4-methoxyphenyl)cyclopropyl)(phenyl)methanone (1f)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[7] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.48-1.52 (m, 1H), 1.87-1.91 (m, 

1H), 2.63-2.68 (m, 1H), 2.80-2.84 (m, 1H), 3.77 (s, 3H), 6.84 (dt, J1 = 8.8 Hz, J2 = 3.2 Hz, 2H), 

7.10 (dt, J1 = 8.4 Hz, J2 = 3.2 Hz, 2H), 7.44 (t, J = 7.6Hz, 2H), 7.53 (t, J = 7.4Hz, 1H), 7.97-8.00 (m, 

2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 20.7, 31.0, 31.4, 57.0, 115.7, 129.1, 129.8, 130.3, 134.1, 

134.6, 139.5, 160.1, 200.3.
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S25

tBu

O

(2-(4-(tert-butyl)phenyl)cyclopropyl)(phenyl)methanone (1g)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[6] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.30 (s, 9H), 1.50-1.55 (m, 1H), 

1.88-1.93 (m, 1H), 2.65-2.70 (m, 1H), 2.86-2.90 (m, 1H), 7.11 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.2 

Hz, 2H), 7.41 (t, J = 7.6 Hz, 2H), 7.51 (tt, J1 = 7.2 Hz, J2 = 2.0 Hz, 1H), 7.97-7.99 (m, 2H). 13C 

NMR (CDCl3, TMS, 100 MHz) δ 21.0, 31.0, 31.6, 33.1, 36.2, 127.2, 127.7, 129.9, 130.3, 134.6, 

139.2, 139.5, 151.3, 200.4.
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S27

O
F

(2-(3-fluorophenyl)cyclopropyl)(phenyl)methanone (1h)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[7] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.50-1.55 (m, 1H), 1.90-1.94 (m, 

1H), 2.67-2.71 (m, 1H), 2.88-2.92 (m, 1H), 6.85 (d, J = 10.0 Hz, 1H), 6.91 (t, J = 8.2 Hz, 1H), 6.97 

(d, J = 7.6 Hz, 1H), 7.26 (q, J = 7.8 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.99 

(d, J = 7.6 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 21.1, 30.97, 31.0, 114.6 (d, J = 21.9 Hz), 

115.2 (d, J = 21.1 Hz), 123.8 (d, J = 2.6 Hz), 129.8, 130.3, 131.7 (d, J = 8.5 Hz), 134.8, 139.2, 

144.9 (d, J = 7.5 Hz), 164.7 (d, J = 245.9 Hz), 199.9. 19F NMR (CDCl3, CFCl3, 376 MHz) δ -113.1.
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S29

O
Cl

(2-(3-chlorophenyl)cyclopropyl)(phenyl)methanone (1i)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[7] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.50-1.54 (m, 1H), 1.88-1.93 (m, 

1H), 2.64-2.69 (m, 1H), 2.87-2.91 (m, 1H), 7.06 (dt, J1 = 7.2 Hz, J2 = 1.8Hz, 1H), 7.13 (s, 1H), 

7.17-7.24 (m, 2H), 7.46 (t, J = 7.6 Hz, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.98 (d, J = 7.4 Hz, 2H). 13C 

NMR (CDCl3, TMS, 100 MHz) δ 19.3, 29.18, 29.2, 124.7, 126.2, 126.8, 128.2, 128.6, 129.8, 13.1, 

134.5, 137.5, 142.7, 198.1.
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(2-(3-bromophenyl)cyclopropyl)(phenyl)methanone (1j)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[8] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.49-1.54 (m, 1H), 1.88-1.92 (m, 

1H), 2.63-2.68 (m, 1H), 2.86-2.91 (m, 1H), 7.10 (d, J = 7.8Hz, 1H), 7.16 (t, J = 7.8 Hz, 1H), 7.29 (t, 

J = 1.8 Hz, 1H), 7.34 (dt, J1 = 7.8 Hz, J2 = 1.6Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.55 (tt, J1 = 7.2 Hz, 

J2 = 1.6 Hz, 1H), 7.98 (dt, J1 = 7.2 Hz, J2 = 1.6 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 19.3, 

29.1, 29.2, 122.7, 125.2, 128.2, 128.6, 129.1, 129.7, 130.1, 133.1, 137.5, 143.0, 198.1.
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S32

O
Me

phenyl(2-(m-tolyl)cyclopropyl)methanone (1k)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[8] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.51-1.56 (m, 1H), 1.88-1.93 (m, 

1H), 2.33 (s, 3H), 2.64-2.68 (m, 1H), 2.86-2.90 (m, 1H), 6.96 (d, J = 10.4 Hz, 2H), 7.03 (d, J = 7.6 

Hz, 1H), 7.18 (t, J = 7.8 Hz, 1H), 7.43 (t, J = 7.6 Hz, 2H), 7.53 (tt, J1 = 7.4 Hz, J2 = 1.2 Hz, 1H), 

7.97-7.99 (m, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 19.3, 21.5, 29.4, 30.1, 123.3, 127.1, 127.4, 

128.2, 128.5, 128.6, 132.9, 137.8, 138.2, 140.5, 198.6.
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(2-(3-methoxyphenyl)cyclopropyl)(phenyl)methanone (1l)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[7] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.52-1.56 (m, 1H), 1.89-1.93 (m, 

1H), 2.65-2.70 (m, 1H), 2.88-2.92 (m, 1H), 3.80 (s, 3H), 6.72 (t, J = 2.0 Hz, 1H), 6.76-6.78 (m, 2H), 

7.22 (t, J = 8.4 Hz, 1H), 7.45 (t, J = 8.0 Hz, 2H), 7.55 (tt, J1 = 7.2 Hz, J2 = 1.2 Hz, 1H), 7.98-8.00 

(m, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 19.3, 29.3, 30.0, 55.2, 111.8, 112.3, 118.5, 128.1, 

128.6, 129.6, 132.9, 137.7, 142.2, 159.8, 198.5.
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OF

(2-(2-fluorophenyl)cyclopropyl)(phenyl)methanone (1m)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.55-1.60 (m, 1H), 1.87-1.92 (m, 

1H), 2.80-2.85 (m, 1H), 2.92-2.96 (m, 1H), 6.99-7.04 (m, 1H), 7.06-7.12 (m, 2H), 7.17-7.22 (m, 

1H), 7.45 (t, J = 8.0 Hz, 2H), 7.55 (tt, J1 = 7.2 Hz, J2 = 1.2 Hz, 1H), 7.99-8.01 (m, 2H). 13C NMR 

(CDCl3, TMS, 100 MHz) δ 17.7, 23.7 (d, J = 4.4 Hz), 27.4, 115.5 (d, J = 21.8 Hz), 124.1 (d, J = 3.6 

Hz), 127.3 (d, J = 3.9 Hz), 127.5 (d, J = 14.0 Hz), 128.1 (d, J = 8.4 Hz), 128.14, 128.6, 133.0, 137.7, 

