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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.

Q Fe source (2 mol%) Q o, 0O
©/S\ L1 (3 mol%) ©/S\ N ©/S\
H,0, (1.5 equiv.) }
DCM (1 mL), RT. 70% 30%
ee =15%

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.



3. HRMS spectra of the in situ generated complexes

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 50.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotepic Mass, Even Electron lons

687 formula(e) evaluated with 10 results within limits (up to 50 closest results for each mass)
Elements Used:

C:030 H:0-46 N.0-2 0:0-5 A:0-1 P01 Fe:0-1 [0-1

TFEMONO
TFEMONO 50 (1.508) 1: TOF MS ES+
1.20e+001
100 557.2666
%_
G ll!lllli‘\\{\‘l?l\ll\Il‘II\\III‘||\||\‘[f\If[fl\\1Illl[l|!\1IIII=IIII|II\\{\\|I|IIw\]Illl(\ll!’ill\llllf‘IIII'II'I m[’z
566.80  556.90  557.00 55710 55720 55730 55740 55750 55760 55770  557.80
Minimum: -1.%
Maximum: 5.0 50.0 50.0
Mass Calc. Mass mba PPM DBE i-FIT Formula
557.2666  557.2678 -1.2 -2.2 8.5 n/a C29 H45 N2 05 Fe
557.2622 4.4 7.9 155 n/a C28 H46 N2 04 Al Fe
5572725 -5.9 -10.6 1055 n/a C29 H43 N2 05 Al P
557.2604 6.2 {40 53 n/a C27 hH46 N2 02 I
557.2595 7.1 12.7 8.5 n/a C29 K46 N2 03 P Fe
557.2510 15.6 28.0 1.5 n/a C29 K46 05 Al Fe
557,2492 17.4 31.:2 5:5 n/a C28 K46 03 I
557,2483 183 32.8 8.5 n/a C30 E46 04 P Fe
557.2452 21,4 38.4 1.5 n/a C23 Hi6 N2 05 I
557.2393 2153 49,0 10,5 n/a C30 HA2 W2 I

Fig. S3 HRMS spectra of [FeLL1(acac)]



Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
1146 formula(e) evaluated with 23 results within limits (up to 50 closest results for each mass)
Elements Used:
C:0-35 H:052 N:02 0:07 ALQO-1 P:0-1 Fer0-2 [01
TFEDI
TFEDI 75 (2.256) 1: TOF MS ES+
1.20e+001
Al 711.2387
%v
R B L o s o L B LS B BRI B B
710.60 711.00 711.20 711.40 711.60
Minimum: -1.5
Maximum: 5.0 50.0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
711.2387  711.2395 -0.8 -1.1 1¢.5 n/a C34 H51 N2 07 Fe?
711.2368 1.9 2.7 9.5 n/a C32 H50 N2 04 Al P I
711.2424 3:7 -5.2 10.5 n/a €33 H49 N2 05 P I
711.2340 4,7 6. 9.5 n/a €33 H52 N2 06 Al Fe2
711.2338 4.9 6. 9.5 n/a €33 H49 07 Al I
711.2442 -5.9 -1.7 125 n/a C34 H49 N2 07 Al P Fe
711.2451 6.4 -9.0 9.5 n/a C32 H49 N2 06 Bl I
711.2321 6.6 9.3 7.5 n/a C32 H52 N2 04 Fe 1
711.2313 7.4 10.4 10.5 n/a C34 H52 N2 05 P Fe2
1112312 7.5 10.5 10.5 n/a C34 H49 06 P I
711.2506 i 11138 =16.7 1.0, 5 n/a C33 H48 N2 07 I
711,2256 13.1 18.4 9.5 n/a C33 H50 05 Al P I
711.2240 14.7 20.7 14.5 n/a €35 H45 N2 04 Al I
711.2227 16.0 2245 9.5 n/a C34 H52 07 Al Fe2
711.2216 1751 24.0 51:5 n/a C28 H50 N2 07 Al P I
711.2209 17.8 25.0 T n/a C33 H52 05 Fe I
711.2200 18.7 26.3 10.5 n/a €35 H52 06 P Fe2
711.2169 21.8 30.7 3.5 n/a €28 H52 N2 07 Fe I
711.2157 23.0 32..3 14,5 n/a C35 H46 N2 02 AL P I
711.2110 27.7 38.9 12.5 n/a C35 H48 N2 02 Fe I
711.2087 30.0 42.2 10.5 n/a C31 H45 N2 07 Bl I
711.2060 32.:7 46.0 115 n/a C32 H45 N2 06 P I
711.2054 33:3 46.8 1355 n/a C34 H49 N2 0O Al Fe I

Fig. S4 HRMS spectra of [Fe,L.1(acac),|"



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); system?

