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General methods

Reactions were monitored by thin layer silica gel chromatography (TLC) using GF254 or
exposure to l,. Melting points were determined on Yanaco MP-J3 microscope melting point
apparatus. *H and *C NMR spectra were recorded on Varian 400 MHz NMR spectrometer
with CDCl; or DMSO-dg as the solvent. Chemical shifts are referenced to the residual solvent
peak and reported in ppm (5 scale) and all coupling constant (J) values are given in Hz. The
following multiplicity abbreviations are used: (s) singlet, (d) doublet, (t) triplet, (q) quartet,
(m) multiplet, and (brs) broad singlet. ESI-HRMS data were measured on Thermo Exactive
Orbitrap plus spectrometer. All solvents and reagents were obtained from commercial
suppliers and used without further purification.

The purity of 4a and 4d was measured by Shimadzu LC 20 with UV detector SPD-20A
HPLC equipment with Kromasil ODS column. Column size: 250 mm x 4.6 mm, 5 pm.
Mobile phase: 10 mM NH4Ac (A) and methanol (B). The elution procedure: 0-5 min, B, 45%;
5-10 min, B, 45-85 %; 10-35min, B, 85%; 35-40 min, B, 85-45 %; 40-60 min, B, 45%.
Detection wavelength: 235 nm. Column temperature: 30 °C. Injection volume: 25 pL. Flow

rate: 1.0 mL/min.

General procedures
General procedure A for the preparation of sulfide 1a, sulfoxide 2a, and sulfone 3a.

Sodium hydride (1.20 g, 30 mmol, ¢ 60% in oil) was added in portions to a stirred mixture of
2’-chloroacetophenone (2.32 g, 15 mmol), N,N-dimethylformamide (15 mL), toluene (10 mL)
and carbon disulfide (2.28 g, 30 mmol) keeping the reaction temperature between 15-20 °C.
After additional 30 min, methanol (0.4 mL) was carefully added and stirring continued for
30 min. After evaporation of toluene under reduced pressure, the residue was heated until the
internal temperature reached 125-130 °C, maintained at 125-130 °C for 30 min, cooled and
diluted with water (50 mL). After the addition of acetic acid (1.5 mL) and extraction with

ether (2 x 50 mL), the aqueous phase was separated, filtered and acidified with conc. HCI to
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pH 1. The precipitate was filtrated, washed with water, and dried to give 1.94 g of a yellow

solid which was used in the next step without purification.

To a magnetically stirred solution of the above obtained solid (1.94 g, 10 mmol) and EtzN
(2.00 g, 20 mmol) in CH,Cl, (50 mL) was added iodoethane (1.55 g, 10 mmol). The reaction
mixture was stirred for 1 h at 35 °C. After cooling to room temperature, the reaction mixture
was poured into 1 N HCI (50 mL). The organic phase was washed with H,O (50 mL), brine
(50 mL), and then evaporated under reduced pressure. The residue was purified by column
chromatography (EtOAC/PE 1:4) to give the title compound 1a (2.12 g, 64% over two steps).

To a magnetically stirred solution of 1a (1.11 g, 5 mmol) in AcOH (5 mL) was added 1 M
H,0,/AcOH (6 mL, 1.2 equiv) and the reaction mixture was stirred at 60 °C overnight. The
reaction solution was poured into water (25 mL) and extracted with dichloromethane (2 x
25 mL). The organic extract was washed with water (50 mL), saturated NaHCOj3; (25 mL),
brine (25 mL), dried over Na,SO, and then evaporated. The crude material was purified by
recrystallization (hexane/EtOAc 5:2) to give the title compound 2a (1.05 g, 88%). The
corresponding compounds 1b—h and 2b—h were prepared according to the general procedure
A. The title compound 3a was prepared using 5.0 equiv hydrogen peroxide following general

procedure A.

General procedure B for the preparation of 2-(4-benzylpiperazin-1-yl)-4H-thiochromen-
4-one (4a).

To a magnetically stirred solution of 2a (238 mg, 1 mmol) in isopropanol (5 mL) was added
1-benzylpiperazine (353 mg, 2 mmol) and the reaction mixture was heated to reflux for 12 h.
After cooling to room temperature, the reaction mixture was concentrated in vacuum, and the
residue was purified by column chromatography (MeOH/CH,CI, 1:100) to give the target
compound 4a (303 mg, 90%). The target compounds 4b—u were prepared according to the

general procedure B.

General procedure C for the scale-up preparation of 4a and 4d.

To a magnetically stirred solution of 2a (9.53 g, 40 mmol) in isopropanol (70 mL) was added
1-benzylpiperazine (14.10 g, 80 mmol). The reaction mixture was heated to reflux for 12 h.
After cooling to room temperature, the reaction mixture was left standing overnight, filtrated
and the obtained solid was washed with 20 mL ethanol to give the target compound 4a
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(12.4 g, 92%). The target compound 4d was prepared according to the general procedure C
with 2a (14.30 g, 60 mmol) and propylamine (7.09 g 120 mmol) in good yield (9.8 g, 75%).

Characterization data for the products

2-(Ethylthio)-4H-thiochromen-4-one (1a): Off-white solid; yield: 2.12 g (64%); mp 65-66
°C. 'H NMR (400 MHz, CDCl3) & = 8.46 (d, J = 6.8 Hz, 1H), 7.58-7.55 (m, 1H), 7.51-7.49
(m, 2H), 6.96 (s, 1H), 3.13 (g, J = 6.0 Hz, 2H), 1.43 (t, J = 6.0 Hz, 3H). *C NMR (100 MHz,
CDCl3) 6 = 178.6, 154.0, 137.7, 131.5, 130.7, 128.7, 127.7, 125.4, 122.7, 27.8, 14.0. HRMS
(ESI): m/z [M+H]" calcd for C11H110S,, 223.0246; found, 223.0247.