161.8 (d, J = 246.7 Hz), 198.6. 19F NMR (CDCl3, CFCl3, 376 MHz) δ -118.3.
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S37

OCl

(2-(2-chlorophenyl)cyclopropyl)(phenyl)methanone (1n)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[9] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.56-1.61 (m, 1H), 1.88-1.93 (m, 

1H), 2.77-2.81 (m, 1H), 2.91-2.96 (m, 1H), 7.15 (td, J1 = 6.0 Hz, J2 = 2.4 Hz, 1H), 7.18-7.25 (m, 

2H), 7.36 (dd, J1 = 7.6 Hz, J2 = 1.2 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.56 (t, J = 7.4 Hz, 1H), 8.03 

(d, J = 7.8 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 17.7, 27.5, 28.1, 126.8, 127.4, 128.0, 

128.2, 128.6, 129.4, 132.9, 135.8, 137.7, 137.9, 198.6.
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OBr

(2-(2-bromophenyl)cyclopropyl)(phenyl)methanone (1o)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[9] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.57-1.62 (m, 1H), 1.87-1.92 (m, 

1H), 2.75-2.79 (m, 1H), 2.87-2.92 (m, 1H), 7.09-7.15 (m, 2H), 7.26 (t, J = 7.8 Hz, 1H), 7.46 (t, J = 

7.6 Hz, 2H), 7.53-7.57 (m, 2H), 8.03 (d, J = 7.6 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 18.1, 

27.6, 30.8, 126.5, 127.4, 127.8, 128.2, 128.4, 128.6, 132.7, 132.9, 137.7, 139.5, 198.7.
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S40

OMe

Phenyl(2-(o-tolyl)cyclopropyl)methanone (1p)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[9] A colorless oil. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.57-1.62 (m, 1H), 1.84-1.88 (m, 

1H), 2.31 (s, 3H), 2.73-2.81 (m, 2H), 7.08-7.11 (m, 1H), 7.16-7.18 (m, 3H), 7.46 (t, J = 7.6 Hz, 2H), 

7.56 (t, J = 7.2 Hz, 1H), 8.02 (d, J = 7.6 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 18.2, 19.7, 

27.3, 28.4, 125.6, 126.0, 126.8, 128.1, 128.6, 130.0, 133.0, 137.7, 138.1, 138.3, 199.0.
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S42

OOMe

(2-(2-methoxyphenyl)cyclopropyl)(phenyl)methanone (1q)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A colorless oil. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.51-1.56 (m, 1H), 1.87-1.91 (m, 

1H), 2.77-2.82 (m, 1H), 2.84-2.89 (m, 1H), 3.75 (s, 3H), 6.84 (d, J = 8.2 Hz, 1H), 6.91 (t, J = 7.6 

Hz, 1H), 7.04 (d, J = 7.2 Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H), 7.43 (t, J = 7.6 Hz, 2H), 7.53 (t, J = 7.2 

Hz, 1H), 8.00 (d, J = 7.8 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 17.4, 25.6, 27.9, 55.3, 

110.4, 120.4, 126.3, 127.8, 128.2, 128.5, 128.8, 132.7, 138.1, 158.5, 199.4.
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S44

O

(2-(naphthalen-1-yl)cyclopropyl)(phenyl)methanone (1r)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.72-1.77 (m, 1H), 1.95-2.00 (m, 

1H), 2.86-2.90 (m, 1H), 3.23-3.28 (m, 1H), 7.35 (d, J = 7.2 Hz, 1H), 7.40-7.50 (m, 5H), 7.56 (tt, J1 

= 7.4 Hz, J2 = 1.2 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.86 (d, J = 7.6 Hz, 1H), 8.04 (d, J = 7.2 Hz, 

2H), 8.13 (d, J = 8.0 Hz, 1H). 13C NMR (CDCl3, TMS, 100 MHz) δ 19.6, 29.1, 29.3, 125.6, 125.7, 

127.1, 127.6, 128.0, 129.4, 129.9, 130.27, 130.31, 134.70, 134.72, 135.3, 137.9, 139.4, 200.9.
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S46

O
S

Phenyl(2-(thiophen-2-yl)cyclopropyl)methanone (1s)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.52-1.57 (m, 1H), 1.92-1.97 (m, 

1H), 2.85-2.90 (m, 1H), 2.91-2.96 (m, 1H), 6.89 (d, J = 3.6 Hz, 1H), 6.92-6.95 (m, 1H), 7.13 (dd, J1 

= 5.2 Hz, J2 = 0.8 Hz, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.57 (t, J = 7.2 Hz, 1H), 8.01 (d, J = 7.4 Hz, 

2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 21.8, 26.8, 31.7, 124.9, 125.7, 128.7, 129.8, 130.3, 134.7, 

139.3, 146.4, 199.6.
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S48

O

(2-cyclohexylcyclopropyl)(phenyl)methanone (1t)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[7] A colorless oil. 1H NMR (CDCl3, TMS, 400 MHz) δ 0.81-0.89 (m, 1H), 0.91-0.99 (m, 

1H), 1.06-1.26 (m, 5H), 1.42-1.50 (m, 2H), 1.63-1.80 (m, 5H), 2.46-2.50 (m, 1H), 7.47 (t, J = 7.4 

Hz, 2H), 7.55 (t, J = 7.2 Hz, 1H), 7.99-8.02 (m, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 17.6, 

24.0, 26.1, 26.1, 26.3, 32.5, 32.9, 34.0, 42.2, 127.9, 128.4, 132.5, 138.1, 200.2.
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F

(4-fluorophenyl)(2-phenylcyclopropyl)methanone (1u)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.46-1.51 (m, 1H), 1.86-1.90 (m, 

1H), 2.64-2.69 (m, 1H), 2.77-2.81 (m, 1H), 7.00 (t, J = 8.6 Hz, 2H), 7.11 (d, J = 7.2 Hz, 2H), 7.17 (t, 

J = 7.2 Hz, 1H), 7.25 (t, J = 7.4 Hz, 2H), 7.92-7.96 (m, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 

19.3, 29.2, 30.0, 115.7 (d, J = 21.8 Hz), 126.3, 126.8, 128.7, 130.8 (d, J = 9.3 Hz), 134.2 (d, J = 2.9 

Hz), 140.5, 165.7 (d, J = 254.2 Hz), 196.6. 19F NMR (CDCl3, CFCl3, 376 MHz) δ -105.3.
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S52

O

Cl

(4-chlorophenyl)(2-phenylcyclopropyl)methanone (1v)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.47-1.52 (m, 1H), 1.85-1.90 (m, 

1H), 2.64-2.68 (m, 1H), 2.75-2.79 (m, 1H), 7.10 (d, J = 7.2 Hz, 2H), 7.16 (t, J = 7.2 Hz, 1H), 7.23-

