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1. Oxidative kinetic resolution of sulfoxide

The oxidative kinetic resolution was carried out under the same reaction as mentioned for the 
asymmetric sulfoxidation taking phenyl methyl sulfoxide as model substrate. The catalyst 
resolve the racemic sulfoxide with 15% ee after 30% conversion of the starting sulfoxide.
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2. ESI-MS spectra of the in situ generated complex
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Fig. S1 ESI-MS spectra of the in situ generated complex with 1:1 metal to ligand ratio.
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Fig. S2 ESI-MS spectra of the in situ generated complex with 2:1 metal to ligand ratio.
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3. HRMS spectra of the in situ generated complexes

Fig. S3 HRMS spectra of [FeL1(acac)]
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Fig. S4 HRMS spectra of [Fe2L1(acac)2]+
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4.  Screening of benzoic acid derivatives as additive

Table S1. Screening of benzoic acid derivatives as additive for the enantioselective oxidation 

of methyl phenyl sulfide with 1/Fe(acac)3 systema

S S S
O O O

Fe(acac)3 (2 mol%)
1 (3 mol%),

Additive (2 mol%)

H2O2 (1.5 equiv.)
DCM (1 mL)

Entry Additive Conversionb (%) Selectivityb (%) eec (%)

1 p-OHC6H4COOH 89 95 83

2 p-OMeC6H4COOH 91 95 88

3 p-MeC6H4COOH 87 96 74

4 o-OmeC6H4COOH 87 95 81

5 p-NH2C6H4COOH 90 94 87

6 p-OmeC6H4COONa 90 94 88

a Reaction condition: methyl phenyl sulfide (0.25 mmol), Fe(acac)3 (2 mol%), L1 (3 mol%), 

additive (2 mol%), aqueous H2O2 (30%, 1.2 equiv.), in organic solvent (1 ml) at 15 oC for 12 

h. b Conversion and selectivity were calculated by 1H NMR analysis. c Enantiomeric excess 

were determined by HPLC analysis on a chiral phase Daicel Chiralcel OD column.
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5. Characterization data of the sulfoxides

Phenyl methyl sulfoxide1: Colourless oil; Yield: 86%; ee: 88%; 1H NMR (500 MHz, 

CDCl3): δ = 7.66-7.64 (m, 2H), 7.53-7.48 (m, 3H), 2.71 (s, 3H); 13C NMR (125 MHz, 

CDCl3): δ = 145.21, 130.71, 129.02, 123.14, 43.50; The enantiomeric excess was determined 

by HPLC analysis. HPLC condition: Daicel Chiralcel OD column, 80:20 Hex/IPA, 0.5 

mL/min, 30 oC, 254 nm; tr (R) = 13.7 min, tr (S) = 15.4 min.

4-Fluorophenyl methyl sulfoxide2: Colourless oil; Yield: 76%; ee: 95%; 1H NMR (500 

MHz, CDCl3): δ = 7.69-7.66 (m, 2H), 7.25-7.22 (m, 2H), 2.73 (s, 3H); 13C NMR (125 MHz, 

CDCl3): δ =165.19, 163.19, 140.99, 125.83, 125.76, 116.67, 116.50, 43.99; The enantiomeric 

excess was determined by HPLC analysis. HPLC condition: Daicel Chiralcel OD column, 

92:08 Hex/IPA, 0.4 mL/min, 30 oC, 254 nm; tr (R) = 31.9 min, tr (S) = 33.7 min.

4-Chlorophenyl methyl sulfoxide1: Colourless oil; Yield: 80%; ee: 95%; 1H NMR (500 

MHz, CDCl3): δ = 7.61 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H), 2.73 (s, 3H); 13C NMR 

(125 MHz, CDCl3): δ = 144.00, 136.90, 129.39, 124.80, 43.74; The enantiomeric excess was 

determined by HPLC analysis. HPLC condition: Daicel Chiralcel OB column, 80:20 

Hex/IPA, 0.7 mL/min, 30 oC, 254 nm; tr (R) = 11.4 min, tr (S) = 16.9 min.

4-Bromophenyl methyl sulfoxide1: White solid; Yield: 79%; ee: 92%; 1H NMR (500 MHz, 

CDCl3): δ = 7.67 (d, J = 8.5 Hz, 2H), 7.53 (d, J = 8.5 Hz, 2H), 2.73 (s, 3H); 13C NMR (125 

MHz, CDCl3): δ = 144.81, 132.63, 125.21, 43.99; The enantiomeric excess was determined 

by HPLC analysis. HPLC condition: Daicel Chiralcel OB column, 80:20 Hex/IPA, 0.8 

mL/min, 30 oC, 254 nm; tr (R) = 10.8 min, tr (S) = 15.3 min.