5-Chloro-2-(ethylthio)-4H-thiochromen-4-one (1b): Off-white solid; yield: 3.15 g (82%);
mp 87-89 °C. *H NMR (400 MHz, CDCls) & = 7.49-7.45 (m, 1H), 7.41-7.39 (m, 2H), 6.86 (s,
1H), 3.10 (g, J = 7.6 Hz, 2H), 1.42 (t, J = 7.2 Hz, 3H). **C NMR (100 MHz, CDCl3) & =
178.2, 150.6, 140.6, 136.2, 131.5, 130.8, 127.6, 124.5, 124.3, 27.8, 14.0. HRMS (ESI): m/z
[M+H]" calcd for C1;H10CIOS,, 256.9856; found, 256.9857.

2-(Ethylthio)-7-fluoro-4H-thiochromen-4-one (1c): Off-white solid; yield: 1.26 g (35%);
mp 86-88 °C. *H NMR (400 MHz, CDCl3) § = 8.50-8.47 (m, 1H), 7.23-7.19 (m, 2H), 6.93 (s,
1H), 3.13 (q, J = 7.2 Hz, 2H), 1.43 (t, J = 7.6 Hz, 3H). **C NMR (100 MHz, CDCl3) & =
177.7, 164.0 (d, J = 255 Hz), 153.7, 139.8 (d, J = 10 Hz), 131.8 (d, J = 10 Hz), 127.4, 122.8,
116.2 (d, J = 22 Hz), 111.5 (d, J = 25 Hz), 27.9, 14.0. HRMS (ESI): m/z [M+H]" calcd for
C11H1oFOS,, 241.0152; found, 241.0151.

7,8-Dichloro-2-(ethylthio)-4H-thiochromen-4-one (1d): Yellow solid; yield: 2.05 g (47%);
mp 123-125 °C. *H NMR (400 MHz, CDCl3) & = 8.34 (d, J = 6.8 Hz, 1H), 7.59 (d, J = 6.8 Hz,
1H), 6.94 (s, 1H), 3.17 (q, J = 6.0 Hz, 2H), 1.45 (t, J = 6.0 Hz, 3H). *C NMR (100 MHz,
CDCl3) 6 = 177.8, 154.8, 138.8, 137.0, 130.9, 128.8, 128.0, 127.8, 122.0, 28.0, 13.9. HRMS
(ESI): m/z [M+H]" calcd for C1;HoCl,0S,, 290.9466; found, 290.9465.

2-(Ethylthio)-6-(trifluoromethyl)-4H-thiochromen-4-one (1e): Off-white solid; yield: 2.40
g (55%); mp 90-92 °C. *H NMR (400 MHz, CDCls) & = 8.74 (s, 1H), 7.78 (d, J = 6.8 Hz,
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1H), 7.63 (d, J = 6.8 Hz, 1H), 6.97 (s, 1H), 3.16 (q, J = 6.0 Hz, 2H), 1.45 (t, J = 6.0 Hz, 3H).
3C NMR (100 MHz, CDCls) & = 177.5, 154.8, 141.2, 130.9, 130.1 (q, 2J. ¢ = 33 Hz), 127.5,
126.3, 126.2, 123.5 (q, *Jr, c = 271 Hz), 122.4, 27.8, 13.9. HRMS (ESI): m/z [M+H]" calcd
for C1oH10F30S,, 291.0120; found, 291.0120.

2-(Ethylthio)-8-iodo-6-(trifluoromethyl)-4H-thiochromen-4-one (1f): Yellow solid; yield:
2.87 g (46%); mp 147-149 °C. *H NMR (400 MHz, CDCls) & = 8.76 (s, 1H), 8.23 (d, J = 1.6
Hz, 1H), 6.94 (d, J = 2.0 Hz, 1H), 3.19 (q, J = 7.2 Hz, 2H), 1.46 (t, J = 7.6 Hz, 3H). 1*C NMR
(100 MHz, CDCls) & = 178.0, 156.1, 145.5, 138.0, 132.9, 130.8 (q, 2Jr. ¢ = 34 Hz), 126.1,
122.6 (g, Jr ¢ = 272 Hz), 121.1, 94.2, 27.9, 13.8. HRMS (ESI): m/z [M+H]" calcd for
C12HgF310S,, 416.9086; found, 416.9082.

2-(Ethylthio)-8-methyl-4H-thiochromen-4-one (1g): Off-white solid; yield: 2.34 g (66%);
mp 93-95 °C. *H NMR (400 MHz, CDCl3) & = 8.36 (d, J = 5.6 Hz, 1H), 7.43-7.40 (m, 2H),
6.99 (s, 1H), 3.16 (g, J = 5.6 Hz, 2H), 2.50 (s, 3H), 1.44 (t, J = 5.6 Hz, 3H). **C NMR (100
MHz, CDCl3) 6 = 179.2, 153.4, 137.2, 133.8, 132.7, 131.0, 127.0, 126.5, 122.5, 27.9, 19.4,
14.0. HRMS (ESI): m/z [M+H]" calcd for C1,H130S,, 237.0402; found, 237.0402.

7-Chloro-2-(ethylthio)-4H-thiochromen-4-one (1h): Off-white solid; yield: 2.50 g (65%);
mp 120-121 °C. *H NMR (400 MHz, CDCl3) & = 8.38 (d, J = 8.8 Hz, 1H), 7.49 (s, 1H), 7.46-
7.43 (m, 1H), 6.92 (s, 1H), 3.13 (q, J = 7.2 Hz, 2H), 1.43 (t, J = 7.6 Hz, 3H). *C NMR (100
MHz, CDCl3) 6 = 177.8, 153.9, 139.0, 138.2, 130.3, 129.1, 128.4, 124.7, 122.7, 27.9, 12.9.
HRMS (ESI): m/z [M+H]" calcd for C1;H;,CIOS;, 256.9856; found, 256.9858.