7.30 (m, 4H), 7.83 (d, J = 8.6 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 19.5, 29.3, 30.3, 126.3, 

126.8, 128.7, 128.9, 129.6, 136.0, 139.3, 140.3, 197.0.
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S54

O

Br

(4-bromophenyl)(2-phenylcyclopropyl)methanone (1w)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.55-1.59 (m, 1H), 1.90-1.94 (m, 

1H), 2.67-2.72 (m, 1H), 2.80-2.84 (m, 1H), 7.16 (d, J = 7.2 Hz, 2H), 7.23 (t, J = 7.2 Hz, 1H), 7.31 (t, 

J = 7.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.84 (d, J = 8.4 Hz, 2H). 13C NMR (CDCl3, TMS, 100 

MHz) δ 19.4, 29.3, 30.3, 126.2, 126.7, 128.1, 128.6, 129.7, 131.9, 136.4, 140.2, 197.5.
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S56

O

Me

(2-phenylcyclopropyl)(p-tolyl)methanone (1x)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A colorless oil. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.50-1.54 (m, 1H), 1.88-1.92 (m, 

1H), 2.39 (s, 3H), 2.65-2.70 (m, 1H), 2.85-2.90 (m, 1H), 7.16-7.18 (m, 2H), 7.20-7.25 (m, 3H), 7.30 

(t, J = 7.4 Hz, 2H), 7.89 (d, J = 8.2 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 19.1, 21.7, 29.2, 

29.8, 126.3, 126.6, 128.3, 128.6, 129.3, 135.2, 140.7, 143.7, 198.1.
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S58

O
Br

(3-bromophenyl)(2-phenylcyclopropyl)methanone (1y)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A colorless oil. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.57-1.62 (m, 1H), 1.90-1.94 (m, 

1H), 2.70-2.75 (m, 1H), 2.80-2.85 (m, 1H), 7.16-7.18 (m, 2H), 7.21-7.25 (m, 1H), 7.30-7.34 (m, 

3H), 7.65-7.68 (m, 1H), 7.90 (dt, J1 = 8.0 Hz, J2 = 1.2 Hz, 1H), 8.11 (t, J = 1.6 Hz, 1H). 13C NMR 

(CDCl3, TMS, 100 MHz) δ 19.8, 29.4, 30.5, 123.0, 126.2, 126.7, 126.8, 128.7, 130.2, 131.1, 135.7, 

139.4, 140.1, 197.1.
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S60

O Cl

(2-chlorophenyl)(2-phenylcyclopropyl)methanone (1z)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[6] A colorless oil. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.56-1.60 (m, 1H), 1.93-1.98 (m, 

1H), 2.71-2.80 (m, 2H), 7.14 (d, J = 7.6 Hz, 2H), 7.17-7.21 (m, 1H), 7.25-7.29 (m, 3H), 7.31-7.38 

(m, 2H), 7.48-7.50 (m, 1H). 13C NMR (CDCl3, TMS, 100 MHz) δ 20.6, 31.5, 33.7, 126.2, 126.7, 

126.9, 128.5, 129.3, 130.4, 131.4, 131.8, 139.8, 140.0, 201.4.
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S62

O
S

(2-phenylcyclopropyl)(thiophen-2-yl)methanone (1aa)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[5] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.52-1.56 (m, 1H), 1.87-1.92 (m, 

1H), 2.70-2.78 (m, 2H), 7.12 (t, J = 4.4 Hz, 1H), 7.17 (d, J = 7.2 Hz, 2H), 7.22 (t, J = 7.2 Hz, 1H), 

7.30 (t, J = 7.4 Hz, 2H), 7.63 (d, J = 5.0 Hz, 1H), 7.78 (d, J = 3.8 Hz, 1H). 13C NMR (CDCl3, TMS, 

100 MHz) δ 20.7, 31.2, 31.7, 128.0, 128.3, 129.9, 130.3, 133.5, 135.3, 142.0, 146.5, 192.6.
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S64

O
O

furan-2-yl(2-phenylcyclopropyl)methanone (1ab)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[19] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.49-1.54 (m, 1H), 1.85-1.90 (m, 

1H), 2.68-2.73 (m, 1H), 2.81-2.85 (m, 1H), 6.52-6.53 (m, 1H), 7.15 (d, J = 7.2 Hz, 2H), 7.19-7.24 

(m, 2H), 7.29 (t, J = 7.2 Hz, 2H), 7.57-7.58 (m, 1H). 13C NMR (CDCl3, TMS, 100 MHz) δ 19.1, 

29.1, 29.5, 112.3, 116.9, 126.2, 126.6, 128.5, 140.3, 146.5, 153.1, 187.2.
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S66

O
N

(2-phenylcyclopropyl)(pyridin-2-yl)methanone (1ac)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[4] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.59-1.63 (m, 1H), 1.86-1.91 (m, 

1H), 2.73-2.77 (m, 1H), 3.83-3.87 (m, 1H), 7.19-7.22 (m, 3H), 7.26-7.31 (m, 2H), 7.46-7.49 (m, 

1H), 7.82-7.86 (m, 1H), 8.07 (d, J = 7.6 Hz, 1H), 8.70 (d, J = 4.6 Hz, 1H). 13C NMR (CDCl3, TMS, 

100 MHz) δ 22.8, 29.3, 32.5, 123.6, 127.9, 128.1, 128.7, 130.1, 138.7, 142.3, 150.6, 155.0, 201.1.
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S68

O

N

(1-methyl-1H-indol-5-yl)(2-phenylcyclopropyl)methanone (1ad)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[19] A white solid. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.47-1.52 (m, 1H), 1.89-1.52 (m, 

1H), 2.68-2.72 (m, 1H), 2.98-3.02 (m, 1H), 3.71 (s, 3H), 6.54 (d, J = 2.8 Hz, 1H), 7.03 (d, J = 2.8 

Hz, 1H), 7.16-7.21 (m, 3H), 7.25-7.30 (m, 3H), 7.91 (dd, J1 = 8.8 Hz, J2 = 1.6 Hz, 1H), 8.34 (d, J = 

1.2 Hz, 1H). 13C NMR (CDCl3, TMS, 100 MHz) δ 19.0, 29.2, 29.4, 33.0, 103.1, 109.2, 121.8, 122.9, 

126.3, 126.5, 128.0, 128.6, 129.9, 130.5, 139.2, 141.1, 198.3.
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S70

O

1-(2-phenylcyclopropyl)ethan-1-one (1ae)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[10] A colorless oil. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.35-1.40 (m, 1H), 1.65-1.69 (m, 

1H), 2.19-2.24 (m, 1H), 2.30 (s, 3H), 2.50-2.54 (m, 1H), 7.09 (d, J = 7.2 Hz, 2H), 7.20 (t, J = 7.4 

Hz, 1H), 7.28 (t, J = 7.4 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 19.2, 29.1, 30.9, 32.9, 126.0, 

