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I. General Information 

Commercially available materials purchased from Meryer, Aladdin, and Adamas were used as 

received; unless otherwise noted, all reactions and manipulations involving air- and moisture-

sensitive compounds were performed using standard Schlenk techniques. Catalyst C was 

synthesized using the same procedures as shown in the literature (J. Am. Chem. Soc. 2011, 

133, 14960–14963). All solvents were purified and dried using normal procedures. Proton 

nuclear magnetic resonance (
1
H NMR) spectra were recorded on a Bruker AVANCE III 

HD400 (400 MHz) spectrometer. Chemical shifts were recorded in parts per million (ppm, δ) 

relative to tetramethylsilane (δ = 0.00 ppm) or chloroform (δ = 7.26 ppm). 
1
H NMR splitting 
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patterns are designated as singlet (s), doublet (d), triplet (t), quartet (q), dd (doublet of 

doublets), m (multiplet), and etc. All first-order splitting patterns were assigned on the basis 

of the appearance of the multiplet. Splitting patterns that could not be easily interpreted are 

designated as multiplet (m) or broad (br). Carbon nuclear magnetic resonance (
13

C NMR) 

spectra were recorded on a Bruker AVANCE III HD400 (100 MHz) spectrometer. High 

resolution mass spectral analysis (HRMS) was performed on Thermo Fisher Scientific LTQ 

FT Ultra mass spectrometer. The determination of ee was performed via chiral HPLC 

analysis using Shimadzu LC-20AD HPLC workstation. X-ray crystallography analysis was 

performed on Agilent SuperNova X-ray diffractionmeter. Optical rotations were measured 

using a 1 mL cell with a 5 dm path length on an INESA SGW-1 polarimeter and are reported 

as follows: [α]
rt

D (cin g per 100 mL solvent). Analytical thin-layer chromatography (TLC) 

was carried out on WFH-203 F254 pre-coated silica gel plate (0.2 mm thickness). 

Visualization was performed using a UV lamp or 2,4-dinitrophenylhydrazine or potassium 

permanganate stain. 

II. X-ray crystallographic analysis 

X-ray crystallographic analysis of 3i 

  Method for single crystal cultivation: a solid sample (10–20 mg) was dissolved in CHCl3 

(100–200 μL) in a vial at room temperature, and MeOH (300–600 μL) was added into the 

above solution slowly while keeping the sample all dissolved. Then vial was sealed with a 

piece of parafilm and stayed quietly for several days to allow the slow evaporation of the 

solution until a single crystal was obtained. 

 

Table S1. Crystal data and structure refinement for data of compound 3i: 
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Identification code 3i 

Empirical formula C21H16BrClO2 

Formula weight 415.70 

Temperature/K 100.(2) 

Crystal system monoclinic 

Space group P21 

a/Å 8.3009(2) 

b/Å 10.9773(3) 

c/Å 9.7497(3) 

α/° 90 

β/° 91.1200(10) 

γ/° 90 

Volume/Å
3
 888.24(4) 

Z 2 

ρcalcg/cm
3
 1.554 

μ/mm
-1

 2.476 

F(000) 420.0 

Crystal size/mm
3
 0.200 × 0.200 × 0.200 

Radiation ? (λ = 0.71073) 

2Θ range for data collection/° 6.16 to 55.02 

Index ranges -10 ≤ h ≤ 10, -14 ≤ k ≤ 14, -12 ≤ l ≤ 12 

Reflections collected 18512 

Independent reflections 3988 [Rint = 0.0339, Rsigma = 0.0392] 

Data/restraints/parameters 3988/1/228 

Goodness-of-fit on F
2
 1.052 
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Final R indexes [I>=2σ (I)] R1 = 0.0196, wR2 = 0.0473 

Final R indexes [all data] R1 = 0.0201, wR2 = 0.0474 

Largest diff. peak/hole / e Å
-3

 0.48/-0.34 

Flack parameter 0.046(3) 

  

X-ray crystallographic analysis of 3m derivative (CCDC 2002835): 

 

Table S2. Crystal data and structure refinement for data of 3m derivative: 

Identification code 3m derivative 

Empirical formula C20H26NO5S 

Formula weight 380.48 

Temperature/K 230(2) 

Crystal system monoclinic 

Space group P21 

a/Å 6.7030(5) 

b/Å 8.4049(6) 

c/Å 17.5344(14) 

α/° 90 

β/° 98.188(3) 

γ/° 90 

Volume/Å
3
 977.78(13) 

Z 2 

ρcalcg/cm
3
 1.292 

μ/mm
-1

 0.193 

F(000) 408.0 

Crystal size/mm
3
 0.1 × 0.1 × 0.1 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 6.14 to 57.43 
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Index ranges -9 ≤ h ≤ 9, -11 ≤ k ≤ 11, -23 ≤ l ≤ 23 

Reflections collected 27886 

Independent reflections 5054 [Rint = 0.0333, Rsigma = 0.0248] 

Data/restraints/parameters 5054/1/238 

Goodness-of-fit on F
2
 1.002 

Final R indexes [I>=2σ (I)] R1 = 0.0410, wR2 = 0.1159 

Final R indexes [all data] R1 = 0.0466, wR2 = 0.1218 

Largest diff. peak/hole / e Å
-3

 0.47/-0.20 

Flack parameter 0.05(2) 

 

X-ray crystallographic analysis of 2n (CCDC 2002834): 

 

Table S3. Crystal data and structure refinement for data of 2n 

Identification code 2n 

Empirical formula C13H16O2 

Formula weight 204.26 

Temperature/K 293(2) 

Crystal system orthorhombic 

Space group P212121 

a/Å 5.5579(2) 

b/Å 7.7831(2) 

c/Å 25.2947(7) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å
3
 1094.19(6) 

Z 4 

ρcalcg/cm
3
 1.240 

μ/mm
-1

 0.653 

F(000) 440.0 

Crystal size/mm
3
 0.15 × 0.1 × 0.1 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 11.896 to 144.114 

Index ranges -2 ≤ h ≤ 6, -9 ≤ k ≤ 8, -30 ≤ l ≤ 31 

Reflections collected 3096 
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Independent reflections 1887 [Rint = 0.0128, Rsigma = 0.0176] 

Data/restraints/parameters 1887/0/139 

Goodness-of-fit on F
2
 1.072 

Final R indexes [I>=2σ (I)] R1 = 0.0312, wR2 = 0.0801 

Final R indexes [all data] R1 = 0.0322, wR2 = 0.0810 

Largest diff. peak/hole / e Å
-3

 0.18/-0.12 

Flack parameter -0.04(11) 

 

 

III. General procedures for the preparation of substrates 

1. Typical procedure for the synthesis of substrates 1a–1h and 1l : 

 

A solution of 1,2-diphenylethan-1-one S1 (3.92 g, 20.0 mmol), 4-bromobenzaldehyde 

S2 (3.68 g, 20.0 mmol), AcOH (1.0 mL) and piperidine (0.4 mL) in 50 mL toluene was 

refluxed overnight using a Dean-stark apparatus. After cooling to room temperature, the 

reaction was quenched by the addition of saturated aqueous NaHCO3 solution (10 mL). The 

aqueous layer was extracted with ethyl acetate (3 x 100 mL) and the combined organic layer 

was dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The 

residue was purified by chromatography (petroleum ether/ethyl acetate, v:v = 50:1) to afford 

product S3 (2.61 g, 36% yield). 

A solution of S3 (0.51 g, 1.41 mmol) in 30 mL MeOH was added H2O2 (0.8 mL, 30% in 

water) dropwised at 0 ˚C. Then under this temperature, 0.8 mL aqueous NaOH solution (6 N) 

was slowly added into reaction mixture. The reaction suspension was monitored by TLC until 

no S3 remained. Then the reaction was quenched with aqueous Na2S2O3 solution, and then 

extracted with ethyl acetate (3 x 30 mL). The combined organic layer was dried over 

anhydrous Na2SO4, filtered and evaporated under reduced pressure. The residue was purified 

by chromatography (petroleum ether/ethyl acetate, v:v = 30:1) to afford product 1a (0.45 g, 

84% yield).  

2. Typical procedure for the synthesis of substrate 1i : 
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A solution of methyl S4 (0.40 g, 1.0 mmol) and 3-chloroperoxybenzoic acid (0.52 g, 3.0 

mmol) in 10 mL CH2Cl2 were stirred for 2 h at room temperature. Then the reaction was 

quenched with aqueous Na2S2O3 solution and extracted with ethyl acetate (3 x 20 mL). The 

combined organic layer was dried over anhydrous Na2SO4, filtered and evaporated under 

reduced pressure. The residue was purified by chromatography (petroleum ether/ethyl acetate, 

v:v = 50:1) to afford product 1i (0.28 g, 68% yield). 

3. Typical procedure for the synthesis of substrate 1k: 

 

1,2-Diphenylethan-1-one S5 (2.0 g, 10.0 mmol) and K2CO3 (1.48 g, 10.7 mmol) were 

added in 50 mL EtOH:acetone (v:v = 1:1). Then formaldehyde (1.5 mL, 18.0 mmol) was 

added at room temperature. After 4 h, the aqueous layer was extracted with ethyl acetate (3 x 

50 mL) and the combined organic layer was dried over anhydrous Na2SO4, filtered and 

concentrated under reduced pressure. The residue was purified by chromatography 

(petroleum ether/ethyl acetate, v:v = 50:1) to afford product S6 (0.61 g, 29% yield). 