2-(Ethylsulfinyl)-4H-thiochromen-4-one (2a): Off-white solid; yield: 1.05 g (88%); mp 96-
97 °C. 'H NMR (400 MHz, CDCl3) 6 =8.53 (d, J = 8.0 Hz, 1H), 7.69-7.67 (m, 2H), 7.63-7.59
(m, 1H), 7.25 (s, 1H), 3.21-3.12 (m, 1H), 3.06-2.97 (m, 1H), 1.37 (t, J = 7.2 Hz, 3H).2*C
NMR (100 MHz, CDCl3) & = 178.6, 160.1, 136.1, 132.3, 131.5, 129.1, 128.6, 127.3, 122.9,
50.2, 5.8. HRMS (ESI): m/z [M+H]" calcd for C11H110,S;, 239.0195; found, 239.0192.
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5-Chloro-2-(ethylsulfinyl)-4H-thiochromen-4-one (2b): Off-white solid; yield: 0.97 ¢
(71%); mp 120-122 °C. *H NMR (400 MHz, CDCls) & = 7.61-7.49 (m, 3H), 7.16 (s, 1H),
3.18-3.13 (m, 1H), 3.03-2.98 (m, 1H), 1.37 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCl5)
6=178.0, 156.9, 139.0, 136.6, 132.3, 131.6, 128.1, 126.4, 124.5, 49.9, 5.8. HRMS (ESI): m/z
[M+H]" calcd for C1;H10Cl0,S,, 272.9805; found, 272.9804.

2-(Ethylsulfinyl)-7-fluoro-4H-thiochromen-4-one (2c): Off-white solid; yield: 0.90 g
(70%); mp 115-117 °C. *H NMR (400 MHz, CDCl;) 6 = 8.57-8.53 (m, 1H), 7.40-7.37 (m,
1H), 7.34-7.29 (m, 1H), 7.22 (s, 1H), 3.20-3.12 (m, 1H), 3.07-2.98 (m, 1H), 1.38 (t, J = 7.6
Hz, 3H). *C NMR (100 MHz, CDCl5) § = 177.6, 164.3 (d, J = 257 Hz), 159.9, 138.3 (d, J =
10 Hz), 132.2 (d, J = 10 Hz), 128.1, 123.1, 117.3 (d, J = 22 Hz), 113.3 (d, J = 25 Hz), 50.3,
5.8. HRMS (ESI): m/z [M+H]" calcd for C11H10FO,S,, 257.0101; found, 257.0100.

7,8-Dichloro-2-(ethylsulfinyl)-4H-thiochromen-4-one (2d): Yellow solid; yield: 0.83 g
(54%); mp 160-162 °C. 'H NMR (400 MHz, CDCl3) 6 = 8.41 (d, J = 6.8 Hz, 1H), 7.68 (d, J =
6.8 Hz, 1H), 7.28 (s, 1H), 3.22-3.18 (m, 1H), 3.06-3.02 (m, 1H), 1.38 (t, J = 6.0 Hz, 3H). **C
NMR (100 MHz, CDCl3) & = 177.9, 160.4, 138.0, 137.6, 131.6, 129.7, 128.4, 128.3, 122.6,
50.1, 5.8. HRMS (ESI): m/z [M+H]" calcd for C1;HoCl,0,S,, 306.9416; found, 306.9416.

2-(Ethylsulfinyl)-6-(trifluoromethyl)-4H-thiochromen-4-one (2e): Off-white solid; yield:
1.30 g (85%); mp 126-128 °C. *H NMR (400 MHz, CDCls) & = 8.80 (s, 1H), 7.90-7.87 (m,
1H), 7.83-7.81 (m, 1H), 7.28 (s, 1H), 3.21-3.15 (m, 1H), 3.06-3.00 (m, 1H), 1.39 (t, J = 7.2
Hz, 3H). *C NMR (100 MHz, CDCl3) § = 177.6, 160.9, 139.7, 131.6, 131.0 (q, “J¢, c = 34
Hz), 128.3, 128.2, 126.6, 123.3 (q, “Jr, ¢ = 271 Hz), 123.2, 50.4, 5.8. HRMS (ESI): m/z
[M+H]" calcd for C1,H10F30,S,, 307.0069; found, 307.0065.

2-(Ethylsulfinyl)-8-iodo-6-(trifluoromethyl)-4H-thiochromen-4-one (2f): Off-white solid,;
yield: 1.84 g (85%); mp 146-148 °C. 'H NMR (400 MHz, CDCls3) & = 8.82-8.81 (m, 1H),
8.34-8.33 (m, 1H), 7.31 (s, 1H), 3.24-3.19 (m, 1H), 3.08-3.04 (m, 1H), 1.40 (t, J = 7.2 Hz,
3H). **C NMR (100 MHz, CDCls) & = 178.2, 161.6, 144.5, 138.8, 133.7, 131.6 (q, “Jr, c = 34
Hz), 126.5, 122.3 (q, *J¢, ¢ = 272 Hz), 122.2, 96.6, 50.2, 5.9. HRMS (ESI): m/z [M+H]" calcd
for C12HoF310,S,, 432.9035; found, 432.9032.
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2-(Ethylsulfinyl)-8-methyl-4H-thiochromen-4-one (2g): Off-white solid; yield: 1.06 g
(84%); mp 106-108 °C. *H NMR (400 MHz, CDCl3) & = 8.42-8.40 (m, 1H), 7.55-7.49 (m,
2H), 7.28 (s, 1H), 3.19-3.16 (m, 1H), 3.08-3.03 (m, 1H), 2.58 (s, 3H), 1.37 (t, J = 7.2 Hz, 3H).
3C NMR (100 MHz, CDCls) & = 179.1, 159.0, 135.7, 135.4, 133.4, 131.9, 127.9, 126.9,
122.8, 50.2, 19.7, 5.9. HRMS (ESI): m/z [M+H]" calcd for Cy,H130,S,, 253.0352; found,
253.0349.

7-Chloro-2-(ethylsulfinyl)-4H-thiochromen-4-one (2h): Off-white solid; yield: 1.15 ¢
(84%); mp 117-118 °C. *H NMR (400 MHz, CDCl3) 6 = 8.45 (d, J = 8.4 Hz, 1H), 7.67 (5,
1H), 7.56-7.54 (m, 1H), 7.23 (s, 1H), 3.21-3.12 (m, 1H), 3.06-2.97 (m, 1H), 1.37 (t, J = 7.2
Hz, 3H). *C NMR (100 MHz, CDCls) & = 177.8, 160.1, 139.1, 137.4, 130.6, 129.8, 129.3,
126.6, 123.1, 50.3, 5.9. HRMS (ESI): m/z [M+H]" calcd for C11H10Cl0,S;, 272.9805; found,
272.9803.