126.5, 128.5, 140.3, 206.9.
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S72

O

1-(2-phenylcyclopropyl)propan-1-one (1af)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[11] A colorless oil. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.10 (t, J = 7.2Hz, 3H), 1.33-1.37 

(m, 1H), 1.64-1.68 (m, 1H), 2.17-2.21 (m, 1H), 2.48-2.53 (m, 1H), 2.62 (q, J = 7.2 Hz, 2H), 7.09 (d, 

J = 8.0 Hz, 2H), 7.20 (t, J = 7.2 Hz, 1H), 7.28 (t, J = 7.2 Hz, 2H). 13C NMR (CDCl3, TMS, 100 

MHz) δ 9.6, 20.6, 30.4, 33.6, 38.8, 127.7, 128.1, 130.2, 142.2, 211.2.
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S74

COOMe
COOMe

dimethyl 2-phenylcyclopropane-1,1-dicarboxylate (1ag)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[22] A colorless oil. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.72 (dd, J1 = 8.8 Hz, J2 = 5.2 Hz, 

1H), 2.19 (dd, J1 = 7.6 Hz, J2 = 5.6 Hz, 1H), 3.22 (t, J = 8.4 Hz, 1H), 3.33 (s, 3H), 3.76 (s, 3H), 

7.17-7.27 (m, 5H). 13C NMR (CDCl3, TMS, 100 MHz) δ 19.0, 32.5, 37.2, 52.1, 52.7, 127.4, 128.1, 

128.4, 134.5, 166.9, 170.1.
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S76

O
H

H
O

O

2-((1R,5S)-6,6-dimethylbicyclo[3.1.1]hept-2-en-2-yl)ethyl4-(2-benzoylcyclopropyl)benzoate 

(1ah)

A white solid. M.P.: 98-100 oC. 1H NMR (CDCl3, TMS, 400 MHz) δ 0.83 (s, 3H), 1.17 (d, J = 8.4 

Hz, 1H), 1.27 (s, 3H), 1.58-1.62 (m, 1H), 1.95-2.00 (m, 1H), 2.09-2.12 (m, 2H), 2.18-2.29 (m, 2H), 

2.35-2.44 (m, 3H), 2.71-2.76 (m, 1H), 2.94-2.98 (m, 1H), 4.27-4.37 (m, 2H), 5.36 (s, 1H), 7.22 (d, J 

= 8.4 Hz, 2H), 7.47 (t, J = 7.6 Hz, 2H), 7.57 (t, J = 7.6 Hz, 1H), 7.98 (t, J = 7.2 Hz, 4H). 13C NMR 

(CDCl3, TMS, 100 MHz) δ 19.7, 21.2, 26.2, 29.6, 29.6, 31.4, 31.7, 36.0, 38.0, 40.7, 45.6, 63.2, 

118.9, 126.0, 128.1, 128.6, 128.7, 129.8, 133.1, 137.4, 144.2, 145.9, 166.3, 198.0. IR (EtOH)   �̃�

2973, 2928, 2883, 1700, 1650, 1449, 1379, 1330, 1277, 1088, 1045, 880, 802, 631, 432 cm-1. 

HRMS (ESI) calcd. for C28H30O3Na (M+Na): 437.2087, Found: 437.2096.
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S78

O

O

CH3
CH3

H

H

H

CH3

O

H3C
CH3

(3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-

2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl4-(2-

benzoylcyclopropyl)benzoate (1ai)

A white solid. M.P.: 130-132 oC. 1H NMR (CDCl3, TMS, 400 MHz) δ 0.69 (s, 3H), 0.86 (d, J = 1.2 

Hz, 3H), 0.87 (d, J = 1.2 Hz, 3H), 0.92 (d, J = 6.4 Hz, 3H), 0.95-1.04 (m, 4H), 1.07 (s, 3H), 1.09-

1.27 (m, 8H), 1.30-1.38 (m, 3H), 1.45-1.54 (m, 4H), 1.55-1.61 (m, 3H), 1.68-1.78 (m, 1H), 1.81-

1.86 (m, 1H), 1.89-1.94 (m, 1H), 1.92-2.04 (m, 4H), 2.46 (d, J = 8.0 Hz, 2H), 2.70-2.75 (m, 1H), 

2.92-2.97 (m, 1H), 4.81-4.89 (m, 1H), 5.41 (d, J = 4.0 Hz, 1H), 7.22 (d, J = 8.4 Hz, 2H), 7.46 (t, J = 

7.6 Hz, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.98 (d, J = 8.0 Hz, 4H). 13C NMR (CDCl3, TMS, 100 MHz) δ 

11.9, 18.7, 19.4, 19.6, 21.0, 22.6, 22.9, 23.9, 24.3, 27.9, 28.0, 28.3, 29.6, 29.7, 31.8, 31.9, 35.8, 36.2, 

36.6, 37.0, 38.2, 39.5, 39.7, 42.3, 50.0, 56.1, 56.6, 74.5, 122.8, 125.9, 128.1, 128.6, 129.1, 129.9, 

133.1, 137.4, 139.6, 145.8, 165.7, 197.9. IR (EtOH)  2972, 2917, 1713, 1668, 1611, 1598, 1450, �̃�

1396, 1272, 1181, 1047, 989, 880, 753, 702 cm-1. HRMS (ESI) calcd. for C44H58O3Na (M+Na): 

657.4278, Found: 657.4287.
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S80

8. Spectroscopic data of products 2.

O

1,4-diphenylbutan-1-one (2a)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[12] A colorless oil. 43.5 mg, 97% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.04-2.11 (m, 

2H), 2.71 (t, J = 7.6 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 7.16-7.22 (m, 3H), 7.28 (t, J = 7.4 Hz, 2H), 

7.42 (t, J = 7.6 Hz, 2H), 7.53 (t, J = 7.2 Hz, 1H), 7.91 (d, J = 7.6 Hz, 2H). 13C NMR (CDCl3, TMS, 

100 MHz) δ 27.4, 36.9, 39.4, 127.7, 129.7, 130.1, 130.2, 130.3, 134.7, 138.7, 143.4, 201.8.
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S82

O
F

4-(4-fluorophenyl)-1-phenylbutan-1-one (2b)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[13] A colorless oil. 47.5 mg, 98% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.02-2.09 (m, 

2H), 2.69 (t, J = 7.2 Hz, 2H), 2.97 (t, J = 7.2 Hz, 2H), 6.97 (t, J = 8.4 Hz, 2H), 7.14-7.17 (m, 2H), 

7.45 (t, J = 7.6 Hz, 2H), 7.55 (t, J = 7.2 Hz, 1H), 7.91-7.93 (m, 2H). 13C NMR (CDCl3, TMS, 100 

MHz) δ 27.5, 36.0, 39.2, 116.8 (d, J = 21.0 Hz), 129.7, 130.3, 131.5 (d, J = 7.6 Hz), 134.7, 138.6, 

139.0 (d, J = 3.2 Hz), 163.0 (d, J = 243.4 Hz), 201.7. 19F NMR (CDCl3, CFCl3, 376 MHz) δ -116.1.