Fe(acac); (2 mol%) -
1 (3 mol%), Q. o, 0
©/S\ Additive (2 mol%) ©/S\ . O/S\
H,0, (1.5 equiv.)
DCM (1 mL)
Entry Additive Conversion® (%)  Selectivity® (%)  ee® (%)
1 p-OHC¢H,COOH 89 95 83
2 p-OMeCcH,COOH 91 95 88
3 p-MeC¢H,COOH 87 96 74
4 0-OmeC¢H,COOH 87 95 81
5 p-NH,C¢H,COOH 90 94 87
6 p-OmeC¢H4,COONa 90 94 88

a Reaction condition: methyl phenyl sulfide (0.25 mmol), Fe(acac); (2 mol%), L1 (3 mol%),
additive (2 mol%), aqueous H,0O, (30%, 1.2 equiv.), in organic solvent (1 ml) at 15 °C for 12
h. ® Conversion and selectivity were calculated by '"H NMR analysis. ¢ Enantiomeric excess

were determined by HPLC analysis on a chiral phase Daicel Chiralcel OD column.



5. Characterization data of the sulfoxides

Phenyl methyl sulfoxide!: Colourless oil; Yield: 86%; ee: 88%; 'H NMR (500 MHz,
CDCl3): 6 = 7.66-7.64 (m, 2H), 7.53-7.48 (m, 3H), 2.71 (s, 3H); *C NMR (125 MHz,
CDCl): 6 =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 °C, 254 nm; t, (R) = 13.7 min, t, () = 15.4 min.

4-Fluorophenyl methyl sulfoxide?: Colourless oil; Yield: 76%; ee: 95%; 'H NMR (500
MHz, CDCl,): 6 = 7.69-7.66 (m, 2H), 7.25-7.22 (m, 2H), 2.73 (s, 3H); '*C NMR (125 MHz,
CDCl): 6 =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 °C, 254 nm; t, (R) = 31.9 min, t, (S) = 33.7 min.

4-Chlorophenyl methyl sulfoxide!: Colourless oil; Yield: 80%; ee: 95%; 'H NMR (500
MHz, CDCl;): 6 = 7.61 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 8.5 Hz, 2H), 2.73 (s, 3H); 3C NMR
(125 MHz, CDCls): & = 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 °C, 254 nm; t, (R) = 11.4 min, t, (S) = 16.9 min.

4-Bromophenyl methyl sulfoxide!: White solid; Yield: 79%; ee: 92%; 'H NMR (500 MHz,
CDCl3): 6 = 7.67 (d, J = 8.5 Hz, 2H), 7.53 (d, J = 8.5 Hz, 2H), 2.73 (s, 3H); '3C NMR (125
MHz, CDCly): 6 = 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 °C, 254 nm; t, (R) = 10.8 min, t, (§) = 15.3 min.

4-Nitrophenyl methyl sulfoxide!: White solid; Yield: 69%; ee: 96%; 'H NMR (500 MHz,
CDCls): 5 = 8.40 (d, J = 8.5 Hz, 2H), 7.86 (d, J = 8.5 Hz, 2H), 2.82 (s, 3H); *C NMR (125

7



MHz, CDCl;): 6 = 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 °C, 254 nm; t; (R) = 23.9 min, t, (S) = 27.4 min.

4-Methylphenyl methyl sulfoxide!: White solid; Yield: 86%; ee: 87%; 'H NMR (500 MHz,
CDCly): 6 = 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, CDCl;): & = 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 °C, 254 nm; t, (R) = 33.5 min, t, () = 36.4 min.

4-Methoxyphenyl methyl sulfoxide!: Yellow oil; Yield: 86%; ee: 85%; '"H NMR (500 MHz,
CDCl;): 8 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, CDCls): 6 = 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 °C, 254 nm; t, (R) = 21.7 min, t, (S) = 23.3 min.

3-Chlorophenyl methyl sulfoxide’: Colourless oil; Yield: 77%; ee: 98%; 'H NMR (500
MHz, CDCl3): 6 = 7.67 (s, 1H), 7.52-7.49 (m, 1H), 7.48-7.46(m, 2H), 2.75 (s, 3H); 3C NMR
(125 MHz, CDCl3): & = 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 °C, 254 nm; t. (R) = 12.5 min, t, (S) = 18.8 min.

3-Bromophenyl methyl sulfoxide*: Colorless oil; Yield: 78%; ee: 92%; '"H NMR (200 MHz,
CDCly): 8 = 7.82 (s, 1H), 7.65-7.53 (m, 2H), 7.47-7.32 (m, 1H), 2.75 (s, 3H); 3C NMR (50
MHz, CDCl;): 6 = 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 °C, 254 nm; t, (R) = 8.67 min, t, (S) = 13.9 min.



2-Chlorophenyl methyl sulfoxide3:Colourless oil; Yield: 76%; ee: 91%; 'H NMR (500
MHz, CDCl;): 6 =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): 6 = 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 °C, 254

nm; t, (R) =17.9 min, t, (§) =21.7 min.