2-(Ethylsulfonyl)-4H-thiochromen-4-one (3a): Off-white solid; yield: 1.08 g (85%); mp 99-
100 °C.*H NMR (400 MHz, CDCl3) 6 = 8.53 (d, J = 8.0 Hz, 1H), 7.74-7.71 (m, 2H), 7.67-
7.63 (m, 1H), 7.59 (s, 1H), 3.30 (g, J = 7.2 Hz, 2H), 1.43 (t, J = 7.2 Hz, 3H). *C NMR (100
MHz, CDCl3) 6 = 179.7, 150.7, 135.9, 133.0, 130.9, 129.1, 128.9, 127.4, 50.4, 7.4. HRMS
(ESI): m/z [M+H]" calcd for C11H1105S;, 255.0144; found, 255.0143.

2-(4-Benzylpiperazin-1-yl)-4H-thiochromen-4-one (4a): Yellow solid; yield: 303 mg
(90%); mp 124-126 °C. *H NMR (400 MHz, CDCl;) & = 8.44-8.42 (m, 1H), 7.52-7.42 (m,
3H), 7.35-7.34 (m, 4H), 7.31-7.29 (m, 1H), 6.20 (s, 1H), 3.57-3.55 (m, 6H), 2.59 (brs, 4H).
3C NMR (100 MHz, CDCls) & = 180.4, 159.5, 137.3, 133.2, 130.7, 130.0, 129.1, 128.4,
128.1, 127.4, 127.1, 125.6, 101.2, 62.7, 52.2, 47.6. HRMS (ESI): m/z [M+H]" calcd for
C20H21N20S, 337.1369; found, 337.1365.

2-(Phenylamino)-4H-thiochromen-4-one (4b): Off-white solid; yield: 180 mg (71%); mp
207-209 °C. *H NMR (400 MHz, DMSO-dg) & = 9.79 (brs, 1H), 8.23 (d, J = 6.8 Hz, 1H), 7.71
(d,J=7.6 Hz, 1H), 7.60 (t, J = 7.2 Hz, 1H), 7.51-7.44 (m, 3H), 7.34 (d, J = 7.6 Hz, 2H), 7.25

(t, J = 7.2 Hz, 1H), 6.22 (s, 1H). **C NMR (100 MHz, DMSO-dg) & = 178.8, 156.8, 138.8,
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133.3, 131.6, 130.5, 130.1, 127.6, 127.5, 126.8, 126.0, 124.0, 100.9. HRMS (ESI): m/z
[M+H]" calcd for C15H1,NOS, 254.0634; found, 254.0633.

2-(Benzylamino)-4H-thiochromen-4-one (4c¢): Yellow solid; yield: 200 mg (75%); mp 157-
159 °C. *H NMR (400 MHz, CDCl3) & = 8.43 (dd, J = 7.2, 1.6 Hz, 1H), 7.50-7.31 (m, 8H),
6.14 (s, 1H), 5.45 (brs, 1H), 4.46 (d, J = 5.2 Hz, 2H). **C NMR (100 MHz, CDCls) & = 180.0,
158.1, 136.3, 132.9, 130.7, 130.5, 129.0, 128.3, 128.1, 127.7, 126.9, 125.4, 99.5, 48.1. HRMS
(ESI): m/z [M+H]" calcd for C16H14NOS, 268.0791; found, 268.0790.

2-(Propylamino)-4H-thiochromen-4-one (4d): Off-white solid; yield: 170 mg (78%); mp
194-196 °C. *H NMR (400 MHz, CDCl3) & = 8.47-8.45 (m, 1H), 7.49-7.40 (m, 3H), 6.21 (s,
1H), 5.49 (brs, 1H), 3.30-3.25 (m, 2H), 1.77-1.71 (m, 2H), 1.02 (t, J = 7.2 Hz, 3H). *C NMR
(100 MHz, CDCl3) 8 = 179.1, 159.0, 132.7, 130.7, 130.2, 128.3, 127.0, 125.3, 99.0, 46.0,
22.1, 11.4. HRMS (ESI): m/z [M+H]" calcd for C1,H14NOS, 220.0791; found, 220.0791.

2-((4-Methoxyphenyl)amino)-4H-thiochromen-4-one (4e): Off-white solid; yield: 156 mg
(55%); mp 189-191 °C. *H NMR (400 MHz, DMSO-ds) & = 9.65 (brs, 1H), 8.19 (d, J = 7.6
Hz, 1H), 7.64 (d, J = 7.6 Hz, 1H), 7.56 (t, J = 7.2 Hz, 1H), 7.46 (t, J = 7.6 Hz, 1H), 7.25 (d, J
= 8.4 Hz, 2H), 7.00 (d, J = 8.4 Hz, 2H), 6.06 (s, 1H), 3.77 (s, 3H). *C NMR (100 MHz,
DMSO-dg) 6 = 178.4, 158.4, 158.0, 133.2, 131.4, 131.1, 130.5, 127.6, 127.5, 127.0, 126.7,
115.3, 99.7, 55.8. HRMS (ESI): m/z [M+H]" calcd for CygH14NO,S, 284.0740; found,
284.0740.