A solution of S6 (0.6 g, 2.9 mmol) in 30 mL MeOH was added H2O2 (3.0 mL, 30% in 

water) dropwised at 0 ˚C. Then under this temperature, 3.0 mL aqueous NaOH solution (6 N) 

was slowly added into reaction mixture. The reaction suspension was monitored by TLC until 

no S6 remained. Then the reaction was quenched with aqueous Na2S3O2 solution, and then 

extracted with ethyl acetate (3 x 30 mL). The combined organic layer was dried over 

anhydrous Na2SO4, filtered and evaporated under reduced pressure. The residue was purified 

by chromatography (petroleum ether/ethyl acetate, v:v = 30:1) to afford product 1k (0.48 g, 

74% yield).  

4. Typical procedure for the synthesis of substrate 1m: 
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A solution of S7 (1.88 g, 12.9 mmol) in 20 mL MeOH was added H2O2 (4.0 mL, 30% in 

water) dropwised at 0 ˚C. Then under this temperature, 3.8 mL aqueous NaOH solution (2 N) 

was slowly added into reaction mixture. The reaction suspension was slowly warmed to room 

temperature and monitored by TLC until no S7 remained. Then the reaction was quenched 

with aqueous Na2S3O2 solution, and then extracted with ethyl acetate (3 x 60 mL). The 

combined organic layer was dried over anhydrous Na2SO4, filtered and evaporated under 

reduced pressure. The residue was purified by chromatography (petroleum ether/ethyl acetate, 

v:v = 40:1) to afford product 1m (1.42 g, 68% yield).  

5. Typical procedure for the synthesis of substrate 1n:  

 

A solution of cyclohexanone S8 (7.36 g, 75.0 mmol) and benzaldehyde S9 (5.3 g, 50.0 

mmol) in 50 mL aqueous KOH solution (1 N) was heated to reflux for 3 h. After cooling to 

room temperature, the aqueous layer was extracted with ethyl acetate (3 × 120 mL) and the 

combined organic layer was dried over anhydrous Na2SO4, filtered and concentrated under 

reduced pressure. The residue was purified by chromatography (petroleum ether/ethyl acetate, 

v:v = 30:1) to afford product S10 (5.58 g, 60% yield). 

A solution of S10 (2.49 g, 13.4 mmol) in 35 mL MeOH was added H2O2 (5.0 mL, 30% 

in water) dropwised at room temperature. Then under this temperature, 2.5 mL aqueous 

NaOH solution (6 N) was slowly added into reaction mixture. The reaction suspension was 

monitored by TLC until no S10 remained. Then the reaction was quenched with aqueous 

Na2S3O2 solution, and then extracted with ethyl acetate (3 x 100 mL). The combined organic 

layer was dried over anhydrous Na2SO4, filtered and evaporated under reduced pressure. The 

residue was purified by chromatography (petroleum ether/ethyl acetate, v:v = 50:1) to afford 

product 1n (1.30 g, 48% yield). 

6. Typical procedure for the synthesis of substrate 1o:  
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A solution of propiophenone S11 (4.02 g, 30.0 mmol), benzaldehyde S9 (6.36 g, 60.0 

mmol), 60 mL aqueous KOH solution (0.1 N) and EtOH (60 mL) was stirred at room 

temperature for 3 d. After cooling to room temperature, the aqueous layer was extracted with 

ethyl acetate (3 x 150 mL) and the combined organic layer was dried over anhydrous Na2SO4, 

filtered and concentrated under reduced pressure. The residue was purified by 

chromatography (petroleum ether/ethyl acetate, v:v = 30:1) to afford product S12 (4.19 g, 

63% yield). 

A solution of S12 (3.00 g, 13.5 mmol) in 60 mL MeOH was added H2O2 (6.0 mL, 30% 

in water) dropwised at room temperature. Then under this temperature, 3.0 mL aqueous 

NaOH solution (6 N) was slowly added into reaction mixture. The reaction suspension was 

monitored by TLC until no S12 remained. Then the reaction was quenched with aqueous 

Na2S3O2 solution, and then extracted with ethyl acetate (3 x 100 mL). The combined organic 

layer was dried over anhydrous Na2SO4, filtered and evaporated under reduced pressure. The 

residue was purified by chromatography (petroleum ether/ethyl acetate, v:v = 50:1) to afford 

product 1o (1.90 g, 59% yield). 

IV. Typical procedure for the transfer hydrogenation: 

 

A mixture of epoxy ketone 1a (75.6 mg, 0.2 mmol) and the Ru catalyst (2.5 mg, 2 mol%) 

in 1.0 mL formic acid/triethylamine (v:v = 1:3) mixture was stirred at 40 ºC under argon 

atmosphere. After completion of the reaction as indicated by TLC, it was extracted with ethyl 

acetate (3 x 10 mL) and the organic extract was dried over anhydrous Na2SO4 followed by 

the removal of solvent in a rotary evaporator. The residue was purified by chromatography 

(petroleum ether/ethyl acetate, v:v = 20:1) to afford product 2a (35.1 mg, 46% yield) and 3a 

(34.2 mg, 45% yield).  

V. Procedures for derivatizations of products 
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1. Synthesis of compound 4a: 

 

A solution of 3c (17.0 mg, 0.05 mmol) and Dess-Martin periodine (61.0 mg, 0.09 mmol) 

in 5.0 mL dry CH2Cl2 was stirred at room temperature under argon atmosphere. The reaction 

suspension was monitored by TLC until no 3c remained. Then the reaction mixture was 

extracted with ethyl acetate (3 x 10 mL). The combined organic layer was dried over 

anhydrous Na2SO4, filtered and evaporated under reduced pressure. The residue was purified 

by chromatography (petroleum ether/ethyl acetate, v:v = 5:1) to afford product 4a (15.3 mg, 

96% yield).  

2. Synthesis of compound 4b: 

 

To a round-bottomed flask equiped with a dropping funnel, a condenser, and a magnetic 

stirrer was added 3c (10.0 mg, 0.03 mmol), NaN3 (4.0 mg, 0.06 mmol), NH4Cl (3.3 mg, 0.06 

mmol) and 0.4 mL DMF. The reaction mixture was heated to 100 ºC and stirred continuously 

for 8 h in an over-dried pressure-tight reaction tube. Then the mixture was extracted with 

CH2Cl2 (3 x 10 mL). The combined organic layer was dried over anhydrous Na2SO4, filtered 

and evaporated under reduced pressure. The residue was purified by chromatography 

(petroleum ether/ethyl acetate, v:v = 10:1) to afford product 4b (10.7 mg, 98% yield). 

3. Synthesis of compound 4c: 

 



S11 
 

To a round-bottomed flask equipped with a dropping funnel, a condenser, and a 

magnetic stirrer was added 3c (17.0 mg, 0.05 mmol), NaH (4.0 mg, 0.13 mmol) and 5.0 mL 

THF at 0 ºC under argon atmophere. After stirring for 40 min, BnBr (25.9 mg, 0.15 mmol) 

and n-Bu4NI (9.2 mg, 0.005 mmol) were added into the reaction mixture at 0 ºC. The the 

reaction resulting solution was slowly warm to room temperature and then stirred for 

additional 3 h. Then the reaction was quenched with aqueous saturated NH4Cl solution, and 

then extracted with ethyl acetate (3 x 10 mL). The combined organic layer was dried over 

anhydrous Na2SO4, filtered and evaporated under reduced pressure. The residue was purified 

by chromatography (petroleum ether/ethyl acetate, v:v = 20:1) to afford product 4c (18.0 mg, 

88% yield). 

 

VI. Characterizations of new compounds 

 

(3-(4-bromophenyl)-2-phenyloxiran-2-yl)(phenyl)methanone (1a): White solid, mp 149–

150 
◦
C, 0.45 g, 84% yield. 

1
H NMR (600 MHz, CDCl3) δ 8.14–8.11 (m, 2H), 7.57–7.53 (m, 

1H), 7.46–7.43 (m, 4H), 7.32–7.28 (m, 2H), 7.23–7.16 (m, 3H), 7.08–7.05 (m, 2H), 4.47 (s, 

1H); 
13

C NMR (150 MHz, CDCl3) δ 195.0, 133.99, 133.95, 132.5, 131.7, 131.2, 130.0, 128.7, 

128.6, 128.5, 128.4, 127.5, 122.3, 71.3, 62.6; HRMS (ESI, m/z): calcd. for C21H15O2BrH
+
 

379.0328, found 379.0322; IR (KBr thin film, cm
-1

): ν 3007, 2989, 1689, 1592, 1448, 1260, 

1183, 1007, 1010, 780, 760, 641. 

 

(3-(4-chlorophenyl)-2-phenyloxiran-2-yl)(phenyl)methanone (1b): White solid, mp 100–

101 
◦
C, 0.28 g, 60% yield. 

1
H NMR (400 MHz, CDCl3) δ 8.10–8.07 (m, 2H), 7.52–7.47 (m, 

1H), 7.41–7.37 (m, 4H), 7.20–7.05 (m, 7H), 4.44 (s, 1H); 
13

C NMR (100 MHz, CDCl3) δ 

194.9, 134.0, 133.9, 132.0, 131.7, 129.9, 128.6, 128.5, 128.3, 128.2, 128.1, 127.5, 71.3, 62.5; 
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HRMS (ESI, m/z): calcd. for C21H15O2ClH
+
 335.0833, found 335.0837; IR (KBr thin film, 

cm
-1

): ν 3060, 1689, 1609, 1578, 1501, 1495, 1181, 1087, 1013, 817, 746, 698. 

 

(3-(4-fluorophenyl)-2-phenyloxiran-2-yl)(phenyl)methanone (1c): White solid, mp 93–94 

◦
C, 0.34 g, 76% yield. 

