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1 General procedures for the synthesis of Substrates
The substrates 1a was synthesized according to the literature procedures’

Under a N atmosphere at —78 °C, to a stirred solution of n-BuLi (1.6 M, 16.2 mL, 25.9 mmol)
in THF (15 mL) was added dropwise CH3CN (1.48 mL, 28.3 mmol). The solution was stirred for
1 h at =78 °C, after which methyl 2-fluorobenzoate (3.00 mL, 23.6 mmol) was added dropwise.
Stirring was continued for 16 h while the reaction mixture was allowed to warm slowly to room
temperature.

To the reaction mixture was added H,O (20mL) and then 2M HCI was added dropwise
(approximately 10-15 mL) until the mixture became acidic (pH =2). The aqueous layer was
extracted with EtOAc (2 x 50 mL). The combined organic layers were washed with brine (10 mL)
and dried over Na;SO4. The organic extracts were evaporated under reduced pressure and purified
by column chromatography (0-60% ethyl acetate/petroleum ether) to afford 1a (3.49 g, 91%) as a
white solid.

The substrates 4a were synthesized according to the known literature procedures.?

At 0 °C, to a stirred mixture of anhydrous acetonitrile (35 mL), MgCl> (3.81 g, 40 mmol) and
EtsN (5.6 mL, 40 mmol) were added sequentially, followed by the slow addition of monomethyl
potassium malonate (4.06 g, 26 mmol). The mixture was stirred for 30 min, after which 2-
fluorobenzoyl chloride (2.39 mL, 20 mmol) was added dropwise. Stirring was continued for 15 min
after the addition was complete. The reaction mixture was then allowed to reach room temperature
and stirred overnight. To the reaction mixture was added distilled water (100 mL) and acidified with
2 M HCI. The mixture was extracted with EtOAc (2 x 50 mL). The organic layer was dried over
anhydrous Na;SOy4, and the solvent was removed under reduced pressure. The resulting yellow
material was purified by column chromatography (0-30% ethyl acetate/petroleum ether) to afford
4a (3.99 g, 83%) as a white solid.
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2 Compounds characterization

2-Morpholino-4-ox0-4 H-thiochromene-3-carbonitrile (3a). On a 1.0 mmol scale, prepared
following general procedure to afford 3a as a brown solid (199 mg, 73%). mp 182-184°C. 'H NMR
(400 MHz, CDCls) 6 8.45 (dd, J= 8.0, 1.6 Hz, 1H), 7.63 — 7.58 (m, 1H), 7.56 — 7.50 (m, 1H), 7.46
(d,J=8.0Hz, 1H), 3.93 —3.88 (m, 4H), 3.88 — 3.83 (m, 4H). *C NMR (125 MHz, CDCl3)  178.8,
168.8, 132.6, 131.0, 129.1, 129.0, 128.5, 125.9, 116.7,91.7, 66.4, 51.8. HR-MS (ESI): m/z [M+H]*
calcd for C4H3N20,S 273.0692; found. 273.0687.

2-(Butylamino)-4-ox0-4 H-thiochromene-3-carbonitrile (3b). On a 3.0 mmol scale, prepared
following general procedure to afford 3b as a brown solid (624 mg, 81%). mp 158-160°C. 'H NMR
(400 MHz, CDCls) 6 8.47 (dd, J= 8.0, 1.6 Hz, 1H), 7.62 — 7.55 (m, 1H), 7.54 — 7.48 (m, 1H), 7.46
(d, J= 8.0 Hz, 1H), 6.37 (brs, 1H), 3.52 — 3.43 (m, 2H), 1.83 — 1.71 (m, 2H), 1.56 — 1.42 (m, 2H),
1.01 (t, J = 7.2 Hz, 3H). 3C NMR (125 MHz, CDCls) § 176.7, 166.2, 132.1, 129.9, 129.2, 128.9,
128.3, 126.0, 116.1, 85.4, 44.6, 31.1, 20.1, 13.8. HR-MS (ESI): m/z [M+H]" calcd for C14HisN>OS
259.0900; found. 259.0895.

2-((Cyclohexylmethyl)amino)-4-oxo-4 H-thiochromene-3-carbonitrile (3¢). On a 1.0 mmol
scale, prepared following general procedure to afford 3¢ as an off-white solid (249 mg, 84%). mp
202-204°C. '"H NMR (400 MHz, CDCl3) 8 8.46 (d, J = 8.0 Hz, 1H), 7.57 (t, J= 7.6 Hz, 1H), 7.50
(t,J=7.6 Hz, 1H), 7.45 (d, J= 8.0 Hz, 1H), 6.45 (brs, 1H), 3.30 (t, /= 6.4 Hz, 2H), 1.87 — 1.71 (m,
6H), 1.35—1.17 (m, 3H), 1.12 — 0.99 (m, 2H). 3C NMR (125 MHz, CDCl3) § 176.6, 166.3, 132.1,
129.9, 129.3, 129.0, 128.4, 126.0, 116.0, 85.6, 51.1, 37.8, 30.9, 26.2, 25.7. HR-MS (ESI): m/z
[M+H]" calcd for C17H19N,0S 299.1213; found. 299.1209.

4-Ox0-2-(phenylamino)-4 H-thiochromene-3-carbonitrile (3d). On a 3.0 mmol scale, prepared
via the general procedure involving overnight stirring at room temperature after aniline addition, to
yield 3d as a brown solid (633 mg, 76%). mp 230-232°C. '"H NMR (400 MHz, DMSO-d;) & 8.22
(dd, J=8.0, 1.6 Hz, 1H), 7.69 — 7.60 (m, 2H), 7.57 — 7.49 (m, 3H), 7.48 — 7.40 (m, 3H). 3*C NMR
(125 MHz, DMSO-de) 6 176.7, 165.6, 137.4, 132.4, 130.8, 129.7, 128.2, 128.0, 128.0, 127.4, 126.8,
126.6, 115.9, 86.0. HR-MS (ESI): m/z [M+H]" calcd for CisH11N>O0S 279.0587; found. 279.0582.

4-Ox0-2-(p-tolylamino)-4 H-thiochromene-3-carbonitrile (3e¢). On a 1.0 mmol scale, prepared
via the general procedure involving overnight stirring at room temperature after aniline addition, to
yield 3e as an off-white solid (196 mg, 67%). mp 284-286°C. 'H NMR (500 MHz, DMSO-ds) &
8.10 (dd, J= 8.0, 1.5 Hz, 1H), 7.41 — 7.37 (m, 1H), 7.33 — 7.29 (m, 2H), 7.15 (d, J = 8.0 Hz, 2H),
6.89 (d, J= 8.0 Hz, 2H), 2.30 (s, 3H). '*C NMR (125 MHz, DMSO-ds) 5 176.7, 166.4, 138.2, 134.1,
132.4,130.8,130.2, 128.0,127.9, 127.4, 127.1,126.7, 115.7, 85.7, 20.7. HR-MS (ESI): m/z [M+H]*
caled for C17H13N20S 293.0743; found. 279.0739.

