The Pummerer Synthesis of Chromanes Reveals a Competition
Between Cyclization and Unprecedented Reductive Chlorination

Paola Acosta-Guzman, Alvaro Rodriguez-Lépez and Diego Gamba-Sanchez*

Laboratory of Organic Synthesis, Bio and Organocatalysis, Chemistry Department, Universidad de los Andes. Cra 1 No. 18A-12 Q:305.
Bogota 111711 (Colombia)

Table of Contents

1. EXperimental ProCeAUIES ... sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssass S2
1.1 GENETAl INFOTTNATION 1uerierrrrrerrssrrssrsserssessssrassssssssssssssnsssnsasssasssassssssssasssasasssasssassssnsssnsssnsssnsnsssnssssasssanssanssnnssnssnnss S2
2. Preparation of Starting Materials .......ccus———————— S2
2.1 Synthesis of Sulfides (Method A)......cccmmmmmss————————————— S2
2.2 Synthesis of Sulfides (Method B)........ccummmmmsssssssssssssssssss s S2
2.3 General procedure for oxidation of sulfides.......c.cr——————— S$10
3. Reductive Chlorination: Synthesis of Chlorinated Sulfides..........cocuvummmnmmmsmsmsmmsmsmsmssn. S17
3.1 GENETAl PrOCEAUIE ...coveerrerrrasssesssessssssssssssssnsssnsssssasssassssssssssssssssssssssssssansssnsssnsssssssssssssnssssasssanssassssssnsssnsssasssnsnsns S17
4. Classic Pummerer cyclization: Synthesis of Chromanes..........ccocunmnnnn. S19
7 30 TR TS 4 1<) = 11 3 00 Yo <o L1 o < S19
5. Synthesis of AMIiNOChromane PreCurSOrs ... s ssssssssssssssssssssses S25
5.1 GENETAl PIrOCEAULIE ....coeierererarsrscsessssssssssssssssasss s s EA R AR R AR R AR AR AR AR R e e R R R SRR RS S25
6. Synthesis of SUIfOXIAES 5. —————————————————————————_—- S27
6.1 SINtheSiS Of SUIfOXIAES 5. .ivoiirerrrersserserssmssssssisssssssssssssssssssssssssssssssssssnssssssssssssssssssssssssssasssnssssssnsssnsssnsssnsssansss ae S27
7. Synthesis of protected amino Chromanes .........cummmm—————————_—_ S$28
7 AT 1) o= T 0 0T s L $28
8. Copies Of NMR SPECLIIA...cciricrmsusassssmsmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssassessnnss S30

S1



1. Experimental Procedures

1.1 General information

All reactions were performed under an atmosphere of argon. All solvents were distilled from appropriate
drying agents prior to use. All reagents were used as received from commercial suppliers. Reactions
progress was monitored by thin layer chromatography (TLC) performed on aluminum plates coated with
silica gel Fzs4 with 0.2 mm thickness. Flash column chromatography was performed using silica gel 60
(230-400 mesh). Neat infrared spectra were recorded using a THERMO NICOLET-NEXUS (FT-IR) with
PIKE MIRacle ATR cell. Wavenumbers (vmax) are reported in cm™. High Resolution Mass
spectrometry was recorded using an Agilent 5973 (70 eV) spectrometer, using electrospray ionization
(ESI). All *H NMR and C*® NMR spectra were recorded using a BRUKER Avance 1ll HD Ascend 400
spectrometer. Chemical shifts are given in parts per million (ppm, d), referenced to the TMS (*H and
13C) and trifluoracetic acid (*°F), solvent peak of CDCl; defined at & = 7.26 ppm (*H NMR) and & = 77.16
(3C NMR). Coupling constants are quoted in Hz (J). *H NMR splitting patterns were designated as
singlet (s), doublet (d), triplet (t), quartet (q) and multiplet (m). Splitting patterns that could not be
interpreted or easily visualized were designated as multiplet (m) or broad (br).

2. Preparation of Starting Materials
2.1 Synthesis of Sulfides (Method A)
SH OH

R

CI/\/\BF+ NaH AN _Ph Cs,COg3, KI -~ @

s1 © THF, 0 OC'rta Cl S3 S + R CH3,CN, reflux O/\l/\S/ Ph
S2 sS4

To a suspension of sodium hydride (60% w.t. in mineral oil) (26.5 mmol, 1.06 g) in THF (32 mL) at 0°C
was added droop-wise thiophenol S2 (26.5 mmol, 2.8 mL). The reaction mixture was vigorously stirred
at the same temperature for 1 hour, then, 1-bromo-3-chloropropane S1 (31.8 mmol, 3.1mL) was added.
The reaction mixture was stirred at room temperature by 24 h. When the reaction was finished, water
was added to eliminate the sodium hydride excess. The aqueous layer was extracted with AcCOEt (3 x
20 mL). The organic layer was dried over Na,SO., filtered and the solvent was evaporated in vacuo.
The crude mixture was purified using flash chromatography with cyclohexane as the eluent to afford the
pure product S3. (25 mmol, 4.66 g, 95%)

To a solution of potassium iodide (0.3 equiv.) in acetonitrile was added (3-chloropropyl)(phenyl)sulfide
S3 (1 equiv.), the reaction mixture was stirred a room temperature by 20 min, and then cesium
carbonate (1.8 equiv.) and the corresponding phenol S4 (1.2 equiv.) were added; the reaction mixture
was heated under reflux by 24 to 48 h (following by TLC), when the starting materials were completely
consumed the reaction was quenched with water. The aqueous layer was extracted with AcOEt (3 x 20
mL). The organic phases were combined and dried over Na,SO,4 and the solvent was evaporated in
vacuo. The crude mixture was purified using flash chromatography with CHx:DCM (8:2) as the eluent to
afford the pure product 1. With yields between 53 and 97 %

2.2 Synthesis of Sulfides (Method B)

SH OH
R
AN + NaH A~ N-Ph KoCOs @
50 S5 OTs @ THF, 0°Cit ~ 199 “gg S * R “Acetone, reflux O/\l/\S/Ph
S2 S4

To a suspension of NaH (60% w.t. in mineral oil) (4.7 mmol, 188 mg) in dried THF (30 mL), thiophenol
S2 (4.7 mmol, 0.49 mL) was slowly added at 0°C. The mixture was stirred at the same temperature for
30 min, then, propane-1,3-diyl dibenzenesulfonate S5 (5.2 mmol, 2 g) was slowly added. The reaction
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mixture was stirred at 0°C for 20 h followed by water addition (10 mL) and extraction with AcOEt (3 x 20
mL). The organic layer was dried over anhydrous Na.SO., filtered and evaporated to dryness. The
residue was purified by flash chromatography using CHx:DCM (2:1) as eluent to afford S6 (2.8 mmol,
908 mg, 60%) as a colorless oil.

3-(phenylthio)propyl-4-methylbenzenesulfonate S6 (1 equiv.) was dissolved in acetone (10 mL), then,
the corresponding phenol S4 (1.05 equiv.) and K>COs (2.1 equiv.) were added and the reaction mixture
was stirred under reflux for 24 hours. Then, the reaction mixture was cooled to room temperature,
followed by water addition (10 mL) and extraction with AcOEt (3 x 20 mL). The combined organic
extracts were washed with brine, dried over anhydrous Na,SO., filtered and concentrated under
reduced pressure. The crude product was purified by flash chromatography using cyclohexane as
eluent; the pure productsl were obtained with yields between 67 and 89%.

(3-(3,4-Dimethoxyphenoxy)propy(phenyl)sulfide (1a).

According to the general procedure, (Method A): (3-
MeO chloropropyl)(phenyl)sulfide (1.61 mmol, 300 mg), 3,4-dimethoxyphenol
D\ (.93 mmol, 297 mg), cesium carbonate (2.90 mmol, 944.6 mgq)
o/\/\s’Ph potassium iodide (0.48 mmol, 79.7 mg) and acetonitrile (5.2 mL) were
used to obtain 1la as a colorless oil (1.29 mmol, 392 mg, 80%).
'H NMR (400 MHz, CDCl3) &: 7.35 (dd, J = 8.4, 1.2 Hz, 2H), 7.27 (t, J = 7.6 Hz, 2H), 7.11 — 7.20 (m,
1H), 6.76 (d, J = 8.8 Hz, 1H), 6.50 (d, J = 2.8 Hz, 1H), 6.38 (dd, J = 8.8, 2.8 Hz, 1H), 4.02 (t, J = 6.0 Hz,
2H), 3.84 (s, 3H), 3.82 (s, 3H), 3.11 (t, J = 7.1 Hz, 2H), 1.90 — 2.28 (m, 2H).
13C NMR (100 MHz CDClg) &: 153.5, 149.9, 143.6, 136.3, 129.2, 129.0, 126.0, 111.9, 103.9, 100.9,
66.6, 56.5, 55.9, 30.3, 29.0.
FT-IR (neat) v(cm™™): 3046, 2936, 1590, 1467, 1140, 1063, 683.
HRMS (ESI): Calcd. for C17H1003S (M+Na*), 327.1031; found: 327.1035.

MeO

(3-(3,5-Dimethoxyphenoxy)propy(phenyl)sulfide (1b).

OMe According to the general procedure, (Method A): (3-

chloropropyl)(phenyl)sulfide (2.15 mmol, 400 mg), 3,5-dimethoxyphenol

/@\ (2.58 mmol, 397 mg), cesium carbonate (3.87 mmol,1.26 g), potassium

MeO 0 "Ng Ph iodide (0.64 mmol, 106 mg) and acetonitrile (7.0 mL) were used to obtain

1b as a colorless oil (1.74 mmol, 529 mg, 81%).

'H NMR (400 MHz, CDCls): 7.31 — 7.38 (m, 2H), 7.28 (dd, J = 10.5, 5.0 Hz, 2H), 7.18 (t, J = 7.3 Hz,

1H), 6.03 — 6.13 (m, 3H), 4.04 (t, J = 6.0 Hz, 2H), 3.76 (s, 6H), 3.11 (t, J = 7.1 Hz, 2H), 1.97 — 2.17 (m,
2H).

13C NMR (100 MHz, CDCI3) &: 161.7, 160.9, 136.3, 129.4, 129.1, 126.2, 93.5, 93.2, 66.2, 55.5, 30.4,
29.0.

FT-IR (neat) v(cm™): 3050, 2939, 1593, 1469, 1145, 1060, 686.
HRMS (ESI): Calcd. for C17H1003S (M+Na*), 327.1031; found: 327.1029.

Phenyl(3-(m-tolyloxy)propyl)sulfide (1c).

According to the general procedure, (Method A): (3-

chloropropyl)(phenyl)sulfide (1 mmol, 186 mg), 3-methylphenol (1.2 mmol,
o/\/\S’Ph 223 mg), cesium carbonate (1.8 mmol, 586 mg), potassium iodide (0.3 mmol,

49.8 mg) and acetonitrile (4.0 mL) were used to obtain 1c as a colorless oil
(0.92 mmol, 237 mg, 92%).
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'H NMR (400 MHz, CDCl3) &: 7.35 (d, J = 7.8 Hz, 2H), 7.24 — 7.30 (m, 2H), 7.11 — 7.20 (m, 2H), 6.76 (d,
J=7.5Hz, 1H), 6.66 — 6.73 (m, 2H), 4.06 (t, J = 6.0 Hz, 2H), 3.12 (t, J = 7.1 Hz, 2H), 2.32 (s, 3H), 1.98
—2.15 (m, 2H).

13C NMR (100 MHz CDClgz) &: 158.9, 139.6, 136.4, 129.3, 129.3, 129.1, 126.1, 121.7, 115.5, 111.5,
66.1, 30.4, 29.1, 21.7.

FT-IR (neat) v(cm™): 3147, 1605, 1460, 1150, 1121, 705.

HRMS (ESI): Calcd. for C16H1s0S (M+Na*), 281.0976; found: 281.0976.

(3-(Naphthalen-2-yloxy)propy(phenylsulfide (1d).

O\/\/S\Ph According to the general procedure, (Method A). (3-

chloropropyl)(phenyl)sulfide (2.68 mmol, 500 mg), B-naphthol (3.21 mmol,
462 mg), cesium carbonate (4.82 mmol, 1.57g), potassium iodide (0.8

mmol, 133 mg) and acetonitrile (10.0 mL) were used to obtain 1d as a colorless oil (1.74 mmol, 512 mg,
65%).
!H NMR (400 MHz, CDCls) &: 7.67 — 7.78 (m, 3H), 7.43 (t, J = 7.1 Hz, 1H), 7.25 — 7.39 (m, 5H), 7.09 —
7.20 (m, 3H), 4.19 (t, J = 6.0 Hz, 2H), 3.17 (t, J = 7.1 Hz, 2H), 2.09 — 2.26 (m, 2H).
13C NMR (100 MHz CDCl3) &: 156.9, 136.3, 134.7, 129.5, 129.4, 129.1, 129.1, 127.8, 126.9, 126.5,
126.2, 123.8, 119.0, 106.8, 66.2, 30.4, 29.0.
FT-IR (neat) v(cm™): 3060, 2940, 1570, 1399, 1238, 1097, 736, 692.
HRMS (ESI): Calcd. for C1gH150S (M+Na*), 317.0976; found: 317.0976.

(3-(Naphthalen-1-yloxy)propyl)(phenylsulfide (1e).

o g Ph According to the general procedure, (Method A): (3-

chloropropyl)(phenyl)sulfide (2.68 mmol, 500 mg), a-naphthol (3.22 mmol, 463
mg), cesium carbonate (4.82 mmol, 1.57g), potassium iodide (0.8 mmol, 133

OO mg) and acetonitrile (10.0 mL) were used to obtained le as a colorless oil (2.22
mmol, 654 mg, 83%).

'H NMR (400 MHz, CDClg) &: 8.22 — 8.30 (m, 1H), 7.76 — 7.83 (m, 1H), 7.43 — 7.72 (m, 2H), 7.33 -

7.44 (m, 4H), 7.24 — 7.31 (m, 2H), 7.17 (t, J = 7.4 Hz, 1H), 6.79 (d, J = 7.4 Hz, 1H), 4.26 (t, J = 5.9 Hz,

2H), 3.24 (t, J = 7.1 Hz, 2H), 2.19 — 2.33 (m, 2H).

13C NMR (100 MHz CDClIs) &: 154.6, 136.3, 134.6, 129.4, 129.1, 127.6, 126.5, 126.2, 125.9, 125.3,

122.1,120.4, 108.5, 104.8, 66.3, 30.6, 29.2.

FT-IR (neat) v(cm™): 3051, 2927, 1577, 1384, 1265, 1099, 767, 690.
HRMS (ESI): Calcd. for C1oH150S (M+Na*), 317.0976; found: 317.0977.

(3-(4-Allyl-2-methoxyphenoxy)propyl)(phenylsulfide (1f).

X According to the general procedure, (Method A): (3-
\/\@\ oh chloropropyl)(phenyl)sulfide (2.15 mmol, 400 mg), eugenol (2.58 mmol,
0" "5 0.4 mL), cesium carbonate (3.87 mmol, 1.26 g) potassium iodide (0.6

OMe mmol, 99.6 mg) and acetonitrile (7.5 mL) were used to obtain 1f as a

colorless oil (0.97 mmol, 274 mg, 45%)
'H NMR (400 MHz, CDCls) &: 7.31 - 7.40 (m, 2H), 7.23 — 7.30 (m, 2H), 7.10 — 7.21 (m, 1H), 6.80 (d, J
= 7.8 Hz, 1H), 6.62 — 6.74 (m, 2H), 5.86 — 6.05 (m, 1H), 4.98 — 5.16 (m, 2H), 4.11 (t, J = 6.2 Hz, 2H),
3.84 (s, 3H), 3.33 (dt, J = 6.7, 1.8 Hz, 2H), 3.13 (t, J = 7.1 Hz, 2H), 2.01 — 2.21 (m, 2H).
13C NMR (100 MHz CDClg) &: 149.6, 146.7, 137.8, 136.4, 133.3, 129.3, 129.0, 126.0, 120.6, 115.8,
113.8, 112.5, 67.6, 56.0, 40.0, 30.3, 29.0.
FT-IR (neat) v(cm™): 3055, 2935, 1508, 1257, 1230, 1138, 1026, 736, 690.
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HRMS (ESI): Calcd. for C10H2202S (M+Na"), 337.1238; found: 337.1234.

(3-Phenoxypropyl)(phenylsulfide (19).

According to the general procedure, (Method A): (3-
o Ph chlc_)ropropyl)(phenyl)suIfide (3.22 mmol, 600 m_g), p_he_nol (3.86 mmol, 363 mg),
O S cesium carbonate (5.80 mmol, 1.89 g), potassium iodide (0.97 mmol, 161 mg)
and acetonitrile (12.0 mL) were used to obtained 1g as a colorless oil (2.90 mmol, 707 mg, 90%).
H NMR (400 MHz, CDCl3): 7.35 (d, J = 7.3 Hz, 2H), 7.23 — 7.31 (m, 4H), 7.17 (t, J = 7.3 Hz, 1H), 6.94
(t, J=7.4Hz, 1H) 7.01 (d, J = 7.9 Hz, 2H), 4.08 (t, J = 6.0 Hz, 2H), 3.12 (t, J = 7.1 Hz, 2H), 1.98 — 2.20
(m, 2H).
13C NMR (100 MHz CDCl3) &: 158.9, 136.3, 129.6, 129.3, 129.1, 126.1, 120.9, 114.6, 66.0, 30.3, 29.0.
FT-IR (neat) v(cm™™): 3050, 2928, 1585, 1481, 1470, 1439, 1242, 1038, 750.
HRMS (ESI): Calcd. for C1sH160S (M+Na*), 267.0820; found: 267.0823.

(3-(2-lodophenoxy)propy(phenyl)sulfide (1h).