1
H NMR (600 MHz, CDCl3) δ 8.15–8.12 (m, 2H), 7.57–7.53 (m, 1H), 

7.46–7.43 (m, 4H), 7.23–7.14 (m, 5H), 6.88–6.84 (m, 2H), 4.50 (s, 1H); 
13

C NMR (150 MHz, 

CDCl3) δ 195.2, 162.6 (d, J = 245.4 Hz), 134.1, 133.9, 131.8, 130.0, 129.2 (d, J = 2.5 Hz), 

128.7, 128.54, 128.48, 128.3, 127.6, 115.1 (d, J = 21.7 Hz), 71.3, 62.6; HRMS (ESI, m/z): 

calcd. for C21H15O2FH
+
 319.1129, found 319.1131; IR (KBr thin film, cm

-1
): ν 3037, 1687, 

1601, 1582, 1510, 1446, 1275, 1187, 1031, 838, 775, 698. 

 

(3-(naphthalen-1-yl)-2-phenyloxiran-2-yl)(phenyl)methanone (1d): Yellow solid, mp 

109–110
◦
C, 0.25 g, 51% yield. 

1
H NMR (600 MHz, CDCl3) δ 8.38–8.36 (m, 1H), 8.20–8.16 

(m, 2H), 7.75 (d, J = 8.2 Hz, 1H), 7.65 (d, J = 8.2 Hz, 1H), 7.61–7.54 (m, 2H), 7.50–7.41 (m, 

6H), 7.34–7.30 (m, 1H), 7.05–6.98 (m, 3H), 5.05 (s, 1H); 
13

C NMR (150 MHz, CDCl3) δ 

195.4, 134.1, 134.0, 133.0, 132.1, 130.9, 130.2, 129.3, 128.7, 128.5, 128.3, 128.2, 128.0, 

126.7, 126.5, 126.0, 124.9, 124.6, 123.6, 70.7, 63.2; HRMS (ESI, m/z): calcd. for 

C25H18O2H
+
 351.1380, found 351.1381; IR (KBr thin film, cm

-1
): ν 2983, 1681, 1599, 1517, 

1457, 1392, 1275, 1266, 1181, 1019, 855, 698. 

 

(4-chlorophenyl)(2,3-diphenyloxiran-2-yl)methanone (1e): White solid, mp 114–115 
◦
C, 

0.38 g, 80% yield. 
1
H NMR (600 MHz, CDCl3) δ 8.10–8.07 (m, 2H), 7.42–7.40 (m, 4H), 

7.21–7.15 (m, 8H), 4.51 (s, 1H); 
13

C NMR (150 MHz, CDCl3) δ 194.2, 140.4, 133.2, 132.5, 
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131.7, 131.4, 129.0, 128.5, 128.3, 128.2, 128.0, 127.5, 126.8, 71.2, 63.2; HRMS (ESI, m/z): 

calcd. for C21H15ClO2H
+
 335.0833, found 335.0834; IR (KBr thin film, cm

-1
): ν 3063, 3001, 

1683, 1583, 1450, 1280, 1178, 1019, 845, 766, 752, 701. 

 

(3-chlorophenyl)(2,3-diphenyloxiran-2-yl)methanone (1f): Yellow solid, mp 68–69 
◦
C, 

0.33 g, 70% yield. 
1
H NMR (600 MHz, CDCl3) δ 8.14–8.11 (m, 2H), 7.59–7.55 (m, 1H), 

7.48–7.45 (m, 3H), 7.34–7.32 (m, 1H), 7.22–7.17 (m, 5H), 7.14–7.10 (m, 2H), 4.52 (s, 1H); 

13
C NMR (150 MHz, CDCl3) δ 194.8, 134.22, 134.18, 134.1, 133.9, 132.9, 130.0, 129.5, 

128.73, 128.65, 128.3, 128.1, 127.7, 126.7, 125.8, 70.7, 63.3; HRMS (ESI, m/z): calcd. for 

C21H15O2H
+
 335.0833, found 335.0835; IR (KBr thin film, cm

-1
): ν 3074, 1680, 1598, 1478, 

1283, 1178, 1084, 1022, 857, 769, 755, 695. 

 

(3-(4-bromophenyl)-2-(4-chlorophenyl)oxiran-2-yl)(phenyl)methanone (1g): White solid, 

mp 91–92 
◦
C, 0.30 g, 51% yield. 

1
H NMR (600 MHz, CDCl3) δ 8.11–8.08 (m, 2H),7.58–7.55 

(m, 1H), 7.47–7.43 (m, 2H), 7.39–7.36 (m, 2H), 7.34–7.31 (m, 2H), 7.20–7.17 (m, 2H), 7.06–

7.02 (m, 2H), 4.46 (s, 1H); 
13

C NMR (150 MHz, CDCl3) δ 194.7, 134.7, 134.1, 133.8, 132.1, 

131.4, 130.3, 129.9, 128.9, 128.73, 128.71, 128.3, 122.5, 70.8, 62.7; HRMS (ESI, m/z): 

calcd. for C21H14O2ClBrH
+
 412.9938, found 412.9942; IR (KBr thin film, cm

-1
): ν 2938, 1677, 

1604, 1498, 1450, 1319, 1280, 1175, 1019, 772, 749, 695. 

 

(3-(4-bromophenyl)-2-(p-tolyl)oxiran-2-yl)(phenyl)methanone (1h): Colourless liquid, 

0.49 g, 89% yield. 
1
H NMR (600 MHz, CDCl3) δ 8.15–8.12 (m, 2H), 7.55–7.51 (m, 1H), 
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7.45–7.41 (m, 2H), 7.35–7.30 (m, 4H), 7.10–7.07 (m, 2H), 7.03–7.01 (m, 2H), 4.47 (s, 1H), 

2.22 (s, 3H); 
13

C NMR (150 MHz, CDCl3) δ 195.1, 138.4, 134.1, 133.9, 132.7, 131.2, 130.0, 

129.2, 128.64, 128.60, 128.5, 127.4, 122.2, 71.4, 62.6, 21.3; HRMS (ESI, m/z): calcd. for 

C22H17O2BrH
+
 393.0485, found 393.0488; IR (KBr thin film, cm

-1
): ν 2989, 1686, 1601, 1541, 

1493, 1444, 1277, 1186, 1076, 888, 772, 698. 

 

(3-(4-bromophenyl)-2-phenyloxiran-2-yl)(4-chlorophenyl)methanone (1i): White solid, 

mp 154–155 
◦
C, 0.28 g, 68% yield. 

1
H NMR (600 MHz, CDCl3) δ 8.08–8.05 (m, 2H), 7.42–

7.40 (m, 4H), 7.31–7.28 (m, 2H), 7.24–7.17 (m, 3H), 7.06–7.03 (m, 2H), 4.46 (s, 1H); 
13

C 

NMR (150 MHz, CDCl3) δ 189.9, 136.6, 128.3, 127.4, 127.3, 125.1, 124.8, 124.53, 124.47, 

123.5, 118.4, 67.3, 58.7; HRMS (ESI, m/z): calcd. for C21H14O2ClBrH
+
 412.9938, found 

412.9941; IR (KBr thin film, cm
-1

): ν 3011, 2989, 1691, 1592, 1487, 1277, 1175, 1101, 1007, 

766, 749, 695. 

 

(3-(4-bromophenyl)-2-(m-tolyl)oxiran-2-yl)(phenyl)methanone (1j): Yellow solid, mp 77–

78 
◦
C, 0.41 g, 74% yield. 

1
H NMR (600 MHz, CDCl3) δ 8.13–8.10 (m, 2H), 7.55–7.52 (m, 

1H), 7.45–7.42 (m, 2H), 7.32–7.30 (m, 4H), 7.08–7.06 (m, 2H), 7.02–7.00 (m, 2H), 4.44 (s, 

1H), 2.22 (s, 3H); 
13

C NMR (150 MHz, CDCl3) δ 195.0, 138.1, 134.0, 133.9, 132.6, 131.5, 

131.1, 130.0, 129.4, 128.7, 128.5, 128.3, 128.0, 124.5, 122.2, 71.4, 62.7, 21.5; HRMS (ESI, 

m/z): calcd. for C22H17O2BrH
+
 393.0486, found 393.0488; IR (KBr thin film, cm

-1
): ν 2955, 

2856, 1683, 1541, 1450, 1374, 1269, 1175, 1022, 894, 763, 761, 707. 
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phenyl(2-phenyloxiran-2-yl)methanone (1k): Yellow solid, mp 68–69 
◦
C, 0.48 g, 74% 

yield. 
1
H NMR (600 MHz, CDCl3) δ 8.04–8.02 (m, 2H), 7.54–7.50 (m, 1H), 7.47–7.43 (m, 

2H), 7.42–7.29 (m, 5H), 3.39 (d, J = 5.3 Hz, 1H), 3.07 (d, J = 5.3 Hz, 1H); 
13

C NMR (150 

MHz, CDCl3) δ 194.8, 135.7, 134.4, 133.9, 130.1, 128.9, 128.7, 128.6, 125.5, 63.3, 55.2; 

HRMS (ESI, m/z): calcd. for C15H12O2H
+
 225.0910, found 225.0909; IR (KBr thin film, cm

-

1
): ν 2986, 1683, 1606, 1581, 1487, 1453, 1277, 1172, 1010, 854, 769, 704. 

 

(3-methyl-2-phenyloxiran-2-yl)(phenyl)methanone (1l): Colourless liquid, 0.24 g, 71% 

yield. 
1
H NMR (600 MHz, CDCl3) δ 8.05–8.02 (m, 2H), 7.57–7.55 (m, 2H), 7.51–7.47 (m, 

1H), 7.40–7.35 (m, 4H), 7.32–7.29 (m, 1H), 3.58 (q, J = 5.4 Hz, 1H), 1.14 (d, J = 5.4 Hz, 3H); 

13
C NMR (150 MHz, CDCl3) δ 195.7, 134.3, 133.7, 133.3, 130.0, 128.6, 128.5, 128.4, 126.9, 

68.7, 59.3, 13.5; HRMS (ESI, m/z): calcd. for C16H14O2H
+
 239.1067, found 239.1068; IR 

(KBr thin film, cm
-1

): ν 2932, 1729, 1680, 1584, 1502, 1380, 1277, 1260, 1184, 1056, 851, 

701. 