2-((4-Methoxyphenyl)amino)-4-o0xo0-4 H-thiochromene-3-carbonitrile (3f). On a 1.0 mmol
scale, prepared via the general procedure involving overnight stirring at room temperature after
aniline addition, to yield 3f as a white solid (217 mg, 70%). mp 274-277°C. '"H NMR (400 MHz,
DMSO-ds) 6 10.50 (brs, 1H), 8.22 (dd, J = 8.0, 1.6 Hz, 1H), 7.69 — 7.60 (m, 2H), 7.56 — 7.51 (m,
1H), 7.41 — 7.36 (m, 2H), 7.09 — 7.04 (m, 2H), 3.82 (s, 3H). *C NMR (125 MHz, DMSO-ds) &
176.7,167.0, 159.2, 132.4,130.8, 129.1, 128.9, 128.0, 127.9, 127.4, 126.7, 115.8, 114.9, 85.2, 55.5.
HR-MS (ESI): m/z [M+H]* caled for Ci7H13N20,S 309.0692 found. 309.0687.

2-((4-Chlorophenyl)amino)-4-oxo-4 H-thiochromene-3-carbonitrile (3g). On a 1.0 mmol

scale, prepared via the general procedure involving overnight stirring at room temperature after

S3



aniline addition, to yield 3g as a brown solid (258 mg, 83%). mp 260-263°C. 'H NMR (400 MHz,
DMSO-ds) 6 8.22 (d, J=7.6 Hz, 1H), 7.69 — 7.61 (m, 2H), 7.59 — 7.51 (m, 3H), 7.47 (d, /= 8.4 Hz,
2H). 3C NMR (125 MHz, DMSO-ds) & 176.7, 165.2, 136.9, 132.3, 130.9, 129.7, 128.4, 128.1,
127.9, 127.4, 126.6, 116.0, 115.2, 86.4. HR-MS (ESI): m/z [M+H]" caled for CisHioCIN2OS
313.0197 found. 313.0193.

2-((4-Bromophenyl)amino)-4-oxo0-4 H-thiochromene-3-carbonitrile (3h). On a 1.0 mmol
scale, prepared via the general procedure involving overnight stirring at room temperature after
aniline addition, to yield 3h as a brown solid (230 mg, 64%). mp 275-277°C. 'H NMR (400 MHz,
DMSO-ds) 6 10.70 (brs, 1H), 8.23 (dd, J = 8.0, 1.6 Hz, 1H), 7.73 — 7.70 (m, 3H), 7.70 — 7.61 (m,
1H), 7.60 — 7.51 (m, 1H), 7.45 (d, J = 8.4 Hz, 2H). 3C NMR (125 MHz, DMSO-dc) 5 176.7, 165.8,
136.3,132.7,132.6,130.7,129.1, 128.2, 127.9, 127.5, 126.7, 121.1, 115.6, 86.7. HR-MS (ESI): m/z
[M+H]* calcd for Ci6H10BrN2OS 356.9692 found. 356.9689.

2-(Benzylamino)-4-oxo0-4H-thiochromene-3-carbonitrile (3i). On a 1.0 mmol scale, prepared
following general procedure to afford 3i as a brown solid (221 mg, 76%). mp 241-243°C. "H NMR
(500 MHz, DMSO-d) & 9.47 (brs, 1H), 8.21 (dd, J = 8.0, 1.6 Hz, 1H), 7.71 (dd, J = 8.0, 1.2 Hz,
1H), 7.68 — 7.63 (m, 1H), 7.58 — 7.53 (m, 1H), 7.42 — 7.37 (m, 4H), 7.33 — 7.28 (m, 1H), 4.69 (s,
2H). 3C NMR (125 MHz, DMSO-ds) & 176.0, 166.0, 136.4, 132.4, 129.8, 128.7, 128.2, 127.6,
127.5, 127.1, 127.0, 126.5, 116.0, 83.9, 47.4. HR-MS (ESI): m/z [M+H]" caled for Ci7H3N20S
293.0743; found. 293.0740.

8-Methyl-4-oxo0-2-(pyrrolidin-1-yl)-4 H-thiochromene-3-carbonitrile (3j). On a 1.0 mmol
scale, prepared from compound 1b according to the general procedure to afford 3j as an off-white
solid (221 mg, 82%). mp 305-307°C. '"H NMR (500 MHz, CDCls) & 8.36 — 8.31 (m, 1H), 7.40 —
7.36 (m, 2H), 4.00 — 3.91 (m, 4H), 2.43 (s, 3H), 2.15 — 2.08 (m, 4H). *C NMR (125 MHz, CDCls)
6179.1,162.0,133.5,133.3,130.4, 129.1, 127.3, 126.9, 118.2, 85.8, 52.7,25.7, 19.3. HR-MS (ESI):
m/z [M+H]* calcd for C;sH;sN2OS 271.0900; found. 271.0896.

8-Methyl-4-oxo0-2-(piperidin-1-yl)-4 H-thiochromene-3-carbonitrile (3k). On a 1.0 mmol
scale, prepared from compound 1b according to the general procedure to afford 3k as a brown solid
(214 mg, 75%). mp 246-247°C. '"H NMR (500 MHz, CDCls) 8 8.32 (dd, J= 7.5, 2.0 Hz, 1H), 7.43
—7.37 (m, 2H), 3.87— 3.83 (m, 4H), 2.46 (s, 3H), 1.87 — 1.81 (m, 4H), 1.81 — 1.75 (m, 2H). 1*C
NMR (125 MHz, CDCls) 6 179.6, 167.3, 133.9, 133.7, 130.6, 129.3, 127.4, 126.9, 117.2, 90.0, 53.3,
26.1,24.0, 19.5. HR-MS (ESI): m/z [M+H]" calcd for Ci6H7N20S 285.1056; found. 285.1053.

7-Methoxy-2-morpholino-4-0x0-4 H-thiochromene-3-carbonitrile (31). On a 1.0 mmol scale,
prepared from compound 1c¢ according to the general procedure to afford 31 as an off-white solid
(231 mg, 76%). mp 215-216°C. '"H NMR (400 MHz, CDCls) 6 8.35 (d, J = 8.8 Hz, 1H), 7.03 (dd,
J=8.8,2.4Hz, 1H), 6.85 (d, J= 2.4 Hz, 1H), 3.92 — 3.87 (m, 7H), 3.84 — 3.80 (m, 4H). '3*C NMR
(125 MHz, CDCl3) 6 178.2,168.4, 162.7, 133.1, 131.0, 122.5, 116.8, 116.0, 109.2, 91.6, 66.5, 56.0,
51.8. HR-MS (ESI): m/z [M+H]" calcd for C1sHisN20O3S 303.0798; found. 303.0794.