2-((3,4-Dimethoxybenzyl)amino)-4H-thiochromen-4-one (4f): Off-white solid; yield: 259
mg (79%); mp 152-154 °C. *H NMR (400 MHz, CDCls) & = 8.45-8.43 (m, 1H), 7.47-7.39 (m,
3H), 6.90-6.83 (m, 3H), 6.15 (s, 1H), 5.20 (brs, 1H), 4.39 (d, J = 5.2 Hz, 2H), 3.88 (s, 3H),
3.87 (s, 3H).*C NMR (100 MHz, CDCl3) § = 180.0, 157.6, 149.4, 149.0, 132.8, 130.8, 130.5,
128.6, 128.4, 127.0, 125.4, 120.3, 111.4, 111.0, 99.5, 56.0, 48.1. HRMS (ESI): m/z [M+H]"
calcd for C1gH1sNO3S, 328.1002; found, 328.1000.
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2-((Cyclohexylmethyl)amino)-4H-thiochromen-4-one (4g): Off-white solid; yield: 208 mg
(76%); mp 181-183 °C. *H NMR (400 MHz, CDCls) & = 8.46 (d, J = 6.0 Hz, 1H), 7.48-7.40
(m, 3H), 6.14 (s, 1H), 5.20 (brs, 1H), 3.14 (t, J = 5.2 Hz, 2H), 1.82-1.68 (m, 5H), 1.28-1.17
(m, 4H), 1.03-0.98 (m, 2H). *C NMR (100 MHz, CDCls) & = 179.5, 158.7, 132.7, 130.6,
130.4, 128.3, 126.9, 125.3, 99.0, 50.5, 37.2, 31.0, 26.3, 25.7. HRMS (ESI): m/z [M+H]" calcd
for C16H20NOS, 274.1260; found, 274.1259.

2-(Cyclohexylamino)-4H-thiochromen-4-one (4h): Off-white solid; yield: 184 mg (71%);
mp 238-240 °C. *H NMR (400 MHz, CDCl3) & = 8.46-8.44 (m, 1H), 7.50-7.38 (m, 3H), 6.17
(s, 1H), 5.15 (brs, 1H), 3.50-3.48 (m, 1H), 2.12-2.09 (m, 2H), 1.82-1.78 (m, 2H), 1.69-1.65
(m, 1H), 1.43-1.21 (m, 5H). **C NMR (100 MHz, CDCls) & = 179.5, 157.5, 132.8, 130.6,
130.4, 128.3, 126.9, 125.2, 99.0, 53.1, 32.7, 25.4, 24.7. HRMS (ESI): m/z [M+H]" calcd for
C1sH1sNOS, 260.1104; found, 260.1104.

2-(Diethylamino)-4H-thiochromen-4-one (4i): Off-white solid; yield: 156 mg (67%); mp
182-184 °C. 'H NMR (400 MHz, CDCl3) 6 = 8.47-8.45 (m, 1H), 7.48-7.41 (m, 3H), 6.08 (s,
1H), 3.51 (q, J = 7.2 Hz, 4H), 1.28 (t, J = 7.2 Hz, 6H). **C NMR (100 MHz, CDCl3) & =
179.5, 157.6, 133.0, 130.3, 130.0, 128.0, 126.9, 125.4, 98.5, 45.6, 12.5. HRMS (ESI): m/z
[M+H]" calcd for C13H16NOS, 234.0947; found, 234.0947.

2-(4-Benzylpiperazin-1-yl)-5-chloro-4H-thiochromen-4-one (4j): Yellow solid; yield: 250
mg (67%); mp 169-171 °C. *H NMR (400 MHz, CDCls) § = 7.42-7.29 (m, 8H), 6.10 (s, 1H),
3.55 (s, 2H), 3.47 (brs, 4H), 2.56 (brs, 4H). *C NMR (100 MHz, CDCls) & = 180.0, 156.6,
137.3, 136.3, 135.6, 131.1, 130.0, 129.1, 128.4, 127.4, 126.9, 124.9, 102.8, 62.7, 52.1, 47.4.
HRMS (ESI): m/z [M+H]" calcd for CxoH20CIN,OS, 371.0979; found, 371.0983.

2-(4-Benzylpiperazin-1-yl)-7-fluoro-4H-thiochromen-4-one (4k): Yellow solid; yield: 250
mg (71%); mp 171-173 °C. 'H NMR (400 MHz, CDCls) § = 8.45-8.41 (m, 1H), 7.33-7.27 (m,
5H), 7.14-7.12 (m, 2H), 6.14 (s, 1H), 3.56 (s, 2H), 3.51-3.50 (m, 4H), 2.57 (brs, 4H). **C
NMR (100 MHz, CDCl3) 6 = 179.4, 163.6 (d, J = 252 Hz), 159.0, 137.3, 135.1, 130.9, 129.1,
128.4,127.5, 126.5, 115.2 (d, J = 22 Hz), 111.7 (d, J = 25 Hz), 100.9, 62.7, 52.1, 47.7. HRMS
(ESI): m/z [M+H]" calcd for CyoH20FN,0S, 355.1275; found, 355.1276.
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2-(4-Benzylpiperazin-1-yl)-7,8-dichloro-4H-thiochromen-4-one (41): Yellow solid; yield:
316 mg (78%); mp 214-216 °C. *H NMR (400 MHz, CDCls) & = 8.32 (d, J = 8.8 Hz, 1H),
7.53 (d, J = 8.4 Hz, 1H), 7.35-7.29 (m, 5H), 6.16 (s, 1H), 3.59-3.57 (m, 6H), 2.60 (brs, 4H).
3¢ NMR (100 MHz, CDCl3) 6 = 179.4, 159.1, 137.2, 135.9, 134.3, 130.3, 129.1, 128.5,
128.1, 127.9, 127.5, 127.4, 100.4, 62.7, 52.1, 47.8. HRMS (ESI): m/z [M+H]" calcd for
C20H19CI2N20S, 405.0590; found, 405.0590.

2-(4-Benzylpiperazin-1-yl)-6-(trifluoromethyl)-4H-thiochromen-4-one  (4m):  Yellow
solid; yield: 330 mg (82%); mp 124-126 °C. 'H NMR (400 MHz, CDCls) & = 8.72-8.71 (m,
1H), 7.71-7.68 (m, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.35-7.29 (m, 5H), 6.21 (s, 1H), 3.57-3.54
(m, 6H), 2.60-2.58 (m, 4H). *C NMR (100 MHz, CDCls) & = 179.1, 159.1, 137.2, 136.8,
130.3, 129.5 (g, 2Jr, ¢ = 33 Hz), 129.1, 128.5, 127.5, 126.8, 126.4, 125.5, 123.7 (q, Jr ¢ = 271
Hz), 101.0, 62.7, 52.1, 47.8. HRMS (ESI): m/z [M+H]" calcd for C,1HooF3N,0S, 405.1243;
found, 405.1243.