 

1-(3-phenyloxiran-2-yl)ethan-1-one (1m): White solid, mp 38–39 
◦
C, 1.42 g, 68% yield. 

1
H 

NMR (600 MHz, CDCl3) δ 7.37–7.32 (m, 3H), 7.27–7.24 (m, 2H), 3.99 (d, J = 1.8 Hz, 1H), 

3.48–3.47 (m, 1H), 2.17 (s, 3H); 
13

C NMR (150 MHz, CDCl3) δ 204.3, 135.1, 129.1, 128.8, 

125.8, 63.6, 57.9, 24.9; HRMS (ESI, m/z): calcd. for C10H10O2H
+
 163.0754, found 163.0753; 

IR (KBr thin film, cm
-1

): ν 2997, 1721, 1489, 1460, 1366, 1281, 1250, 1187, 1090, 886, 752, 

698. 

 

2-phenyl-1-oxaspiro[2.5]octan-4-one (1n): White solid, mp 110–111 
◦
C, 1.30 g, 48% yield. 

1
H NMR (600 MHz, CDCl3) δ 7.38–7.31 (m, 3H), 7.30–7.28 (m, 2H), 4.04 (s, 1H), 2.73–2.68 

(m, 1H), 2.45–2.38 (m, 1H), 2.03–1.99 (m, 1H), 1.93 (td, J = 13.2, 4.2 Hz, 1H), 1.82–1.73 (m, 
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2H), 1.63–1.58 (m, 1H), 1.47–1.39 (m, 1H); 
13

C NMR (150 MHz, CDCl3) δ 206.7, 133.6, 

128.4, 126.8, 126.7, 66.1, 64.2, 42.0, 27.5, 24.8, 23.5; HRMS (ESI, m/z): calcd. for 

C13H14O2H
+
 203.1067, found  203.1066; IR (KBr thin film, cm

-1
): ν 2861, 1713, 1647, 1457, 

1423, 1321, 1278, 1156, 1065, 886, 758, 704. 

 

(2-methyl-3-phenyloxiran-2-yl)(phenyl)methanone (1o): Colourless liquid, 1.90 g, 59% 

yield. 
1
H NMR (600 MHz, CDCl3) δ 8.06–8.04 (m, 2H), 7.61–7.57 (m, 1H), 7.51–7.47 (m, 

2H), 7.43–7.34 (m, 5H), 4.16 (s, 1H), 1.43 (s, 3H); 
13

C NMR (150 MHz, CDCl3) δ 198.3, 

134.4, 133.9, 133.6, 129.4, 128.7, 128.5, 128.4, 126.7, 66.6, 61.7, 14.5; HRMS (ESI, m/z): 

calcd. for C16H14O2H
+
 239.1067, found 239.1069; IR (KBr thin film, cm

-1
): ν 3003, 2929, 

1687, 1599, 1585, 1500, 1451, 1281, 1184, 977, 755, 698. 

 

(R)-((2R,3S)-3-(4-bromophenyl)-2-phenyloxiran-2-yl)(phenyl)methanol (2a): Colourless 

liquid, 35.1 mg, 46% yield. 
1
H NMR (600 MHz, CDCl3) δ 7.29–7.27 (m, 3H), 7.22–7.18 (m, 

4H), 7.15–7.11 (m, 1H), 7.06–7.03 (m, 2H), 6.82–6.79 (m, 2H), 6.75–6.72 (m, 2H), 4.98 (s, 

1H), 4.61 (s, 1H), 2.81 (d, J = 1.7 Hz, 1H); 
13

C NMR (150 MHz, CDCl3) δ 138.5, 133.9, 

133.1, 130.9, 129.2, 128.5, 128.3, 128.0, 127.7, 127.6, 121.7, 76.3, 71.8, 60.0; HRMS (ESI, 

m/z): calcd. for C21H17O2BrNa
+
 403.0304, found 403.0308; [α]D

25
:  (c 0.7, CHCl3); 

HPLC analysis: 90% ee (Chiralcel AD-H, 3:97 
i
PrOH/Hexane, 1 mL/min, 254 nm), Rt 

(major) = 18.4 min, Rt (minor) = 24.8 min; IR (KBr thin film, cm
-1

): ν 3062, 3031, 2852, 

1595, 1489, 1454, 1391, 1193, 1068, 1010, 757, 699. 

 

(R)-((2S,3R)-3-(4-bromophenyl)-2-phenyloxiran-2-yl)(phenyl)methanol (3a): White solid, 

mp 131–133 
◦
C, 34.2 mg, 45% yield. 

1
H NMR (600 MHz, CDCl3) δ 7.24–7.17 (m, 7H), 
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7.08–7.00 (m, 3H), 6.87–6.81 (m, 4H), 5.04 (d, J = 6.8 Hz, 1H), 4.62 (s, 1H), 2.38 (d, J = 6.8 

Hz, 1H); 
13

C NMR (150 MHz, CDCl3) δ 139.6, 134.1, 133.3, 130.9, 128.7, 128.4, 128.3, 

128.2, 127.7, 127.6, 127.0, 121.6, 76.3, 71.7, 61.0; HRMS (ESI, m/z): calcd. for 

C21H17O2BrNa
+
 403.0304, found 403.0303; [α]D

25
: +42.6 (c 0.8, CHCl3); HPLC analysis: 

98% ee (Chiralcel AD-H, 3:97 
i
PrOH/Hexane, 1 mL/min, 254 nm), Rt (major) = 39.2 min, Rt 

(minor) = 22.1 min; IR (KBr thin film, cm
-1

): ν 3065, 2928, 2849, 1599, 1492, 1448, 1397, 

1189, 1065, 1008, 765, 695. 

 

(R)-((2R,3S)-3-(4-chlorophenyl)-2-phenyloxiran-2-yl)(phenyl)methanol (2b): Colourless 

liquid, 29.0 mg, 43% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.31–7.27 (m, 3H), 7.23–7.19 (m, 

2H), 7.16–7.11 (m, 1H), 7.08–7.03 (m, 4H), 6.90–6.86 (m, 2H), 6.77–6.74 (m, 2H), 4.99 (d, J 

= 0.9 Hz, 1H), 4.63 (s, 1H), 2.86 (d, J = 1.7 Hz, 1H); 
13

C NMR (150 MHz, CDCl3) δ 138.6, 

133.5, 133.4, 133.2, 129.2, 128.7, 128.5, 128.3, 128.02, 127.96, 127.6, 127.0, 76.3, 71.8, 

60.0; HRMS (ESI, m/z): calcd. for C21H17O2ClNa
+
 359.0809, found 359.0811; [α]D

25
: –7.6 (c 

0.8, CHCl3); HPLC analysis: 90% ee (Chiralcel AD-H, 3:97 
i
PrOH/Hexane, 1 mL/min, 220 

nm), Rt (major) = 11.4 min, Rt (minor) = 14.7 min; IR (KBr thin film, cm
-1

): ν 3059, 2929, 

2857, 1600, 1491, 1451, 1265, 1195, 1086, 1013, 766, 692. 

 

(R)-((2S,3R)-3-(4-chlorophenyl)-2-phenyloxiran-2-yl)(phenyl)methanol (3b): White solid, 

mp 128–130 
◦
C, 26.9 mg, 40% yield. 

1
H NMR (600 MHz, CDCl3) δ 7.26–7.19 (m, 5H), 

7.07–7.01 (m, 5H), 6.93–6.90 (m, 2H), 6.86–6.83 (m, 2H), 5.04 (s, 1H), 4.64 (s, 1H), 2.55 (s, 

1H); 
13

C NMR (150 MHz, CDCl3) δ 139.7, 133.6, 133.41, 133.37, 128.7, 128.4, 128.2, 

127.99, 127.96, 127.7, 127.6, 127.0, 76.4, 71.8, 60.9; HRMS (ESI, m/z): calcd. for 

C21H17O2ClNa
+
 359.0809, found 359.0810; [α]D

25
: +26.5 (c 0.7, CHCl3); HPLC analysis: 

91% ee (Chiralcel AD-H, 3:97 
i
PrOH/Hexane, 1 mL/min, 220 nm), Rt (major) = 21.7 min, Rt 
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(minor) = 12.8 min; IR (KBr thin film, cm
-1

): ν 3063, 2925, 2854, 1601, 1493, 1454, 1261, 

1193, 1091, 1016, 763, 697. 

 

(R)-((2R,3S)-3-(4-fluorophenyl)-2-phenyloxiran-2-yl)(phenyl)methanol (2c): Colourless 

liquid, 28.5 mg, 44% yield. 
1
H NMR (600 MHz, CDCl3) δ 7.30–7.27 (m, 3H), 7.22–7.19 (m, 

2H), 7.15–7.11 (m, 1H), 7.06–7.03 (m, 2H), 6.92–6.89 (m, 2H), 6.79–6.74 (m, 4H), 4.99 (s, 

1H), 4.65 (s, 1H), 2.97 (d, J = 9.5 Hz, 1H); 
13

C NMR (150 MHz, CDCl3) δ 162.3 (d, J = 

245.6 Hz), 138.7, 133.3, 130.6, 129.3, 128.5, 128.3, 128.0, 127.7, 127.6, 114.8 (d, J = 21.5 

Hz), 76.3 (t, J = 6.9 Hz), 71.7, 60.1; HRMS (ESI, m/z): calcd. for C21H17O2FNa
+
 343.1105, 

found 343.1107; [α]D
25

: ‒8.2 (c 0.5, CHCl3); HPLC analysis: 89% ee (Chiralcel AD-H, 3:97 

i
PrOH/Hexane, 1 mL/min, 220 nm), Rt (major) = 14.4 min, Rt (minor) = 17.8 min; IR (KBr 

thin film, cm
-1

): ν 3055, 2925, 2869, 1605, 1497, 1452, 1268, 1199, 1085, 1007, 768, 687. 