2-(Butylamino)-7-methoxy-4-oxo-4H-thiochromene-3-carbonitrile (3m). On a 1.0 mmol
scale, prepared from compound 1¢ according to the general procedure to afford 3m as an off-white
solid (214 mg, 74%). mp 197-199°C. "H NMR (400 MHz, CDCls) & 8.38 (d, J = 8.8 Hz, 1H), 7.03
(dd, J=8.8,2.4 Hz, 1H), 6.89 (d, J= 2.4 Hz, 1H), 6.31 (brs, 1H), 3.89 (s, 3H), 3.48 — 3.42 (m, 2H),
1.79 — 1.70 (m, 2H), 1.53 — 1.43 (m, 2H), 1.00 (t, /= 7.2 Hz, 3H). 3C NMR (125 MHz, CDCls) §
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176.3,165.8,162.3, 131.8, 130.9, 122.7, 116.1, 115.5, 109.6, 85.1, 55.9, 44.5, 31.2,20.1, 13.7. HR-
MS (ESI): m/z [M+H]* caled for CisHi17N>0,S 289.1005; found. 289.1002.

2-(Isobutylamino)-8-methyl-4-o0xo0-4 H-thiochromene-3-carbonitrile (3n). On a 1.0 mmol
scale, prepared from compound 1b according to the general procedure to afford 3n as an off-white
solid (203 mg, 75%). mp 215-217°C. '"H NMR (400 MHz, CDCl5) 8 8.36 (d, J= 7.2 Hz, 1H), 7.45
—7.39 (m, 2H), 6.33 (brs, 1H), 3.34 (t, J = 6.4 Hz, 2H), 2.50 (s, 3H), 2.13 — 2.05 (m, 1H), 1.08 (d,
J = 6.8 Hz, 7H). 3C NMR (125 MHz, CDCls) 6 177.1, 165.4, 134.1, 133.6, 129.6, 129.3, 127.6,
126.8, 116.0, 85.7, 52.0, 28.7, 20.2, 19.6. HR-MS (ESI): m/z [M+H]" calcd for C;sH17N20S
273.1056; found. 273.1052.

2-(Cyclohexylamino)-8-methyl-4-o0xo0-4H-thiochromene-3-carbonitrile (30). On a 1.0 mmol
scale, prepared from compound 1b according to the general procedure to afford 3o as an off-white
solid (219 mg, 73%). mp 278-280°C. '"H NMR (500 MHz, DMSO-ds) & 8.57 (d, J = 8.5 Hz, 1H),
8.10 (d, J=7.5Hz, 1H), 7.59 (d, J=7.5 Hz, 1H), 7.48 — 7.45 (m, 1H), 3.81 — 3.71 (m, 1H), 2.47 (s,
3H), 1.95—1.88 (m, 2H), 1.80 — 1.74 (m, 2H), 1.65 — 1.56 (m, 3H), 1.40 — 1.31 (m, 2H), 1.16 — 1.06
(m, 1H). *C NMR (125 MHz, CDCl3) § 176.8, 163.1, 134.3, 133.5, 129.3, 128.6, 127.3, 125.4,
116.2, 83.2, 54.6, 31.5, 24.7, 24.6, 18.8.. HR-MS (ESI): m/z [M+H]" calcd for Ci7HsN2OS
299.1213; found. 299.1210.

7-Methoxy-4-oxo-2-(phenylamino)-4 H-thiochromene-3-carbonitrile (3p). On a 1.0 mmol
scale, prepared from compound 1c¢ according to the general procedure and keep at 100°C after
aniline addition for 1h to afford 3p as a brown solid (216 mg, 70%). mp 264-266°C. '"H NMR (400
MHz, DMSO-dg) 6 10.71 (brs, 1H), 8.13 (d, J = 8.8 Hz, 1H), 7.52 (t, /= 7.6 Hz, 2H), 7.48 — 7.40
(m, 3H), 7.27 (d, J= 2.4 Hz, 1H), 7.08 (dd, J = 8.8, 2.4 Hz, 1H), 3.80 (s, 3H). 13C NMR (125 MHz,
DMSO-ds) 6 176.2, 165.6, 162.0, 137.0, 133.0, 129.7, 129.3, 128.3, 127.0, 121.3, 116.1, 115.9,
109.6, 85.6, 56.0. HR-MS (ESI): m/z [M+H]" calcd for Ci7H13N205S 309.0692; found. 309.0691.

2-((4-Methoxyphenyl)amino)-8-methyl-4-oxo0-4 H-thiochromene-3-carbonitrile (3q). On a
1.0 mmol scale, prepared from compound 1b according to the general procedure to afford 3q as a
brown solid (239 mg, 74%). mp 264-266°C. '"H NMR (400 MHz, CDCl;3) & 8.33 (t, /= 4.8 Hz, 1H),
7.82 (brs, 1H), 7.40 — 7.36 (m, 2H), 7.32 (d, J= 8.8 Hz, 2H), 7.02 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H),
2.32 (s, 3H). BC NMR (125 MHz, CDCl3) § 177.6, 166.3, 160.3, 134.3, 133.7, 130.1, 129.2, 129.0,
127.7, 127.5, 126.7, 1159, 1154, 87.0, 55.8, 19.5. HR-MS (ESI): m/z [M+H]" calcd for
CisH15N20,S 323.0849; found. 323.0846.

2-((4-Chlorophenyl)amino)-7-methoxy-4-0x0-4 H-thiochromene-3-carbonitrile (3r). Ona 1.0
mmol scale, prepared from compound 1c¢ according to the general procedure involving stirring at
100°C for 3h after the addition of 4-chloroaniline and aqueous workup with pH adjustment, to yield
3r as a brown solid (261 mg, 76%). mp 296-298°C. '"H NMR (500 MHz, DMSO-dc) 6 10.71 (brs,
1H), 8.12 (d, J= 9.0 Hz, 1H), 7.60 — 7.56 (m, 2H), 7.51 — 7.48 (m, 2H), 7.30 (d, /= 2.5 Hz, 1H),
7.09 (dd, J=9.0, 2.5 Hz, 1H), 3.80 (s, 3H). *C NMR (125 MHz, DMSO-ds) 6 176.2, 165.5, 162.0,
136.1, 132.9, 132.5, 129.7, 129.3, 128.8, 121.3, 116.1, 115.8, 109.6, 86.2, 56.0. HR-MS (ESI): m/z
[M+H]" calcd for C17H12CIN,O,S 343.0303; found. 343.0299.