4-Nitrophenyl methyl sulfoxide1: White solid; Yield: 69%; ee: 96%; 1H NMR (500 MHz, 

CDCl3): δ = 8.40 (d, J = 8.5 Hz, 2H), 7.86 (d, J = 8.5 Hz, 2H), 2.82 (s, 3H); 13C NMR (125 
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MHz, CDCl3): δ = 153.29, 149.54, 124.76, 124.55, 43.92; The enantiomeric excess was 

determined by HPLC analysis. HPLC condition: Daicel Chiralcel OJ column, 65:35 Hex/IPA, 

0.5 mL/min, 30 oC, 254 nm; tr (R) = 23.9 min, tr (S) = 27.4 min.

4-Methylphenyl methyl sulfoxide1: White solid; Yield: 86%; ee: 87%; 1H NMR (500 MHz, 

CDCl3): δ = 7.54 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8 Hz, 2H), 2.70 (s, 3H), 2.41 (s, 3H); 13C 

NMR (125 MHz, CDCl3): δ = 142.27, 141.37, 129.90, 123.41, 43.79, 21.25; The 

enantiomeric excess was determined by HPLC analysis. HPLC condition: Daicel Chiralcel 

OD column, 94:06 Hex/IPA, 0.5 mL/min, 30 oC, 254 nm; tr (R) = 33.5 min, tr (S) = 36.4 min.

4-Methoxyphenyl methyl sulfoxide1: Yellow oil; Yield: 86%; ee: 85%; 1H NMR (500 MHz, 

CDCl3): δ 7.45 (d, J = 7.8 Hz, 1H), 6.88 (d, J = 7.6 Hz, 1H), 3.70 (s, 3H), 2.56 (s, 3H); 13C 

NMR (50 MHz, CDCl3): δ = 161.52, 136.02, 125.04, 114.43, 55.09, 34.44; The enantiomeric 

excess was determined by HPLC analysis. HPLC condition: Daicel Chiralcel OD column, 

90:10 Hex/IPA, 0.7 mL/min, 30 oC, 254 nm; tr (R) = 21.7 min, tr (S) = 23.3 min.

3-Chlorophenyl methyl sulfoxide3: Colourless oil; Yield: 77%; ee: 98%; 1H NMR (500 

MHz, CDCl3): δ = 7.67 (s, 1H), 7.52-7.49 (m, 1H), 7.48-7.46(m, 2H), 2.75 (s, 3H); 13C NMR 

(125 MHz, CDCl3): δ = 147.65, 135.54, 131.08, 130.53, 123.50, 121.56, 43.85; The 

enantiomeric excess was determined by HPLC analysis. HPLC condition: Daicel Chiralcel 

OB column, 90:10 Hex/IPA, 1.0 mL/min, 30 oC, 254 nm; tr (R) = 12.5 min, tr (S) = 18.8 min.

3-Bromophenyl methyl sulfoxide4: Colorless oil; Yield: 78%; ee: 92%; 1H NMR (200 MHz, 

CDCl3): δ = 7.82 (s, 1H), 7.65-7.53 (m, 2H), 7.47-7.32 (m, 1H), 2.75 (s, 3H); 13C NMR (50 

MHz, CDCl3): δ = 147.91, 134.06, 130.83, 126.41, 123.53, 122.08, 43.97; The enantiomeric 

excess was determined by HPLC analysis. HPLC condition: Daicel Chiralcel OB column, 

80:20 Hex/IPA, 1.0 mL/min, 30 oC, 254 nm; tr (R) = 8.67 min, tr (S) = 13.9 min.
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2-Chlorophenyl methyl sulfoxide3:Colourless oil; Yield: 76%; ee: 91%; 1H NMR (500 

MHz, CDCl3): δ = 7.96 (d, J = 8 Hz, 1H), 7.54 (t, J = 7.5 Hz, 1H), 7.45 (t, J = 7.5 Hz, 1H), 

7.40 (d, J = 8 Hz, 1H), 2.83 (s, 3H); 13C NMR (125 MHz, CDCl3): δ = 143.63, 132.06, 

129.84, 128.23, 125.36, 41.72; The enantiomeric excess was determined by HPLC analysis. 

HPLC condition: Daicel Chiralcel AD-H column, 90:10 Hex/IPA, 0.5 mL/min, 30 oC, 254 

nm; tr (R) = 17.9 min, tr (S) = 21.7 min.

2-Bromophenyl methyl sulfoxide1: Yellow oil; Yield: 73%; ee: 91%; 1H NMR (200 MHz, 

CDCl3): δ = 7.98-7.93 (m, 1H), 7.62-7.49 (m, 2H), 7.42-7.34 (m, 1H), 2.83 (s, 3H); 13C NMR 

(125 MHz, CDCl3): δ = 145.29, 132.91, 132.26, 128.73, 125.69, 118.40, 41.84; The 

enantiomeric excess was determined by HPLC analysis. HPLC condition: Daicel Chiralcel 

AD-H column, 90:10 Hex/IPA, 0.5 mL/min, 30 oC, 254 nm; tr (R) = 15.2 min, tr (S) = 17.8 

min. 