According to the general procedure, (Method A): (3-
Q\O/\/\S/ Ph chIoroprqpyI)(phenyI)suIfide (1.6 mmol, 300 mg), 2—io_dopheno| (1.9 _rnmol, 418
mg), cesium carbonate (2.9 mmol, 945 mg, 1.8 equiv), potassium iodide (0.5
| mmol, 83 mg) and acetonitrile (7.0 mL) were used to obtained 1h as a colorless
oil (1.2 mmol, 444 mg, 75%).
'H NMR (400 MHz, CDCl3) &: 7.77 (dd, J = 7.8, 1.7 Hz, 1H), 7.36 — 7.41 (m, 2H), 7.24 — 7.31 (m, 3H),
7.16 (t, J = 7.3 Hz, 1H), 6.78 (dd, J = 8.3, 1.4 Hz, 1H), 6.71 (td, J = 7.5, 1.5 Hz, 1H), 4.12 (t, J = 5.7 Hz,
2H), 3.24 (t, J = 7.1 Hz, 2H), 2.06 — 2.26 (m, 2H).
13C NMR (100 MHz CDClg) &: 157.4, 139.6, 136.3, 129.6, 129.2, 129.1, 126.0, 122.7, 112.2, 86.8 (C),
67.2, 30.2, 29.1.
FT-IR (neat) v(cm™): 3059, 2920, 2850, 1462, 1242, 1018, 736, 690.

HRMS (ESI): Calcd. for C1sH1510S (M+Na*), 292.9786; found: 292.9785.

(3-(4-Chlorophenoxy)propyh(phenylsulfide (1i).

Cl According to the  general procedure, (Method  A): (3-
\Q chloropropyl)(phenylsulfide (2.69 mmol, 550 mg), 4-chlorophenol (3.22
o "g mmol, 0.32 mL), cesium carbonate (4.84 mmol, 1.57g), potassium iodide

(0.8 mmol, 134 mg) and acetonitrile (10.0 mL) were used to obtain 1i as a
colorless oil (2.56 mmol, 712 mg, 95%).

IH NMR (400 MHz, CDCls) &: 7.35 (d, J = 7.7 Hz, 2H), 7.24 — 7.31 (m, 2H), 7.15 — 7.24 (m, 3H), 6.80
(d, J = 8.9 Hz, 2H), 4.04 (t, J = 6.0 Hz, 2H), 3.11 (t, J = 7.0 Hz, 2H), 2.03 — 2.16 (m, 2H).

13C NMR (100 MHz CDCls) &: 157.6, 136.2, 129.5, 129.5, 129.1, 126.2, 125.8, 115.9, 66.5, 30.3, 29.0.
FT-IR (neat) v(cm™): 1582, 1489, 1439, 1389, 1169, 1092, 783, 737.

HRMS (ESI): Calcd. for C1sH1sCIOS (M+Na*), 301.0430; found: 301.0428.

(3-(3-Fluorophenoxy)propyl)(phenylsulfide (1j).

According to the general procedure, (Method A): (3-
o~ P chloropropyl)(phenyl)sulfide (3.2 mmol, 600 mg), 3-fluorophenol (3.8 mmol,
F O s’
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0.35 mL), cesium carbonate (5.8 mmol, 1.9 g), potassium iodide (0.96 mmol, 159 mg) and acetonitrile
(10.0 mL) were used to obtain 1j as a colorless oil (1.95 mmol, 511 mg, 61%).

'H NMR (400 MHz, CDCl3) &: 7.36 (d, J = 7.9 Hz, 2H), 7.25 — 7.32 (m, 2H), 7.13 — 7.24 (m, 2H), 6.54 —
6.70 (m, 3H), 4.05 (t, J = 6.0 Hz 2H), 3.11 (t, J = 7.0 Hz, 2H), 2.01 — 2.17 (m, 2H).

13C NMR (100 MHz CDClIs3) &: 163.8 (d, Jc.r = 245.1 Hz), 160.3 (d, Jc.r = 10.8 Hz), 136.2, 130.3 (d, Jc-r
=10.2 Hz), 129.4, 129.1, 126.2, 110.4 (d, Jc-r = 2.9 Hz), 107.7 (d, Jc-r = 21.3 Hz), 102.3 (d, Jcr = 24.7
Hz), 66.4, 30.3, 28.9.

1%F NMR (374 MHz CDCl3) &: -112.69 (s).

FT-IR (neat) v(cm™): 3074, 2943, 1589, 1489, 1261, 1134, 1029, 736, 679.

HRMS (ESI): Calcd. for Ci1sH1sFOS (M+Na*), 285.0725; found: 285.0720.

Phenyl(3-(p-tolyloxy)propyDsulfide (1k).

According to the general procedure, (Method A): (3-
e~ Ph chloroprqpyl)(phenyl)suIfide (2.69 mmol, 500 mg),_p-cr_esc_)l (3.22 mmoal, 0.34
o S mL), cesium carbonate (4.8 mmol, 1.57 g), potassium iodide (0.8 mmol, 133
mg, 0.3 equiv) and acetonitrile (10.0 mL) were used to obtain 1k as a colorless oil (2.60 mmol, 671 mg,
97%).
'H NMR (400 MHz, CDCls3) &: 7.35 (d, J = 8.0 Hz, 2H), 7.25 — 7.30 (m, 2H), 7.17 (t, J = 7.3 Hz, 1H),
7.07 (d, J = 8.3 Hz, 2H), 6.79 (d, J = 8.6 Hz, 2H), 4.04 (t, J = 6.0 Hz, 2H), 3.11 (t, J = 7.0 Hz, 2H), 2.28
(s, 3H), 2.03 — 2.16 (m, 2H).
13C NMR (100 MHz CDCIs) &: 156.8, 136.4, 130.1, 130.0, 129.3, 129.1, 126.1, 114.5, 66.3, 30.3, 29.1,
20.6.
FT-IR (neat) v(cm™): 3050, 2920, 1508, 1238, 1033, 737, 690.
HRMS (ESI): Calcd. for C16H1s0S (M+Na*), 281.0976; found: 281.0980.

(3-(2-(tert-butyDphenoxy)propyl(phenyl)sulfide (11).

According to the general procedure, (Method A): (3-
©\O/\/\S/Ph chIoropropyI)(phenyI)_suIfide (2.95 mmol, 550 mg), 2-(tert-butyl)ph_enql (3.54
mmol, 0.54 mL), cesium carbonate (5.31 mmol, 1.73 g) potassium iodide (0.9
t-Bu mmol, 148 mg) and acetonitrile (10.0 mL) were used to obtain 1l as a colorless
oil (2.07 mmol, 621 mg, 70%).
'H NMR (400 MHz, CDCls) &: 7.38 (d, J = 8.1 Hz, 2H) 7.25 — 7.33 (m, 3H), 7.12 — 7.23 (m, 2H), 6.90 (t,
J =7.5Hz, 1H), 6.86 (d, J = 8.1 Hz, 1H), 4.11 (t, J = 5.7 Hz, 2H), 3.18 (t, J = 7.2 Hz, 2H), 2.09 — 2.26
(m, 2H), 1.39 (s, 9H).
13C NMR (100 MHz CDCls3) &: 157.7, 138.0, 136.2, 129.4, 129.1, 127.2, 126.8, 126.1, 120.5, 111.9,
66.1, 35.0, 30.9, 30.0, 29.4.
FT-IR (neat) v(cm™): 3051, 2940, 1582, 1485, 1389, 1230, 1169, 1092, 740.
HRMS (ESI): Calcd. for C19H240S (M+Na*), 323.1446; found: 323.1445.

(3-(4-Methoxyphenoxy)propyD)(phenylsulfide (1m).

MeO According to the general procedure, (Method A): (3-
\©\ chloropropyl)(phenyl)sulfide (2.15 mmol, 400 mg), 4-methoxyphenol (2.58
o "y mmol, 320 mg), cesium carbonate (2.87 mmol, 1.26 g) potassium iodide
(0.64 mmol, 107 mg) and acetonitrile (7.3 mL) were used to obtain 1m as
a colorless oil (1.46 mmol, 400 mg, 68%).
'H NMR (400 MHz, CDClI3) & 7.35 (d, J = 8.0 Hz, 2H), 7.27 (t, J = 7.4 Hz, 2H), 7.18 (t, J = 6.1 Hz, 1H),
6.83 (s, 4H), 4.03 (t, J = 6.0 Hz, 2H), 3.77 (s, 3H), 3.12 (t, J = 7.1 Hz, 2H), 1.94 — 2.18 (m, 2H).
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13C NMR (100 MHz CDCIs) &: 154.0, 153.1, 136.4, 129.3, 129.1, 126.1, 115.6, 114.8, 66.8, 55.9, 30.3,
29.1.

FT-IR (neat) v(cm™): 3054, 2950, 1580, 1278, 1117, 1038, 737, 692.

HRMS (ESI): Calcd. for C16H1802S (M+Na*), 297.0925; found: 297.0928.

(3-(4-Phenoxyphenoxy)propy(phenyl)sulfide (1n).

PhO According to the general procedure, (Method A): (3-
\©\ chloropropyl)(phenyl)sulfide (1.94 mmol, 361 mg), 4-phenoxyphenol (2.33
o "y mmol, 435 mg), cesium carbonate (3.49 mmol, 1.14 g) potassium iodide
(0.58 mmol, 97 mg) and acetonitrile (6.5 mL) were used to obtain 1n as
an orange oil (1.78 mmol, 599 mg, 92%).
H NMR (400 MHz, CDCl3) &: 7.33 — 7.38 (m, 2H), 7.24 — 7.32 (m, 4H), 7.18 (t, J = 7.3 Hz, 1H), 7.04 (t,
J =7.4 Hz, 1H), 6.91 — 7.00 (m, 4H), 6.83 —6.89 (m, 2H), 4.06 (t, J = 5.9 Hz, 2H), 3.13 (t, J = 7.1 Hz,
2H), 2.05 - 2.16 (m, 2H).
13C NMR (100 MHz CDClz) &: 158.6, 155.2, 150.3, 136.3, 129.8, 129.4, 129.1, 126.2, 122.6, 121.0,
117.7, 115.7, 66.6, 30.3, 29.1.
FT-IR (neat) v(cm™): 3056, 2942, 1490, 1280, 1125, 1050, 738, 691.
HRMS (ESI): Calcd. for C21H200.S (M+Na*), 359.1082; found: 359.1079.

N-(4-(3-(Phenylthio)propoxy)phenyl)acetamide (10).
Y According to the general procedure, (Method A): (3-
N chloropropyl)(phenyl)sulfide (2.95 mmol, 550 mg, 1.0 equiv), N-(4-
\H/ \©\ hydroxyphenyl)acetamide (3.54 mmol, 534 mg), cesium carbonate
o O/\/\S/Ph (5.31 mmol, 1.73 g) potassium iodide (0.9 mmol, 148 mg) and
acetonitrile (12.0 mL) were used to obtain 10 as a white solid (2.65
mmol, 799 mg, 90%). m.p. 87-88 °C.
'H NMR (400 MHz, CDCls) &: 7.32 — 7.39 (m, 4H), 7.25 — 7.30 (m, 2H), 7.14 — 7.20 (m, 1H), 6.81 —
6.86 (M, 2H), 4.04 (t, J = 6.0 Hz, 2H), 3.11 (t, J = 7.1 Hz, 2H), 2.15 (s, 3H), 2.04 — 2.13 (m, 2H).
13C NMR (100 MHz CDCl3) &: 168.3, 155.8, 136.3, 131.2, 129.4, 129.1, 126.2, 122.0, 114.9, 66.4, 30.3,
29.0, 24.5.
FT-IR (neat) v(cm™): 3150, 3043, 2954, 1508, 1238, 1033, 744, 690.
HRMS (ESI): Calcd. for C17H19NO2S (M+Na*), 324.1034; found: 324.1034.

tert-butyl (4-(3-(phenylthio)propoxy)phenyl)carbamate (1p).

BocHN According to the general procedure, (Method A): (3-
\©\ chloropropyl)(phenyl)sulfide (2.48 mmol, 461 mg), tert-butyl (4-
o "g hydroxyphenyl)carbamate (2.98 mmol, 622 mg), cesium carbonate
(4.46 mmol, 1.45 g) potassium iodide (0.74 mmol, 123 mg) and
acetonitrile (10.0 mL) were used to obtain 1p as a white solid (2.20 mmol, 793 mg, 89%). m.p. 99-100
°C.
H NMR (400 MHz, CDCls) & 7.33 — 7.37 (m, 2H), 7.21 — 7.30 (m, 4H), 7.14 — 7.20 (m, 1H), 6.79 —
6.84 (m, 2H), 4.03 (t, J = 6.0 Hz, 2H), 3.11 (t, J = 7.1 Hz, 2H), 2.02 — 2.13 (m, 2H), 1.51 (s, 9H).
13C NMR (100 MHz CDClg) &: 155.0, 153.3, 136.3, 131.7, 129.3, 129.1, 126.1, 120.6, 115.0, 80.4, 66.5,
30.3, 29.1, 28.5.
FT-IR (neat) v(cm™™): 3356, 3040, 2978, 1693, 1516, 1230, 1153, 732, 644.
HRMS (ESI): Calcd. for C2oH2sNOsS (M+Na*), 382.1453; found: 382.1455.
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Benzyl (4-(3-(phenylthio)propoxy)phenyl)carbamate (1q).

methylbenzenesulfonate (1.04 mmol, 335 mg), benzyl (4-
hydroxyphenyl)carbamate (0.99 mmol, 240 mg), potassium carbonate
(2.08 mmol, 387 mg), Cetone (5.0 mL) were used to obtain 1q as a
white solid (0.93 mmol, 333 mg, 89%) m.p. 97-98 °C.
!H NMR (400 MHz, CDCl3) &: 7.58 — 7.77 (m, 2H), 7.47 — 7.56 (m, 3H), 7.32 — 7.43 (m, 5H), 7.21 —
7.30 (m, 2H), 6.79 (d, J = 9.0 Hz, 2H), 6.61 (brs, 1H), 5.18 (s, 2H), 3.87 — 4.15 (m, 2H), 3.00 — 3.12 (m,
1H), 2.86 — 2.98 (m, 1H), 2.15 - 2.36 (m, 1H), 1.96 — 2.16 (m, 1H).
13C NMR (100 MHz CDCl3z) &: 155.4, 153.8, 136.3, 131.1, 129.4, 129.1, 128.8, 128.5, 128.5, 128.5,
126.2, 120.8, 115.1, 67.1, 66.5, 30.4, 29.1.
FT-IR (neat) v(cm™): 3317, 3066, 2920, 1693, 1531, 1235, 1060, 732, 690.
HRMS (ESI): Calcd. for C23H23NO3sS (M+Na*), 416.1296; found: 416.1294.

CszN\©\ According to the general procedure, (Method B): 3-(phenylthio)propyl 4-
O/\/\S/

1-(2-(3-(Phenylthio)propoxy)phenylethanone (1r).

According to the general procedure, (Method A): (3-
chloropropyl)(phenyl)sulfide (2 mmol, 572 mg), 1-(2-hydroxyphenyl)ethanone
(2.4 mmol, 0.3 mL), cesium carbonate (3.6 mmol, 1.2 g) potassium iodide (0.6
mmol, 100 mg) and acetonitrile (12.0 mL) were used to obtain 1r as a
colorless 0il (1.12 mmol, 320 mg, 56%).

'H NMR (400 MHz, CDCl3) &: 7.73 (dd, J = 7.7, 1.5 Hz, 1H), 7.40 — 7.47 (m, 1H), 7.33 — 7.39 (m, 2H),
7.25-7.32 (m, 2H), 7.16 — 7.22 (m, 1H), 6.99 (t, J = 7.7 Hz, 1H), 6.93 (d, J = 8.3 Hz, 1H), 4.18 (t, J =
6.0 Hz, 2H), 3.14 (t, J = 7.0 Hz, 2H), 2.60 (s, 3H), 2.13 — 2.23 (m, 2H).

13C NMR (100 MHz CDClgz) &: 199.8, 158.2, 135.9, 133.7, 130.6, 129.8, 129.2, 128.6, 126.5, 120.9,
112.5, 66.8, 32.1, 30.8, 29.1.

FT-IR (neat) v(cm™): 2928, 1597, 1481,1358, 1292, 1161, 1026, 690.

HRMS (ESI): Calcd. for C17H1802.S (M+Na*), 309.0925; found: 309.0928.

-Ph

)

Phenyl(3-(3-(trifluoromethylphenoxy)propyl)sulfide (1s).

According to the general procedure, (Method A): (3-

/©\ @ chloropropyl)(phenyl)sulfide (2.95 mmol, 550 mg), 3-
F3C 0" "s (trifluoromethyl)phenol (3.5 mmol, 0.43 mL), cesium carbonate (5.31
mmol, 1.7 g) potassium iodide (0.9 mmol, 146.9 mg) and acetonitrile (10.0 mL) were used to obtain 1s
as a colorless oil (2.63 mmol, 819 mg, 89%).
H NMR (400 MHz, CDCls) &: 7.33 — 7.42 (m, 3H), 7.25 — 7.32 (m, 2H), 7.15 — 7.23 (m, 2H), 7.10 (s,
1H), 7.04 (d, J = 8.3 Hz, 1H), 4.11 (t, J = 5.8 Hz, 2H), 3.13 (t, J = 6.9 Hz, 2H), 2.01 — 2.32 (m, 2H).
13C NMR (100 MHz CDCls) &: 159.1, 136.1, 131.9 (q, J ¢+ = 32.2 Hz), 130.1, 129.5, 129.1, 126.3, 124.1
(0, JcFr=272.2 Hz), 118.1, 117.6 (4, Jcr = 3.8 HZz), 111.4 (q, Jcr = 3.6 Hz), 66.4, 30.3, 28.9.
19F NMR (376 MHZ, CDClIs) &: -63.64 (S).
FT-IR (neat) v(cm™): 3059, 2927, 1589, 1450, 1327, 1122, 1033, 736, 690.
HRMS (ESI): Calcd. for C1sH15F30S (M+Na*), 335.0693; found: 335.0692.

(3-(2-Nitrophenoxy)propyl)(phenylsulfide (1t).

According to the general procedure, (Method A): (3-

~~ PN chloropropyl)(phenyl)sulfide (3.22 mmol, 600 mg), 2-nitrophenol (3.86 mmol,

o S 537 mg), cesium carbonate (5.80 mmol, 1.9 g) potassium iodide (0.97 mmol,
NO, 160 mg) and acetonitrile (10.0 mL) were used to obtain 1t as a yellow solid
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(2.84 mmol, 532 mg, 57%) m.p. 59-60 °C.

'H NMR (400 MHz, CDClIs3) &: 7.84 (d, J = 8.1 Hz, 1H), 7.49 (t, J = 7.9 Hz, 1H), 7.36 (d, J = 8.2 Hz, 2H),
7.26 (t, J = 7.4 Hz, 2H), 7.15(t, J = 7.4 Hz, 1H), 7.01 (t, J = 7.9 Hz, 2H), 4.21 (t, J = 5.7 Hz, 2H), 3.18 (t,
J =6.8 Hz, 2H), 2.07 — 2.23 (m, 2H).