 

(R)-((2S,3R)-3-(4-fluorophenyl)-2-phenyloxiran-2-yl)(phenyl)methanol (3c): White solid, 

mp 85–87 
◦
C, 28.8 mg, 45% yield. 

1
H NMR (400 MHz, CDCl3) δ 7.28–7.20 (m, 5H), 7.07–

7.00 (m, 3H), 6.97–6.93 (m, 2H), 6.86–6.84 (m, 2H), 6.79–6.75 (m, 2H), 5.05 (d, J = 6.3 Hz, 

1H), 4.65 (s, 1H), 2.43 (d, J = 6.7 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 162.4 (d, J = 

244.5 Hz), 139.9, 130.8 (d, J = 3.0 Hz), 129.4, 128.9, 128.5, 128.4, 128.3 (d, J = 2.4 Hz), 

127.74, 127.66, 127.1, 114.9 (d, J = 21.6 Hz), 76.6, 71.7, 61.1; HRMS (ESI, m/z): calcd. for 

C21H17O2FNa
+
 343.1105, found 343.1107; [α]D

25
: +27.7 (c 0.3, CHCl3); HPLC analysis: 91% 

ee (Chiralcel AD-H, 10:90 
i
PrOH/Hexane, 1 mL/min, 220 nm), Rt (major) = 10.1 min, Rt 

(minor) = 7.2 min; IR (KBr thin film, cm
-1

): ν 3057, 2929, 2861, 1602, 1499, 1456, 1269, 

1194, 1088, 1011, 771, 684. 
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(R)-((2R,3S)-3-(naphthalen-1-yl)-2-phenyloxiran-2-yl)(phenyl)methanol (2d): Yellow 

liquid, 38.9 mg, 55% yield. 
1
H NMR (600 MHz, CDCl3) δ 8.00 (d, J = 8.5 Hz, 1H), 7.79–

7.76 (m, 1H), 7.58 (d, J = 7.8 Hz, 1H), 7.52–7.44 (m, 2H), 7.38–7.32 (m, 5H), 7.14 (t, J = 7.6 

Hz, 1H), 7.10–7.07 (m, 1H), 7.03–6.99 (m, 1H), 6.92 (t, J = 7.8 Hz, 2H),  6.81–6.79 (m, 2H), 

5.20 (d, J = 2.0 Hz, 1H), 5.06 (s, 1H), 3.07 (d, J = 2.0 Hz, 1H); 
13

C NMR (150 MHz, CDCl3) 

δ 138.8, 133.8, 133.0, 130.9, 130.7, 128.8, 128.7, 128.5, 128.3, 127.8, 127.4, 126.2, 125.7, 

125.2, 125.1, 124.0, 123.9, 122.8, 76.4, 71.9, 59.4; HRMS (ESI, m/z): calcd. for 

C25H20O2Na
+
 375.1356, found 375.1354; [α]D

25
79.1 (c 1.9, CHCl3); HPLC analysis: 74% 

ee (Chiralcel AD-H, 10:90 
i
PrOH/Hexane, 1 mL/min, 220 nm), Rt (major) = 8.5 min, Rt 

(minor) = 21.0 min; IR (KBr thin film, cm
-1

): ν 2986, 1571, 1457, 1332, 1278, 1258, 1224, 

1071, 937, 852, 775, 667. 

 

(R)-((2S,3R)-3-(naphthalen-1-yl)-2-phenyloxiran-2-yl)(phenyl)methanol (3d): White 

solid, mp 86–87 
◦
C, 25.9 mg, 37% yield. 

1
H NMR (600 MHz, CDCl3) δ 8.15–8.13 (m, 1H), 

7.78–7.76 (m, 1H), 7.58–7.54 (m, 2H), 7.49–7.45 (m, 1H), 7.34–7.25 (m, 5H), 7.17–7.13 (m, 

2H), 6.92–6.84 (m, 5H), 5.31 (d, J = 6.8 Hz, 1H), 5.20 (s, 1H), 2.55 (d, J = 6.8 Hz, 1H); 
13

C 

NMR (150 MHz, CDCl3) δ 139.9, 134.1, 133.0, 130.9, 130.8, 128.8, 128.4, 128.3, 127.9, 

127.6, 127.33, 127.26, 126.2, 125.7, 125.1, 123.9, 122.9, 76.2, 71.4, 60.1; HRMS (ESI, m/z): 

calcd. for C25H20O2Na
+
 375.1356, found 375.1357; [α]D

25
: +158.1 (c 0.6, CHCl3); HPLC 

analysis: 65% ee (Chiralcel AD-H, 10:90 
i
PrOH/Hexane, 1 mL/min, 220 nm), Rt (major) = 

15.8 min, Rt (minor) = 10.0 min; IR (KBr thin film, cm
-1

): ν 3040, 1539, 1525, 1508, 1460, 

1338, 1275, 1090, 900, 838, 775, 707. 
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(R)-(4-chlorophenyl)((2R,3S)-2,3-diphenyloxiran-2-yl)methanol (2e): Colourless liquid, 

28.3 mg, 42% yield. 
1
H NMR (600 MHz, CDCl3) δ 7.26–7.24 (m, 2H), 7.15–7.03 (m, 8H),  

6.91 (dd, J = 7.5, 1.5 Hz, 2H), 6.76–6.74 (m, 2H),  4.97 (d, J = 1.4 Hz, 1H), 4.62 (s, 1H), 2.91 

(d, J = 1.7 Hz, 1H); 
13

C NMR (150 MHz, CDCl3) δ 137.3, 134.5, 134.1, 133.1, 129.3, 128.9, 

128.5, 128.0, 127.8, 127.6, 126.7, 75.8, 71.5, 60.4; HRMS (ESI, m/z): calcd. for 

C21H17O2ClNa
+
 359.0809, found 359.0812; [α]D

25
: ‒8.8 (c 0.5, CHCl3); HPLC analysis: 83% 

ee (Chiralcel AD-H, 3:97 
i
PrOH/Hexane, 1 mL/min, 254 nm), Rt (major) = 19.1 min, Rt 

(minor) = 25.3 min; IR (KBr thin film, cm
-1

): ν 3061, 2931, 2861, 1599, 1492, 1458, 1264, 

1195, 1092, 1013, 765, 682. 

 

(R)-(4-chlorophenyl)((2S,3R)-2,3-diphenyloxiran-2-yl)methanol (3e): White semi-solid, 

25.7 mg, 38% yield. 
1
H NMR (600 MHz, CDCl3) δ 7.23–7.20 (m, 2H), 7.16–7.13 (m, 2H), 

7.09–7.01 (m, 6H), 6.98–6.96 (m, 2H), 6.86–6.83 (m, 2H), 5.03 (d, J = 6.8 Hz, 1H), 4.64 (s, 

1H), 2.50 (d, J = 6.8 Hz, 1H); 
13

C NMR (150 MHz, CDCl3) δ 138.3, 134.6, 133.9, 133.3, 

128.7, 128.5, 128.4, 127.8, 127.70, 127.66, 127.6, 126.6, 75.9, 71.4, 61.7; HRMS (ESI, m/z): 

calcd. for C21H17O2ClNa
+
 359.0809, found 359.0810; [α]D

25
: +26.2 (c 0.5, CHCl3); HPLC 

analysis: 98% ee (Chiralcel AD-H, 3:97 
i
PrOH/Hexane, 1 mL/min, 254 nm), Rt (major) = 

37.5 min, Rt (minor) = 21.5 min; IR (KBr thin film, cm
-1

): ν 3057, 2932, 2866, 1597, 1493, 

1459, 1261, 1199, 1087, 1015, 759, 681. 

 

(R)-(3-chlorophenyl)((2R,3S)-2,3-diphenyloxiran-2-yl)methanol (2f): Colourless liquid, 

29.1 mg, 43% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.32–7.30 (m, 3H), 7.26–7.21 (m, 2H), 

7.13–7.07 (m, 4H), 6.97–6.88 (m, 4H), 6.49 (d, J = 7.6 Hz, 1H), 4.96 (s, 1H), 4.68 (s, 1H), 

2.87 (d, J = 6.2 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 138.3, 135.7, 134.2, 133.4, 129.2, 

128.62, 128.59, 128.4, 128.0, 127.9, 127.8, 127.6, 127.4, 126.5, 76.2, 71.0, 60.6; HRMS 

(ESI, m/z): calcd. for C21H17O2ClNa
+
 359.0809, found 359.0811; [α]D

25
: ‒19.4 (c 2.1, 

CHCl3); HPLC analysis: 80% ee (Chiralcel AD-H, 1.5:98.5 
i
PrOH/Hexane, 1 mL/min, 220 



S21 
 

nm), Rt (major) = 25.3 min, Rt (minor) = 34.7 min; IR (KBr thin film, cm
-1

): ν 3058, 3027, 

2869, 1598, 1501, 1451, 1267, 1199, 1095, 1005, 765, 689. 