Ethyl phenyl sulfoxide1: Colourless oil; Yield: 87%; ee: 85%; 1H NMR (500 MHz, CDCl3): 

δ = 7.62-7.60 (m, 2H), 7.54-7.49 (m, 3H), 2.95-2.87 (m, 1H), 2.81-2.74 (m, 1H), 1.20 (t, J = 

7.5, 3H); 13C NMR (125 MHz, CDCl3): δ = 143.20, 130.94, 129.14, 124.17, 50.24, 5.95; The 

enantiomeric excess was determined by HPLC analysis. HPLC condition: Daicel Chiralcel 

OD column, 90:10 Hex/IPA, 0.5 mL/min, 30 oC, 254 nm; tr (R) = 17.6 min, tr (S) = 20.9 min.

Benzyl phenyl sulfoxide1: White solid; Yield: 85%; ee: 85%; 1H NMR (500 MHz, CDCl3): δ 

= 7.46-7.37 (m, 5H), 7.29-7.23 (m, 3H), 6.98 (m, 2H), 4.12 (d, J = 12.5 Hz, 1H), 4.00 (d, J = 

12.5 Hz, 1H); 13C NMR (125 MHz, CDCl3): δ = 142.63, 131.16, 130.33, 129.06, 128.83, 

128.42, 128.23, 124.43, 63.52; The enantiomeric excess was determined by HPLC analysis. 

HPLC condition: Daicel Chiralcel OD column, 90:10 Hex/IPA, 0.5 mL/min, 30 oC, 254 nm; 

tr (R) = 17.6 min, tr (S) = 20.9 min.
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6. 1H and 13C-NMR spectra of ligands (L1-L4)
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Ligand L2:
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Ligand L3:
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Ligand L4:
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7. 1H and 13C-NMR spectra of sulfoxides

Phenyl methyl sulfoxide
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4-Fluorophenyl methyl sulfoxide
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4-Chlorophenyl methyl sulfoxide
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4-Bromophenyl methyl sulfoxide
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4-Nitrophenyl methyl sulfoxide
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4-Methylphenyl methyl sulfoxide
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4-Methoxyphenyl methyl sulfoxide
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3-Chlorophenyl methyl sulfoxide
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3-Bromophenyl methyl sulfoxide
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2-Chlorophenyl methyl sulfoxide
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2-Bromophenyl methyl sulfoxide
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Ethyl phenyl sulfoxide
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Benzyl phenyl sulfoxide

ppm (t1)
3.04.05.06.07.08.0

0

50000000

7.
46

5
7.

46
0

7.
45

1
7.

43
6

7.
42

0
7.

40
7

7.
38

4
7.

37
0

7.
28

6
7.

27
2

7.
26

1
7.

24
5

7.
23

1
6.

98
7

6.
97

4

4.
11

5
4.

09
0

4.
01

4
3.

98
9

1.00
1.02

2.00

5.01
3.21

0.00

S

O

ppm (t1)
50100150

0

500000000

14
2.

79

13
1.

32

13
0.

49
12

9.
22

12
8.

99
12

8.
58

12
8.

39

12
4.

59

77
.4

1
77

.1
6

76
.9

1

63
.6

8

S

O



27

8. HPLC chromatogram of sulfoxides

Phenyl methyl sulfoxide
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4-Methylphenyl methyl sulfoxide
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4-Fluorophenyl methyl sulfoxide
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4-Chlorophenyl methyl sulfoxide
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4-Bromophenyl methyl sulfoxide
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4-Nitrophenyl methyl sulfoxide
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4-Methoxyphenyl methyl sulfoxide
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3-Chlorophenyl methyl sulfoxide

10.0 12.5 15.0 17.5 20.0 22.5 min

0

25

50

75

100

125

150

175

mAU

12.
630

/51
.34

1

18.
901

/48
.65

9
Peak# Ret. Time Area Peak Start Peak End Area%

1 12.630 7616071 9.675 15.072 51.3408

2 18.901 7218260 15.072 23.456 48.6592

7.5 10.0 12.5 15.0 17.5 20.0 min

-25

0

25

50

75

100

125

150

175

200

225

250

mAU

12.
509

/98
.22

6

18.
832

/1.7
74

Peak# Ret. Time Area Peak Start Peak End Area%

1 12.509 11177935 9.899 15.125 98.2256

2 18.832 201929 17.824 20.416 1.7744



35

3-Bromophenyl methyl sulfoxide
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2-Chlorophenyl methyl sulfoxide
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2-Bromophenyl methyl sulfoxide
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Ethyl phenyl sulfoxide
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Benzyl phenyl sulfide
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