2-Bromophenyl methyl sulfoxide!: Yellow oil; Yield: 73%; ee: 91%; 'H NMR (200 MHz,
CDCl3): 6 =17.98-7.93 (m, 1H), 7.62-7.49 (m, 2H), 7.42-7.34 (m, 1H), 2.83 (s, 3H); 3C NMR
(125 MHz, CDCl;): & = 145.29, 13291, 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 °C, 254 nm; t, (R) = 15.2 min, t, (S) = 17.8

min.

Ethyl phenyl sulfoxide': Colourless oil; Yield: 87%; ee: 85%; '"H NMR (500 MHz, CDCl;):
0 = 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); 3C NMR (125 MHz, CDCl;): 6 = 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 °C, 254 nm; t, (R) = 17.6 min, t, (S) = 20.9 min.

Benzyl phenyl sulfoxide!: White solid; Yield: 85%; ee: 85%; '"H NMR (500 MHz, CDCl;): &
=7.46-7.37 (m, SH), 7.29-7.23 (m, 3H), 6.98 (m, 2H), 4.12 (d, /= 12.5 Hz, 1H), 4.00 (d, J =
12.5 Hz, 1H); 3C NMR (125 MHz, CDCl;): & = 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 °C, 254 nm;

t. (R) = 17.6 min, t, (S) = 20.9 min.



6. 'H and '*C-NMR spectra of ligands (L1-L4)

Ligand L1

o o

o o

o o

o o

- n o
000000~ -

— 76 UL - 1813
6¢'1 =9.08
16'C
G8'C p/ .

18 |w > 2.00
8¢'¢
Ll'¢ K) — = 2.02
6L'¢
6v'Y - 1 2.00
08'L - u T 2.01
€98 — = 2.00
@] Z=
T
T
(@]
T
o} VA
GOl —=< 11.00

5.0

ppm (t1)

1000(¢

5000(

G18°9¢
€L0'L€
€9/°C¢
1y9'€e
081'8¢
16G'8¢
€10°6¢

— 1 95 720 24 %

Lv8'6€
€92°0v
6.9°0%

GGv'09

01508

0¥9°02C1

L01°8¢L

yeL'6EL

1G1'6G1

>

\
100

ppm (t1)

10



Ligand L2

— 1000(¢

5000(¢

180

©
<
S

LT
181

88 k=
68}
161

2>

o AN
o 5

00'¢
¥9'€

99'¢

99'Y

1S'v1

= 12.84
= 9.83

216

> 2.08

> 2.4

= 2.00

0.0

5.0

10.0

15.0
ppm (t1)

—2501
—2001

— 1501

—5001
—0

€008 ———__
88861

¥60°'LE —

129°€€

UTYoT

[4744°]

€96'9L

T-VAL-500-DMSC

6.9°0¢l

0cv'8cl

6€9'6¢€)

9/v'651

; Jiuwbwwm

50

-

@] Z—=
T

T
o

jan)
Q zZ=

e

\
100

\
150

ppm (t1)

11



Ligand L3
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7. 'H and 3C-NMR spectra of sulfoxides

Phenyl 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-Bromophenyl methyl sulfoxide
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Ethyl phenyl sulfoxide
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Benzyl phenyl sulfoxide
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8. HPLC chromatogram of sulfoxides

Phenyl methyl sulfoxide
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4-Methylphenyl methyl sulfoxide
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4-Fluorophenyl methyl sulfoxide

100

Peak#

Ret. Time

Area

Peak Start

Peak End

Area%

32.292

30331958

31.435

33.931

50.0102

34.732

30319639

33.963

37.067

49.9898

mAU

= = N N W
a o a o [0) o]
o b b b b b b B e

o]

|
a

N
N
0

30.0

T T T
37.5 min

Ret. Time

Area

Peak Start

Peak End

Area%

31.940

40969

31.424

32.715

2.4355

33.680

1641175

32.832

36.288

97.5645

29



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

Peak# Ret. Time | Area Peak Start | Peak End | Area%
1 21.655 34179408 | 21.077 22.795 51.4667
2 23.268 32231251 | 22.816 25.120 48.5333
o] L=k I
Peak# Ret. Time | Area Peak Start | Peak End Area%
1 21.725 947437 21.109 22.592 7.5712
2 23.283 11566286 | 22.667 25.472 92.4288
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3-Chlorophenyl methyl sulfoxide
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3-Bromophenyl methyl sulfoxide

Peak# Ret. Time | Area Peak Start | Peak End Area%
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2-Chlorophenyl methyl sulfoxide
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2-Bromophenyl methyl sulfoxide

Peak# Ret. Time | Area Peak Start | Peak End | Area%
1 15.528 19914903 | 15.029 16.459 51.0112
2 17.992 19125317 | 17.515 18.741 48.9888
o - o S N
Peak# Ret. Time | Area Peak Start | Peak End Area%
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Ethyl phenyl sulfoxide
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Benzyl phenyl sulfide
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