 

(R)-(3-chlorophenyl)((2S,3R)-2,3-diphenyloxiran-2-yl)methanol (3f): White semi-solid, 

25.6 mg, 38% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.29–7.22 (m, 5H), 7.13–7.10 (m, 3H), 

7.04–6.98 (m, 3H), 6.94–6.90 (m, 2H), 6.88 (d, J = 7.6 Hz, 1H), 5.04 (d, J = 6.5 Hz, 1H), 

4.68 (s, 1H), 2.51 (d, J = 6.6 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 139.3, 135.7, 134.3, 

133.3, 128.9, 128.6, 128.4, 128.3, 127.84, 127.75, 127.7, 126.9, 126.8, 126.4, 76.4, 71.1, 

61.7; HRMS (ESI, m/z): calcd. for C21H17O2ClNa
+
 359.0809, found 359.0808; [α]D

25
: +19.0 

(c 0.5, CHCl3); HPLC analysis: 90% ee (Chiralcel AD-H, 1.5:98.5 
i
PrOH/Hexane, 1 mL/min, 

220 nm), Rt (major) = 51.0 min, Rt (minor) = 38.5 min; IR (KBr thin film, cm
-1

): ν 3059, 

2931, 2868, 1598, 1500, 1455, 1268, 1195, 1097, 1007, 766, 692. 

 

(R)-((2R,3S)-3-(4-bromophenyl)-2-(4-chlorophenyl)oxiran-2-yl)(phenyl)methanol (2g): 

Colourless liquid, 37.5 mg, 45% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.32–7.29 (m, 3H), 

7.26–7.22 (m, 2H), 7.21–7.18 (m, 2H), 7.03 (d, J = 8.6 Hz, 2H), 6.83–6.80 (m, 2H), 6.69– 

6.66 (m, 2H), 4.94 (s, 1H), 4.63 (s, 1H), 2.74 (s, 1H); 
13

C NMR (100 MHz, CDCl3) δ 138.1, 

134.1, 134.0, 133.3, 131.1, 128.70, 128.65, 128.6, 128.4, 128.0, 127.9, 121.9, 75.8, 71.6, 

61.1; HRMS (ESI, m/z): calcd. for C21H16O2ClBrNa
+
 436.9914, found 436.9916; [α]D

25
: ‒6.1 

(c 0.5, CHCl3); HPLC analysis: 87% ee (Chiralcel AD-H, 4:96 
i
PrOH/Hexane, 1 mL/min, 

254 nm), Rt (major) = 14.4 min, Rt (minor) = 23.0 min; IR (KBr thin film, cm
-1

): ν 3063, 

2935, 2866, 1601, 1493, 1449, 1270, 1197, 1089, 1009, 759, 681. 
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(R)-((2S,3R)-3-(4-bromophenyl)-2-(4-chlorophenyl)oxiran-2-yl)(phenyl)methanol (3g): 

White solid, 123–126 
◦
C, 24.9 mg, 30% yield. 

1
H NMR (400 MHz, CDCl3) δ 7.29–7.19 (m, 

7H), 7.10–7.01 (m, 3H), 6.88–6.84 (m, 3H), 5.05 (d, J = 6.6 Hz, 1H), 4.63 (s, 1H), 2.40 (d, J 

= 6.8 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 139.6, 134.1, 133.3, 130.9, 128.6, 128.3, 

128.22, 128.16, 127.64, 127.56, 127.0, 121.6, 76.3, 71.6, 60.9; HRMS (ESI, m/z): calcd. for 

C21H16O2ClBrNa
+
 436.9914, found 436.9915; [α]D

25
: +28.3 (c 0.6, CHCl3); HPLC analysis: 

93% ee (Chiralcel AD-H, 4:96 
i
PrOH/Hexane, 1 mL/min, 254 nm), Rt (major) = 27.9 min, Rt 

(minor) = 17.6 min; IR (KBr thin film, cm
-1

): ν 3066, 2929, 2863, 1603, 1495, 1451, 1268, 

1199, 1093, 1015, 761, 683. 

 

(R)-((2R,3S)-3-(4-bromophenyl)-2-(p-tolyl)oxiran-2-yl)(phenyl)methanol (2h): Colourless 

liquid, 32.5 mg, 41% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.30–7.28 (m, 3H), 7.23–7.19 (m, 

4H), 6.88–6.81 (m, 4H), 6.63 (d, J = 8.0 Hz, 2H), 4.97 (d, J = 1.1 Hz, 1H), 4.58 (s, 1H), 2.80 

(d, J = 1.7 Hz, 1H), 2.23 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 138.6, 137.7, 134.0, 131.0, 

130.9, 130.0, 129.0 128.37, 128.35, 128.2, 127.6, 121.6, 76.3, 71.6, 59.9, 21.2; HRMS (ESI, 

m/z): calcd. for C22H19O2BrNa
+
 417.0461, found 417.0463; [α]D

25
: ‒14.3 (c 0.5, CHCl3); 

HPLC analysis: 88% ee (Chiralcel AD-H, 3:97 
i
PrOH/Hexane, 1 mL/min, 254 nm), Rt 

(major) = 19.1 min, Rt (minor) = 23.8 min; IR (KBr thin film, cm
-1

): ν 3061, 2936, 2865, 

1599, 1497, 1459, 1264, 1201, 1097, 1011, 761, 688. 

 

(R)-((2S,3R)-3-(4-bromophenyl)-2-(p-tolyl)oxiran-2-yl)(phenyl)methanol (3h): White 

solid, mp 114–116 
◦
C, 31.7 mg, 40% yield. 

1
H NMR (400 MHz, CDCl3) δ 7.26–7.20 (m, 7H), 

6.88–6.82 (m, 4H), 6.73 (d, J = 8.0 Hz, 2H), 5.02 (d, J = 6.7 Hz, 1H), 4.59 (s, 1H), 2.36 (d, J 

= 6.8 Hz, 1H), 2.19 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 139.7, 137.3, 134.2, 130.8, 130.1, 

128.4, 128.29, 128.28, 128.25, 128.1, 127.0, 121.5, 76.4, 71.5, 60.9, 21.2; HRMS (ESI, m/z): 

calcd. for C22H19O2BrNa
+
 417.0461, found 417.0463; [α]D

25
: +28.6 (c 0.9, CHCl3); HPLC 
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analysis: 97% ee (Chiralcel AD-H, 3:97 
i
PrOH/Hexane, 1 mL/min, 254 nm), Rt (major) = 

32.6 min, Rt (minor) = 20.8 min; IR (KBr thin film, cm
-1

): ν 3060, 2938, 2862, 1601, 1499, 

1463, 1261, 1200, 1095, 1013, 763, 671. 

 

(R)-((2R,3S)-3-(4-bromophenyl)-2-(m-tolyl)oxiran-2-yl)(phenyl)methanol (2i): Colourless 

liquid, 30.7 mg, 39% yield. 
1
H NMR (400 MHz, CDCl3) δ 7.29–7.20  (m, 7H), 6.96–6.88 (m, 

2H), 6.82 (d, J = 7.5 Hz, 2H), 6.66 (s, 1H), 6.42 (d, J = 7.2 Hz, 1H), 4.98 (s, 1H), 4.57 (s, 

1H), 2.79 (s, 1H), 2.15 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 138.5, 137.2, 133.9, 132.9, 

130.8, 129.7, 128.7, 128.4, 128.3, 128.1, 127.6, 127.3, 126.2, 121.6, 76.2, 71.7, 59.9, 21.2; 

HRMS (ESI, m/z): calcd. for C22H19O2BrNa
+
 417.0461, found 417.0464; [α]D

25
: –31.0 (c 0.5, 

CHCl3); HPLC analysis: 92% ee (Chiralcel AD-H, 1:99 
i
PrOH/Hexane, 1 mL/min, 220 nm), 

Rt (major) = 41.7 min, Rt (minor) = 49.0 min; IR (KBr thin film, cm
-1

): ν 3059, 2931, 2861, 

1600, 1496, 1460, 1263, 1201, 1098, 1009, 799, 705. 

 

(R)-((2S,3R)-3-(4-bromophenyl)-2-(m-tolyl)oxiran-2-yl)(phenyl)methanol (3i): White 

solid, mp 110–112 
◦
C, 29.9 mg, 38% yield. 

1
H NMR (400 MHz, CDCl3) δ 7.27–7.20 (m, 7H), 

6.93–6.85 (m, 4H), 6.69 (s, 1H), 6.61 (d, J = 6.7 Hz, 1H), 5.03 (d, J = 6.3 Hz, 1H), 4.58 (s, 

1H), 2.40 (d, J = 6.6 Hz, 1H), 2.13 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 139.6, 137.1, 

134.1, 133.1, 130.8, 129.2, 128.4, 128.24, 128.17, 128.1, 127.3, 126.9, 125.6, 121.5, 76.4, 

71.6, 60.9, 21.2; HRMS (ESI, m/z): calcd. for C22H19O2BrNa
+
 417.0460, found 417.0463; 

[α]D
25

: +35.9 (c 0.6, CHCl3); HPLC analysis: 90% ee (Chiralcel AD-H, 3:97 
i
PrOH/Hexane, 

1 mL/min, 220 nm), Rt (major) = 26.9 min, Rt (minor) = 18.0 min; IR (KBr thin film, cm
-1

): ν 

3057, 2927, 2866, 1602, 1498, 1466, 1260, 1205, 1099, 1007, 793, 700. 
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(R)-((2R,3S)-3-(4-bromophenyl)-2-phenyloxiran-2-yl)(4-chlorophenyl)methanol (2j): 

Colourless liquid, 46.0 mg, 55% yield. 
1
H NMR (600 MHz, CDCl3) δ 7.27–7.23 (m, 2H), 

7.22–7.19 (m, 2H), 7.17–7.05 (m, 5H), 6.80–6.72 (m, 4H), 4.96 (d, J = 1.6 Hz, 1H), 4.55 (s, 

1H), 2.82 (d, J = 1.9 Hz, 1H); 
13

C NMR (150 MHz, CDCl3) δ 137.1, 134.2, 133.7, 132.7, 

131.0, 129.2, 128.9, 128.5, 128.3, 128.2, 127.8, 121.9, 75.7, 71.6, 59.9; HRMS (ESI, m/z): 

calcd. for C21H16O2ClBrNa
+
 436.9914, found 436.9916; [α]D

25
: ‒10.5 (c 0.5, CHCl3); HPLC 

analysis: 54% ee (Chiralcel AD-H, 3:97 
i
PrOH/Hexane, 1 mL/min, 254 nm), Rt (major) = 

22.5 min, Rt (minor) = 27.2 min; IR (KBr thin film, cm
-1

): ν 3064, 2928, 2859, 1602, 1488, 

1451, 1268, 1198, 1087, 1011, 767, 687. 