2-(4-Benzylpiperazin-1-yl)-8-iodo-6-(trifluoromethyl)-4H-thiochromen-4-one (4n):
Yellow solid; yield: 435 mg (82%); mp 165-167 °C. *H NMR (400 MHz, CDCl3) & = 8.75 (s,
1H), 8.17 (s, 1H), 7.35-7.29 (m, 5H), 6.17 (s, 1H), 3.62-3.58 (m, 6H), 2.62-2.60 (m, 4H). *3C
NMR (100 MHz, CDCl3) & = 179.4, 159.4, 141.0, 137.4, 137.1, 132.5, 130.3 (q, %Jr. c = 34
Hz), 129.1, 128.4, 127.5, 125.5, 122.7 (q, “Jr, c = 271 Hz), 99.7, 94.6, 62.7, 52.1, 47.8. HRMS
(ESI): m/z [M+H]" calcd for Cy1H19F3IN20S, 531.0209; found, 531.0210.

2-(4-Benzylpiperazin-1-yl)-8-methyl-4H-thiochromen-4-one (40): Yellow solid; yield: 285
mg (81%); mp 162-164 °C. 'H NMR (400 MHz, CDCl3) & = 8.33 (d, J = 4.8 Hz, 1H), 7.36-
7.35 (m, 6H), 7.30 (d, J = 2.4 Hz, 1H), 6.22 (s, 1H), 3.58 (brs, 6H), 2.61 (brs, 4H), 2.46 (s,
3H). 3¢ NMR (100 MHz, CDCl3) 6 = 181.0, 158.8, 137.2, 133.7, 132.5, 132.2, 130.2, 129.2,
128.5, 127.5, 126.3, 126.0, 101.3, 62.7, 52.2, 47.6, 19.5. HRMS (ESI): m/z [M+H]" calcd for
C21H23N0S, 351.1526; found, 351.1522.

2-(Benzylamino)-8-methyl-4H-thiochromen-4-one (4p): Off-white solid; yield: 200 mg

(71%); mp 208-210 °C. *H NMR (400 MHz, DMSO-dg) 5 = 8.46 (t, J = 6.0 Hz, 1H), 8.07 (d,
S9



J = 7.6 Hz, 1H), 7.47 (d, J = 7.2 Hz, 1H), 7.38-7.33 (m, 4H), 7.37 (brs, 1H), 7.30-7.27 (m,
1H), 5.83 (s, 1H), 4.48 (d, J = 6.0 Hz, 2H), 2.40 (s, 3H). **C NMR (100 MHz, DMSO-ds) & =
178.7, 157.1, 138.1, 133.9, 132.6, 132.4, 130.8, 129.0, 127.7, 127.6, 126.4, 125.6, 97.5, 46.8,
19.3. HRMS (ESI): m/z [M+H]" calcd for C17H1sNOS, 282.0947; found, 282.0947.

8-Methyl-2-(propylamino)-4H-thiochromen-4-one (4q): Off-white solid; yield: 180 mg
(77%); mp 178-180 °C. *H NMR (400 MHz, CDCls) & = 8.35 (t, J = 4.0 Hz, 1H), 7.34-7.31
(m, 2H), 6.14 (s, 1H), 5.44 (brs, 1H), 3.29-3.25 (m, 2H), 2.41 (s, 3H), 1.75-1.71 (m, 2H), 1.02
(t, J =6.0 Hz, 3H). **C NMR (100 MHz, CDCl3) & = 180.1, 157.9, 133.4, 132.3, 132.0, 130.7,
126.2, 126.1, 98.6, 45.9, 22.1, 19.4, 11.4. HRMS (ESI): m/z [M+H]" calcd for C13H16NOS,
234.0947; found, 234.0946.

7-Chloro-2-(phenylamino)-4H-thiochromen-4-one (4r): Off-white solid; yield: 153 mg
(53%); mp 264-266 °C. 'H NMR (400 MHz, DMSO-ds) & = 9.86 (brs, 1H), 8.17 (d, J = 7.2
Hz, 1H), 7.94 (s, 1H), 7.51 (d, J = 6.8 Hz, 1H), 7.44 (t, J = 6.0 Hz, 2H), 7.31 (d, J = 6.0 Hz,
2H), 7.24 (t, J = 5.6 Hz, 1H), 6.17 (s, 1H). *C NMR (100 MHz, DMSO-dg) & = 177.9, 156.8,
138.6, 136.4, 135.2, 130.1, 129.5, 129.2, 127.9, 126.2, 126.1, 124.2, 100.6. HRMS (ESI): m/z
[M+H]" calcd for C15H1:CINOS, 288.0244; found, 288.0247.

7-Chloro-2-((3,4-dimethoxyphenyl)amino)-4H-thiochromen-4-one (4s): Yellow solid;
yield: 177 mg (51%); mp 250-252 °C. *H NMR (400 MHz, DMSO-dg) & = 9.74 (brs, 1H),
8.17 (d, J = 6.8 Hz, 1H), 7.91 (s, 1H), 7.52-7.50 (m, 1H), 7.02 (d, J = 6.8 Hz, 1H), 6.91 (s,
1H), 6.88 (d, J = 6.8 Hz, 1H), 6.07 (s, 1H), 3.79 (s, 3H), 3.78 (s, 3H). *C NMR (100 MHz,
DMSO-dg) 6 = 177.6, 158.2, 149.8, 147.8, 136.2, 135.2, 131.0, 129.4, 129.3, 127.7, 126.0,
117.7, 112.6, 109.9, 99.7, 56.2. HRMS (ESI): m/z [M+H]" calcd for Ci7HisCINOsS,
348.0456; found, 348.0457.