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.512.0

f1 (ppm)

2.
02

1.
99

2.
00

1.
90

1.
92

1.
93

0.
97

1.
92

0.
00
0

2.
01
8

2.
03
6

2.
05
4

2.
07
3

2.
09
2

2.
66
8

2.
68
8

2.
70
6

2.
94
9

2.
96
7

2.
98
5

6.
94
4

6.
96
6

6.
98
7

7.
13
5

7.
14
9

7.
15
6

7.
17
0

7.
42
6

7.
44
5

7.
46
4

7.
53
1

7.
54
9

7.
56
7

7.
90
7

7.
91
1

7.
91
6

7.
92
5

7.
92
8

7.
93
1



S83

-20-100102030405060708090100110120130140150160170180190200210220230240

f1 (ppm)

27
.4
91

36
.0
49

39
.2
11

78
.4
14

78
.7
32

79
.0
49

11
6.
70
2

11
6.
91
2

12
9.
67
9

13
0.
27
4

13
1.
46
6

13
1.
54
2

13
4.
70
5

13
8.
63
1

13
8.
96
5

13
8.
99
7

16
1.
80
1

16
4.
22
0

20
1.
66
0

-250-200-150-100-50050100150200250

f1 (ppm)

-1
16
.1
40



S84

O
Cl

4-(4-chlorophenyl)-1-phenylbutan-1-one (2c)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[14] A colorless oil. 50.2 mg, 97% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.02-2.09 (m, 

2H), 2.68 (t, J = 7.6 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 7.13 (t, J = 8.2 Hz, 2H), 7.23-7.26 (m, 2H), 

7.44 (t, J = 7.6 Hz, 2H), 7.55 (tt, J1 = 7.2 Hz, J2 = 1.6 Hz, 1H), 7.90-7.93 (m, 2H). 13C NMR 

(CDCl3, TMS, 100 MHz) δ 27.2, 36.2, 39.2, 129.7, 130.2, 130.3, 131.5, 133.4, 134.7, 138.6, 141.8, 

201.6.
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S86

O
Br

4-(4-bromophenyl)-1-phenylbutan-1-one (2d)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[15] A colorless oil. 58.2 mg, 96% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.01-2.08 (m, 

2H), 2.66 (t, J = 7.6 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 7.38-7.46 (m, 4H), 

7.54 (t, J = 7.2 Hz, 1H), 7.91 (t, J = 7.6 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 27.2, 36.3, 

39.2, 121.4, 129.7, 130.3, 132.0, 133.1, 134.7, 138.6, 142.4, 201.5.
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S88

O
Me

1-phenyl-4-(p-tolyl)butan-1-one (2e)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[14] A colorless oil. 42.9 mg, 90% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.02-2.09 (m, 

2H), 2.31 (s, 3H), 2.67 (t, J = 7.6 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 7.09 (s, 4H), 7.42 (t, J = 7.6 Hz, 

2H), 7.53 (t, J = 7.2 Hz, 1H), 7.91 (t, J = 7.6 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 21.0, 

25.8, 34.8, 37.7, 128.0, 128.4, 128.6, 129.1, 132.9, 135.4, 137.1, 138.6, 200.2.
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S90

O
MeO

4-(4-methoxyphenyl)-1-phenylbutan-1-one (2f)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[14] A colorless oil. 38.1 mg, 75% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.01-2.08 (m, 

2H), 2.66 (t, J = 7.6 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 3.78 (s, 3H), 6.83 (d, J = 8.6 Hz, 2H), 7.12 (d, 

J = 8.4 Hz, 2H), 7.44 (t, J = 7.6 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.92 (t, J = 7.6 Hz, 2H). 13C NMR 

(CDCl3, TMS, 100 MHz) δ 26.0, 34.3, 37.7, 55.3, 113.8, 128.0, 128.6, 129.4, 132.9, 133.7, 137.0, 

157.9, 200.2.
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S92

O

4-(4-(tert-butyl)phenyl)-1-phenylbutan-1-one (2g)

A colorless oil. 44.9 mg, 80% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.31 (s, 9H), 2.04-2.11 

(m, 2H), 2.69 (t, J = 7.6 Hz, 2H), 2.98 (t, J = 7.2 Hz, 2H), 7.14 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.2 

Hz, 2H), 7.43 (t, J = 7.6 Hz, 2H), 7.53 (tt, J1 = 7.4 Hz, J2 = 1.6 Hz,1H), 7.90-7.93 (m, 2H). 13C 

NMR (CDCl3, TMS, 100 MHz) δ 25.7, 31.4, 34.4, 34.7, 37.9, 125.3, 128.1, 128.2, 128.6, 132.9, 

137.1, 138.6, 148.8, 200.2. IR (EtOH)  2959, 2866, 1683, 1448, 1363, 1266, 1225, 1199, 1001, �̃�

833, 745, 689 cm-1. HRMS (EI) calcd. for C16H15ClO (M+): 280.1827, Found: 280.1824.
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S94
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F

4-(3-fluorophenyl)-1-phenylbutan-1-one (2h)

A colorless oil. 45.6 mg, 94% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.03-2.11 (m, 2H), 2.71 (t, 

J = 7.6 Hz, 2H), 2.97 (t, J = 7.2 Hz, 2H), 6.85-6.92 (m, 2H), 6.97 (d, J = 7.6 Hz, 1H), 7.20-7.25 (m, 

1H), 7.43 (d, J = 7.6 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.90-7.93 (m,2H). 13C NMR (CDCl3, TMS, 

100 MHz) δ 25.4, 34.9 (d, J = 1.6 Hz), 37.5, 112.9 (d, J = 21.0 Hz), 115.3 (d, J = 20.8 Hz), 124.2 (d, 

J = 2.7 Hz), 128.0, 128.6, 129.8 (d, J = 8.3 Hz), 133.0, 136.9, 144.3 (d, J = 7.1 Hz), 162.9 (d, J = 

245.3 Hz), 199.8. 19F NMR (CDCl3, CFCl3, 376 MHz) δ -113.7. IR (EtOH)  2935, 1682, 1587, �̃�

1486, 1448, 1264, 1225, 1138, 782, 733, 689 cm-1. HRMS (EI) calcd. for C16H15FO (M+): 242.1107, 

Found: 242.1102.
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S96

O

Cl

4-(3-chlorophenyl)-1-phenylbutan-1-one (2i)

A colorless oil. 46.1 mg, 89% yield.1H NMR (CDCl3, TMS, 400 MHz) δ 2.03-2.10 (m, 2H), 2.68 (t, 

J = 7.6 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 7.08 (d, J = 7.2 Hz, 1H), 7.15-7.22 (m, 3H), 7.44 (t, J = 

7.6 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.90-7.93 (m, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 25.4, 