13C NMR (100 MHz CDCl3) &: 157.5 (C), 136.2 (C), 129.5 (CH), 129.4 (CH), 129.1 (CH), 126.2 (CH),
125.8 (C), 115.9 (CH), 66.4 (CH), 30.2 (CH2), 28.9 (CH>).

FT-IR (neat) v(cm™): 3070, 2953, 1585, 1499, 1330, 1269, 1017, 735, 689.

HRMS (ESI): Calcd. for C15H1sNOsS (M+Na*), 312.0670; found: 312.0671.

(3-(4-Nitrophenoxy)propyl(phenyDsulfide (1u).

O,N According to the general procedure, (Method A): (3-
\©\ chloropropyl)(phenyl)sulfide (2.69 mmol, 500 mg), 4-nitrophenol (3.22
o "g mmol, 447 mg), cesium carbonate (4.84 mmol, 1.6 g) potassium iodide
(0.8 mmol, 132.8 mg) and acetonitrile (10.0 mL) were used to obtain 1u
as a pale yellow solid (1.42 mmol, 412 mg, 53%) m.p. 62-63 °C.
'H NMR (400 MHz, CDCl3) &: 8.10 — 8.39 (m, 2H), 7.36 (d, J = 8.9 Hz, 2H), 7.23 — 7.32 (m, 2H), 7.18 (t,
J =7.3 Hz, 1H), 6.93 (d, J = 9.2 Hz, 2H), 4.17 (t, J = 6.0 Hz, 2H), 3.13 (t, J = 6.9 Hz, 2H), 2.01 — 2.37
(m, 2H).
13C NMR (100 MHz CDCl3) &: 163.9, 141.7, 135,9, 129.6, 129.2, 126.4, 126.1, 114.6, 66.9, 30.2, 28.7.
FT-IR (neat) v(cm™): 3080, 2954, 1589, 1492, 1338, 1261, 1014, 733, 686.
HRMS (ESI): Calcd. for C1sH1sNO3sS (M+Na*), 312.0670; found: 321.0669.

(S)-Methyl 2-(((benzyloxy)carbonylamino)-3-(4-(3-(phenylthio)propoxy)phenyl)propanoate (1v).

o) According to the general procedure, (Method B): 3-
~ (phenylthio)propyl 4-methylbenzenesulfonate (1.2 mmol, 387 mg),
o (R)-methyl 2-(((benzyloxy)carbonyl)amino)-3-(4-
CbzHN o >"g PN hydroxyphenyl)propanoate (1.14 mmol, 375 mg), potassium

carbonate (2.39 mmol, 329 mg), acetone (6.0 mL) were used to
obtain 1v as a colorless oil (0.76 mmol, 364 mg, 67%).
'H NMR (400 MHz, CDCls) &6: 7.30 — 7.39 (m, 7H), 7.20 — 7.29 (m, 2H), 7.16 (t, J = 7.3 Hz, 1H), 6.97 (d,
J =8.6 Hz, 2H), 6.77 (d, J = 8.6 Hz, 2H), 5.21 (d, J = 8.1 Hz, 1H), 5.08 (d, J = 3.7 Hz, 2H), 4.54 — 4.65
(m, 1H), 4.17 (t, J = 6.0 Hz, 2H), 3.71 (s, 3H), 3.10 (t, J = 7.1 Hz, 2H), 2.96 — 3.06 (m, 2H), 2.00 — 2.14
(m, 2H).
13C NMR (100 MHz CDClg) &: 172.2, 158.1, 155.8, 136.4, 136.3, 130.4, 129.3, 129.1, 128.6, 128.3,
128.2,127.8, 126.1, 114.8, 67.1, 66.1, 55.0, 52.4, 37.5, 30.3, 29.0.
FT-IR (neat) v(cm™): 3336, 3032. 2947, 1716, 1508, 1242, 1026, 736, 694.
HRMS (ESI): Calcd. for Co7H29NOsS (M+Na*), 502.1664; found: 502.1667.
[a]®p= +36.69 (c = 1.0 in CHCI5).

(3-(2-Allylphenoxy)propyD(phenylsulfide (1w).

chloropropyl)(phenyl)sulfide (2.2 mmol, 400 mg), 4 2-allylphenol (2.64 mmol,

354 mg), cesium carbonate (3.96 mmol, 1.3 g) potassium iodide (0.66 mmol,

109 mg) and acetonitrile (10.0 mL) were used to obtain 1w as a colorless oil
| (1.94 mmol, 551 mg, 88%).

/@ According to the general procedure, (Method A): (3-
O/\/\S
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IH NMR (400 MHz, CDCl3) &: 7.30 — 7.39 (m, 2H), 7.19 — 7.31 (m, 2H), 7.07 — 7.21 (m, 3H), 6.88 (t, J =
7.4 Hz, 1H), 6.80 (d, J = 8.1 Hz, 1H), 5.90 — 6.04 (m, 1H), 4.86 — 5.13 (m, 2H), 4.05 (t, J = 5.8 Hz, 2H),
3.38 (d, J = 6.6 Hz, 2H), 3.12 (t, J = 7.2 Hz, 2H), 2.03 — 2.21 (m, 2H).

13C NMR (100 MHz CDCls) & 156.5, 137.1 (CH), 136.4, 130.0, 129.2, 129.1, 128.8, 127.5, 126.1,

120.7, 115.5, 111.2, 66.1, 34.6, 30.4, 29.2.
FT-IR (neat) v(cm™): 3074, 2920, 1585, 1492, 1238, 1026, 736, 690.
HRMS (ESI): Calcd. for C15H200S (M+Na*), 307.1133; found: 307.1133.

2.3 General procedure for oxidation of sulfides

R@ NalO, R@
o >"g P MeOH/H,0 (8:2) o g Ph

2 1
! 0

A solution of NalO4 (1.5 equiv) in water (1.2 mL/mmol) was added to a solution of sulfide (1.0 equiv) in
methanol (7.3 mL/mmol). This mixture was stirred at room temperature for around 30 hours until
complete conversion of the starting material (followed by TLC). Then, the reaction mixture was
concentrated in vacuo, and the residue was extracted three times with DCM (3 x 20 mL). The combined
organic extracts were washed with brine, dried over anhydrous Na.SO,, filtered and concentrated
under reduced pressure. The crude product was purified by flash chromatography using DCM as
eluent; the pure products 2 were obtained with yields between 53 and 100%.

1.2-Dimethoxy-4-(3-(phenylsulfinyDpropoxy)benzene (2a).

MeO According to the general procedure, (3-(3,4-

D\ dimethoxyphenoxy)propyl)(phenyl)sulfide l1a (1.64 mmol, 500 mg),

MeO o "g” sodium periodate (2,46 mmol, 525 mg) and MeOH/H.O (8:2) (15 mL)
o) were used to obtain 2a as a colorless oil (1.38 mmol, 442 mg, 84%).

IH NMR (400 MHz, CDCls) &: 7.61 — 7.68 (m, 2H), 7.46 — 7.58 (m, 3H), 6.75 (d, J = 8.7 Hz, 1H) 6.47 (d,
J = 2.8 Hz, 1H), 6.34 (dd, J = 8.7, 2.8 Hz, 1H), 4.00 — 4.09 (m, 1H), 3.91 — 4.00 (m, 1H), 3.84 (s, 3H),
3.82 (s, 3H), 2.99 — 3.17 (m, 1H), 2.84 — 2.99 (m, 1H), 2.16 — 2.36 (M, 1H). 1.95 — 2.16 (M, 1H).

13C NMR (100 MHz, CDCls) &: 153.2, 150.0, 143.8, 143.8, 131.3, 129.4, 124.2, 111.9, 103.9, 100.9,
66.8, 56.6, 56.0, 54.0, 22.4.

FT-IR (neat) v(cm™): 3055, 2938, 1540, 1240, 1119, 1051, 739, 695.

HRMS (ESI): Calcd. for C17H2004S (M+Na*), 343.0980; found: 343.0985.

1.3-Dimethoxy-5-(3-(phenylsulfiny)propoxy)benzene (2b).

OMe According to the general procedure, (3-(3,5-
dimethoxyphenoxy)propyl)(phenyl)sulfide 1b (1.73 mmol, 527 mg),
sodium periodate (2.60 mmol, 555 mg) and MeOH/H,O (8:2) (16 mL)

MeO o " g Ph  \vere used to obtain 2b as a colorless oil (1.38 mmol, 443 mg, 80%).

O

IH NMR (400 MHz, CDCls) &: 7.64 (dd, J = 7.9, 1.5 Hz, 2H), 7.47 — 7.56 (m, 3H), 6.08 (t, J = 2.1 Hz,
1H) 6.03 (d, J = 2.1 Hz, 2H), 3.90 — 4.08 (m, 2H), 3.75 (s, 6H), 2.84 — 3.12 (m, 2H), 1.96 — 2.35 (m,
2H).
13C NMR (100 MHz, CDCls) &: 161.7, 160.6, 143.8, 131.2, 129.4, 124.2, 93.6, 93.4, 66.3, 55.5, 53.9,
22.3.
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FT-IR (neat) v(cm™): 3055, 2939, 1593, 1469, 1145, 1064, 817, 748, 690.
HRMS (ESI): Calcd. for C17H2004S (M+Na*), 343.0980; found: 343.0979.

1-Methyl-3-(3-(phenylsulfinypropoxy)benzene (2c).

(.59 mmol, 411 mg), sodium periodate (2.39 mmol, 510 mg) and
= MeOH/H,0 (8:2) (14 mL) were used to obtain 2c as a colorless oil (1.32
O mmol, 362 mg, 83%).
H NMR (400 MHz, CDCl3) &: 7.56 — 7.69 (m, 2H), 7.43 — 7.56 (m, 3H), 7.14 (t, J = 7.8 Hz, 1H), 6.76 (d,
J = 7.5 Hz, 1H), 6.56 — 6.69 (m, 2H), 4.03 — 4.12 (m, 1H), 3.87 — 4.03 (m, 1H), 3.00 — 3.14 (m, 1H),
2.88 —2.99 (m, 1H), 2.31 (s, 3H), 2.16 — 2.28 (m, 1H), 1.97 — 2.14 (m, 1H).
13C NMR (100 MHz CDCl3z) &: 158.7, 143.8, 139.7, 131.2, 129.4, 129.4, 124.2, 122.0, 115.5, 111.5,
66.1, 54.0, 22.4, 21.6.
FT-IR (neat) v(cm™): 3055, 2916, 1561, 1473, 1242, 1168, 1087, 1026, 744, 690.
HRMS (ESI): Calcd. for C16H1502S (M+Na*), 297.0925; found: 297.0927.

/@\ According to the general procedure phenyl(3-(m-tolyloxy)propyl)sulfide 1c
O/\/\S

2-(3-(PhenylsulfinyDpropoxy)naphthalene (2d).

O According to the general procedure, (3-(naphthalen-2-

o\/\/é\ yloxy)propyl)(phenyl)sulfide 1d (1.75 mmol, 515 mg), sodium periodate

Ph (2.62 mmol, 560 mg) and MeOH/H,0 (8:2) (16 mL) were used to obtain 2d
as a colorless oil (1.38 mmol, 428 mg, 79%).

IH NMR (400 MHz, CDCls) &: 7.68 — 7.78 (m, 3H), 7.62 — 7.67 (m, 2H), 7.48 — 7.56 (m, 3H), 7.40 —
7.46 (m, 1H), 7.30 — 7.37 (m, 1H), 7.11 (d, J = 2.5 Hz, 1H), 7.08 (s, 1H), 4.18 — 4.26 (m, 1H), 4.08 —
4.16 (m, 1H), 3.06 — 3.18 (m, 1H), 2.93 — 3.05 (M, 1H), 2.26 — 2.40 (m, 1H), 2.09 — 2.25 (m, 1H).

13C NMR (100 MHz CDCls) &: 156.6, 143.7, 134.6, 131.2, 129.5, 129.2, 127.8, 126.9, 126.6, 124.2,
123.9, 118.8, 106.9, 66.3, 53.9, 22.3.

FT-IR (neat) v(cm™): 3055, 2237, 1597, 1466, 1443, 1258, 1215, 1180, 1022, 690.

HRMS (ESI): Calcd. for C1oH150,S (M+Na*), 333.0925; found: 333.0928.

1-(3-(Phenylsulfiny)propoxy)naphthalene (2e).

o _Ph According to the general procedure, (3-(naphthalen-1-
Y yloxy)propyl)(phenyl)sulfide 1e (2.14 mmol, 632 mg), sodium periodate (3.22
o mmol, 688 mg) and MeOH/H,O (8:2) (19 mL) were used to obtain 2e as a
Oe colorless oil (1.78 mmol, 551 mg, 83%).

IH NMR (400 MHz, CDCls) &: 8.18 (dd, J = 7.5, 2.1 Hz, 1H), 7.73 — 7.84 (m, 1H), 7.60 — 7.70 (m, 2H),
7.40 — 7.57 (m, 6H), 7.35 (t, J = 7.9 Hz, 1H), 6.76 (d, J = 7.3 Hz, 1H), 4.24 — 4.31 (m, 1H), 4.14 — 4.23
(m, 1H), 3.12 — 3.27 (m, 1H), 2.94 — 3.09 (m, 1H), 2.33 — 2.51 (m, 1H), 2.11 — 2.31 (m, 1H).

13C NMR (100 MHz CDCls) &: 154.3, 143.8, 134.6, 131.2, 129.4, 127.7, 126.6, 125.9, 125.6, 125.4,
124.2,121.9, 120.7, 104.9, 66.4, 54.1, 22.3.

FT-IR (neat) v(cm™): 3051, 2927, 1577, 1388, 1269, 1099, 1011, 771, 690.

HRMS (ESI): Calcd. for C1oH150,S (M+Na*), 333.0925; found: 333.0920.
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4-Allyl-2-methoxy-1-(3-(phenylsulfinyDpropoxy)benzene (2f).

X According to the general procedure, (3-(4-allyl-2-
\/\@\ Ph methoxyphenoxy)propyl)(phenyl)sulfide 1f (0.87 mmol, 260 mg),
O/\/\§’ sodium periodate (1.3 mmol, 278 mg) and MeOH/H20 (8:2) (8 mL) were

OMe o) used to obtain 2f as a colorless oil (0.64 mmol, 209 mg, 73%).

IH NMR (400 MHz, CDCls) &: 7.58 — 7.72 (m, 2H), 7.42 — 7.50 (m, 3H), 6.77 (d, J = 7.9 Hz, 1H), 6.63 —
6.72 (M, 2H), 5.84 — 6.07 (m, 1H), 4.97 — 5.16 (m, 2H), 4.09 — 4.18 (m, 1H), 3.98 — 4.07 (m, 1H), 3.82
(s, 3H), 3.32 (dd, J = 6.7, 1.5 Hz, 2H), 3.05 — 3.18 (m, 1H), 2.89 — 3.04 (m, 1H), 2.19 — 2.38 (m, 1H),
2.02 —2.20 (m, 1H).

13C NMR (100 MHz CDCls) &: 149.7, 146.4, 143.8, 137.7, 133.8, 131.1, 129.4, 124.2, 120.7, 115.8,
114.4, 112.5, 68.0, 55.9, 54.0, 39.9, 22.5.

FT-IR (neat) v(cm™): 3055, 2935, 1508, 1257, 1226, 1138, 1022, 744, 690.

HRMS (ESI): Calcd. for C16H2,05S (M+Na*), 353.1187; found: 353.1183.

((3-Phenoxypropyl)sulfinyl)benzene (2q).

mmol, 1343 mg), sodium periodate (8.2 mmol, 1.77 g) and MeOH/H,0 (8:2) (50

©\ According to the general procedure, (3-phenoxypropyl)(phenyl)sulfide 1g (5.5
_Ph
O/\/\§ mL) were used to obtain 2g as a colorless oil (4.07 mmol, 1.06 g, 74%).

(e
IH NMR (400 MHz, CDCl3) &: 7.61 — 7.67 (m, 2H), 7.48 — 7.56 (m, 3H), 7.27 (m, 2H), 6.95 (t, J = 7.3 Hz,
1H), 6.85 (d, J = 8.0 Hz, 2H), 4.05 — 4.14 (m, 1H), 3.97 — 4.05 (m, 1H), 3.03 — 3.14 (m, 1H), 2.88 —
3.01 (m, 1H), 2.19 — 2.33 (m, 1H). 2.02 — 2.18 (m, 1H).
13C NMR (100 MHz CDCl3) &: 158.6, 143.7, 131.2, 129.6, 129.4, 124.2, 121.1, 114.6, 66.1, 53.9, 22.3.
FT-IR (neat) v(cm™): 3050, 2932, 1593, 1481, 1473, 1445, 1242, 1065, 1040, 781, 753.
HRMS (ESI): Calcd. for C1sH1602S (M+Na*), 283.0769; found: 283.0767.

1-lodo-2-(3-(phenylsulfinyl)propoxy)benzene (2h).

NN ph  1h (1.2 mmol, 444 mg), sodium. periodate (1.8 mmoll, 384 mg) and MeOH/H,0
> (8:2) (11 mL) were used to obtain 2h as a colorless oil (1 mmol, 384 mg, 83%).

| O
'H NMR (400 MHz, CDCls) &: 7.75 (dd, J = 7.8, 1.4 Hz, 1H), 7.59 — 7.69 (m, 2H), 7.41 — 7.58 (m, 3H),
7.21 -7.33 (m, 1H), 6.62 — 6.80 (m, 2H), 4.10 — 4.21 (m, 1H), 3.99 — 4.10 (m, 1H), 3.19 — 3.34 (m, 1H),
2.96 — 3.09 (m, 1H), 2.23 — 2.41 (m, 1H), 2.06 — 2.23 (m, 1H).
13C NMR (100 MHz CDClg) &: 157.0, 143.7,139.5, 131.1, 129.7, 129.4, 124.2, 123.0, 112.3, 86.7, 67.2,
53.6, 22.2.
FT-IR (neat) v(cm™): 3054, 2241, 1582, 1466, 1246, 1161, 721, 690.
HRMS (ESI): Calcd. for C15H1510.S (M+Na*), 408.9735; found: 408.9725.

©\ According to the general procedure, (3-(2-iodophenoxy)propyl)(phenyl)sulfide

1-Chloro-4-(3-(phenylsulfinyDpropoxy)benzene (2i).

sulfide 1i (2.8 mmol, 778 mg), sodium periodate (4.2 mmol, 898 mg) and
MeOH/H20 (8:2) (25 mL) were used to obtain 2i as a yellow-brownish solid
o) (2.46 mmol, 724 mg, 88%). m.p. 53-54 °C.