2-(4-Benzylpiperazin-1-yl)-7-chloro-4H-thiochromen-4-one (4t): Yellow solid; yield: 297
mg (80%); mp 129-131 °C. 'H NMR (400 MHz, CDCl3) & = 8.35 (d, J = 8.4 Hz, 1H), 7.43-
7.31 (m, 7H), 6.16 (s, 1H), 3.57 (s, 2H), 3.54-3.51 (m, 4H), 2.60-2.57 (m, 4H). *C NMR (100
MHz, CDCl3) 6 = 179.5, 159.0, 137.3, 137.1, 134.6, 129.7, 129.1, 128.5, 128.4, 127.7, 127.5,
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124.9, 101.1, 62.7, 52.1, 47.7. HRMS (ESI): m/z [M+H]" calcd for CxoH»0CIN,OS, 371.0979;
found, 371.0983.

7-Chloro-2-morpholino-4H-thiochromen-4-one (4u): Yellow solid; yield: 245 mg (87%);
mp 199-201 °C. *H NMR (400 MHz, CDCl3) § = 8.36 (d, J = 8.4 Hz, 1H), 7.45 (d, J = 2.0 Hz,
1H), 7.42-7.40 (m, 1H), 6.20 (s, 1H), 3.85-3.83 (m, 4H), 3.50-3.48 (m, 4H). *C NMR (100
MHz, CDCl3) 6 = 179.5, 159.4, 137.3, 134.4, 129.7, 128.4, 127.8, 125.0, 101.4, 66.0, 47.7.
HRMS (ESI): m/z [M+H]" calcd for C13H13CINO,S, 282.0350; found, 282.0352.
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Copies of 'H and *C NMR spectra.

'H and *C NMR spectra of 2-(ethylthio)-4H-thiochromen-4-one (1a)
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'H and *C NMR spectra of 5-chloro-2-(ethylthio)-4H-thiochromen-4-one (1b)
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'H and *C NMR spectra of 2-(ethylthio)-7-fluoro-4H-thiochromen-4-one (1c)
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'H and *C NMR spectra of 7,8-dichloro-2-(ethylthio)-4H-thiochromen-4-one (1d)
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'H and *C NMR spectra of 2-(ethylthio)-6-(trifluoromethyl)-4H-thiochromen-4-one (1e)

434

N~

<

<

—
~—

9’1

S\~Chs

S.

000°0-—

JT\m €
VET'E
6v1I'€ \pT\m.N
Y91 ¢ )
8/T°¢
_J
Feot
\
T
€11
ov.L'8— Foot

55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0
f1 (ppm)

6.0

6.5

7.0

7.5

8.0

8.5

9.0

€10dD ¥22°92
€12dD 1+¥0°24
€10dD 6S€°2Z

S _CHy

A

/

9/8°¢1

€18°4L¢

000°0-— —~

L21°22,
S6€°22T)
SE8'72T)
Z0T°92T+
€91°92T]
Z81°92T
222921
862°921-
ZsvLet
98%°22T/
815221/
6vS2211
916621
Omm.oi
006°0€T

—

LYTIYT— —

VEL VST

€6V LLT—

20 10

50 30

170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

180

190

S16



'H and *C NMR spectra of 2-(ethylthio)-8-iodo-6-(trifluoromethyl)-4H-thiochromen-4-one

€00°0-
ooo.ov

6EV'T
Ni\.HW
8S¥'1

09’1
9L¥'1

6/¥'1

9€6'9

va.wv
19¢°2
€972

62C'8

e ==
o mmm.wv

9L 8 ————

ﬁmm.m

%NTN

Fsot

Foot

oot

0.0

0.5

75 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0
f1 (ppm)

8.0

8.5

9.0

€10dd 904792
€1Ddd €¢0°2L

9¢e’LL
€DAd 1ve’sL

SO08°ET—

2e67L2—

000°0-— -

PIT'TCT
S520°9¢T
€IT°9¢1
TIST°9¢1
/66°0€T
SY6°CET
T66°L€ET
SC0'8€ET
8G0'8ET

06T ¥v6— —

/ ==

b

LY SPT~ —

980°9ST— —

PI08LT— ——

20 10

30

170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

180

190

S17



'H and *C NMR spectra of 2-(ethylthio)-8-methyl-4H-thiochromen-4-one (1)
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'H and *C NMR spectra of 7-chloro-2-(ethylthio)-4H-thiochromen-4-one (1h)
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'H and 3C NMR spectra of 2-(ethylsulfinyl)-4H-thiochromen-4-one (2a)
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'H and *C NMR spectra of 5-chloro-2-(ethylsulfinyl)-4H-thiochromen-4-one (2b)
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'H and *C NMR spectra of 2-(ethylsulfinyl)-7-fluoro-4H-thiochromen-4-one (2c)
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'H and *C NMR spectra of 7,8-dichloro-2-(ethylsulfinyl)-4H-thiochromen-4-one (2d)
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'H and 3C NMR spectra of 2-(ethylsulfinyl)-6-(trifluoromethyl)-4H-thiochromen-4-one (2€)
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'H and *C NMR spectra of 2-(ethylsulfinyl)-8-iodo-6-(trifluoromethyl)-4H-thiochromen-4-

one (2f)
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'H and *C NMR spectra of 2-(ethylsulfinyl)-8-methyl-4H-thiochromen-4-one (2g)
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'H and *C NMR spectra of 7-chloro-2-(ethylsulfinyl)-4H-thiochromen-4-one (2h)
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'H and *C NMR spectra of 2-(ethylsulfonyl)-4H-thiochromen-4-one (3a)
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'H and *C NMR spectra of 2-(4-benzylpiperazin-1-yl)-4H-thiochromen-4-one (4a)
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'H and *C NMR spectra of 2-(phenylamino)-4H-thiochromen-4-one (4b)

¢ 9—

S _-NH
O

[¢]

0€2°Zy
6¥2° /1
292/

000°0-—— —

605 ————

8VEE— ——

TeE /]
05€°21
LE¥' 2]
95t
9/t L}

967" L+
Y152
¥85° 2
18521
09/
2292
S29°2]
969/
AVAVA

——

66—

8TZ'8~,
s€z8”