34.9, 37.5, 126.2, 126.7, 128.0, 128.6, 129.7, 133.1, 134.2, 136.9, 143.8, 199.8. IR (EtOH)  3059, �̃�

2928, 2860, 1683, 1597, 1573, 1475, 1447, 1367, 1225, 1201, 1000, 780, 752, 689 cm-1. HRMS (EI) 

calcd. for C16H15ClO (M+): 258.0811, Found: 258.0808.
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S98

O

Br

4-(3-bromophenyl)-1-phenylbutan-1-one (2j)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[16] A colorless oil. 55.8 mg, 92% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.02-2.09 (m, 

2H), 2.68 (t, J = 7.6 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 7.11-7.16 (m, 2H), 7.32 (dt, J1 = 6.8 Hz, J2 = 

2.0 Hz, 1H), 7.35 (s, 1H), 7.44 (t, J = 7.6 Hz, 2H), 7.54 (t, J = 7.2 Hz, 1H), 7.92 (d, J = 7.4 Hz, 2H). 
13C NMR (CDCl3, TMS, 100 MHz) δ 25.5, 34.8, 37.5, 122.5, 127.2, 128.0, 128.6, 129.1, 130.0, 

131.5, 133.1, 136.9, 144.1, 199.8.
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S100

O

Me

Phenyl-4-(m-tolyl)butan-1-one (2k)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[13] A colorless oil. 46.7 mg, 98% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.03-2.10 (m, 

2H), 2.31 (s, 3H), 2.67 (t, J = 7.6 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 7.00 (d, J = 8.6 Hz, 3H), 7.17 (t, 

J = 7.4 Hz, 1H), 7.42 (t, J = 7.6 Hz, 2H), 7.52 (t, J = 7.2 Hz, 1H), 7.91 (d, J = 8.2 Hz, 2H). 13C 

NMR (CDCl3, TMS, 100 MHz) δ 21.4, 25.8, 35.2, 37.8, 125.6, 126.7, 128.1, 128.3, 128.6, 129.4, 

133.0, 137.1, 138.0, 141.7, 200.2.
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S102

O

OMe

4-(3-methoxyphenyl)-1-phenylbutan-1-one (2l)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[2] A colorless oil. 48.3 mg, 95% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.04-2.11 (m, 

2H), 2.69 (t, J = 7.6 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 3.77 (s, 3H), 6.72-6.75 (m, 2H), 6.79 (d, J = 

7.2 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 7.43 (t, J = 7.8 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.91 (d, J = 

7.8 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 25.6, 35.3, 37.7, 55.1, 111.3, 114.2, 121.0, 128.0, 

128.6, 129.4, 133.0, 137.0, 143.3, 159.7, 200.1.
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S104

O
F

4-(2-fluorophenyl)-1-phenylbutan-1-one (2m)

A colorless oil. 47.5 mg, 98% yield.1H NMR (CDCl3, TMS, 400 MHz) δ 2.03-2.11 (m, 2H), 2.75 (t, 

J = 7.6 Hz, 2H), 2.99 (t, J = 7.2 Hz, 2H), 6.98-7.07 (m, 2H), 7.13-7.24 (m, 2H), 7.43 (t, J = 7.6 Hz, 

2H), 7.53 (t, J = 7.4 Hz, 1H), 7.92 (d, J = 7.8 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 24.5, 

28.3, 37.7, 115.2 (d, J = 22.2 Hz), 124.0 (d, J = 3.5 Hz), 127.7 (d, J = 8.1 Hz), 128.0, 128.5 (d, J = 

14.2 Hz), 128.6, 130.8 (d, J = 5.1 Hz), 133.0, 137.0, 161.2 (d, J = 244.6 Hz), 199.9. 19F NMR 

(CDCl3, CFCl3, 376 MHz) δ -118.8. IR (Acetone)  3028, 2932, 2910, 1690, 1587, 1482, 1448, �̃�

1164, 1125, 1038, 772, 723, 679 cm-1. HRMS (EI) calcd. for C16H15FO (M+): 242.1107, Found: 

242.1101.
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S106

O
Cl

4-(2-chlorophenyl)-1-phenylbutan-1-one (2n)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[17] A colorless oil. 50.7 mg, 98% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.05-2.12 (m, 

2H), 2.84 (t, J = 7.6 Hz, 2H), 3.01 (t, J = 7.2 Hz, 2H), 7.10-7.19 (m, 2H), 7.24 (dd, J1 = 7.4 Hz, J2 = 

1.6 Hz, 1H), 7.33 (dd, J1 = 7.6 Hz, J2 = 1.2 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H), 7.54 (t, J = 7.4 Hz, 

1H), 7.93 (d, J = 7.8 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 24.2, 32.8, 37.8, 126.8, 127.5, 

128.0, 128.6, 129.5, 130.5, 133.0, 134.0, 137.0, 139.3, 199.9.
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S108

O
Br

4-(2-bromophenyl)-1-phenylbutan-1-one (2o)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[16] A colorless oil. 57.0 mg, 94% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.04-2.12 (m, 

2H), 2.84 (t, J = 7.6 Hz, 2H), 3.02 (t, J = 7.2 Hz, 2H), 7.03-7.07 (m, 1H), 7.20-7.26 (m, 2H), 7.44 (t, 

J = 8.0 Hz, 2H), 7.51-7.56 (m, 2H), 7.94 (d, J = 7.6 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 

24.3, 35.4, 37.8, 124.6, 127.5, 127.7, 128.0, 128.6, 130.5, 132.8, 133.0, 137.0, 141.1, 199.9.
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S110

O
Me

1-phenyl-4-(o-tolyl)butan-1-one (2p)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[18] A colorless oil. 45.8 mg, 96% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.99-2.07 (m, 

2H), 2.32 (s, 3H), 2.70 (t, J = 7.6 Hz, 2H), 3.01 (t, J = 7.2 Hz, 2H), 7.09-7.16 (m, 4H), 7.43 (t, J = 

7.6 Hz, 2H), 7.53 (t, J = 7.2 Hz, 1H), 7.93 (d, J = 7.6 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 

19.3, 24.5, 32.7, 38.0, 126.0, 126.1, 128.0, 128.6, 129.0, 130.3, 133.0, 136.1, 137.1, 139.9, 200.1.
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S112

O
OMe

4-(2-methoxyphenyl)-1-phenylbutan-1-one (2q)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[2] A colorless oil. 46.3 mg, 91% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.01-2.08 (m, 

2H), 2.72 (t, J = 7.6 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 3.74 (s, 3H), 6.82 (d, J = 8.2 Hz, 1H), 6.87 (t, 

J = 7.4 Hz, 1H), 7.13-7.19 (m, 2H), 7.42 (t, J = 7.6 Hz, 2H), 7.52 (t, J = 7.2 Hz, 1H), 7.91 (d, J = 