CI\©\ According to the general procedure, (3-(4-chlorophenoxy)propyl)(phenyl)
O/\/\S/
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'H NMR (400 MHz, CDClg) &: 7.66 — 7.69 (m, 2H), 7.49 — 7.57 (m, 2H), 7.15 — 7.24 (m, 3H), 6.74 —
6.80 (m, 2H), 4.02 — 4.09 (m, 1H), 3.95 — 4.02 (m, 1H), 3.00 — 3.14 (m, 1H), 2.84 — 2.98 (m, 1H), 2.17 —
2.35 (m, 1H), 1.99 — 2.16 (m, 1H).

13C NMR (100 MHz CDCl3) &: 157.3, 143.8, 131.2, 129.5, 129.4, 125.9, 124.1, 115.9, 66.6, 53.8, 22.3.
FT-IR (neat) v(cm™): 3052, 2943, 1477, 1087, 1242, 1022, 740, 690, 543.

HRMS (ESI): Calcd. for C15H15ClO2S (M+Na*), 317.0379; found: 317.0360.

1-Fluoro-3-(3-(phenylsulfinyl)propoxy)benzene (2j).

_pp sulfide 1j (1.54 mmol, 403 mg), sodium periodate (2.31 mmol, 494 mg) and
> MeOH/H-0 (8:2) (14 mL) were used to obtain 2j as a colorless oil (1.5 mmol,
o 417 mg, 97%).
'H NMR (400 MHz, CDCl3) &: 7.64 (d, J = 7.1 Hz, 2H), 7.46 — 7.58 (m, 3H), 7.14 — 7.24 (m, 1H), 6.60 —
6.70 (m, 2H), 6.53 — 6.59 (m, 1H), 4.02 — 4.15 (m, 1H), 3.91 — 4.03 (m, 1H), 3.01 — 3.14 (m, 1H), 2.79 —
2.99 (m, 1H), 2.17 - 2.38 (m, 1H), 2.02 — 2.17 (m, 1H).
13C NMR (100 MHz CDCl3) &: 163.7 (d, J = 245.4 Hz), 160.0 (d, J = 10.7 Hz), 143.7, 131.2, 130.4 (d, J
=10.2 Hz), 129.4, 124.1, 110.3 (d, J = 3.0 Hz), 108.0 (d, J = 21.4 Hz), 102.4 (d, J = 24.8 Hz), 66.5, 53.8,
22.2.
1F NMR (376 MHz, CDCls) &: -112.19 (s).
FT-IR (neat) v(cm™): 3059, 2943, 1589, 1489, 1280, 1134, 1026, 744, 682.
HRMS (ESI): Calcd. for C1sH15FO>S (M+Na*), 301.0674; found: 301.0685.

/@\ According to the general procedure, (3-(3-fluorophenoxy)propyl)(phenyl)
= O/\/\S

1-Methvyl-4-(3-(phenylsulfinyDpropoxy)benzene (2k).

(2.6 mmol, 671 mg), sodium periodate (3.9 mmol, 834 mg) and MeOH/H,O
= (8:2) (24 mL) were used to obtain 2k as an orange oil (2.02 mmol, 555 mg,
o} 78%).
'H NMR (400 MHz, CDCl3) &: 7.60 — 7.66 (m, 2H), 7.48 — 7.56 (m, 3H), 7.06 (d, J = 8.3 Hz, 2H), 6.75 (d,
J = 8.5 Hz, 2H), 4.02 — 4.13 (m, 1H), 3.92 — 4.02 (m, 1H), 3.01 — 3.14 (m, 1H), 2.86 — 2.99 (m, 1H),
2.17 — 2.36 (m, 4H), 2.00 — 2.15 (m, 1H).
13C NMR (100 MHz CDCIs) &: 156.5, 143.8, 131.2, 130.4, 130.0, 129.4, 124.2, 114.5, 66.3, 54.0, 22.4,
20.6.
FT-IR (neat) v(cm™): 3050, 2920, 1508, 1234, 1022, 813, 748, 690.
HRMS (ESI): Calcd. for C16H1502S (M+Na*), 297.0925; found: 297.0928.

\©\ According to the general procedure phenyl(3-(p-tolyloxy)propyl)sulfide 1k
O/\/\S

1-(tert-butyD-2-(3-(phenylsulfinyDpropoxy)benzene (21).

According to the general procedure, (3-(2-(tert-butyl)phenoxy)propyl)(phenyl)
pn sulfide 1 (2.07 mmol, 623 mg, 1.0 equiv), sodium periodate (3.1 mmol, 664
O/\/\S/

> mg, 1.5 equiv) and MeOH/H,O (8:2) (18 mL) were used to obtain 2| as a
t-Bu o colorless oil (1.97 mmol, 621 mg, 95%).
'H NMR (400 MHz, CDClg) &: 7.64 (d, J = 6.9 Hz, 2H), 7.48 — 7.57 (m, 3H), 7.27 (d, J = 8.8 Hz, 1H),
7.15 (t, J = 7.7 Hz, 1H), 6.90 (t, J = 7.5 Hz, 1H), 6.81 (d, J = 8.1 Hz, 1H), 3.99 — 4.18 (m, 2H), 3.09 —
3.22 (m, 1H), 2.91 — 3.06 (m, 1H), 2.23 — 2.40 (m, 1H), 2.05 — 2.23 (m, 1H), 1.34 (s, 9H).
13C NMR (100 MHz CDCl3) &: 157.4, 143.6, 137.9, 131.2, 129.4, 127.2, 126.9, 124.1, 120.7, 111.9,
66.1, 54.1, 34.9, 30.0, 22.3.
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FT-IR (neat) v(cm™): 3055, 2951, 1489, 1442, 1230, 1087, 1026, 744, 690.
HRMS (ESI): Calcd. for C19H240,S (M+Na*), 339.1395; found: 339.1395.
1-Methoxy-4-(3-(phenylsulfinyl)propoxy)benzene (2m)

(phenyl)sulfide 1m (1.38 mmol, 379 mg), sodium periodate (2.07 mmol,
443 mg) and MeOH/HO (8:2) (13 mL) were used to obtain 2m as an
o) orange oil (1.13 mmol, 328 mg, 82%).

Me0\©\ According to the general procedure, (3-(4-methoxyphenoxy)propyl)
O/\/\S/

'H NMR (400 MHz, CDCl3) &: 7.58 — 7.75 (m, 2H), 7.45 — 7.59 (m, 3H), 6.80 (d, J = 3.2 Hz, 4H), 4.00 —
4.08 (m, 1H), 3.93 — 4.00 (m, 1H), 3.76 (s, 3H), 3.00 — 3.18 (m, 1H), 2.85 — 3.01 (m, 1H), 2.15 — 2.37
(m, 1H), 1.98 — 2.09 (m, 1H).

13C NMR (100 MHz CDCIs) &: 154.1, 152.8, 143.8, 131.1, 129.4, 124.2, 115.6, 114.8, 66.9, 55.9, 54.0,
22.4.

FT-IR (neat) v(cm™): 3055, 2927, 1504, 1226, 1022, 825, 744, 690.

HRMS (ESI): Calcd. for C16H1503S (M+Na*), 313.0874; found: 313.0878.

1-Phenoxy-4-(3-(phenylsulfinyDpropoxy)benzene (2n).

(phenylsulfide 1n (1.78 mmol, 598 mg), sodium periodate (2.67 mmol,
571 mg) and MeOH/H,O (8:2) (16 mL) were used to obtain 2n as an
orange oil (1.57 mmol, 551 mg, 88%).

Pho\©\ According to the general procedure, (3-(4-phenoxyphenoxy)propyl)
O/\/\§/

IH NMR (400 MHz, CDCls) &: 7.65 (d, J = 7.8 Hz, 2H), 7.47 — 7.58 (m, 3H), 7.29 (t, J = 7.8 Hz, 2H),
7.04 (t, J = 7.0 Hz, 1H), 6.94 (t, J = 8.6 Hz, 4H), 6.83 (d, J = 8.0 Hz, 2H), 4.04 — 4.12 (m, 1H), 3.96 —
4.03 (m, 1H), 3.02 — 3.14 (m, 1H), 2.87 — 3.00 (m, 1H), 2.20 — 2.36 (m, 1H), 2.01 — 2.17 (m, 1H).

13C NMR (100 MHz CDCls) & 158.5, 154.9, 150.6, 143.8, 131.2, 129.8, 129.4, 124.2, 122.7, 120.9,
117.8, 115.7, 66.8, 53.9, 22.4.

FT-IR (neat) v(cm™): 2924, 1589, 1485, 1215, 1161, 1022, 748.

HRMS (ESI): Calcd. for C21H200sS (M+Na*), 375.1031; found: 375.1036.

N-(4-(3-(PhenylsulfinyDpropoxy)phenyl)acetamide (20).

H According to the general procedure, N-(4-(3-
YN (phenylthio)propoxy)phenyl) acetamide 10 (2.65 mmol, 798 mg), sodium
e} A~ PN periodate (3.98 mmol, 851 mg) and MeOH/H->0 (8:2) (24 mL) were used
O S to obtain 20 as a white solid (2.65 mmol, 840 mg, 100%). m.p. 131-133
o °C.
'H NMR (400 MHz, CDCl3) &: 7.59 — 7.66 (m, 2H), 7.48 — 7.56 (m, 3H), 7.33 — 7.40 (m, 2H), 6.74 —
6.81 (m, 2H), 4.00 — 4.09 (m, 1H), 3.91 — 4.00 (m, 1H), 2.99 — 3.11 (m, 1H), 2.86 — 2.98 (m, 1H), 2.30 —
2.19 (m, 1H), 2.14 (s, 3H), 1.98 — 2.11 (m, 1H).
13C NMR (100 MHz CDCl3) &: 168.4, 155.4, 143.6, 131.5, 131.2, 129.4, 124.2, 122.0, 114.9, 66.5, 53.9,
24.5, 22.3.
FT-IR (neat) v(cm™): 3313, 3074, 2873, 1670, 1508, 1234, 1041, 1018, 837, 690.
HRMS (ESI): Calcd. for C17H19NO3sS (M+Na*), 340.0983; found: 340.0975.
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tert-butyl (4-(3-(phenylsulfiny)propoxy)phenyl)carbamate (2p).

BocHN According to the general procedure, tert-butyl  (4-(3-
\©\ (phenylthio)propoxy)phenyl)carbamate 1p (2.2 mmol, 791 mg), sodium
o "g periodate (3.3 mmol, 706 mg, 1.5 equiv) and MeOH/H,O (8:2) (20 mL)
o) were used to obtained 2p as an orange oil (1.78 mmol, 669 mg, 81%).
m.p. 106-107 °C.
'H NMR (400 MHz, CDCls3) &: 7.59 — 7.67 (m, 2H), 7.46 — 7.56 (m, 4H), 7.24 (d, J = 8.8 Hz, 1H), 6.73 —
6.81 (m, 2H), 4.00 — 4.08 (m, 1H), 3.92 — 4.00 (m, 1H), 2.99 — 3.12 (m, 1H), 2.84 — 2.99 (m, 1H), 2.17 —
2.32 (m, 1H), 1.97 — 2.15 (m, 1H), 1.50 (s, 9H).
13C NMR (100 MHz CDCl3) &: 154.7, 153.2, 143.8, 131.9, 131.2, 129.4, 124.2, 120.6, 115.0, 80.4, 66.6,
53.9, 28.5, 22.3.
FT-IR (neat) v(cm™): 3271, 3055, 2974, 1712, 1512, 1226, 1157, 1018, 744, 690.
HRMS (ESI): Calcd. for C2H2sNO4S (M+Na*), 398.1402; found: 398.1399.

Benzyl (4-(3-(phenylsulfinypropoxy)phenyl)carbamate (2q).

ChzHN According to the general procedure, benzyl (4-(3-

\©\ (phenylthio)propoxy)phenyl)carbamate 1gq (0.66 mmol, 257.7 mg),
o "gr h sodium periodate (0.99 mmol, 212 mg) and MeOH/H.O (8:2) (6 mL)

were used to obtain 2g as a white solid (0.49 mmol, 200 mg, 74%). m.p.

144-145 °C.

!H NMR (400 MHz, CDCl3) &: 7.58 — 7.71 (m, 2H), 7.46 — 7.56 (m, 3H), 7.31 — 7.43 (m, 5H), 7.24 —

7.29 (m, 2H), 6.72 — 6.84 (m, 2H), 6.59 (br, 1H), 5.18 (s, 2H), 4.01 — 4.10 (m, 1H), 3.92 — 4.05 (m, 1H),

2.97 - 3.13 (m, 1H), 2.83 - 3.00 (m, 1H), 2.16 — 2.34 (m, 1H), 1.95 — 2.15 (m, 1H).

13C NMR (100 MHz CDCl3) &: 155.0 (C), 153.8 (C), 143.7 (C), 136.3 (C), 131.2 (CH), 129.4 (CH), 128.8

(CH), 128.5 (CH), 128.4 (CH), 124.2 (CH), 120.8 (C), 115.1 (CH), 67.1 (CH), 66.6 (CH2), 53.9 (CHy),

22.4 (CHy).

FT-IR (neat) v(cm™): 3290, 3062, 2962, 1716, 1516, 1215, 1045, 1022, 752, 690.

HRMS (ESI): Calcd. for C23H23NO4S (M+Na*), 432.1245; found: 432.1245.

1-(2-(3-(PhenylsulfinyD)propoxy)phenyl)ethanone (2r).

According to the general procedure, 1-(2-(3-(phenylthio)propoxy)phenyl)

NS ph €thanone 1r (1.5 mmol, 429 mg), sodium p_eriodate (2.25 mmol,.48l mg) and

= MeOH/H,0 (8:2) (14 mL) were used to obtain 2r as a colorless oil (1.11 mmol,
o o 317 mg, 74%).
'H NMR (400 MHz, CDClg) &: 7.69 (d, J = 7.6 Hz, 1H), 7.63 (d, J = 6.8 Hz, 2H), 7.49 — 7.57 (m, 3H),
7.43 (t, J = 7.3 Hz, 1H), 7.00 (t, J = 7.5 Hz, 1H), 6.89 (d, J = 8.4 Hz, 1H), 4.07 — 4.25 (m, 2H), 3.03 —
3.17 (m, 1H), 2.87 — 3.01 (m, 1H), 2.53 (s, 3H), 2.28 — 2.42 (m, 1H), 2.09 — 2.24 (m, 1H).
13C NMR (100 MHz CDCls) &: 199.7, 157.7, 143.5, 133.8, 131.3, 130.6, 129.5, 128.6, 124.1, 121.1,
112.4, 66.9, 53.5, 32.0, 22.1.
FT-IR (neat) v(cm): 3050, 2245, 1670, 1597, 1450, 1296, 1238, 1165, 1041, 690.
HRMS (ESI): Calcd. for C17H1803S (M+Na*), 325.0874; found: 325.0864.

1-(3-(Phenylsulfiny)propoxy)-3-(trifluoromethyl)benzene (2s).

/@\ According to the general procedure, phenyl(3-(3-
(trifluoromethyl)phenoxy)propyl)sulfide 1s (2.57 mmol, 802 mg), sodium
FC O/\/\§/Ph

O
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periodate (3.85 mmol, 823 mg) and MeOH/H>O (8:2) (23 mL) were used to obtain 2s as a white solid
(2.29 mmol, 750 mg, 89%). m.p. 64-65 °C.

'H NMR (400 MHz, CDCls) &: 7.64 (d, J = 7.5 Hz, 2H), 7.46 — 7.57 (m, 3H), 7.37 (t, J = 8.0 Hz, 1H),
7.20 (d, J =7.7 Hz, 1H), 7.07 (s, 1H), 7.01 (d, J = 8.2 Hz, 1H), 4.08 — 4.15 (m, 1H), 4.01 — 4.08 (m, 1H),
2.99 — 3.16 (m, 1H), 2.84 — 3.00 (m, 1H), 2.21 — 2.43 (m, 1H), 1.99 — 2.20 (m, 1H).

13C NMR (100 MHz CDCl3) &: 158.7, 143.6, 132.0 (q, J = 32.4 Hz), 131.2, 130.2, 129.4, 124.1, 124.0 (q,
J=272.4 Hz), 117.9, 117.8 (q, J = 3.8 Hz), 111.4 (q, J = 3.8 Hz), 66.5, 53.6, 22.2.

1%F NMR (376 MHz, CDCls) &: -63.49 (s).

FT-IR (neat) v(cm™): 3051, 2933, 1587, 1440, 1235, 1035, 1022, 692.

HRMS (ESI): Calcd. for C16H15F302S (M+Na*), 351.0643; found: 351.0648.

1-Nitro-2-(3-(phenylsulfiny)propoxy)benzene (2t).

According to the general procedure, (3-(2-nitrophenoxy)propyl)(phenyl)sulfide
O/\/\S/Ph 1t (1.85 mmol, 534 mg), sodium periodate (2.78 mmol, 594 mg) and

o MeOH/H,0 (8:2) (17 mL) were used to obtain 2t as a white solid (1.55 mmol,
449 mg, 84%). m.p. 58-59 °C.

'H NMR (400 MHz, CDClg) &: 7.84 (d, J = 8.3 Hz, 1H), 7.64 (d, J = 7.4 Hz, 2H), 7.43 — 7.56 (m, 4H),

6.98 — 7.07 (m, 2H), 4.21 — 4.33 (m, 1H), 4.08 — 4.22 (m, 1H), 3.09 — 3.30 (m, 1H), 2.89 — 3.07 (m, 1H),

2.28 — 2.44 (m, 1H), 2.08 — 2.25 (m, 1H).

13C NMR (100 MHz CDClg) &: 152.0, 143.5, 139.9, 134.4, 131.1, 129.4, 125.9, 124.1, 120.8, 114.6,

67.6, 53.0, 22.1.

FT-IR (neat) v(cm™): 3055, 2939, 1604, 1519, 1346, 1249, 1014, 740, 690.

HRMS (ESI): Calcd. for C1sH1sNO4S (M+Na*), 328.0619; found: 328.0628.

NO,

1-Nitro-4-(3-(phenylsulfiny)propoxy)benzene (2u).

nitrate 1u (1.6 mmol, 462 mg), sodium periodate (2.4 mmol, 513 mg) and
MeOH/H,0 (8:2) (15 mL) were used to obtain 2u as a white solid (1.6
o) mmol, 488 mg, 100%). m.p. 109-110 °C.