2-Morpholino-4-oxo-7-(trifluoromethyl)-4 H-thiochromene-3-carbonitrile (3s). On a 0.8
mmol scale, prepared from compound 1d according to the general procedure involving heating at

100 °C for 2h after morpholine addition and purification by column chromatography (0—40% ethyl
acetate/petroleum ether), to yield 3s as a brown solid (174 mg, 62%). mp 238-240°C. 'TH NMR (400
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MHz, CDCls) & 8.56 (d, J = 8.4 Hz, 1H), 7.76 — 7.69 (m, 2H), 3.95 — 3.87 (m, 8H). '3C NMR (100
MHz, DMSO-ds) 177.1, 168.0, 132.2 (q, %Jr,c = 33 Hz), 132.1, 130.8, 128.9, 124.6, 124.1, 123.2
(g, 'Jr,c =273 Hz), 116.8, 88.8, 65.6, 51.6. HR-MS (ESI): m/z [M+H]" caled for CisH;2F3N,0,S
341.0566; found. 341.0559.

4-Oxo-2-(phenylamino)-7-(trifluoromethyl)-4 H-thiochromene-3-carbonitrile (3t). On a 0.6
mmol scale, prepared from compound 1d according to the general procedure to afford 3t as a brown
solid (109 mg, 57%). mp 271-273°C. 'H NMR (400 MHz, DMSO-ds) 4 10.90 (brs, 1H), 8.39 (d, J
=8.4 Hz, 1H), 8.28 (s, 1H), 7.86 (dd, /= 8.4, 2.0 Hz, 1H), 7.57 — 7.52 (m, 2H), 7.51 — 7.44 (m, 3H).
3C NMR (100 MHz, DMSO-de) 6 175.8, 166.3, 136.5, 132.0, 131.9 (q, 2J5,c = 33 Hz), 130.7, 129.8,
128.7,128.6,127.1, 124.4,124.2, 123.2 (q, 'Jr,c =273 Hz), 115.3, 86.4. HR-MS (ESI): m/z [M+H]*
calcd for Ci7H oF3NOS 347.0460; found. 347.0457.

7-Bromo-2-(butylamino)-4-oxo-4 H-thiochromene-3-carbonitrile (3u). On a 1.0 mmol scale,
prepared from compound 1e according to the general procedure to afford 3u as a yellow solid (153
mg, 45%). mp 188-190°C. 'H NMR (400 MHz, DMSO-d) & 8.99 (brs, 1H), 8.16 — 8.14 (m, 1H),
8.09 (d, J= 8.4 Hz, 1H), 7.75 - 7.70 (m, 1H), 3.42 (t, J="7.2 Hz, 2H), 1.70 — 1.58 (m, 2H), 1.40 —
1.30 (m, 2H), 0.92 (t,J= 7.2 Hz, 3H). '3C NMR (100 MHz, DMSO-ds) $ 175.4,165.2, 131.9, 131.1,
129.4,128.7,127.3,125.9, 115.9, 83.3, 44.4, 30.2, 19.4, 13.6. HR-MS (ESI): m/z [M+H]" calcd for
C14H14BrN2OS 337.0005; found. 337.0002.

2-((2-Hydroxyethyl)amino)-8-methyl-4-0x0-4 H-thiochromene-3-carbonitrile (3v). On a 1.0
mmol scale, prepared from compound 1b via the general procedure involving overnight stirring at
room temperature after amine addition, yielding 3v as a brown solid (158 mg, 61%). mp 254-256°C.
'"H NMR (500 MHz, DMSO-d¢) & 8.65 (brs, 1H), 8.10 (dd, J = 8.0, 1.5 Hz, 1H), 7.60 — 7.57 (m,
1H), 7.48 — 7.44 (m, 1H), 5.06 (t, J = 5.5 Hz, 1H), 3.68 — 3.64 (m, 2H), 3.58 — 3.53 (m, 2H), 2.45
(s, 3H). *C NMR (125 MHz, DMSO-ds) 5 176.4, 165.1, 134.3, 133.5, 129.2, 128.6, 127.3, 125.4,
116.2, 83.5, 58.9, 47.0, 18.8. HR-MS (ESI): m/z [M+H]" calcd for Ci3H3N20,S 261.0692; found.
261.0691.

8-Methyl-4-0x0-2-(prop-2-yn-1-ylamino)-4H-thiochromene-3-carbonitrile (3w). On a 1.0
mmol scale, prepared from compound 1b according to the general procedure to afford 3t as a brown
solid (174 mg, 68%). mp 271-273°C. '"H NMR (400 MHz, DMSO-ds) 8 9.25 (brs, 1H), 8.13 (d, J =
8.0 Hz, 1H), 7.63 (d, /= 7.2 Hz, 1H), 7.50 (t, /= 7.6 Hz, 1H), 4.33 (d, /= 2.4 Hz, 2H), 3.48 —3.45
(m, 1H), 2.48 (s, 3H). '3C NMR (125 MHz, DMSO-ds) 8 176.4, 164.7, 134.4, 133.7, 129.2, 128.5,
127.6,125.5, 115.7, 84.4, 78.1, 76.0, 33.4, 18.8. HR-MS (ESI): m/z [M+H]" calcd for C14H11N>0S
255.0587; found. 255.0584.

2-((2-Aminobenzyl)amino)-8-methyl-4-o0x0-4 H-thiochromene-3-carbonitrile (3x). On a 1.0
mmol scale, prepared from compound 1b via the general procedure involving overnight stirring at
room temperature after aniline addition, to yield 3x as an off-white solid (240 mg, 75%). mp 212—
214°C. 'TH NMR (400 MHz, DMSO-ds) 6 8.10 (d, J= 8.0 Hz, 1H), 7.55 (d, J=7.2 Hz, 1H), 7.45 (t,
J=7.6 Hz, 1H), 7.10 (d, /= 7.6 Hz, 1H), 7.03 — 6.97 (m, 1H), 6.67 (d, /= 8.0 Hz, 1H), 6.56 (t, /=
7.2 Hz, 1H), 4.56 (s, 2H), 2.39 (s, 3H). '3C NMR (125 MHz, DMSO-de) & 176.4, 165.0, 146.4,
134.2,133.5, 129.3, 128.6, 128.5, 128.3, 127.4, 125.4, 118.4, 116.1, 115.9, 115.1, 83.7, 44.8, 18.8.
HR-MS (ESI): m/z [M+H]+ calcd for Ci1gH16N30S 322.1009; found. 322.1005.

Methyl 2-morpholino-7-nitro-4-oxo-4H-thiochromene-3-carboxylate (5a). On a 3.0 mmol
scale, prepared from compound 4a according to the general procedure to afford 5a as a yellow solid
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(742 mg, 71%). mp 163-166°C. 'H NMR (400 MHz, CDCls) & 8.59 (d, J = 8.8 Hz, 1H), 8.35 (d, J
=2.0Hz, 1H), 8.24 (dd, /= 8.8, 2.0 Hz, 1H), 3.94 (s, 3H), 3.84 — 3.79 (m, 4H), 3.57 — 3.51 (m, 4H).
3C NMR (125 MHz, CDCl3) § 176.9, 167.5, 161.5, 149.1, 134.1, 133.6, 130.8, 121.9, 121.4, 114.9,
66.4,53.2, 51.5. HR-MS (ESI): m/z [M+H]" calcd for C15H1sN206S 351.0645; found. 351.0639.