7.2 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 24.4, 29.6, 38.0, 55.2, 110.2, 120.4, 127.2, 128.1, 

128.5, 130.1, 130.1, 132.8, 137.2, 157.5, 200.4.
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S114

O

4-(naphthalen-1-yl)-1-phenylbutan-1-one (2r)

A colorless oil. 34.0 mg, 62% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.17-2.25 (m, 2H), 3.05 (t, 

J = 7.0 Hz, 2H), 3.16 (t, J = 7.6 Hz, 2H), 7.32 (d, J = 6.8 Hz, 1H), 7.36-7.48 (m, 4H), 7.49-7.55 (m, 

2H), 7.71 (d, J = 8.0 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 7.6 Hz, 2H), 8.11 (d, J = 8.0 Hz, 

1H). 13C NMR (CDCl3, TMS, 100 MHz) δ 25.7, 33.1, 38.7, 124.6, 126.21, 126.23, 126.6, 126.9, 

127.5, 128.7, 129.3, 129.5, 132.6, 133.7, 134.6, 137.7, 138.6, 200.8. IR (EtOH)  3057, 2927, 2870, �̃�

1681, 1596, 1509, 1447, 1365, 1226, 965, 776, 753, 688 cm-1. HRMS (ESI) calcd. for C20H18O 

(M+): 274.1358, Found: 274.1360.
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S116

OS

1-phenyl-4-(thiophen-2-yl)butan-1-one (2s)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[15] A colorless oil. 45.1 mg, 98% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.09-2.16 (m, 

2H), 2.94 (t, J = 7.2 Hz, 2H), 3.01 (t, J = 7.0 Hz, 2H), 6.81 (s, 1H), 6.91 (t, J = 3.6 Hz, 1H), 7.12 (d, 

J = 5.2 Hz, 1H), 7.43 (t, J = 7.4 Hz, 2H), 7.54 (t, J = 7.0 Hz, 1H), 7.92 (d, J = 8.0 Hz, 2H). 13C 

NMR (CDCl3, TMS, 100 MHz) δ 26.7, 29.9, 38.1, 123.9, 125.2, 127.5, 128.7, 129.3, 133.7, 137.6, 

145.2, 200.5.
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S118

O

F

1-(4-fluorophenyl)-4-phenylbutan-1-one (2u)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[12] A colorless oil. 47.5 mg, 98% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.04-2.11 (m, 

2H), 2.71 (t, J = 7.4 Hz, 2H), 2.94 (t, J = 7.4 Hz, 2H), 7.10 (t, J = 8.4 Hz, 2H), 7.17-7.21 (m, 3H), 

7.27-7.31 (m, 2H), 7.91-7.95 (m, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 25.7, 35.2, 37.6, 115.6 

(d, J = 21.8 Hz), 126.0, 128.4, 128.5, 130.6 (d, J = 9.3 Hz), 133.4 (d, J = 3.0 Hz), 141.6, 165.7 (d, J 

= 254.4 Hz), 198.5. 19F NMR (CDCl3, CFCl3, 376 MHz) δ -105.6.
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S120

O

Cl

1-(4-chlorophenyl)-4-phenylbutan-1-one (2v)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[12] A colorless oil. 46.6 mg, 90% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.04-2.11 (m, 

2H), 2.71 (t, J = 7.4 Hz, 2H), 2.93 (t, J = 7.0 Hz, 2H), 7.18-7.20 (m, 3H), 7.27-7.30 (m, 2H), 7.40 (d, 

J = 8.4 Hz, 2H), 7.84 (d, J = 8.4 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 25.6, 35.1, 37.6, 

126.0, 128.45, 128.5, 128.9, 129.5, 135.3, 139.4, 141.5, 198.8.
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S122

O

Br

1-(4-bromophenyl)-4-phenylbutan-1-one (2w)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[12] A colorless oil. 57.6 mg, 95% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.05-2.12 (m, 

2H), 2.72 (t, J = 7.4 Hz, 2H), 2.97 (t, J = 7.4 Hz, 2H), 7.20 (d, J = 7.6 Hz, 2H), 7.27-7.30 (m, 2H), 

7.43 (t, J = 7.6 Hz, 2H ), 7.54 (tt, J1 = 7.4 Hz, J2 = 1.2 Hz, 1H ), 7.91 (d, J = 7.2 Hz, 2H). 13C NMR 

(CDCl3, TMS, 100 MHz) δ 25.7, 35.2, 37.7, 126.0, 128.0, 128.4, 128.5, 128.6, 133.0, 137.0, 141.7, 

200.1.
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S124

O

Me

4-phenyl-1-(p-tolyl)butan-1-one (2x)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[12] A colorless oil. 46.7 mg, 98% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.03-2.10 (m, 

2H), 2.39 (s, 3H), 2.71 (t, J = 7.4 Hz, 2H), 2.94 (t, J = 7.4 Hz, 2H), 7.19-7.30 (m, 7H), 7.81 (d, J = 

8.4 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 23.3, 27.5, 36.9, 39.3, 127.6, 129.9, 130.1, 130.2, 

130.9, 136.2, 143.5, 145.4, 201.5.
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S126

O
Br

1-(3-bromophenyl)-4-phenylbutan-1-one (2y)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[12] A colorless oil. 54.6 mg, 90% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.04-2.11 (m, 

2H), 2.71 (t, J = 7.4 Hz, 2H), 2.94 (t, J = 7.2 Hz, 2H), 7.19-7.21 (m, 3H), 7.25-7.34 (m, 3H), 7.66 (d, 

J = 8.4 Hz, 1H), 7.82 (d, J = 8.0 Hz, 1H), 8.04 (s, 1H). 13C NMR (CDCl3, TMS, 100 MHz) δ 25.5, 

35.0, 37.7, 122.9, 126.0, 126.5, 128.4, 128.5, 130.2, 131.1, 135.8, 138.6, 141.4, 198.6.
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S128

O Cl

1-(2-chlorophenyl)-4-phenylbutan-1-one (2z)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[15] A colorless oil. 44.5 mg, 86% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.05-2.13 (m, 

2H), 2.73 (t, J = 7.6 Hz, 2H), 2.99 (t, J = 7.2 Hz, 2H), 7.21 (m, d, J = 7.6 Hz, 2H), 7.29 (t, d, J = 7.6 

Hz, 2H), 7.45 (t, d, J = 7.4 Hz, 2H), 7.55 (t, d, J = 7.6 Hz, 2H), 7.92 (d, J = 7.6 Hz, 2H). 13C NMR 

(CDCl3, TMS, 100 MHz) δ 25.7, 35.2, 37.7, 125.9, 128.0, 128.4, 128.5, 128.5, 132.9, 136.9, 141.7, 

200.1.
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S130

O
S

4-phenyl-1-(thiophen-2-yl)butan-1-one (2aa)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[15] A colorless oil. 35.9 mg, 78% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.05-2.13 (m, 