OZN\©\ According to the general procedure, 4-(3-(phenylthio)propoxy)phenyl
O/\/\S/

IH NMR (400 MHz, CDCl3) &: 8.18 (d, J = 9.2 Hz, 2H), 7.60 — 7.68 (m, 2H), 7.47 — 7.59 (m, 3H), 6.91 (d,
J = 9.2 Hz, 2H), 4.15 — 4.22 (m, 1H), 4.08 — 4.15 (m, 1H), 3.03 — 3.14 (m, 1H), 2.88 — 2.99 (m, 1H),
2.27 — 2.41 (m, 1H), 2.08 — 2.22 (m, 1H).

13C NMR (100 MHz CDCls) &: 163.6, 143.5, 141.9, 131.3, 129.5, 126.1, 124.1, 114.5, 67.1, 53.3, 22.1.
FT-IR (neat) v(cm™): 3074, 2951, 1589, 1504, 1300, 1107, 1249, 1018, 856, 744, 690.

HRMS (ESI): Calcd. for C1sH1sNO4S (M+Na*), 328.0619; found: 328.0621.

(2S)-Methyl  2-(((benzyloxy)carbonylDamino)-3-(4-(3-(phenylsulfinyDpropoxy)phenyl)propanoate

(2v).
o) According to the general procedure, methyl 2-
~ )K/\©\ (((benzyloxy)carbonyl)amino)-3-(4-(3-(phenylthio)propoxy)phenyl)
o propanoate 1v (0.7 mmol, 339 mg), sodium periodate (1.05 mmol,
CbzHN o >"g-PN 224 mg) and MeOH/H,O (7:3) (6 mL) were used to obtain 2v as a

o) colorless oil. (0.58 mmol, 288 mg, 83%).

IH NMR (400 MHz, CDCls) &: 7.59 — 7.71 (m, 2H), 7.44 — 7.57 (m, 3H), 7.29 — 7.38 (m, 5H), 6.98 (d, J
= 8.6 Hz, 2H), 6.75 (d, J = 8.6 Hz, 2H), 5.20 (d, J = 8.3 Hz, 1H), 5.09 (d, J = 2.8 Hz, 2H ), 4.52 — 4.68
(m, 1H), 4.01 — 4.10 (m, 1H), 3.92 — 4.00 (m, 1H), 3.72 (s, 3H), 2.98 — 3.14 (m, 3H), 2.86 — 2.99 (m, 1H),
2.18 — 2.36 (m, 1H), 1.98 — 2.15 (m, 1H).
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13C NMR (100 MHz CDClIs) &: 172.1 (C), 157.8 (C), 155.7 (C), 143.7 (C), 136.4 (C), 131.2 (CH), 130.4
(CH), 129.4 (CH), 128.7 (CH), 128.3 (CH), 128.2 (CH), 128.1 (C), 124.2 (CH), 114.7 (CH), 67.1 (CHy),
66.2 (CH2), 55.0 (CH), 53.9 (CH), 52.5 (CHa), 37.5 (CH2), 22.4 (CH>).

FT-IR (neat) v(cm™): 3267, 3055, 2951, 1712, 1512, 1238, 1211, 1022, 744, 694.

HRMS (ESI): Calcd. for C27H29NO6S (M+Na*), 518.1613; found: 518.1604.

1-Allyl-2-(3-(phenylsulfinyl)propoxy)benzene (2w).

According to the general procedure, (3-(2-

/@ allylphenoxy)propyl)(phenyl)sulfide 1w (1.17 mmol, 500 mg), sodium

o >"s periodate (2.64 mmol, 564 mg) and MeOH/H.O (8:2) (12 mL) were used to
o obtain 2w as a colorless oil (0.92 mmol, 277 mg, 79%).

IH NMR (400 MHz, CDCls) &: 7.63 (dd, J = 7.9, 1.6 Hz, 2H), 7.45 — 7.58 (m, 3H), 7.06 — 7.21 (m, 2H),
6.90 (t, J = 7.4 Hz, 1H), 6.78 (d, J = 8.1 Hz, 1H), 6.01 — 6.85 (m, 1H), 4.99 - 5.04 (m, 1H), 4.92 — 4.99
(m, 1H), 4.06 — 4.13 (m, 1H), 3.96 — 4.05 (m, 1H), 3.33 (d, J = 6.5 Hz, 2H), 3.04 — 3.16 (m, 1H), 2.88 —
3.00 (m, 1H), 2.20 — 2.36 (m, 1H), 2.02 — 2.18 (m, 1H).

13C NMR (100 MHz CDCls) &: 156.2, 143.8, 137.1, 131.2, 130.1, 129.4, 128.6, 127.5, 124.1, 121.0,
115.5, 111.2, 66.1, 53.9, 34.6, 22.4.

FT-IR (neat) v(cm™): 3059, 2912, 1597, 1492, 1442, 1238, 1022, 748, 690.

HRMS (ESI): Calcd. for C1sH2002S (M+Na*), 300.1184; found: 300.1190.

3. Reductive Chlorination: Synthesis of Chlorinated Sulfides
3.1 General Procedure

Cl
: }r _(coch, R
@\S/\/\o 2 ©\s /\6/\ @

DCM, 0 °C (0)

To a solution of the correspondlng sulfoxide 2 (1 equiv.) in dry DCM at 0°C, oxalyl chloride (1.2 equiv)
was added. The mixture was stirred at the same temperature for 1 hour (complete conversion was
observed by TLC). Then, NaOH (1M) was added to neutralize. The aqueous layer was extracted with
DCM (3 x 20 mL) and the combined organic extracts were combined, washed with brine, dried over
anhydrous Na,SOy, filtered and concentrated under reduced pressure. The crude mixture was purified
using flash chromatography to afford the pure product 6.

(3-(2-Chloro-4,5-dimethoxyphenoxy)propyl)(phenylsulfide (6a).

MeO Cl According to the general procedure, 1,2-Dimethoxy-4-(3-
]@[ (phenylsulfinyl)propoxy)benzene 2a (1 mmol, 320 mg), oxalyl chloride

MeO o _Ph (1_.2 mmol, 0.1 mL) and DCM (6.0 mL) were used to obtain 6a as a yellow

oil (0.99 mmol, 335 mg, 99%).

!H NMR (400 MHz, CDCl3) &: 7.35 (d, J = 7.6 Hz, 2H), 7.21 — 7.29 (m, 2H), 7.15 (t, J = 7.3 Hz, 1H),

6.87 (s, 1H), 6.53 (s, 1H), 4.09 (t, J = 5.9 Hz, 2H), 3.82 (d, J = 4.7 Hz, 6H), 3.18 (t, J = 7.0 Hz, 2H), 1.88

—2.34 (m, 2H).

13C NMR (101 MHz, CDCl3) &: 148.6, 148.5, 144.0, 136.3, 129.2, 129.1, 126.1, 114.2, 113.7, 101.1,

68.8, 56.7, 56.4, 30.1, 29.3.

FT-IR (neat) u(cm™): 3055, 2935, 1504, 1438, 1168, 1026, 736, 690.

HRMS (ESI): Calcd. for C17H19CIO3S (M+Na*), 361.0641; found: 361.0645.
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(3-(2-Chloro-3,5-dimethoxyphenoxy)propyl)(phenylsulfide (6b).

OMe According to the general procedure, 1,3-Dimethoxy-5-(3-
cl (phenylsulfinyl)propoxy)benzene 2b (1.05 mmol, 336 mg), oxalyl chloride
(2.26 mmol, 0.1 mL) and DCM (6.4 mL) were used to obtain 6b as a
MeO o >">g P colorless oil (1.02 mmol, 345 mg, 97%).

IH NMR (400 MHz, CDCl3) &: 7.29 — 7.39 (m, 2H), 7.19 — 7.29 (m, 2H), 7.06 — 7.19 (m, 1H), 6.17 (d, J
= 2.7 Hz, 1H), 6.14 (d, J = 2.5 Hz, 1H), 4.10 (t, J = 5.9 Hz, 2H), 3.87 (s, 3H), 3.78 (s, 3H), 3.18 (t, J =
7.0 Hz, 2H), 2.02 — 2.30 (m, 2H).

13C NMR (100 MHz, CDCls) &: 159.4, 156.7, 155.9, 136.2, 129.1, 129.1, 126.0, 103.4, 92.7, 92.0, 67.3,
56.4, 56.7, 29.9, 29.0.

FT-IR (neat) u(cm): 3050, 2939, 1585, 1438, 1230,1161, 1041, 1118, 736, 690.

HRMS (ESI): Calcd. for C17H10Cl0sS (M+Na*), 361.0641; found: 361.0644.

(3-(2-Chloro-5-methylphenoxy)propyl)(phenyl)sulfide (6c).

(phenylsulfinyl)propoxy)benzene 2c¢ (1.02 mmol, 262 mg), oxalyl chloride
o/\/\s/P (1.22 mmol, 0.1 mL) and DCM (4.8 mL) were used to obtain 6¢c as a
colorless 0il (1.01 mmol, 298 mg, 99%).
!H NMR (400 MHz, CDCl3) &: 7.32 — 7.38 (m, 2H), 7.24 — 7.31 (m, 2H), 7.14— 7.23 (m, 2H), 6.75 (d, J =
3.0 Hz, 1H), 6.65 (dd, J = 8.7, 3.0 Hz, 1H), 4.03 (t, J = 6.0 Hz, 2H), 3.11 (t, J = 7.1 Hz, 2H), 2.33 (s,
3H), 1.99 — 2.18 (m, 2H).
13C NMR (100 MHz CDClg) &: 157.5, 137.1, 136.2, 129.7, 129.4, 129.1, 126.2, 126.0, 117.2, 113.2,
66.4, 30.3, 29.0, 20.5.
FT-IR (neat) u(cm™): 3055, 2947, 1577, 1477, 1242, 1168, 1029, 736, 690.
HRMS (ESI): Calcd. for C16H17CIOS (M+Na*), 315.0586; found: 315.0588.

/@[CI According to the general procedure, 1-methyl-3-(3-

(3-((1-Chloronaphthalen-2-yNoxy)propyl)(phenyl)sulfide (6d).

Cl According to the general procedure, 2-(3-(phenylsulfinyl)propoxy)

O_~_-S. naphthalene 2d (1 mmol, 310 mg), oxalyl chloride (1.2 mmol, 0.1 mL) and

OO Ph pcwm (6 mL) were used to obtain 6d as an orange oil (0.98 mmol, 322 mg,
98%).

IH NMR (400 MHz, CDCl3): 8.22 (d, J = 8.5 Hz, 1H), 7.79 (d, J = 8.2 Hz, 1H), 7.73 (d, J = 8.9 Hz, 1H),
7.52 — 7.62 (m, 1H), 7.46 — 7.33 (m, 3H), 7.31 — 7.20 (m, 3H), 7.14 (t, J = 7.4 Hz, 1H), 4.29 (t, J = 5.9
Hz, 2H), 3.24 (t, J = 7.1 Hz, 2H), 2.25 — 2.14 (m, 2H).

13C NMR (100 MHz, CDCls) &: 152.0, 136.3, 132.1, 129.9, 129.3, 129.1, 128.2, 128.1, 127.6, 126.1,
124.6, 123.7, 117.9, 115.4, 68.3, 30.1, 29.4.

FT-IR (neat) u(cm): 3070, 2943, 1589, 1462, 1354, 1242, 1022, 782, 686, 520.

HRMS (ESI): Calcd. for C1oH:-CIOS (M+Na*), 351.0586; found: 351.0588.

(3-((4-Chloronaphthalen-1-yDoxy)propyl)(phenyDsulfane (6¢e).

0 "Ngr Ph According to the general procedure, 1-(3-(phenylsulfinyl)propoxy)naphthalene
2e (1.06 mmol, 329 mg), oxalyl chloride (1.27 mmol, 0.1 mL) and DCM (6 mL)
OO were used to obtain 6e as an orange oil (1.04 mmol, 342 mg, 98%).

Cl

S18



IH NMR (400 MHz, CDCl3) &: 8.25 — 8.29 (m, 1H), 8.17 — 8.22 (m, 1H), 7.58 — 7.65 (m, 1H), 7.49 —
7.57 (m, 1H), 7.34 — 7.46 (m, 3H), 7.21 — 7.31 (m, 2H), 7.13 — 7.21 (m, 1H), 6.68 (d, J = 8.3 Hz,1H),
4.19 - 4.26 (m, 2H), 3.22 (t, J = 7.1 Hz, 2H), 2.17 — 2.31 (m, 2H).

13C NMR (100 MHz, CDCls) &: 153.8, 136.2, 131.5, 129.5, 129.1, 127.6, 126.8, 126.3, 126.1, 125.9,
124.4,123.4, 122.5, 104.9, 66.6, 30.6, 29.1.

FT-IR (neat) u(cm): 3055, 2927, 1585, 1373, 1261, 1238, 1083, 736, 690, 524.

HRMS (ESI): Calcd. for C1oH:-,CIOS (M+Na*), 351.0586; found:351.0574.

(3-(4-Allyl-2-chloro-6-methoxyphenoxy)propyl(phenyl)sulfane (6f).

According to the general procedure, 4-allyl-2-methoxy-1-(3-
X cl (phenylsulfinyl)propoxy)benzene 2f (0.56 mmol, 196 mg), oxalyl chloride
\/\@: _ph (0.71 mmol, 0.05 mL) and DCM (3.5 mL) were used to obtain 6f as a
colorless oil (0.34 mmol, 117 mg, 60%).

IH NMR (400 MHz, CDCls) &: 7.33 — 7.40 (m, 2H), 7.24 — 7.31 (m, 2H), 7.13 — 7.21 (m, 1H), 6.85 (s,
1H), 6.70 (s, 1H), 5.88 — 6.02 (m, 1H), 4.92 — 5.27 (m, 2H), 4.09 (t, J = 6.2 Hz, 2H), 3.83 (s, 3H), 3.42
(d, J = 6.4 Hz, 2H), 3.13 (t, J = 7.0 Hz, 2H), 1.98 — 2.30 (m, 2H).

13C NMR (100 MHz CDCls) &: 148.4, 147.3, 136.2, 136.0, 129.9, 129.4, 129.1, 126.2, 124.9, 116.3,
114.6, 113.6, 67.6, 56.3, 37.4, 30.2, 28.8.

FT-IR (neat) u(cm™): 3074, 2935, 1581, 1504, 1257, 1165, 1026, 736, 690.

HRMS (ESI): Calcd. for C1sH21CI02S (M+Na*), 371.0848; found: 371.0855.

4. Classic Pummerer cyclization: Synthesis of Chromanes
4.1 General Procedure

SPh
@\ @R 1.(COCl),, DCM
S0 2.BF30Et, 0°C ~ R
1 2 ) (@)

O
To a solution of the corresponding sulfoxide 2 (1 equiv.) in dry DCM at 0°C, oxalyl chloride (1.2 equiv)
was added. The mixture was stirred at the same temperature for 1 hour (complete conversion was
observed by TLC). Then, BF3;.OEt; (3 equiv) was added and the reaction mixture was stirred for 1 hour.
The reaction was quenched with NaOH (1M). The aqueous layer was extracted with DCM (3 x 15 mL),
the combined organic extracts were washed with brine, dried over anhydrous Na>SO., filtered and
concentrated under reduced pressure. The crude mixture was purified using flash chromatography to
afford the pure product 8.

4-(Phenylthio)chromane (89).

SPh  According to the general procedure, ((3-phenoxypropyl)sulfinyl)benzene 2g (4.16 mmol,
1.08 g), oxalyl chloride (5. 0 mmol, 0.4 mL), boron trifluoride diethyl etherate (12.48 mmol,
1.6 mL ) and DCM (20.0 mL) were used to obtain 8g as a colorless oil (3.6 mmol, 886 mg,
0 88%).

IH NMR (400 MHz, CDCl3) &: 7.47 (d, J = 7.1 Hz, 2H), 7.27 — 7.40 (m, 4H), 7.09 — 7.20 (m, 1H), 6.88 (t,
J=7.5Hz, 1H), 6.82 (t, J = 8.2 Hz, 1H), 4.42 — 4.67 (m, 2H), 4.06 — 4.30 (m, 1H), 2.15 — 2.43 (m, 1H),
1.86 — 2.12 (m, 1H).

13C NMR (100 MHz CDCls) &: 155.1, 134.9, 132.2, 131.1, 129.3, 129.1, 127.5, 120.9, 120.4, 117.2,
62.3, 42.9, 27.8.
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FT-IR (neat) u(cm™): 3050, 2931, 1607, 1581,1452, 1315, 1269, 1230, 1117, 1045, 779, 748.
HRMS (ESI): Calcd. for C15H140S (M+Na*), 265.0663; found: 265.0670.

8-lodo-4-(phenylthio)chromane (8h).

SPh According to the general procedure, 1-iodo-2-(3-(phenylsulfinyl)propoxy)benzene 2h (1
mmol, 385 mg), oxalyl chloride (1.2 mmol, 0.1 mL), boron trifluoride diethyl etherate (3
mmol, 0.37 mL) and DCM (6.5 mL) were used to obtain 8h as a colorless oil (0.95 mmol,

o 349 mg, 95%).

IH NMR (400 MHz, CDCls) &: 7.65 (dd, J = 7.8, 1.8 Hz, 1H), 7.42 — 7.49 (m, 3H), 7.28 — 7.38 (m, 3H),
6.64 (t, J = 7.8 Hz, 1H), 4.59 (td, J = 11.3, 2.2 Hz, 1H), 4.42 — 4.49 (m, 1H), 4.20 — 4.30 (m, 1H), 2.15 —
2.35 (m, 1H), 1.97 — 2.11 (m, 1H).

13C NMR (100 MHz CDCls) &: 153.8, 138.9, 134.5, 132.6, 131.4, 129.4, 127.9, 122.0, 121.9, 85.5, 63.5,
43.3,27.7.

FT-IR (neat) u(cm): 3055, 2916, 1469, 1435, 1234, 1080, 1014, 736, 690.

HRMS (ESI): Calcd. for C1sH13l0S (M+Na*), 390.9629; found: 390.9619.

6-Chloro-4-(phenylthio)chromane (8i).