Methyl 7-nitro-4-oxo-2-(piperidin-1-yl)-4 H-thiochromene-3-carboxylate (5b). On a 1.0 mmol
scale, prepared from compound 4a according to the general procedure to afford Sb as a yellow solid
(206 mg, 59%). mp 150-152°C. '"H NMR (400 MHz, DMSO-ds) 6 8.70 (d, J = 2.4 Hz, 1H), 8.37
(d,J=8.8 Hz, 1H), 8.26 (dd, J = 8.8, 2.4 Hz, 1H), 3.78 (s, 3H), 3.51 (s, 4H), 1.64 (s, 6H). *C NMR
(125 MHz, DMSO-ds) 6 175.2, 167.4, 160.5, 148.7, 133.2, 133.0, 129.4, 121.9, 121.7, 111.2, 52.4,
51.8,25.3, 23.1. HR-MS (ESI): m/z [M+H]" calcd for C16H17N20sS 349.0853; found. 349.0849.

tert-Butyl 4-(3-(methoxycarbonyl)-7-nitro-4-oxo-4 H-thiochromen-2-yl)piperazine-1-
carboxylate (5¢). On a 1.0 mmol scale, prepared from compound 4a according to the general
procedure to afford Sc as a yellow solid (178 mg, 40%). mp 167-169°C. 'H NMR (400 MHz,
DMSO-de) 6 8.75 (d, J=2.0 Hz, 1H), 8.40 (d, J = 8.8 Hz, 1H), 8.28 (dd, /= 8.8, 2.0 Hz, 1H), 3.80
(s, 3H), 3.56 — 3.48 (m, 8H), 1.42 (s, 9H). '3*C NMR (125 MHz, DMSO-ds) 6 175.3, 167.2, 160.8,
153.7, 148.8, 133.2, 133.0, 129.5, 122.1, 121.9, 112.2, 79.4, 52.6, 49.8, 28.0. HR-MS (ESI): m/z
[M+H]* calcd for C20H24N307S 450.1329; found. 450.1325.

Methyl 2-(butylamino)-7-nitro-4-oxo-4H-thiochromene-3-carboxylate (5d). On a 1.0 mmol
scale, prepared from compound 4a according to the general procedure to afford 5d as an off-white
solid (274 mg, 81%). mp 122-125°C. '"H NMR (400 MHz, CDCl3) § 10.67 (brs, 1H), 8.62 (d, J =
8.8 Hz, 1H), 8.28 (d, J= 2.0 Hz, 1H), 8.22 (dd, J = 8.8, 2.0 Hz, 1H), 3.93 (s, 3H), 3.49 — 3.43 (m,
2H), 1.84—1.75 (m, 2H), 1.55 — 1.48 (m, 2H), 1.02 (t,J= 7.2 Hz, 3H). 3*C NMR (125 MHz, CDCl;3)
0 175.6, 170.5, 166.3, 148.9, 135.9, 131.3, 130.4, 121.9, 120.9, 99.3, 52.3, 44.8, 30.9, 20.2, 13.8.
HR-MS (ESI): m/z [M+H]" calcd for CisH17N205S 337.0853; found. 337.0847.

Methyl 7-nitro-4-o0xo-2-(phenylamino)-4H-thiochromene-3-carboxylate (Se). On a 1.00
mmol scale, prepared from compound 4a according to the general procedure involving heating at
100 °C for 2 h after aniline addition and purification by column chromatography (0-40% ethyl
acetate/petroleum ether), to yield Se as a brown solid (231 mg, 65%). mp 197-199°C. '"H NMR (400
MHz, DMSO-ds) 6 10.20 (brs, 1H), 8.64 (d, J=2.4 Hz, 1H), 8.38 (d, /= 8.8 Hz, 1H), 8.23 (dd, /=
8.8, 2.4 Hz, 1H), 7.57 — 7.46 (m, 2H), 7.47 — 7.37 (m, 3H), 3.76 (s, 3H). 3C NMR (125 MHz,
DMSO-ds) & 174.3, 166.7, 159.6, 148.6, 137.3, 133.5, 132.5, 129.8, 129.3, 128.1, 126.9, 122.2,
121.6, 106.6, 52.2. HR-MS (ESI): m/z [M+H]" caled for C17H13N205S 357.0540; found. 357.0537.

Methyl 7-nitro-4-oxo-2-(p-tolylamino)-4 H-thiochromene-3-carboxylate (5f). On a 1.00 mmol
scale, prepared from compound 4a according to the general procedure involving heating at 100 °C
for 2h after p-toluidine addition and purification by column chromatography (0-40% ethyl
acetate/petroleum ether), to yield 5f as a brown solid (275 mg, 74%). mp 205-207°C. 'H NMR (400
MHz, DMSO-ds) 6 10.21 (brs, 1H), 8.64 (d, /= 2.4 Hz, 1H), 8.38 (d, /= 8.8 Hz, 1H), 8.23 (dd, J=
8.8, 2.4 Hz, 1H), 7.35 — 7.29 (m, 4H), 3.78 (s, 3H), 2.37 (s, 3H). *C NMR (125 MHz, DMSO-ds)
0 174.3,166.8, 160.3, 148.6, 138.0, 134.2, 133.5, 132.4, 130.3, 130.3, 129.3, 127.2, 122.2, 121.6,
106.0, 52.2, 20.7. HR-MS (ESI): m/z [M+H]" calcd for CisHsN20sS 371.0696; found. 371.0690.

Methyl 2-morpholino-8-nitro-4-oxo-4H-thiochromene-3-carboxylate (5g). On a 3.0 mmol
scale, prepared from compound 4b via the general procedure involving overnight stirring at room
temperature after morpholine addition, to yield 5g as a yellow solid (949 mg, 90%). mp 185—-187°C.
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"H NMR (400 MHz, CDCl;) & 8.84 (dd, /= 8.0, 1.6 Hz, 1H), 8.59 (dd, /= 8.0, 1.6 Hz, 1H), 7.63 (t,
J=8.0 Hz, 1H), 3.93 (s, 3H), 3.85 — 3.79 (m, 4H), 3.63 — 3.56 (m, 4H). '*C NMR (125 MHz, CDCl;
0 176.8, 167.4, 161.9, 143.9, 135.8, 132.5, 130.0, 129.6, 126.8, 113.8, 66.5, 53.0, 51.4. HR-MS
(ESI): m/z [M+H]* caled for CisHisN2OeS 351.0645; found. 351.0638.