2H), 2.71 (t, J = 7.2 Hz, 2H), 2.91 (t, J = 7.4 Hz, 2H), 7.09-7.11 (m, 1H), 7.20 (d, J = 7.2 Hz, 3H), 

7.29 (t, J = 7.4 Hz, 2H), 7.60-7.64 (m, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 26.8, 35.9, 39.1, 

126.7, 128.7, 129.1, 129.2, 132.4, 134.1, 142.2, 145.1, 193.8.
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O
O

1-(furan-2-yl)-4-phenylbutan-1-one (2ab)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[21] A colorless oil. 30.9 mg, 72% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.03-2.10 (m, 

2H), 2.70 (t, J = 7.6 Hz, 2H), 2.84 (t, J = 7.4 Hz, 2H), 6.52 (s, 1H), 7.13 (d, J = 2.8 Hz, 1H), 7.20 (t, 

J = 6.8 Hz, 3H), 7.29 (t, J = 7.4 Hz, 2H), 7.57 (s, 1H). 13C NMR (CDCl3, TMS, 100 MHz) δ 25.7, 

35.2, 37.6, 112.1, 116.9, 125.9, 128.4, 128.5, 141.5, 146.2, 189.3.
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O

N

1-(1-methyl-1H-indol-5-yl)-4-phenylbutan-1-one (2ac)

A colorless oil. 44.9 mg, 81% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 2.08-2.15 (m, 2H),2.74 (t, 

J = 7.4 Hz, 2H), 3.05 (t, J = 7.2 Hz, 2H), 3.78 (s, 3H), 6.58 (d, J = 1.6 Hz, 1H), 6.09 (d, J = 1.6 Hz, 

1H), 7.18-7.23 (m, 3H), 7.27-7.32 (m, 3H), 7.88 (d, J = 8.8 Hz, 1H), 8.25 (s, 1H). 13C NMR (CDCl3, 

TMS, 100 MHz) δ 26.3, 33.0, 35.4, 37.6, 103.0, 109.1, 121.7, 122.8, 125.9, 126.3, 127.9, 128.4, 

128.6, 129.3, 130.4, 139.1, 142.0, 200.2. IR (EtOH)  2973, 2881, 1702, 1379, 1329, 1088, 1056, �̃�

880, 803, 634 cm-1. HRMS (ESI) calcd. for C19H19NONa (M+Na): 300.13589, Found: 300.13585.
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O

5-phenylpentan-2-one (2ad)

This is a known compound and its spectroscopic data are consistent with those in the previous 

literature.[20] A colorless oil. 12.7 mg, 48% yield. 1H NMR (CDCl3, TMS, 400 MHz) δ 1.87-1.95(m, 

2H), 2.12 (s, 3H), 2.44 (t, J = 7.4 Hz, 2H), 2.62 (t, J = 7.6 Hz, 2H), 7.16-7.21 (m, 3H), 7.26-7.30 (m, 

2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 25.2, 30.0, 35.0, 42.9, 125.9, 128.4, 128.5, 141.6, 208.8.
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O
H

H
O

O

2-((1R,5S)-6,6-dimethylbicyclo[3.1.1]hept-2-en-2-yl)ethyl 4-(4-oxo-4-phenylbutyl)benzoate 

(2ah)

A white solid. 79.1 mg, 95% yield. M.P.: 106-108 oC. 1H NMR (CDCl3, TMS, 400 MHz) δ 0.84 (s, 

3H), 1.17 (d, J = 8.4 Hz, 1H), 1.27 (s, 3H), 2.06-2.14 (m, 4H), 2.18-2.29 (m, 2H), 2.35-2.39 (m, 1H), 

2.42 (t, J = 6.8 Hz, 2H), 2.77 (t, J = 7.6 Hz, 2H), 2.98 (t, J = 7.2 Hz, 2H), 4.27-4.36 (m, 2H), 5.36 (s, 

1H), 7.27 (d, J = 8.0 Hz, 2H), 7.44 (t, J = 7.6 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.92 (d, J = 7.6 Hz, 

2H), 7.96 (d, J = 8.4 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 21.2, 25.3, 26.3, 31.4, 31.7, 

35.2, 36.1, 37.5, 38.0, 40.8, 45.8, 63.2, 118.9, 128.0, 128.3, 128.5, 128.6, 129.8, 133.0, 136.9, 144.3, 

147.1, 166.5, 199.7. IR (EtOH)  2972, 2880, 1742, 1414, 1379, 1329, 1273, 1088, 1046, 880, 803, �̃�

756, 637 cm-1. HRMS (ESI) calcd. for C28H32O3Na (M+Na): 439.2244, Found: 439.2250.
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O

O

CH3
CH3

H

H

H

CH3

O

H3C
CH3

(3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-

2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl4-(4-oxo-

4-phenylbutyl) Benzoate (2ai)

A white solid. 117.2 mg, 92% yield. M.P.: 121-123 oC. 1H NMR (CDCl3, TMS, 400 MHz) δ 0.69 (s, 

3H), 0.86 (d, J = 1.2 Hz, 3H), 0.88 (d, J = 1.6 Hz, 3H), 0.92 (d, J = 6.8 Hz, 3H), 0.97-1.04 (m, 4H), 

1.06 (s, 3H), 1.09-1.28 (m, 8H),1.30-1.41 (m, 3H), 1.43-1.59 (m, 6H), 1.67-1.77 (m, 1H), 1.78-1.86 

(m, 1H), 1.88-1.93 (m, 1H), 1.96-2.03 (m, 3H), 2.05-2.13 (m, 2H), 2.46 (d, J = 7.6 Hz, 2H), 2.76 (t, 

J = 7.2 Hz, 2H), 2.96 (t, J = 7.2 Hz, 2H), 4.81-4.89 (m, 1H), 5.40 (d, J = 3.6 Hz, 1H), 7.26 (d, J = 

8.0 Hz, 2H), 7.43 (t, J = 7.6 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.91 (d, J = 7.2 Hz, 2H), 7.96 (d, J = 

8.0 Hz, 2H). 13C NMR (CDCl3, TMS, 100 MHz) δ 11.9, 18.8, 19.4, 21.1, 22.6, 22.9, 23.9, 24.3, 

25.3, 27.9, 28.0, 28.3, 31.9, 32.0, 35.2, 35.8, 36.2, 36.7, 37.1, 37.5, 38.3, 39.6, 39.8, 42.3, 50.1, 56.2, 

56.7, 74.4, 122.7, 128.0, 128.5, 128.6, 128.7, 129.8, 133.0, 136.9, 139.7, 147.0, 165.9, 199.6. IR 

(EtOH)  2902, 2864, 2848, 1703, 1675, 1457, 1369, 1273, 1260, 1195, 1116, 1037, 1022, 872, 799, �̃�

742, 686, 563 cm-1. HRMS (ESI) calcd. for C44H60O3Na (M+Na): 659.4435, Found: 659.4432.
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