0.0 -0

40 3.5 3.0 25 20 15 1.0 0.5

5.0 4.5

6.0 5.5

it

Ot noOm

a0

Or-mre= O
,

8.0

Foot

7.0 6.5

7.5

9.0 8.5

.5 10.0 9.5

OSINQ 99€°6€
OSINQ SZ5°6€
OSWQ €82°6€
OSWQ T0Z°0%
OSWQA 601" 0%
OSWA 819°0%
3
Q
=2
- 298°00T—
€€0°YTT
056°G21
%ENE/
065221+
2297221
T20°0€T
€25°0€T
619 TET
0ZE'€ET
¥08°8€T
682951~ ——
N0 208821~ ———

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

180

190

S30



'H and *C NMR spectra of 2-(benzylamino)-4H-thiochromen-4-one (4c)
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'H and *C NMR spectra of 2-(propylamino)-4H-thiochromen-4-one (4d)
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'H and *C NMR spectra of 2-((4-methoxyphenyl)amino)-4H-thiochromen-4-one (4e)
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'H and *C NMR spectra of 2-((3,4-dimethoxybenzyl)amino)-4H-thiochromen-4-one (4f)
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'H and *C NMR spectra of 2-((cyclohexylmethyl)amino)-4H-thiochromen-4-one (4g)

s NH\/O

000°0—

086°0
¥00°T|
820°T1
99T'T)
06T°T1
Y2 Ty
6YT Tt
ST
2891
wwf\w
9691/
v02° 1]
IS
292°1]
omm.i
918'T

—

N

SET'9—

Il

S6T'S— A

€922
mmm.m/
Hﬂv.n/

Tev'Z~ M
144V

69v°Z
E8Y’'L

NN

8P 8-\
€9v'8”

Frre

%ww.o

Fsot

%Hm.m

oot

20 1.5 1.0 0.5 0.0

2.5

3.0

55 5.0 45 40 3.5
f1 (ppm)

6.0

6.5

7.0

7.5

8.0

s NH\/O

8.5

€12a> mom.wm/
€1Ddd NNONNN
€1Ddd oveLL

000°0-—

169572
85292/
£96°0¢”
65025~
TS 05—
010°66— ——

€22°521
im.wm%
YrE /TN ——
PIP0ETT ——
o$.oﬂ\
SPLZET

£/978ST— —

T2S°64T— —

30 20 10

40

50

170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)

180

190

S35



'H and *C NMR spectra of 2-(cyclohexylamino)-4H-thiochromen-4-one (4h)
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'H and *C NMR spectra of 2-(diethylamino)-4H-thiochromen-4-one (4i)
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'H and *C NMR spectra of 2-(4-benzylpiperazin-1-yl)-5-chloro-4H-thiochromen-4-one (4j)
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'H and *C NMR spectra of 2-(4-benzylpiperazin-1-yl)-7-fluoro-4H-thiochromen-4-one (4k)
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'H and *C NMR spectra of 2-(4-benzylpiperazin-1-yl)-7,8-dichloro-4H-thiochromen-4-one
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'H and 3C NMR spectra of 2-(4-benzylpiperazin-1-yl)-6-(trifluoromethyl)-4H-thiochromen-

4-one (4m)
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'H and '*C NMR spectra of 2-(4-benzylpiperazin-1-yl)-8-iodo-6-(trifluoromethyl)-4H-

thiochromen-4-one (4n)
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'H and *C NMR spectra of 2-(4-benzylpiperazin-1-yl)-8-methyl-4H-thiochromen-4-one (40)

8§y ¢~

000°0—

909'¢—

789 €~

= .
J Frvov

SI1¢9— 1960
M 1
Loz
22€°8~\ .
mmm.w\L 00T

45 40 35 3.0 25 20 15 1.0 0.5
f1 (ppm)

5.0

5.5

6.5

7.0

7.5

on.wm/

000°0-—

86761 —

9192V —
221725~

Y€L 09— —

220°LL
mvm.mm\

£62'T0T—

200'9¢1
91€'9¢1
10§°2¢1
0S¥'8¢1
me.mNHM —
€SZ°0€ET

LST'CET
91S°CET
689°€ET
L0C°LET

6788ST— —

Z86°08T— —

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

190

S43



'H and *C NMR spectra of 2-(benzylamino)-8-methyl-4H-thiochromen-4-one (4p)
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'H and 3C NMR spectra of 8-methyl-2-(propylamino)-4H-thiochromen-4-one (4q)
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'H and *C NMR spectra of 7-chloro-2-(phenylamino)-4H-thiochromen-4-one (4r)

06¥'¢—

S _-NH
O

o

Cl.

910°0-—

041°9—

8686

Feot

Foot

10.0 9.5

0.0

1.0 0.5

55 5.0 45 40 35 3.0 25 20 1.5
f1 (ppm)

6.0

7.5 7.0 6.5

8.0

8.5

9.0

S _-NH
O

S/S9°6¢€
¥82°6€
€66°6€
HoN.ovN
(U180 4

wmﬂ.vm.ﬁ/
¥50°9¢1
9417921
9987221~
I3 ZATANN

115621
6TT°0€T

Cl.

SYTSET— —
vy’ 9ET |
669 8ET~ —

138 134 130 126 122 118
f1 (ppm)

142

€99°00T— ——

@@H.vﬁ
Eo.oﬁ
9/1'921
998221~
1156217
6TT°0ET =
6658€T7

82/°98T— —

Y167 24T— —

220 210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10

80

f1 (ppm)

S46



'H and 3C NMR spectra of 7-chloro-2-((3,4-dimethoxyphenyl)amino)-4H-thiochromen-4-one

(4s)
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'H and *C NMR spectra of 2-(4-benzylpiperazin-1-yl)-7-chloro-4H-thiochromen-4-one (4t)
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'H and *C NMR spectra of 7-chloro-2-morpholino-4H-thiochromen-4-one (4u)
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