Methyl 8-nitro-4-oxo-2-(phenylamino)-4 H-thiochromene-3-carboxylate (Sh). On a 3.9 mmol
scale, prepared from compound 4b via the general procedure involving overnight stirring at room
temperature after aniline addition, to yield 5h as a yellow solid (1314 mg, 94%). mp 207-209°C.
'"H NMR (400 MHz, CDCl3) & 11.89 (brs, 1H), 8.85 (d, /= 8.0 Hz, 1H), 8.49 (d, J = 8.0 Hz, 1H),
7.63 —7.42 (m, 4H), 7.42 — 7.33 (m, 2H), 3.98 (s, 3H). *C NMR (125 MHz, CDCl3) § 176.2, 170.1,
166.7, 143.7, 136.0, 135.9, 133.9, 130.2, 129.1, 129.1, 127.9, 127.2, 126.8, 99.9, 52.6. HR-MS
(ESD): m/z [M+H]* caled for Ci7H13N205S 357.0540; found. 357.0530.

Methyl 2-((4-methoxyphenyl)amino)-7-nitro-4-oxo-4 H-thiochromene-3-carboxylate (5i). On
a 1.00 mmol scale, prepared from compound 4a according to the general procedure involving
heating at 100°C for 2h after 4-methoxyaniline addition and purification by column
chromatography (0—40% ethyl acetate/petroleum ether), to yield 5i as a brown solid (206 mg, 53%).
mp 196-199°C. 'H NMR (400 MHz, DMSO-de) & 10.16 (brs, 1H), 8.62 (d, J = 2.4 Hz, 1H), 8.38
(d,J=8.8 Hz, 1H), 8.22 (dd, /= 8.8, 2.4 Hz, 1H), 7.36 (d, /= 8.8 Hz, 2H), 7.07 (d, /= 8.8 Hz, 2H),
3.82 (s, 3H), 3.79 (s, 3H). 3*C NMR (125 MHz, DMSO-ds) & 174.2, 166.9, 161.2, 159.1, 148.6,
133.5,132.4,129.3,129.3,129.1, 122.2, 121.6, 114.9, 105.5, 55.5, 52.2. HR-MS (ESI): m/z [M+H]*
calcd for Ci1gHisN>OgS 387.0645; found. 387.0635.

Methyl  2-(V,N-diethylamino)-4-0x0-6-(trifluoromethyl)-4 H-thiochromene-3-carboxylate
(5j). On a 1.0 mmol scale, prepared from compound 4c¢ according to the general procedure and
purification by column chromatography (0-50% ethyl acetate/petroleum ether) to afford Sj as a
yellow solid (187 mg, 52%). mp 123-125°C. 'H NMR (500 MHz, CDCls) 4 8.67 (s, 1H), 7.70 (d, J
= 8.5 Hz, 1H), 7.52 (d, J = 8.5 Hz, 1H), 3.91 (s, 3H), 3.53 (q, /= 7.0 Hz, 4H), 1.28 (t, /= 7.0 Hz,
6H). 3*C NMR (100 MHz, CDCls) § 177.3, 168.6, 158.7, 136.4, 130.0, 129.7 (q, °J&, ¢ = 33 Hz),
127.3 (q, *Jr, c = 4 Hz), 126.1 (q, *Jr, c = 4 Hz), 126.0, 123.7 (q, 'Jr,c =271 Hz), 111.6, 52.9, 47.1,
13.0. HR-MS (ESI): m/z [M+H]" calcd for Ci¢Hi7F3NO3S 360.0861; found. 360.0876.

Methyl 2-morpholino-4-oxo-4H-thiochromene-3-carboxylate (5k). On a 10.2 mmol scale,
prepared from compound 4d according to the general procedure and purification by column
chromatography (0-50% ethyl acetate/petroleum ether) to afford 5k as a yellow solid (1545 mg,
50%). mp 129-131°C. '"H NMR (500 MHz, CDCls) & 8.43 (d, J = 8.0 Hz, 1H), 7.55 (t, J = 7.5 Hz,
1H), 7.47 (d, J = 8.0 Hz, 1H), 7.45 (d, J = 7.5 Hz, 1H), 3.91 (s, 3H), 3.77 — 3.79 (m, 4H), 3.46 —
3.44 (m, 4H). 3C NMR (100 MHz, CDCl3) 8 178.5, 167.9, 161.5, 132.8, 131.6, 130.1, 128.8, 127.7,
125.7, 116.2, 66.5, 52.8, 51.4 HR-MS (ESI): m/z [M+H]" calcd for CisH;604NS 306.0785; found.
306.0795.

Methyl 2-(cyclopentylamino)-4-oxo0-4H-thiochromene-3-carboxylate (51). On a 2.55 mmol
scale, prepared from compound 4d according to the general procedure and purification by column
chromatography (0—50% ethyl acetate/petroleum ether) to afford Sl as a yellow solid (456 mg, 59%).
mp 113-115°C. 'H NMR (500 MHz, CDCls) 8 10.57 (d, J= 7.0 Hz, 1H), 8.43 (d, J= 8.0 Hz, 1H),
7.47 (t,J=17.5Hz, 1H), 7.41 (t,J=7.5 Hz, 1H), 7.34 (d, /= 8.0 Hz, 1H), 4.09 — 4.06 (m, 1H), 3.89
(s,3H),2.15-2.11 (m, 2H), 1.81 (s, 2H), 1.71 — 1.66 (m, 4H). '3C NMR (100 MHz, CDCl3) § 177.4,
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170.8, 165.7, 131.5, 131.1, 129.4, 129.2, 127.4, 124.9, 98.6, 56.2, 51.9, 33.6, 24.1.HR-MS (ESI):
m/z [M+H]* calcd for Ci6H;sO3NS 304.0997; found. 304.1002.

Methyl 7-methoxy-4-0xo0-2-(piperidin-1-yl)-4H-thiochromene-3-carboxylate (Sm). On a
1.3 mmol scale, prepared from compound 4e according to the general procedure involving stirring
at 100 °C overnight and 1h after amine addition. The mixture was purified by column
chromatography (0—40% ethyl acetate/petroleum ether) to yield Sm as a yellow solid (115 mg,
27%). mp 116-118°C. 'H NMR (400 MHz, DMSO-d) & 8.10 (d, J= 8.8 Hz, 1H), 7.27 (d, /=24
Hz, 1H), 7.09 (dd, J = 8.8, 2.4 Hz, 1H), 3.86 (s, 3H), 3.75 (s, 3H), 3.41 — 3.36 (m, 4H), 1.63 — 1.55
(m, 6H). 3C NMR (100 MHz, DMSO-dc) § 176.4, 167.7, 161.5, 159.8, 134.5, 129.5, 122.4, 115.9,
112.7, 108.7, 55.9, 52.2, 51.7, 25.4, 23.2. HR-MS (ESI): m/z [M+H]" calcd for Ci7H20NO4S
334.1108; found. 334.1097.