 

(R)-((2S,3R)-3-(4-bromophenyl)-2-phenyloxiran-2-yl)(4-chlorophenyl)methanol (3j): 

White solid, mp 122–124 
◦
C,  30.0 mg, 36% yield. 

1
H NMR (400 MHz, CDCl3) δ 7.27–7.20 

(m, 4H), 7.14 (d, J = 8.4 Hz, 2H), 7.10–7.03 (m, 3H), 6.88–6.84 (m, 4H), 5.04 (d, J = 6.8 Hz, 

1H), 4.61 (s, 1H), 2.42 (d, J = 6.8 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) δ 138.1, 133.9, 

133.8, 133.1, 130.9, 128.50, 128.45, 128.4, 128.2, 127.8, 127.7, 121.7, 75.6, 71.4, 60.9; 

HRMS (ESI, m/z): calcd. for C21H16O2ClBrNa
+
 436.9914, found 436.9918; [α]D

25
: +36.4 (c 

0.6, CHCl3); HPLC analysis: 98% ee (Chiralcel AD-H, 3:97 
i
PrOH/Hexane, 1 mL/min, 254 

nm), Rt (major) = 41.8 min, Rt (minor) = 21.9 min; IR (KBr thin film, cm
-1

): ν 3061, 2926, 

2857, 1601, 1489, 1455, 1263, 1197, 1086, 1009, 766, 689. 

 

(R)-phenyl((S)-2-phenyloxiran-2-yl)methanol (2k): Colourless liquid, 19.9 mg, 44% yield.  

1
H NMR (600 MHz, CDCl3) δ 7.28–7.21 (m, 6H), 7.19–7.16 (m, 2H), 7.14–7.11 (m, 2H), 
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5.04 (d, J = 0.9 Hz, 1H), 3.39 (dd, J = 5.1, 0.5 Hz, 1H), 2.94 (dd, J = 5.1, 0.5 Hz, 1H), 2.74 (d, 

1.7 Hz, 1H); 
13

C NMR (150 MHz, CDCl3) δ 138.9, 136.8, 128.33, 128.27, 128.14, 128.08, 

127.5, 74.5, 64.3, 50.3; HRMS (ESI, m/z): calcd. for C15H14O2Na
+
 249.0886, found 249.0888; 

[α]D
25

: +71.5 (c 0.6, CHCl3); HPLC analysis: 85% ee (Chiralcel AD-H, 5:95 
i
PrOH/Hexane, 

1 mL/min, 220 nm), Rt (major) = 15.5 min, Rt (minor) = 11.0 min; IR (KBr thin film, cm
-1

): ν 

2983, 1559, 1548, 1479, 1465, 1275, 1267, 1048, 1028, 906, 778, 673. 

 

(R)-phenyl((R)-2-phenyloxiran-2-yl)methanol (3k): Yellow liquid, 20.8 mg, 46% yield. 
1
H 

NMR (600 MHz, CDCl3) δ 7.28–7.22 (m, 5H), 7.22–7.15 (m, 5H), 5.06 (d, J = 7.1 Hz, 1H), 

3.41 (d, J = 5.5 Hz, 1H), 2.80 (d, J = 5.5 Hz, 1H), 2.34 (d, J = 7.1 Hz, 1H); 
13

C NMR (150 

MHz, CDCl3) δ 139.9, 137.0, 128.4, 128.1, 128.0, 127.8, 127.3, 127.2, 75.0, 63.5, 52.4; 

HRMS (ESI, m/z): calcd. for C15H14O2Na
+
 249.0087, found 249.0088; [α]D

25
: +18.0 (c 1.5, 

CHCl3); HPLC analysis: 85% ee (Chiralcel AD-H, 1:99 
i
PrOH/Hexane, 1 mL/min, 220 nm), 

Rt (major) = 27.3 min, Rt (minor) = 37.0 min; IR (KBr thin film, cm
-1

): ν 3037, 1687, 1601, 

1582, 1510, 1446, 1275, 1187, 1031, 838, 775, 698. 

 

(R)-((2R,3S)-3-methyl-2-phenyloxiran-2-yl)(phenyl)methanol (2l): White solid, mp 84–85 

◦
C, 17.3 mg, 36% yield. 

1
H NMR (600 MHz, CDCl3) δ 7.30–7.25 (m, 3H), 7.25–7.19 (m, 3H), 

7.18–7.15 (m, 2H), 6.98–6.96 (m, 2H), 4.86 (s, 1H), 3.63 (q, J = 5.5 Hz, 1H), 2.71 (d, J = 1.1 

Hz, 1H), 1.03 (d, J = 5.5 Hz, 3H); 
13

C NMR (150 MHz, CDCl3) δ 139.1, 135.1, 128.4, 128.3, 

128.2, 127.91, 127.88, 127.8, 76.2, 68.7, 56.4, 15.0; HRMS (ESI, m/z): calcd. for 

C16H16O2Na
+
 263.1043, found 263.1040; [α]D

25
: +27.8 (c 0.3, CHCl3); HPLC analysis: 80% 

ee (Chiralcel AD-H, 5:95 
i
PrOH/Hexane, 1 mL/min, 254 nm), Rt (major) = 7.4 min, Rt 

(minor) = 8.7 min; IR (KBr thin film, cm
-1

): ν 2991, 1539, 1454, 1414, 1315, 1283, 1264, 

1133, 920, 897, 767, 676. 
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(R)-((2S,3R)-3-methyl-2-phenyloxiran-2-yl)(phenyl)methanol (3l): White solid, mp 141–

142 
◦
C, 17.3 mg, 36% yield.

 1
H NMR (600 MHz, CDCl3) δ 7.24–7.15 (m, 8H), 7.04–7.01 (m, 

2H), 4.94 (d, J = 6.9 Hz, 1H), 3.68 (q, J = 5.5 Hz, 1H), 2.37 (d, J = 6.9 Hz, 1H), 1.00 (d, J = 

5.5 Hz, 3H); 
13

C NMR (150 MHz, CDCl3) δ 140.2, 135.1, 128.2, 128.0, 127.9, 127.8, 127.6, 

127.0, 76.1, 68.6, 57.3, 14.7; HRMS (ESI, m/z): calcd. for C16H16O2Na
+
 263.1043, found 

263.1044; [α]D
25

3); HPLC analysis: 86% ee (Chiralcel AD-H, 0.5:99.5 

i
PrOH/Hexane, 1 mL/min, 220 nm), Rt (major) = 38.4 min, Rt (minor) = 28.9 min; IR (KBr 

thin film, cm
-1

): ν 2988, 1556, 1454, 1414, 1280, 1263, 1230, 1130, 1016, 894, 769, 678. 

 

(R)-1-((2R,3S)-3-phenyloxiran-2-yl)ethan-1-ol (2m): Colourless liquid, 14.1 mg, 43% yield. 

1
H NMR (600 MHz, CDCl3) δ 7.36–7.26 (m, 5H), 4.12–4.08 (m, 1H), 3.94 (d, J = 2.2 Hz, 

1H), 3.08 (dd, J = 2.8, 2.3 Hz, 1H), 2.17 (s, 1H), 1,31 (d, J = 6.5 Hz, 3H); 
13

C NMR (150 

MHz, CDCl3) δ 137.0, 128.6, 128.4, 125.8, 65.7, 64.9, 54.8, 18.8; HRMS (ESI, m/z): calcd. 

for C10H12O2Na
+
 187.0730, found 187.0729; [α]D

25
3); HPLC analysis: 

89% ee (Chiralcel AD-H, 10:90 
i
PrOH/Hexane, 1 mL/min, 220 nm), Rt (major) = 5.1 min, Rt 

(minor) = 4.2 min; IR (KBr thin film, cm
-1

): ν 2988, 1571, 1542, 1466, 1335, 1281, 1261, 

1150, 1031, 951, 778, 681. 

 

(R)-1-((2S,3R)-3-phenyloxiran-2-yl)ethan-1-ol (3m): Colourless liquid, 17.4 mg, 53% yield. 

1
H NMR (600 MHz, CDCl3) δ 7.36–7.33 (m, 2H), 7.32–7.29 (m, 1H), 7.29–7.25 (m, 2H), 

3.86 (d, J = 2.1 Hz, 1H), 3.04 (dd, J = 4.6, 2.2 Hz, 1H), 1.96 (d, J = 6.0 Hz, 1H), 1.35 (d, J = 

6.5 Hz, 3H); 
13

C NMR (150 MHz, CDCl3) δ 136.8, 128.6, 128.4, 125.8, 67.3, 66.4, 56.7, 

20.2; HRMS (ESI, m/z): calcd. for C10H12O2Na
+
 187.0730, found 187.0729; [α]D

25
: +10.8 (c 

0.3, CHCl3); HPLC analysis: 56% ee (Chiralcel AD-H, 5:95 
i
PrOH/Hexane, 1 mL/min, 220 
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nm), Rt (major) = 11.9 min, Rt (minor) = 7.1 min; IR (KBr thin film, cm
-1

): ν 2994, 1542, 

1463, 1375, 1340, 1284, 1218, 1090, 1014, 900, 772, 701. 