SPh According to the general procedure, 1-chloro-4-(3-(phenylsulfinyl)propoxy)benzene 2i
Cl (2.02 mmol, 300 mg), oxalyl chloride (1.22 mmol, 0.1 mL), boron trifluoride diethyl
etherate (3.06 mmol, 0.38 mL) and DCM (6.9 mL) were used to obtain 8i as a

o colorless oil (0.88 mmol, 243 mg, 86%).

'H NMR (400 MHz, CDCls) &: 7.45 (d, J = 7.4 Hz, 2H), 7.27 — 7.40 (m, 4H), 7.09 (dd, J = 8.8, 2.8 Hz,
1H), 6.75 (d, J = 8.7 Hz, 1H), 4.33 — 4.61 (m, 2H), 4.09 — 4.32 (m, 1H), 2.13 — 2.27 (m, 1H), 1.96 — 2.06
(m, 1H).

13C NMR (100 MHz CDCls) &: 153.8, 134.4, 132.7, 130.5, 129.4, 129.1, 128.0, 125.1, 122.5, 118.6,
62.5, 43.0, 27.6.

FT-IR (neat) v(cm™): 3071, 2928, 2882, 1578, 1481, 1261, 1227, 741, 690.

HRMS (ESI): Calcd. for C15H13CIOS (M+Na*), 299.0273; found: 299.0280.

7-Fluoro-4-(phenylthio)chromane (8j).

SPh According to the general procedure, 1-fluoro-3-(3-(phenylsulfinyl)propoxy)benzene 2|
(2.02 mmol, 285 mg), oxalyl chloride (1.22 mmol, 0.1 mL), boron trifluoride diethyl
etherate (3.06 mmol, 0.38 mL) and DCM (5.4 mL) were used to obtain 8j as a colorless
= o oil (1 mmol, 260 mg, 98%).

IH NMR (400 MHz, CDCls) &: 7.45 (d, J = 8.1 Hz, 2H), 7.20 — 7.39 (m, 4H), 6.38 — 6.81 (m, 2H), 4.37 —
4.58 (m, 2H), 4.09 — 4.32 (m, 1H), 2.10 — 2.36 (m, 1H), 1.89 — 2.12 (m, 1H).

13C NMR (100 MHz CDCl3) &: 162.8 (d, J = 245.8 Hz), 156.2 (d, J = 12.2 Hz), 134.6, 132.5, 132.1 (d, J
= 10.1 Hz), 129.3, 127.8, 116.9 (d, J = 3.1 Hz), 107.9 (d, J = 22.0 Hz), 104.2 (d, J = 24.3 Hz), 62.4, 42.6,
27.6.

19F NMR (376 MHz, CDCl3 &: -113.23 (s).

FT-IR (neat) u(cm): 3074, 2912, 1593, 1496, 1261, 1141, 1037, 737, 690.
HRMS (ESI): Calcd. for C1sH1sFOS (M+Na*), 283.0569; found: 283.0567.
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6-Methyl-4-(phenylthio)chromane (8k).

SPh According to the general procedure, 1-methyl-4-(3-(phenylsulfinyl)propoxy)benzene 2k
(1.1 mmol, 301 mg), oxalyl chloride (1.32 mmol, 0.11 mL), boron trifluoride diethyl
etherate (3.3 mmol, 0.41 mL) and DCM (5.7 mL) were used to obtain 8k as a colorless

0 oil (0.77 mmol, 197 mg, 70%).

IH NMR (400 MHz, CDCl3) &: 7.47 (dd, J = 8.2, 1.2 Hz, 2H), 7.26 — 7.37 (m, 3H), 7.14 (s, 1H), 6.96 (dd,
J=8.3,2.1Hz, 1H), 6.72 (d, J = 8.3 Hz, 1H), 4.42 — 4.62 (m, 2H), 4.10 — 4.30 (m, 1H), 2.17 — 2.30 (m,
4H), 1.93 — 2.06 (m, 1H).

13C NMR (100 MHz CDCls) &: 153.0, 135.1, 132.2, 131.3, 129.9, 129.6, 129.3, 127.6, 120.4, 117.0,
62.3, 43.1, 27.9, 20.6.

FT-IR (neat) u(cm): 3055, 2920, 1581, 1496, 1230, 1037, 813, 741, 691.

HRMS (ESI): Calcd. for C1sH160S (M+Na*), 279.0820; found: 279.0807.

8-(tert-butyl-4-(phenylthio)chromane (8l).

SPh According to the general procedure, 1-(tert-butyl)-2-(3-(phenylsulfinyl)propoxy)benzene 2I
(2.06 mmol, 334 mg), oxalyl chloride (1.27 mmol, 0.1 mL), boron trifluoride diethyl
etherate (3.18 mmol, 0.40 mL) and DCM (6.3 mL) were used to obtain 8| as a pale yellow

0 oil (0.85 mmol, 255 mg, 81%).

t-Bu

IH NMR (400 MHz, CDCls) &: 7.46 (d, J = 7.5 Hz, 2H), 7.34 (t, J = 7.4 Hz, 2H) 7.23 — 7.30 (m, 2H),
7.17 (d, J = 7.6 Hz, 1H), 6.83 (t, J = 7.7 Hz, 1H), 4.42 — 4.62 (m, 2H), 4.30 (d, J = 10.9 Hz, 1H), 2.14 —
2.32 (m, 1H), 1.96 — 2.09 (m, 1H), 1.36 (s, 9H).

13C NMR (100 MHz CDCls) &: 154.3, 138.2, 135.3, 132.1, 129.4, 129.3, 127.4, 126.2, 120.9, 119.7,
61.6, 43.8, 35.1, 29.8, 27.8.

FTIR (neat) u(cm-1): 3059, 2951, 1697, 1581, 1435, 1226, 1026, 737, 690.

HRMS (ESI): Calcd. for C10H2,0S (M+Na*), 321.1289; found: 321.1267.

6-Methoxy-4-(phenylthio)chromane (8m).

SPh According to the general procedure, 1-methoxy-4-(3-(phenylsulfinyl)propoxy)
MeO benzene 2m (1 mmol, 275 mg), oxalyl chloride (1.2 mmol, 0.1 mL), boron trifluoride
diethyl etherate (3 mmol, 0.38 mL) and DCM (5 mL) were used to obtain 8m as a

0 colorless oil (0.73 mmol, 199 mg, 73%).

'H NMR (400 MHz, CDCl3) &: 7.41 — 7.52 (m, 2H), 7.28 — 7.39 (m, 3H), 6.81 — 6.88 (m, 1H), 6.75 (d, J
= 1.6 Hz, 2H), 4.37 — 4.59 (m, 2H), 4.09 — 4.27 (m, 1H), 3.74 (s, 3H), 2.17 — 2.32 (m, 1H), 1.91 — 2.10
(m, 1H).

13C NMR (100 MHz CDCIl3) &: 153.3, 149.2, 134.9, 132.3, 129.3, 127.6, 121.2, 118.0, 116.3, 114.6,
62.4,55.9, 43.3, 28.1.

FT-IR (neat) u(cm™): 3055, 2951, 1492, 1265, 1203, 1041, 740, 690.

HRMS (ESI): Calcd. for C16H1602S (M+Na*), 295.0769; found: 295.0780.
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6-Phenoxy-4-(phenylthiolchromane (8n).

SPh According to the general procedure, 1-Phenoxy-4-(3-
PhO (phenylsulfinyl)propoxy)benzene 2n (1.02 mmol, 361 mg), oxalyl chloride (1.2 mmol,
0.1 mL), boron trifluoride diethyl etherate (3 mmol, 0.38 mL) and DCM (6.2 mL) were

o used to obtain 8n as an orange oil (0.79 mmol, 264 mg, 77%).

IH NMR (400 MHz, CDCls) &: 7.43 (d, J = 7.4 Hz, 2H), 7.23 — 7.33 (m, 5H), 7.00 — 7.06 (m, 2H), 6.94 (d,
J =8.3Hz, 2H), 6.87 (dd, J = 8.8, 3.2 Hz, 1H), 6.80 (d, J = 8.8 Hz, 1H), 4.39 — 4.54 (m, 2H), 4.17 — 4.27
(m, 1H), 2.17 — 2.31 (m, 1H), 1.95 - 2.07 (m, 1H).

13C NMR (100 MHz CDCls) &: 158.6, 151.4, 149.7, 134.7, 132.6, 129.8, 129.3, 127.8, 122.6, 122.0,
121.8, 121.1, 118.3, 117.8, 62.5, 43.2, 27.9.

FT-IR (neat) v(cm™): 3051, 2945, 1589, 1485, 1211, 1142, 1042, 779, 752, 690.

HRMS (ESI): Calcd. for C21H1502S (M+Na*), 357.0925; found: 357.0914.

N-(4-(Phenylthio)chroman-6-yl)acetamide (80).

Y SPh According to the general procedure, N-(4-(3-(phenylsulfinyl)propoxy)phenyl)

O+_N acetamide 20 (1.01 mmol, 322 mg), oxalyl chloride (1.2 mmol, 0.1 mL), boron

Y m trifluoride diethyl etherate (3.03 mmol, 0.38 mL) and DCM (6 mL) were used to
0 obtain 8o as a colorless oil (0.71 mmol, 212 mg, 70%).

!H NMR (400 MHz, CDCl3) &: 7.50 (d, J = 2.7 Hz, 1H), 7.40 — 7.48 (m, 3H), 7.20 — 7.36 (m, 3H), 6.76
(d, J =8.8 Hz, 1H), 4.34 — 4.56 (m, 2H), 4.04 — 4.27 (m, 1H), 2.14 — 2.24 (m, 1H), 2.12 (s, 3H), 1.87 -
2.02 (m, 1H).

13C NMR (100 MHz CDClg) &: 168.6, 152.1, 134.7, 132.3, 130.7, 129.3, 127.6, 123.3, 122.3, 121.0,
117.5, 62.4, 43.0, 27.7, 24.4.

FT-IR (neat) u(cm™): 3278, 3070, 2924, 1658, 1496, 1230, 1037, 740, 691.

HRMS (ESI): Calcd. for C17H17NO,S (M+Na*), 322.0878; found: 322.0855.

tert-butyl (4-(phenylthio)chroman-6-yl)carbamate (8p).

SPh  According to the general procedure, tert-butyl (4-(3-
BocHN (phenylsulfinyl)propoxy)phenyl) carbamate 2p (1.03 mmol, 388 mg), oxalyl
chloride (1.23 mmol, 0.1 mL), boron trifluoride diethyl etherate (3.09 mmol, 0.39
0 mL) and DCM (6.4 mL) were used to obtain 8p as an orange oil (0.33 mmol, 118
mg, 32%).
'H NMR (400 MHz, CDCl3) &: 7.42 — 7.48 (m, 3H), 7.26 — 7.37 (m, 3H), 6.75 (d, J = 8.8 Hz, 1H), 6.32 —
6.35 (br, 1H), 4.38 — 4.56 (m, 2H), 4.10 — 4.28 (m, 1H), 2.13 — 2.30 (m, 1H), 1.89 — 2.04 (m, 1H), 1.51
(s, 9H).
13C NMR (100 MHz CDClg) &: 153.3, 151.3, 134.8, 132.3, 131.1, 129.3, 129.1, 127.6, 121.0, 117.5,
80.4, 62.3, 43.0, 28.5, 27.7.
FTIR (KBr) u(cm-1): 3332, 3055, 2974, 1697, 1512, 1222, 1153, 1037, 741, 690.
HRMS (ESI): Calcd. for C2H23sNOsS (M+Na*), 380.1296; found:380.1294.

Benzyl (4-(phenylthio)chroman-6-yl)carbamate (8q).

SPh  According to the general procedure, benzyl (4-(3-(phenylsulfinyl)propoxy)phenyl)

CbzHN carbamate 2qg (0.46 mmol, 185 mg), oxalyl chloride (0.54 mmol, 0.04 mL), boron
trifluoride diethyl etherate (1.62 mmol, 0.2 mL) and DCM (3.3 mL) were used to
@)

obtain 8q as a colorless oil (0.43 mmol, 168 mg, 93%).
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'H NMR (400 MHz, CDCls) &: 7.23 — 7.50 (m, 11H), 7.14 (d, J = 9.4 Hz, 1H), 6.77 (d, J = 8.8 Hz, 1H),
6.50 (brs, 1H), 5.19 (s, 2H), 4.39 — 4.55 (m, 2H), 4.16 — 4.28 (m, 1H), 2.14 — 2.32 (m, 1H), 1.92 - 2.07
(m, 1H).

13C NMR (100 MHz CDCls) &: 153.9, 151.7, 136.3, 136.3, 134.8, 132.4, 129.3, 128.8, 128.4, 128.4,
127.7,121.9, 121.3,117.7, 115.1, 67.1, 62.4, 43.1, 27.8.

FT-IR (neat) u(cm™): 3313, 3059, 2951, 1705, 1496, 1207, 1056, 736, 690.

HRMS (ESI): Calcd. for C23H21:NOsS (M+Na*), 414.1140; found: 414.1148.

1-(4-(Phenylthio)chroman-8-yl)ethanone (8r).

SPh According to the general procedure, 1-(2-(3-(phenylsulfinyl)propoxy)phenyl)ethanone 2r
(2 mmol, 302 mg), oxalyl chloride (1.2 mmol, 0.1 mL), boron trifluoride diethyl etherate (3
mmol, 0.37 mL) and DCM (5.9 mL) were used to obtain 8r as a colorless oil (0.95 mmol,

0 270 mg, 95%).

(6]

IH NMR (400 MHz, CDCls) &: 7.61 (d, J = 7.7 Hz, 1H), 7.46 (d, J = 7.2 Hz, 3H), 7.25 — 7.39 (m, 3H),
6.90 (t, J = 7.6 Hz, 1H), 4.47 — 4.70 (m, 2H), 4.29 — 4.44 (m, 1H), 2.59 (s, 3H), 2.18 — 2.35 (m, 1H),
1.97 — 2.11 (m, 1H).

13C NMR (100 MHz CDCls) &: 199.8, 154.8, 135.4, 134.4, 132.6, 130.2, 129.4, 128.3, 127.9, 122.0,
120.0, 62.6, 43.2, 32.0, 27.1.

FT-IR (neat) u(cm): 3050, 2934, 1670, 1585, 1470, 1439, 1358, 1273, 1084, 737, 690.

HRMS (ESI): Calcd. for C17H1602S (M+Na*), 307.0769; found: 307.0780.

4-(Phenylthio)-7-(trifluoromethyllchromane (8s).

SPh  According to the general procedure, 1-(3-(phenylsulfinyl)propoxy)-3-(trifluoromethyl)
benzene 2s (1 mmol, 328 mg), oxalyl chloride (1.2 mmol, 0.1 mL), boron trifluoride
diethyl etherate (3 mmol, 0.38 mL) and DCM (6.2 mL) were used to obtain 8s as a
FsC o colorless oil (0.95 mmol, 294 mg, 95%).

IH NMR (400 MHz, CDCls) &: 7.47 (d, J = 7.5 Hz, 2H), 7.41 (d, J = 7.9 Hz, 1H), 7.29 — 7.38 (m, J = 9.4,
7.9 Hz, 3H), 7.04 — 7.14 (m, 2H), 4.43 — 4.61 (m, 2H), 4.15 — 4.36 (m, 1H), 2.16 — 2.36 (m, 1H), 1.91 —
2.12 (m, 1H).

13C NMR (100 MHz CDCls) &: 155.2, 134.2, 132.7, 131.20 (q, J = 32.6 Hz), 131.6, 129.4, 127.9, 124.8,
123.9 (q, J = 272.5 Hz), 116.7 (q, J = 3.8 Hz), 114.6 (q, J = 4.0 Hz), 62.6, 42.8, 27.4.

19F NMR (376 MHz, CDCls) &: -63.80 (s).
FT-IR (neat) u(cm): 3062, 2881, 1581, 1427, 1323, 1118, 1041, 740, 690.
HRMS (ESI): Calcd. for CisH13Fs0S (M+Na*), 333.0537; found: 333.0533.

8-Nitro-4-(Phenylthio)chromane (8t).

SPh According to the general procedure, 1-nitro-2-(3-(phenylsulfinyl)propoxy)benzene 2t (1.06
mmol, 322 mg), oxalyl chloride (1.2 mmol, 0.11 mL), boron trifluoride diethyl etherate
(3.18 mmol, 0.4 mL) and DCM (6.1 mL) were used to obtain 8t as a white solid (0.57

0 mmol, 164 mg, 54%). m.p. 84-85 °C.

NO,
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'H NMR (400 MHz, CDCl3): 7.70 — 7.78 (m, 1H), 7.51 (dd, J =7.7, 1.9 Hz, 1H), 7.43 — 7.49 (m, 2H),
7.31-7.41 (m, 3H), 6.92 (td, J =7.9, 1.8 Hz, 1H), 4.57 — 4.66 (m, 1H), 4.41 — 4.54 (m, 2H), 2.23 — 2.36
(m, 1H), 2.04 - 2.13 (m, 1H).

13C NMR (100 MHz CDCl3) &: 149.2, 139.3, 135.8, 133.6, 133.0, 129.5, 128.3, 125.3, 124.3, 119.3,
63.4, 42.8, 26.7.

FT-IR (neat) u(cm™): 3089, 2997, 1608, 1577, 1512, 1242, 1018, 737, 694.

HRMS (ESI): Calcd. for C15H13NOsS (M+Na*), 310.0514; found: 310.0531.

6-Nitro-4-(phenylthiol)chromane (8u).

SPh According to the general procedure, 1-nitro-4-(3-(phenylsulfinyl)propoxy)benzene 2u
O,N (2.01 mmol, 309 mg), oxalyl chloride (1.21 mmol, 0.1 mL), boron trifluoride diethyl
etherate (3.03 mmol, 0.38 mL) and DCM (5.8 mL) were used to obtain 8u as a white

o solid (0.73 mmol, 210 mg, 72%). m.p. 118-119 °C.

'H NMR (400 MHz, CDCls3) &: 8.19 (d, J =2.7 Hz, 1H), 8.04 (dd, J =9.1, 2.7 Hz, 1H), 7.44 — 7.52 (m,
2H), 7.31 — 7.42 (m, 3H), 6.89 (d, J =9.1 Hz, 1H), 4.61 (td, J =11.4, 2.4 Hz, 1H), 4.48 (s, 1H), 4.31 —
4.42 (m, 1H), 2.19 — 2.30 (m, 1H), 2.04 — 2.13 (m, 1H).

13C NMR (100 MHz CDCl3) &: 160.4, 141.1, 133.5, 133.4,129.6, 128.5, 127.3, 124.9, 121.7, 118.0,
63.3, 43.0, 27.0.