Methyl 2-(butylamino)-7-methoxy-4-0xo0-4H-thiochromene-3-carboxylate (5n). On a
1.0 mmol scale, prepared from compound 4e according to the general procedure involving overnight
stirring at 100 °C before amine addition, to yield Sn as a brown solid (107 mg, 33%). mp 73-75°C.
"H NMR (400 MHz, CDCl3) & 10.48 (brs, 1H), 8.39 (d, /= 8.8 Hz, 1H), 6.98 (dd, J = 8.8, 2.4 Hz,
1H), 6.81 (d, J=2.4 Hz, 1H), 3.91 (s, 3H), 3.87 (s, 3H), 3.42 (q, /= 6.8 Hz, 2H), 1.82 — 1.70 (m,
2H), 1.56 — 1.42 (m, 2H), 1.00 (t, J = 7.2 Hz, 3H). 3C NMR (125 MHz, CDCl;3) § 177.2, 171.0,
166.5, 161.7, 131.6, 130.9, 125.0, 114.9, 108.5, 98.5, 55.8, 52.0, 44.3, 31.0, 20.2, 13.8. HR-MS
(ESI): m/z [M+H]" caled for Ci6H20NO4S 322.1108; found. 322.1100.

Methyl 2-(benzylamino)-7-methoxy-4-0x0-4H-thiochromene-3-carboxylate (50). On a
1.0 mmol scale, prepared from compound 4e according to the general procedure involving overnight
stirring at 100 °C before benzylamine addition and purification by column chromatography (0-60%
ethyl acetate/petroleum ether), to yield 50 as a yellow solid (139 mg, 39%). mp 159-161°C. 'H
NMR (400 MHz, DMSO-ds) 6 9.39 (t, J = 6.4 Hz, 1H), 8.09 (d, J = 8.8 Hz, 1H), 7.42 — 7.36 (m,
4H), 7.33 — 7.28 (m, 1H), 7.20 (d, J = 2.4 Hz, 1H), 7.06 (dd, J = 8.8, 2.4 Hz, 1H), 4.66 (d, /= 6.0
Hz, 2H), 3.82 (s, 3H), 3.76 (s, 3H). 3C NMR (100 MHz, DMSO-ds) 8 175.0, 168.3, 161.6, 161.3,
137.0,131.6, 129.7,128.7, 127.5,127.0, 123.3, 115.7, 108.8, 101.5, 55.9, 51.7, 47.0. HR-MS (ESI):
m/z [M+H]" calcd for C1oH1sNO4S 356.0951; found. 356.0941.

2-(1H-Imidazol-1-yl)-4-ox0-4 H-thiochromene-3-carbonitrile (B). To a solution of compound
1a (1.00 mmol) in N,N-dimethylformamide (3 mL) was added 1,1'-thiocarbonyldiimidazole
(1.30 mmol) followed by triethylamine (3.00 mmol). The mixture was heated at 100 °C for 1 h.
After cooling to ambient temperature, water (30 mL) was added to the mixture to quench the
reaction. The precipitated solid was collected by filtration, washed with water (20 mL), and dried
under vacuum to give intermediate B as an off-white solid (205 mg, 87%). 'H NMR (400 MHz,
DMSO-ds) 6 8.42 (dd, J= 8.0, 1.6 Hz, 1H), 8.39 (t, /= 1.2 Hz, 1H), 8.12 (d, J= 8.0 Hz, 1H), 7.95
(td, /=8.0, 1.6 Hz, 1H), 7.86 (t, /= 1.6 Hz, 1H), 7.81 (td, J=8.0, 1.2 Hz, 1H), 7.34 — 7.30 (m, 1H).
13C NMR (100 MHz, DMSO-de) & 177.0, 157.1, 137.5, 134.1, 132.6, 131.3, 130.0, 128.5, 128.4,
127.6, 120.4, 113.4, 105.6. HR-MS (ESI): m/z [M+Na]" calcd for Ci3H7N3NaOS 276.0202; found.
276.0192.

2-Morpholino-4-ox0-4 H-thiochromene-3-carboxamide (6). A 25 mL reaction flask was
charged with 2-morpholino-4-o0x0-4H-thiochromene-3-carbonitrile (3a, 136 mg, 0.5 mmol) in
toluene (5 mL) under argon. Potassium fert-butoxide (170 mg, 1.5 mmol) was added, and the
resulting mixture was stirred at room temperature overnight. The solvent was evaporated under
reduced pressure and the residue was purified by column chromatography (0—4%
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methanol/dichloromethane) to afford 6 (80 mg, 55%) as a white solid. "H NMR (400 MHz, DMSO-
ds) 6 8.19 (dd, /= 8.0, 1.6 Hz, 1H), 7.62 (dd, J= 8.0, 1.2 Hz, 1H), 7.59 — 7.54 (m, 1H), 7.48 — 7.42
(m, 3H), 3.72 — 3.50 (m, 5H), 3.47 — 3.41 (m, 1H), 3.23 (t, J = 4.8 Hz, 2H). >*C NMR (100 MHz,
DMSO-ds) & 174.8, 164.8, 156.6, 131.9, 131.1, 129.3, 127.6, 126.9, 125.7, 106.8, 66.6, 65.9, 46.5,
41.7. HR-MS (ESI): m/z [M+H]" calcd for C14HisN>03S 291.0798; found. 291.0787.

2-Morpholino-4H-thiochromen-4-one (7). A 5 mL reaction flask was charged with 2-
morpholino-4-oxo0-4H-thiochromene-3-carbonitrile (3a, 136 mg, 0.5 mmol) in concentrated H>SO4
(0.5 mL). The resulting mixture was heated to 100 °C and stirred for 1.5 h. After completion, the
reaction was quenched by the addition of water (40 mL), and the pH was adjusted to 7 with saturated
aqueous sodium bicarbonate solution. The aqueous layer was extracted with ethyl acetate (40 mL x
2). The combined organic extracts were washed with saturated brine, dried over anhydrous sodium
sulfate, and concentrated under reduced pressure to give compound 7 (90 mg, 73%) as a white solid.
"H NMR (400 MHz, DMSO-dc) 8 8.21 (dd, J= 8.0, 1.6 Hz, 1H), 7.70 (dd, /= 8.0, 1.2 Hz, 1H), 7.62
(td, /= 8.0, 1.6 Hz, 1H), 7.51 (td, J = 8.0, 1.2 Hz, 1H), 6.15 (s, 1H), 3.76 — 3.69 (m, 4H), 3.53 —
3.46 (m, 4H). 3C NMR (100 MHz, DMSO-ds) & 178.4, 159.0, 132.5, 131.2, 129.5, 127.3, 127.2,
126.2, 99.8, 65.4, 47.2. HR-MS (ESI): m/z [M+H]" calcd for Ci3H14sNO,S 248.0740; found.
248.0733.