 

(2S,3R,4R)-2-phenyl-1-oxaspiro[2.5]octan-4-ol (2n): Yellow solid, mp 102–103 
◦
C, 18.8 

mg, 46% yield. 
1
H NMR (600 MHz, CDCl3) δ 7.36–7.25 (m, 5H), 4.34 (s, 1H), 3.88 (ddd, J = 

10.9, 4.3, 1.6 Hz, 1H), 2.24–2.14 (m, 2H), 1.77–1.73 (m, 1H), 1.64–1.62 (m, 1H), 1.54–1.46 

(m, 2H), 1.41–1.33 (m, 2H), 1.05–0.96 (m, 1H); 
13

C NMR (150 MHz, CDCl3) δ 135.8, 128.1, 

127.4, 126.3, 70.6, 68.5, 58.8, 33.3, 27.1, 24.6, 23.9; HRMS (ESI, m/z): calcd. for 

C13H16O2Na
+
 227.1043, found 227.1042; [α]D

25
: +12.5 (c 0.8, CHCl3); HPLC analysis: >99% 

ee (Chiralcel AD-H, 0.5:99.5 
i
PrOH/Hexane, 1 mL/min, 220 nm), Rt (major) = 13.9 min, Rt 

(minor) = 17.4 min; IR (KBr thin film, cm
-1

): ν 2983, 1539, 1463, 1420, 1278, 1264, 1221, 

1019, 931, 897, 772, 693. 

 

(2R,3S,4R)-2-phenyl-1-oxaspiro[2.5]octan-4-ol (3n): White solid, mp 64–65 
◦
C, 20.7 mg, 

51% yield. 
1
H NMR (600 MHz, CDCl3) δ 7.35–7.32 (m, 2H), 7.29–7.26 (m, 3H), 4.30 (s, 

1H), 3.73 (td, J = 9.1, 4.2 Hz, 1H), 2.01–1.95 (m, 1H), 1.78 (d, J = 8.9 Hz, 1H), 1.79–1.75 (m, 

1H), 1.64–1.59 (m, 1H), 1.56–1.52 (m, 1H), 1.52–1.43 (m, 2H), 1.42–1.34 (m, 1H), 1.25–

1.19 (m, 1H); 
13

C NMR (150 MHz, CDCl3) δ 135.7, 128.1, 127.5, 126.4, 70.3, 67.2, 60.7, 

33.9, 26.1, 23.6, 23.0; HRMS (ESI, m/z): calcd. for C13H16O2Na
+
 227.1043, found 227.1044; 

[α]D
25

: +8.2 (c 1.1, CHCl3); HPLC analysis: 96% ee (Chiralcel AD-H, 0.5:99.5 

i
PrOH/Hexane, 1 mL/min, 220 nm), Rt (major) = 29.5 min, Rt (minor) = 12.0 min; IR (KBr 

thin film, cm
-1

): ν 2929, 1539, 1463, 1420, 1278, 1264, 1221, 1019, 931, 897, 772, 693. 

 

(R)-((2R,3S)-2-methyl-3-phenyloxiran-2-yl)(phenyl)methanol (2o): Colourless liquid, 17.3 

mg, 36% yield. 
1
H NMR (600 MHz, CDCl3) δ 7.47–7.45 (m, 2H), 7.41–7.38 (m, 2H), 7.35–
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7.31 (m, 3H), 7.28–7.24 (m, 3H), 4.83 (s, 1H), 4.51 (s, 1H), 2.74 (s, 1H), 0.98 (s, 3H); 
13

C 

NMR (150 MHz, CDCl3) δ 139.6, 135.4, 128.7, 128.5, 128.2, 127.7, 127.4, 126.4, 75.4, 66.1, 

59.7, 13.7; HRMS (ESI, m/z): calcd. for C16H16O2Na
+
 263.1043, found 263.1045; [α]D

25
: 

3); HPLC analysis: 58% ee (Chiralcel AD-H, 10:90 
i
PrOH/Hexane, 1 

mL/min, 220 nm), Rt (major) = 6.5 min, Rt (minor) = 4.8 min; IR (KBr thin film, cm
-1

): ν 

2934, 1553, 1454, 1412, 1340, 1280, 1261, 1093, 980, 852, 775, 687. 

 

(R)-((2S,3R)-2-methyl-3-phenyloxiran-2-yl)(phenyl)methanol (3o): White solid, mp 97–98 

◦
C, 25.0 mg, 52% yield. 

1
H NMR (600 MHz, CDCl3) δ 7.48–7.43 (m, 2H), 7.41–7.26 (m, 8H), 

4.66 (s, 1H), 4.36 (s, 1H), 2.54 (s, 1H), 0.92 (s, 3H); 
13

C NMR (150 MHz, CDCl3) δ 140.3, 

135.4, 128.7, 128.3, 128.1, 127.8, 126.6, 126.5, 77.3, 66.5, 61.7, 11.9; HRMS (ESI, m/z): 

calcd. for C16H16O2Na
+
 263.1043, found 263.1042; [α]D

25
: +23.5 (c 0.8, CHCl3); HPLC 

analysis: 34% ee (Chiralcel AD-H, 10:90 
i
PrOH/Hexane, 1 mL/min, 220 nm), Rt (major) = 

6.4 min, Rt (minor) = 5.4 min; IR (KBr thin film, cm
-1

): ν 2858, 1562, 1451, 1402, 1340, 

1287, 1224, 1059, 928, 852, 772, 693. 

 

((2R,3R)-3-(4-fluorophenyl)-2-phenyloxiran-2-yl)(phenyl)methanone (4a): White solid, 

mp 93–94 
◦
C, 15.3 mg, 96% yield. 

1
H NMR (600 MHz, CDCl3) δ 8.14–8.12 (m, 2H), 7.57–

7.53 (m, 1H), 7.46–7.42 (m, 4H), 7.23–7.13 (m, 5H), 6.88–6.84 (m, 2H), 4.49 (s, 1H); 
13

C 

NMR (150 MHz, CDCl3) δ 195.2, 162.6 (d, J = 245.4 Hz), 134.1, 133.9, 131.8, 130.0, 129.2 

(d, J = 2.5 Hz), 128.7, 128.54, 128.48, 128.3, 127.6, 115.1 (d, J = 21.7 Hz), 71.3, 62.6; 

HRMS (ESI, m/z): calcd. for C21H15O2FH
+
 319.1129, found 319.1132; [α]D

25

CHCl3); HPLC analysis: 91% ee (Chiralcel AD-H, 5:95 
i
PrOH/Hexane, 1 mL/min), Rt 

(major) = 5.3 min, Rt (minor) = 4.8 min; IR (KBr thin film, cm
-1

): ν 3037, 1687, 1601, 1582, 

1510, 1446, 1275, 1187, 1031, 838, 775, 698. 
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(1R,2R,3R)-3-azido-3-(4-fluorophenyl)-1,2-diphenylpropane-1,2-diol (4b): White solid, 

mp 78–79 
◦
C, 10.7 mg, 98% yield. 

1
H NMR (600 MHz, CDCl3) δ 7.16–7.09 (m, 10H), 6.91–

6.88 (m, 2H), 6.85–6.82 (m, 2H), 5.53 (d, J = 3.2 Hz, 1H), 5.28 (s, 1H), 2.70 (s, 1H), 2.64 (d, 

J = 3.3 Hz, 1H); 
13

C NMR (150 MHz, CDCl3) δ 162.6 (d, J = 245.3 Hz), 139.1, 138.2, 131.3 

(d, J = 2.4 Hz), 130.9, 130.8, 128.14, 128.07, 128.0, 127.4, 126.8 (d, J = 7.6 Hz), 114.7 (d, J 

= 21.3 Hz), 80.1, 76.0, 69.7; HRMS (ESI, m/z): calcd. for C21H18O2N3Na
+
 386.1277, found 

386.1279; [α]D
25

3); HPLC analysis: 91% ee (Chiralcel AD-H, 15:85 

i
PrOH/Hexane, 1 mL/min), Rt (major) = 6.6 min, Rt (minor) = 4.8 min; IR (KBr thin film, 

cm
-1

): ν 2108, 1556, 1508, 1409, 1340, 1278, 1258, 1221, 1090, 772, 704, 678. 

 

(2R,3R)-2-((R)-(benzyloxy)(phenyl)methyl)-3-(4-fluorophenyl)-2-phenyloxirane (4c): 

White solid, mp 94–95 
◦
C, 18.0 mg, 88% yield. 

1
H NMR (600 MHz, CDCl3) δ 7.37–7.28 (m, 

8H), 7.24–7.22 (m, 2H), 7.11–7.08 (m, 1H), 7.06–7.03 (m, 2H), 6.91–6.85 (m, 4H), 6.76–

6.72 (m, 2H), 4.74 (s, 1H), 4.64 (d, J = 12.1 Hz, 1H), 4.57 (s, 1H), 4.68 (d, J = 12.1 Hz, 1H); 

13
C NMR (150 MHz, CDCl3) 162.2 (d, J = 244.2 Hz), 138.2, 137.3, 134.2, 131.0 (d, J = 2.4 

Hz), 129.1, 128.5, 128.3, 128.2, 128.1, 128.0, 127.7, 127.6, 127.5, 127.4, 114.7 (d, J = 21.5 

Hz), 83.3, 71.1, 71.0, 60.7; HRMS (ESI, m/z): calcd. for C28H23FO2H
+
 411.1755, found 

411.1756; [α]D
25

: +11.4 (c 2.9, CHCl3); HPLC analysis: 96% ee (Chiralcel AD-H, 1:99 

i
PrOH/Hexane, 1 mL/min), Rt (major) = 17.3 min, Rt (minor) = 5.9 min; IR (KBr thin film, 

cm
-1

): ν 1618, 1565, 1537, 1451, 1394, 1335, 1281, 1264, 1099, 1025, 778, 690. 
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VII.
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H NMR and 
13

C NMR spectra of new compounds 
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VII. HPLC spectra for ee determination 
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