FT-IR (neat) u(cm™): 3078, 2931, 1581, 1508, 1330, 1253, 1026, 1006, 741, 691.

HRMS (ESI): Calcd. for C15H13NOsS (M+Na*), 310.0514; found: 310.0502.

(2R)-Methyl 2-(((benzyloxy)carbonyl)amino)-3-(4-(phenylthio)chroman-6-yl)propanoate (8v).

o) SPh According to the general procedure, (2R)-methyl 2-(((benzyloxy)

~ carbonyl)amino)-3-(4-(3-(phenylsulfinyl)propoxy)phenyl)propanoate 2v (0.64
o mmol, 319 mg), oxalyl chloride (0.77 mmol, 0.06 mL), boron trifluoride diethyl
CbzHN o etherate (1.92 mmol, 0.24 mL) and DCM (5.8 mL) were used to obtain 8v as a

colorless oil and as a 1:1 mixture of diastereoisomers (0.56 mmol, 267 mg,
87%).
'H NMR (400 MHz, CDCl3) &: 7.40 — 7.48 (m, 2H), 7.27 — 7.38 (m, 8H), 7.09 (d, J = 13.6 Hz, 1H), 6.87
(t, J = 10.3 Hz, 1H), 6.73 (dd, J = 8.3, 3.7 Hz, 1H), 5.23 (t, J = 8.3 Hz, 1H), 5.03 — 5.17 (m, 2H), 4.75 —
4.53 (m, 1H), 4.36 — 4.52 (m, 2H), 4.12 — 4.34 (m, 1H), 3.76 and 3.73 (2s, 3H), 2.89 — 3.26 (m, 2H),
2.11 - 2.35 (m, 1H), 2.02 — 1.89 (m, 1H).
13C NMR (100 MHz CDClg) &: 172.2, 172.0, 155.8, 155.7, 154.4, 154.3, 136.4, 136.3, 134.8, 134.8,
132.3, 132.3, 131.8, 130.0, 129.9, 129.3, 129.3, 128.7, 128.6, 128.3, 128.3, 128.2, 127.7, 127.6, 127.4,
121.0, 120.9, 117.5, 117.4, 67.1, 67.0, 62.4, 62.3, 55.1, 55.0, 52.6, 52.5, 43.0, 42.9, 37.6, 37.5, 27.8,
27.7.
FT-IR (neat) u(cm): 3036, 2924, 1716, 1496, 1234, 1207, 1041, 740, 691.
HRMS (ESI): Calcd. for C27H27NOsS (M+Na*), 500.1508; found: 500.1512.

8-Allyl-4-(phenylthio)chromane (8w).

SPh  According to the general procedure, (1-allyl-2-(3-(phenylsulfinyl)propoxy)benzene 2w (1.3
mmol, 390 mg), oxalyl chloride (1.56 mmol, 0.13 mL), boron trifluoride diethyl etherate
(3.9 mmol, 0.49 mL) and DCM (7 mL) were used to obtain 8w as a colorless oil (1.07
o mmol, 301 mg, 82%).
'H NMR (400 MHz, CDClIs3) &: 7.47 (d, J = 6.9 Hz, 2H), 7.22 — 7.37 (m, 4H), 7.03 (d, J =
7.3 Hz, 1H), 6.84 (t, J = 7.6 Hz, 1H), 5.89 — 6.10 (m, 1H), 5.01 — 5.11 (m, 2H), 4.46 — 4.57
(m, 2H), 4.24 — 4.34 (m, 1H), 3.34 (d, J = 6.6 Hz, 2H), 2.17 — 2.30 (m, 1H), 1.98 — 2.09 (m,
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1H).

13C NMR (100 MHz CDCls) &: 152.9, 136.9, 135.1, 132.2, 129.3, 129.3, 129.2, 128.4, 127.5, 120.5,
120.0, 115.6, 62.3, 43.3, 34.2, 27.8.

FT-IR (neat) u(cm™): 3070, 2920, 2877,1473, 1585, 1446, 1222, 1033, 748, 690.

HRMS (ESI): Calcd. for C1sH1s0S (M+Na*), 282.1078; found: 282.1072.

5. Synthesis of Aminochromane Precursors
5.1 General procedure

o OH
[ :[ 1. MeOH, AcCl [ j\ N PPh3, DIAD
/\‘/\ ©

2. NaBH,, CaCl, Toluene, r.t
s7NHCbZ  MeoHITHF (9:1) 3 NHCbz o
SPPWE::
L:IHCbz

To a solution of N-Z-S-phenyl-L-cysteine (9.1 mmol, 3 g) in methanol (36 mL) at 0°C was added
dropwise AcCl (26.6 mmol, 1.8 mL). The reaction mixture was warm to room temperature and then,
heated at reflux for 24 hours, then, methanol was evaporated in vacuo. The solid residue was washed
with Ethyl ether:MeOH (9:1) to afford the methyl ester which was used without any further purification.
The product was dissolved in EtOH: THF (9:1) (30 mL), and CaCl,(18.2 mmol, 2 g) was added, at 0°C,
then NaBH4 (36.4 mmol, 1.4g) was added; the reaction mixture was slowly heated to room temperature
and stirred for 18 hours, after that, was poured into an ice/citric acid mixture and extracted with EtOAc
(3 x 20 mL), the combined organic phases were washed with NaHCO3, then brine and dried over
anhydrous Na»SO., filtered and the solvent evaporated in vacuo. The alcohol was obtained as a with
solid (7.7 mmol, 2.44 mg 85%).

To a solution of 3 (1 equiv) at 0°C in toluene were added, phenol S4 (1.2 equiv), triphenylphosphine
(1.2 equiv.), then, DIAD (1.2 equiv) was added droop-wise. After that, the reaction mixture was stirred
at room temperature for 24 hours. Finally, the toluene was evaporated under reduce pressure. The
crude mixture was purified by flash chromatography using CHx:DCM (9:1) to afford the pure product 4.

(R)-Benzyl (1-hydroxy-3-(phenylthio)propan-2-yl)carbamate (3).

©\ The product 3 was obtained as a white solid (7.7 mmol, 2.44 g, 85%), m.p.72-73
°C.
S OH
NHCbz
'H NMR (400 MHz, CDClg) &: 7.26 — 7.50 (m, 9H), 7.10 — 7.24 (m, 1H), 5.22 — 5.39 (m, 1H), 5.09 (s,
2H), 3.78 — 3.93 (m, 2H), 3.65 — 3.76 (m, 1H), 3.29 — 3.00 (m, 2H).
13C NMR (100 MHz CDCls) &: 156.3, 136.3, 135.3, 129.6, 129.2, 128.6, 128.2, 128.1, 126.6, 67.0, 63.3,
52.1, 34.9.
FT-IR (neat) u(cm™): 3225,3062, 2935, 1689, 1531, 1280, 1238, 1010, 732, 686.

HRMS (ESI): Calcd. for C17H1sNOsS (M+Na*), 340.0983; found: 340.0991.
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(R)-Benzyl (1-phenoxy-3-(phenylthio)propan-2-yl)carbamate (4a).

According to the general procedure, (R)-benzyl (1-hydroxy-3-
(phenylthio)propan-2-yl)carbamate 3 (3.15 mmol, 1g), phenol (3.8 mmoal,

S 0 357 mg), triphenylphosphine (3.8 mmol, 996 mg), DIAD (3.8 mmol, 0.75 mL)
NHCbz and toluene (15 mL) were used to obtain 4a as an orange oil (1.64 mmol,

645 mg, 52%).

'H NMR (400 MHz, CDCls) &: 7.39 — 7.45 (m, 2H), 7.32 — 7.39 (m, 5H), 7.21 — 7.30 (m, 4H), 7.16 (t, J =
7.4 Hz, 1H), 6.97 (t, J = 7.3 Hz, 1H), 6.85 (d, J = 8.4 Hz, 2H), 5.36 (d, J = 8.3 Hz, 1H), 5.12 (s, 2H),
4.13 — 4.29 (m, 2H), 3.99 (dd, J = 9.3, 4.2 Hz, 1H), 3.36 (dd, J = 13.9, 5.3 Hz, 1H), 3.20 (dd, J = 14.3,
7.4 Hz, 1H).

13C NMR (100 MHz CDCl3) &: 158.2, 155.8, 136.2, 135.3, 129.6, 129.3, 129.1, 128.6, 128.3, 128.2,
126.4,121.3, 114.5, 67.0, 50.2, 34.6.

[a]%p=-3.22 (c= 0.2, CH3ClI).

FT-IR (neat) u(cm™): 3325, 3059, 2943, 1708, 1585, 1492, 1219, 1045, 737, 691.

HRMS (ESI): Calcd. for C23H23NO3sS (M+Na*), 416.1296; found: 416.1305.

(R)-Benzyl (1-(3-fluorophenoxy)-3-(phenylthio)propan-2-yl)carbamate (4b).
F  According to the general procedure, (R)-benzyl (1-hydroxy-3-
(phenylthio)propan-2-yl)carbamate 3 (2.5 mmol, 800 mg), 3-fluorophenol (3
©\ mmol, 0.27 mL), triphenylphosphine (3 mmol, 786 mg), DIAD (3 mmol, 0.59
S/Y\O mL) and toluene (13 mL) were used to obtain 4b as a colorless oil (1.80
NHCbz mmol, 740 mg, 72%).

IH NMR (400 MHz, CDCls) &: 7.30 — 7.45 (m, 7H), 7.22 — 7.29 (m, 2H), 7.11 — 7.22 (m, 2H), 6.67 (td, J
= 8.3, 2.5 Hz, 1H), 6.62 (dd, J = 8.3, 2.4 Hz, 1H), 6.54 (d, J = 10.7 Hz, 1H), 5.32 (d, J = 8.6 Hz, 1H),
5.12 (s, 2H), 4.13 — 4.29 (m, 2H), 3.96 (dd, J = 9.2, 4.3 Hz, 1H), 3.27 — 3.43 (m, 1H), 3.07 — 3.23 (m,
1H).

13C NMR (100 MHz CDCl3) &: 163.7 (d, Je.r= 245.5 Hz), 159.6 (d, Jor = 10.6 Hz), 159.5, 136.3, 135.2,
130.4 (d, Jcr = 10.1 Hz), 129.5, 129.2, 128.7, 128.4, 128.3, 126.6, 110.3 (d, Jcr = 3.0 Hz), 108.3 (d, Jc-
F=21.3 Hz), 102.5 (d, Jcr = 24.9 Hz), 67.5, 67.2, 50.2, 34.8.

[G]ZSDZ -13.71 (C= 1.0, CH3C|)

FT-IR (neat) u(cm™): 3317. 3062, 2935, 1697, 1489, 1261, 1134, 1026, 736, 690.

HRMS (ESI): Calcd. for C2sH22FNOsS (M+Na*), 434.1202; found: 434.1209.

(R)-Benzyl (1-(phenylthio)-3-(p-tolyloxy)propan-2-yl)carbamate (4c).

According to the general procedure, (R)-benzyl (1-hydroxy-3-

©\ (phenylthio)propan-2-yl)carbamate 3 (1.26 mmol, 400 mg), 3- p-cresol
S 0 (1.51 mmol, 0.16 mL), triphenylphosphine (1.51 mmol, 396 mg), DIAD
NHCbz (2.51 mmol, 0.30 mL) and toluene (7 mL) were used to obtain 4c as a

colorless oil (0.63 mmol, 257 mg, 50%).

'H NMR (400 MHz, CDCl3) &: 7.39 — 7.46 (m, 2H), 7.32 — 7.39 (m, 5H), 7.23 - 7.31 (M, 2H), 7.17 (t, J =
7.3 Hz, 1H) 7.07 (d, J = 8.2, Hz, 2H), 6.75 (d, J = 8.4 Hz, 2H), 5.38 (d, J = 8.0 Hz, 1H), 5.12 (s, 2H),
4.10 — 4.33 (m, 2H), 3.88 — 4.01 (m, 1H), 3.36 (dd, J = 13.9, 5.4 Hz, 1H), 3.12 — 3.25 (m, 1H), 2.29 (s,
3H).

13C NMR (100 MHz CDCl3) &: 156.2, 155.9, 136.3, 135.4, 130.7, 130.1, 129.3, 129.2, 128.7, 128.4,
128.3,126.4, 114.5, 67.3, 67.1, 50.2, 34.6, 20.6.

[a]?p=-8.75 (c= 0.6, CH3CI).

FT-IR (neat) u(cm™): 3321, 3032, 2924, 1701, 1508, 1230, 1026, 736, 690.

HRMS (ESI): Calcd. for C24H2sNOsS (M+Na*), 430.12453; found: 430.1455.
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6. Synthesis of sulfoxides 5
6.1 Sinthesis of sulfoxides 5.

@SY\O@ ¢ NalO, ‘QS/Y\O/@ A

MeOH/H,0 (8:2), rt
NHCbz 20 (8:2), o NHCbz

Benzyl ((2R)-1-phenoxy-3-(phenylsulfiny)propan-2-yl)carbamate (5a)

According to the general procedure of sulfides oxidation, (R)-benzyl (1-
©\ @ phenoxy-3-(phenylthio)propan-2-yl)carbamate 4a (1.65 mmol, 650 mg),
sodium periodate (2.5 mmol, 530 mg), and (MeOH/H-0) (16 mL) were used
NHCbz to obtain 5a as an orange oil and as a 1:1 mixture of diastereoisomers (1.50
mmol, 614 mg, 91%).
!H NMR (400 MHz, CDCl3) &: 7.57 — 7.75 (m, 2H), 7.45 — 7.56 (m, 3H), 7.25 — 7.42 (m, 8H), 6.98 (t, J =
7.4 Hz, 1H), 6.81 — 6.92 (m, 2H), 5.99 (d, J = 7.7 Hz, 0.5H), 5.52 (d, J = 7.0 Hz, 0.5H), 5.13 (s, 1H),
5.10 (s, 1H), 4.51 — 4.64 (m, 0.5H), 4.38 — 4.49 (m, 0.5H), 4.18 — 4.30 (m, 1.5H), 4.07 (dd, J = 9.6, 4.4
Hz, 0.5H), 3.21 (dd, J = 12.9, 6.8 Hz, 1.5H), 3.09 (dd, J = 13.5, 4.4 Hz, 0.5H).
13C NMR (100 MHz CDCl3) &: 158.2, 155.9, 155.7, 143.8, 143.6, 136.3, 136.2, 131.4, 131.4, 129.7,
129.6, 129.5, 128.7, 128.4, 128.4, 128.3, 128.3, 124.2, 124.0, 121.7, 121.6, 114.7, 114.6. 68.7, 67.2,
58.9, 58.7, 48.0, 47.4.
FT-IR (neat) u(cm™): 3267, 3035, 2943, 1712, 1492, 1234, 1026, 748, 691.
HRMS (ESI): Calcd. for C23H23NO4S (M+Na*), 432.1245; found: 432.1238.

Benzyl ((2R)-1-(3-fluorophenoxy)-3-(phenylsulfiny)propan-2-yl)carbamate (5b).

According to the general procedure, (R)-benzyl (1-(3-fluorophenoxy)-3-
(phenylthio)propan-2-yl)carbamate 4b (1.8 mmol, 750 mg), sodium
©\ periodate (2.7 mmol, 577 mg), and (MeOH/H>0) (20mL) were used to obtain
5b as an orange oil and as a 1:1 mixture of diastereoisomers (1.69 mmol,

NHCbz 722 mg, 94%).

'H NMR (400 MHz, CDClg) &: 7.60 — 7.70 (m, 2H), 7.46 — 7.55 (m, 3H), 7.31 — 7.37 (m, 5H), 7.16 —
7.25 (m, 1H), 6.55 - 6.71 (m, 3H), 5.58 (brs, 0.5H), 5.12 (brs, 0.5H), 5.12 and 5.09 (2s, 2H), 4.47 — 4.61
(m, 0.5H), 4.34 — 4.47 (m, 0.5H), 4.15 - 4.25 (m, 1.5H), 4.04 (dd, J = 9.5, 4.8 Hz, 0.5H), 3.16 — 3.26 (M,
1.5H), 3.04 — 3.11 (m, 0.5H).

13C NMR (100 MHz CDCl3) &: 163.7 (d, Jc.r = 244.3 Hz), 159.4 (d, Jcr = 10.5 Hz), 155.8 (A), 155.7 (B),
146.6 (A), 143.4 (B), 136.3 (A), 136.2 (B), 131.5 (A), 131.4 (B) 130.5 (d, Jc-r = 9.9 Hz), 129.6 (A), 129.5
(B), 128.7, 128.4 (A), 128.4 (B), 128.3 (A), 128.3 (B), 124.2 (A), 124.0 (B), 110.3 (d, Jcr = 2.2 Hz),
108.5 (d, Jc.r = 21.2 Hz) (A), 108.5 (d, Jcr = 21.2 HZ) (B), 102.7 (d, Jc-r = 24.9 HZz) (A), 102.6 (d, Jcr =
25.0 Hz) (B), 68.9, 67.1, 58.5, 58.2, 47.8, 47.2.

FT-IR (neat) u(cm™): 3332, 3032, 2924, 1685, 1527, 1269, 1138, 1018, 748, 686.

HRMS (ESI): Calcd. For Cz3H22FNO4S (M+Na*), 450.1151; found: 450.1148.

Benzyl ((2R)-1-(phenylsulfiny)-3-(p-tolyloxy)propan-2-yl)carbamate (5c).

According to the general procedure, (R)-benzyl (1-(phenylthio)-3-(p-
tolyloxy)propan-2-yl)carbamate 4c (0.48 mmol, 145 mg), sodium

periodate (0.72 mmol, 154 mg), and (MeOH/H.O) (5 mL) were used to

NHCbZ
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obtain 5c as an colorless oil and as a 1:1 mixture of diastereoisomers (0.44 mmol, 187 mg, 92%).

'H NMR (400 MHz, CDCl3) &: 7.59 — 7.76 (m, 2H), 7.45 — 7.58 (m, 3H), 7.28 — 7.40 (m, 5H), 6.99 —
7.11 (m, 2H), 6.65 — 6.84 (m, 2H), 6.02 (brs, 0.5H), 5.56 (brs, 0.5H), 5.12 and 5.09 (2s, 2H), 4.50 — 4.61
(m, 0.5H), 4.34 — 4.45 (m, 0.5H), 4.13 — 4.31 (m, 1.5H), 3.94 — 4.10 (m, 0.5H), 3.16 — 3.26 (m, 1.5H),
2.98 — 3.12 (m, 0.6H), 2.28 (s, 3H).

13C NMR (100 MHz CDCls) &: 156.0, 155.8, 155.7, 155.6, 143.7, 143.5, 136.3, 136.2, 131.4, 131.4,
130.4, 130.3, 130.1, 130.1, 129.5, 129.5, 128.7, 128.7, 128.4, 128.3, 128.3, 128.3, 124.2, 124.0, 114.5,
1145, 68.8, 68.5, 67.2, 67.1, 59.0, 58.9, 47.9, 47.3, 20.7, 20.6.

FT-IR (neat) u(cm™): 3265, 3055, 2940, 1698, 1480, 1225, 1026, 750, 689.

HRMS (ESI): Calcd. For C24H2sNO4S (M+Na*), 446.1402; found: 446.1405.

7. Synthesis of protected amino chromanes
7.1 General procedure

SPh
NHCbz
©\ @ R 1. (cocl), bcm «NHCbZ e, 6H,0, NaBH, :
S/Y\O > -
o 0

T 2. BF30Et,, 0°C THF/MeOH (1:1), r.t
O  NHCbz
5 9 10

To a solution of the corresponding sulfoxide 5 (1 equiv.) in dry DCM at 0°C, oxalyl chloride (1.2 equiv)
was added. The mixture was stirred at the same temperature for 1 hour (complete conversion was
observed by TLC). Then, BF3;.0OEt; (3 equiv) was added and the reaction mixture was stirred for 1 hour.
The reaction was quenched with NaOH (1M). The aqueous layer was extracted with DCM (3 x 15 mL),
the combined organic extracts were washed with brine, dried over anhydrous Na>SO., filtered and
concentrated under reduced pressure. The crude product 9 was used in the next step without any
purification.

Sodium borohydride (21 equiv.) was added to the solution of crude 9 and nickel chloride hexahydrate (7
equiv.) in THF:MeOH (1:1) in an ice bath. The reaction mixture was stirred at room temperature until
the starting material was completely comsumed (observed by TLC). After that, the reaction mixture was
filtered through a pad of Celite, the solvent was evaporated in vacuo. The crude was purified by flash
chromatography using CHx:DCM (9:1).

(S)-Benzyl chroman-3-ylcarbamate (10a).

(phenylsulfinyl)propan-2-yl)carbamate 5a (0.9 mmol, 374 mg), oxalyl chloride (1.2
mmol, 0.09 mL), boron trifluoride diethyl etherate (2.7 mmol, 0.34 mL), DCM (8
mL), nickel chloride (6.4 mmol, 1.5 g), sodium borohydride (19 mmol, 718 mg),
and THF:MeOH (14 mL) were used to obtain 10a as a colorless oil (0.68 mmol, 192 mg, 75%).
'H NMR (400 MHz, CDCls) &: 7.27 — 7.42 (m, 5H), 7.13 (t, J = 8.4 Hz, 1H), 7.04 (d, J = 7.5 Hz, 1H),
6.89 (t, J = 7.3 Hz, 1H), 6.84 (d, J = 8.2 Hz, 1H), 5.01 — 5.27 (m, 3H), 4.21 — 4.33 (m, 1H), 4.06— 4.22
(m, 2H), 3.12 (dd, J = 16.7, 5.2 Hz, 1H), 2.77 (dd, J = 16.7, 5.8 Hz, 1H).
13C NMR (100 MHz CDClg) &: 155.9, 153.9, 136.3, 130.6, 128.7, 128.4, 128.3, 127.9, 121.3, 119.2,
116.9, 68.3, 67.0, 44.0, 31.2.
[a]?*p=-26.75 (c= 0.6, CHCI). Lit. [a]?*p=-15.77 (c= 1, CHsCI).
FT-IR (neat) u(cm™): 3317, 3032, 2927, 1693, 1492, 1222, 1064, 752, 694.
HRMS (ESI): Calcd. For C17H17NO3 (M+Na*), 306.1106; found: 306.1112.

©\/j“\NHCbZ According to the general procedure, benzyl  ((2R)-1-phenoxy-3-
@]
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(S)-Benzyl (7-fluorochroman-3-yl)carbamate (10b).

(phenylsulfinyl)propan-2-yl)carbamate 5b (1 mmol, 430 mg), oxalyl chloride (1.2
mmol, 0.09 mL), boron trifluoride diethyl etherate (3 mmol, 0.38 mL), DCM (8.2
mL), nickel chloride (7 mmol, 1.7 g), sodium borohydride (21 mmol, 794 mg),
and THF:MeOH (16 mL) were used to obtain 10b as a colorless oil (0.7 mmol 211 mg, 70%).
'H NMR (400 MHz, CDClIs) &: 7.30 — 7.41 (m, 5H), 6.91 — 7.01 (m, 1H), 6.58 — 6.66 (m, 1H), 6.56 (dd, J
=10.0, 2.8 Hz, 1H), 4.88 — 5.24 (m, 3H), 4.19 — 4.30 (m, 1H), 4.01 — 4.18 (m, 2H), 3.06 (dd, J = 16.4,
5.4 Hz, 1H), 2.58 — 2.85 (m, 1H).
13C NMR (100 MHz CDClI3) &: 162.2 (d, Jcr= 244), 155.8, 154.7 (d, Jce= 12.1), 136.2, 131.3 (d, Jcr=
9.6), 128.7, 128.4, 128.3, 114.8 (d, Jcr= 3.1), 108.6 (d, Jcr= 22.0), 104.1 (d, Jcr= 24.5), 68.4, 67.1,
43.8, 30.6.
[a]?*p=-13.55 (c= 1, CHsCI).
FT-IR (neat) u(cm™): 3321, 3056, 2924, 1689, 1527, 1234, 1141, 1029, 732, 698.
HRMS (ESI): Calcd. For C17H16FNO3 (M+Na*), 324.1012; found: 324.1019.

/@\/j“\NHCbZ According to the general procedure, benzyl ((2R)-1-(3-fluorophenoxy)-3-
F @)

(S)-Benzyl (6-methylchroman-3-yl)carbamate (10c).

tolyloxy)propan-2-yl)carbamate 5c (0.22 mmol, 91 mg), oxalyl chloride (0.26
mmol, 0.02 mL), boron trifluoride diethyl etherate (0.66 mmol, 0.08 mL), DCM
(2.0 mL), nickel chloride (1.47 mmol, 349 mg), sodium borohydride (4.4 mmol,
167 mg), and THF:MeOH (3.6 mL) were used to obtain 10c as a colorless oil (0.16 mmol 48 mg, 73%).
'H NMR (400 MHz, CDCl3) &: 7.27 — 7.43 (m, 5H), 6.92 (dd, J = 10.0, 2.8 Hz, 1H), 6.84 (s, 1H), 6.73 (d,
J =8.3 Hz, 1H), 4.96 — 5.27 (m, 3H), 4.18 — 4.2 (m, 1H), 4.03 — 4.16 (m, 2H), 3.09 (dd, J = 16.8, 5.1 Hz,
1H), 2.66 — 2.78 (m, 1H), 2.24 (s, 3H).
13C NMR (100 MHz CDCl3) &: 155.9, 151.7, 136.3, 130.9, 130.6, 128.7, 128.4, 128.3, 128.3, 118.9,
116.6, 68.3, 67.0, 44.1, 31.2, 20.6.
[a]?'p=-36.55 (c= 0.1, CHsCI).
FT-IR (neat) u(cm™): 3321, 3032, 2924, 1697, 1500, 1222, 1022, 740, 698.
HRMS (ESI): Calcd. For C1sH1sNO3 (M+Na*), 320.1263; found: 320.1266.

\©\/j‘\\NHCbZ According to the general procedure, benzyl ((2R)-1-(phenylsulfinyl)-3-(p-
o}
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8. Copies of NMR Spectra

(3-(3.,4-Dimethoxyphenoxy)propyl(phenyl)sulfide (1a).
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(3-(3,5-Dimethoxyphenoxy)propy(phenyl)sulfide (1b).
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Phenyl(3-(m-tolyloxy)propyl)sulfide (1c).
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(3-(Naphthalen-2-yloxy)propyl)(phenyl)sulfide (1d).
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(3-(Naphthalen-1-yloxy)propyD(phenylsulfide (1e).
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(3-(4-Allyl-2-methoxyphenoxy)propyl)(phenylsulfide (1f).
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(3-Phenoxypropyl)(phenyl)sulfide (1g).
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(3-(2-lodophenoxy)propyl)(phenyl)sulfide (1h).
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(3-(4-Chlorophenoxy)propyl(phenylsulfide (1i)
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(3-(3-Fluorophenoxy)propyl(phenyl)sulfide (1j).
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Phenyl(3-(p-tolyloxy)propyl)sulfide (1k).
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(3-(2-(tert-butyDphenoxy)propy(phenyl)sulfide (11).
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(3-(4-Methoxyphenoxy)propy(phenyl)sulfane (1m).
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(3-(4-Phenoxyphenoxy)propyl)(phenyl)sulfide (1n).
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N-(4-(3-(Phenylthio)propoxy)phenylDacetamide (10).
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0.0

0.5

1.0

tert-butyl (4-(3-(phenylthio)propoxy)phenylcarbamate (1p).
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Benzyl (4-(3-(phenylthio)propoxy)phenylcarbamate (1q).
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1-(2-(3-(Phenylthio)propoxy)phenylethanone (1r).
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Phenyl(3-(3-(trifluoromethyphenoxy)propyl)sulfide (1s).
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(3-(2-Nitrophenoxy)propyl)(phenyDsulfide (1t).
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(3-(4-Nitrophenoxy)propyl)(phenyDsulfide (1u).
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(S)-Methyl-2-(((benzyloxy)carbonyl)amino)-3-(4-(3-(phenylthio)propoxy)phenyl)propanoate (1v).
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(3-(2-allylphenoxy)propyN(phenyl)sulfide (1w).
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1,2-Dimethoxy-4-(3-(phenylsulfiny)propoxy)benzene (2a).
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1,3-Dimethoxy-5-(3-(phenylsulfinyDpropoxy)benzene (2b).
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1-Methyl-3-(3-(phenylsulfiny)propoxy)benzene (2c).
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2-(3-(PhenylsulfinyDpropoxy)naphthalene (2d).
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1-(3-(Phenylsulfiny)propoxy)naphthalene (2e).
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4-Allyl-2-methoxy-1-(3-(phenylsulfinyDpropoxy)benzene (2f).
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((3-Phenoxypropyl)sulfinybenzene (29).
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1-lodo-2-(3-(phenylsulfinyDpropoxy)benzene (2h).
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1-Chloro-4-(3-(phenylsulfinyDpropoxy)benzene (2i).
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1-Fluoro-3-(3-(phenylsulfinyl)propoxy)benzene (2f).
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1-Methyl-4-(3-(phenylsulfiny)propoxy)benzene (2k).
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1-(tert-butyD-2-(3-(phenylsulfinyl)propoxy)benzene (21).
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1-Methoxy-4-(3-(phenylsulfinyD)propoxy)benzene (2m).
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1-phenoxy-4-(3-(phenylsulfinyl)propoxy)benzene_(2n).
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N-(4-(3-(phenylsulfiny)propoxy)phenylDacetamide (20).
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tert-butyl (4-(3-(phenylsulfiny)propoxy)phenyl)carbamate (2p).
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Benzyl (4-(3-(phenylsulfinyDpropoxy)phenyl)carbamate (2q).
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1-(2-(3-(PhenylsulfinyDpropoxy)phenyl)ethanone (2r).
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1-(3-(Phenylsulfinyl)propoxy)-3-(trifluoromethyl)benzene (2s).
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1-Nitro-2-(3-(phenylsulfiny)propoxy)benzene (2t).

102
€0'L W
S0'L
[
e W
6v'L—F

5L \
vS'L
£9°L
S9'L

£8°L
S8,

T

< Feot

Frot
Feot

—= 0°T

= 0°T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5
f1 (ppm)

5.0

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

).0

T —

0'€s —

949 —

9PIT —

8'02T —
b2 —
6'52T
Y'6CT ~
TTET —
YPET ~

6'6ET —
SEPT —

08T —

NO,

|

LU |

|

T
100
f1 (ppm)

110

10

572



1-Nitro-4-(3-(phenylsulfiny)propoxy)benzene (2u).
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(2S)-Methyl-2-(((benzyloxy)carbonyllamino)-3-(4-(3-(phenylsulfiny)propoxy)phenyl)propanoate (2v).
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1-Allyl-2-(3-(phenylsulfiny)propoxy)benzene (2w).
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(R)-Benzyl(1-hydroxy-3-(phenylthio)propan-2-yl)carbamate (3).
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(R)-Benzyl (1-phenoxy-3-(phenylthio)propan-2-yl)carbamate (4a).
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(R)-Benzyl (1-(3-fluorophenoxy)-3-(phenylthio)propan-2-yl)carbamate (4b).
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(R)-Benzyl-(1-(phenylthio)-3-(p-tolyloxy)propan-2-yl)carbamate (4c).
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Benzyl ((2R)-1-phenoxy-3-(phenylsulfinyl)propan-2-yl)carbamate (5a).
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Benzyl ((2R)-1-(3-fluorophenoxy)-3-(phenylsulfinyl)propan-2-yl)carbamate (5b).
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Benzyl ((2R)-1-(phenylsulfinyl)-3-(p-tolyloxy)propan-2-yl)carbamate (5c).
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(3-(2-Chloro-4,5-dimethoxyphenoxy)propyl)(phenylsulfide (6a) .
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(3-(2-Chloro-3,5-dimethoxyphenoxy)propyl)(phenyl)sulfide (6b).
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(3-(2-chloro-5-methylphenoxy)propyN(phenyl)sulfide (6¢).
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(3-((1-Chloronaphthalen-2-yDoxy)propyl)(phenylsulfide (6d).
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(3-((4-Chloronaphthalen-1-yDoxy)propyl)(phenylsulfane (6¢e).

we

87T

_Ph
S

6e

Cl

1499
699

D.m/
8T,
YL
YL
ST'L
9T'L
9L
8L
Nm.m/

€S,
65,
65,
194
19°¢

81'8
81'8
61'8
oz's
0z'8
1z
9’8
wN.w/.

87’8
8T'8
87’8

1

Fozt

H/&NA
Tard
Tl

€T

H\Mm.ﬁ

Foe'T
Fort

84 82 80 78 76 74 72 7.0 6.8 6.6

f1 (ppm)

Fooz

Fer

ozt

9TT
6zt
Hee
e
Feer

=9E'T
Fort

3.0

4.0 3.5

4.5

5.0

f1 (ppm)

999 —

60T —

szer
fxas
[l
6'szT /
1971 Wm
€971
8921
9zt

T'6CT
S'6CT
STET

T9ET

8'€ST —

-Ph
S

6e

Cl

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

10

S87



_Ph
S

Cl
(6]
6f

(3-(4-allyl-2-chloro-6-methoxyphenoxy)propyl)(phenylsulfane (6f).
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4-(phenylthiolchromane (89).
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8-lodo-4-(phenylthio)chromane (8h).
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6-Chloro-4-(phenylthio)chromane (8i).
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7-Fluoro-4-(phenylthio)chromane (8j).
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6-Methyl-4-(phenylthio)chromane (8k).
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8-(tert-butyl-4-(phenylthio)chromane (81).
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6-Methoxy-4-(phenylthio)chromane (8m).
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6-Phenoxy-4-(phenylthio)chromane (8n).
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N-(4-(Phenylthio)chroman-6-yl)acetamide (80).
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tert-butyl (4-(phenylthiolchroman-6-yl)carbamate (8p).
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Benzyl (4-(phenylthio)chroman-6-yl)carbamate (8q).

L6°T
86T
66T
66T
10
[dr4
[{1k4
£€0°C
81°¢C
61°C
144
144
we
we
szt

6Tt
6Tt
6Tt
o'y
Ty
Ty

wy
wy
€
x4
(244
Shy
Sty
L4
'y
8’y
0s'y
18y
61's —

059 —

U9~
89"
€T°L
STL /
8TL~\_
o€l
€L
€L
9L
2
ov'L
ov'L
L
oL
e

0.5 0.0

1.0

1.5

2.0

2.5

3.0

3.5

8L —

ey —

v'79—

T —

4.5 4.0
f1 (ppm)

5.0

5.5

SPh

CbzHN

T'STT —
VAVAS Sl
TTITT~
6171 —
s

¥'821
+'821
8'8C1
£'6ct \\
bTET \‘
8VET
€9€T

€9€T

L'TST —
6'€ST —

SPh
CbzHN
8q
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

10



1-(4-(Phenylthio)chroman-8-yl)ethanone (8r).
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4-(Phenylthio)-7-(trifluoromethyl)chromane (8s).
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8-Nitro-4-(Phenylthio)chromane (8t).
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6-Nitro-4-(phenylthio)chromane (8u).
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(2R)-Methyl 2-(((benzyloxy)carbonylamino)-3-(4-(phenylthio)chroman-6-yl)propanoate (8v).

o
J— Fa
e
L@ m.Rv
o
sg
Le g
6T
ver
1
Fe
s2s
61 / m.NmW
20T 0'ss
o
ozt Foot &
e . v29
£y Fo va”
. n 9 —
9T L2 129
ey
. o
MN.MW oz e
90°€
e
oL'e n
8Ty [ ™
N: Wh.m
Iad
€Ty L e
(244 -
£ Fsot
3.«/
Q.wv Ferz L
. SN
o bor [ 78
85y =
85t of
Yo'y [ wn .
99t Forz v
or's g0 sar’
. o1zt
s 1 Pead
s [ © 9zt
(435 .
. ruzn
7S .
v Tzl
sz's o €821

[ e €821
7o 9'8z1
2o PTas
€9 n €621
b9 re 6671
WM”N/ 00T

81ET
06'9 & 60 | o ezel %
L0\ = [l S £2ET
orL~ o Foo't SbeT (2}
8L~ %) m\ﬁ.w b9ET
ogLF e €451
€L n .

F PbST
vEL 8'sST
9L
VL
Ev'L L o 0L~
St % v

n

Fo o
o

ro
n

o

20

30

40

50

60

70

190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

200

10



8-Allyl-4-(phenylthio)chromane (8w).
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(S)-benzyl chroman-3-ylcarbamate (10a).
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(S)-benzyl (7-fluorochroman-3-yl)carbamate (10b).
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(S)-benzyl-(6-methylchroman-3-yl)carbamate (10c).
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