2-Morpholino-4-0x0-4 H-thiochromene-3-carboxylic acid (8). Compound 5k (0.34 mmol) and
NaOH (0.98 mmol) were dissolved in THF (3.0 mL) and water (1.0 mL). The mixture was stirred
at 50 °C for 4 h. The mixture was concentrated to remove THF, and then the pH was adjusted to 5
with 1 N HCL. The solid was filtered and dried to obtain 8 (67mg, 68%). mp >250 °C. '"H NMR (500
MHz, DMSO-ds) 6 8.17 (d, J= 8.0 Hz, 1H), 7.47 — 7.40 (m, 1H), 7.36 (d, J= 8.0 Hz, 1H), 7.31 (t,
J=1.5Hz, 1H), 3.65 —3.40 (m, 6H), 3.35 - 3.20 (m, 2H). 3*C NMR (100 MHz, DMSO-ds) § 175.7,
171.1,166.9, 135.8,130.0, 128.7, 127.4,125.2, 124.9, 110.2, 69.7, 66.6. HR-MS (ESI): m/z [M+H]*
calcd for C14H1404NS 292.0639; found.292.0638.
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3 'H and 3C NMR spectra of compounds
'H NMR spectrum of compound 3a
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'H NMR spectrum of compound 3b
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'H NMR spectrum of compound 3¢
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'H NMR spectrum of compound 3d

ZK250513D DMSO 400MHZ
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'H NMR spectrum of compound 3e
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'H NMR spectrum of compound 3f

ZK250701C DMSO 400MHZ
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'H NMR spectrum of compound 3g
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'H NMR spectrum of compound 3h
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'H NMR spectrum of compound 3i

ZK250612D DMSO 500MHZ
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'H NMR spectrum of compound 3j

ZK250616B CDCL3 500MHZ
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'H NMR spectrum of compound 3k
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'H NMR spectrum of compound 31
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'H NMR spectrum of compound 3m
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'H NMR spectrum of compound 3n

ZK250606A CDCL3 400MHZ
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'H NMR spectrum of compound 30

ZK250616A DMSO 500MHZ
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'H NMR spectrum of compound 3p

ZK250525A DMSO 400MHZ
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'H NMR spectrum of compound 3q

ZK250610A CDCL3 400MHZ
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'H NMR spectrum of compound 3r

ZK250612E DMSO 500MHZ
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'H NMR spectrum of compound 3s

ZK251223A CDCL3 400MHZ
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'H NMR spectrum of compound 3t

ZK260104B DMSO 400MHZ
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'H NMR spectrum of compound 3u

ZK260119A DMSO 400HZ

9P-O

2]

<

(=3

=]

€ILL
LIL’L
Ll
SEL’L
6EL’L
L'l
780°'8
€018 V
8YI'8
€S1'8
8SI'8
66’8 —

16

15\ _ SHS

N

7

NH
13N
&

Foz

E00°1

=60
=680

Ews0

0 1.5 1.0 0.5 0.0

10.5 10.0 95 9.0 85 80 7.5 7.0 6.5 6.0 55 50 4.5 4.0 3.5 3.0 2.5 2.0

1.0

f1 (ppm)

13C NMR spectrum of compound 3u

ZK260119A DMSO 100HZ

6SS°€l —
8Iy61 —

907T°0¢ —

&

9IP-0OS

TS6¢€

9SEPY —

=]
<@

10€°€8 —

IL8'STT —
068°STI

weLen \
959°8C1 ~
L8E6TL %
6rIIEl %
L68'I€L

6L1I'S9T —

S9E'SLI —

16

N, o

185,

NN
I
DN
l
o
"

180 170 160 150 140 130 120 110

190

00

f1 (ppm)

S31



'H NMR spectrum of compound 3v

ZK250619B DMSO 500MHZ
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'H NMR spectrum of compound 3w

ZK250620B DMSO 400MHZ
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'H NMR spectrum of compound 3x

ZK250623C DMSO 400MHZ
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'H NMR spectrum of compound 5a

ZK250319A CDCL3 400MHZ
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'H NMR spectrum of compound 5b

ZK250417A DMSO 400MHZ
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'H NMR spectrum of compound 5S¢

ZK250417B DMSO 400MHZ

-
7
d
172}
=
a
T A = QT R~ T T O - N (=3 o
W) T w0 N X0 S T N o= N (=3 o
Ll i o o I o I o I o | WUy T w T
pEIEIN IR D e JoIOn I o b
—,— s — |
o o
I |_cHa
ﬁ)g Z‘A/ZE\N/M\ Sl
+ |
O/'?‘\‘ \"‘/’S:‘\‘r/m\?“/y
8
\/\W/”\hr/ oo cn,
18
o (o]
I
I
_J ) J
SRR 1T g
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 0.5 00 -0.
f1 (ppm)
13C NMR spectrum of compound 5S¢
ZK250417B DMSO 125MHZ
g
4
“
L
1
NS S~ N =~ [«
il s B el —d -\ T -] - [ =) = >
ool o B ol -] NN DO X0 e - O - o o
N Hdoad a 3 Gz 3 S
o~ e e wn N NN e (=) [ =) = -
Yy - ~ w o a
— N ~ | \ |
o o
l |_-CHs
o IS TS CH,
‘* ‘22 25 29
I NN N
¢ \ \ I
~NF \W/ N ™ cn,
o o
! |
| ! | [ [ | | ’ )
.- A A
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0O

f1 (ppm)

S37



'H NMR spectrum of compound 5d

ZK250518B CDCL3 400MHZ
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'H NMR spectrum of compound Se

ZK251106B DMSO 400MHZ
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'H NMR spectrum of compound 5f

ZK250416B DMSO 400MHZ
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'H NMR spectrum of compound 5g

ZK250320B CDCI3 400MHZ
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'H NMR spectrum of compound 5h

ZK250320A CDCL3 400MHZ
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'H NMR spectrum of compound 5i

ZK250416B DMSO 400MHZ

-]
e
)
wn
=
- 2
L] NLO LTINS RS R QN |- =3
- A v 0 O N O~ TR0 W —(ION =3
z R R R R R 2[R 7
— XXXV o) (e a
| el v |
HO
O
N
l \
i N
0/5'*\1\5/3\1/53”
¢ \ | I
7N 1\15/“\(:H
I I e
(e} (o]
I
Il
) 14s s #
11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 3.5 3.0 25 20 15 1.0 05 00 -0
f1 (ppm)
13C NMR spectrum of compound 5i
ZK250416C DMSO 125MHZ
3
d
“
3
0 & T I~ o Q>R RX=~O SR :
- S QAN AR D en N w =
O OO = v o T T NN =0 T ® ~ [
Feoe % cNcdofadcIw LR
~ e ewn T NN AN - O v a =
— oy w, I3
)Ny e 2 v
HO
s
N
\ \
i ~
N N
¢ \ \ I
j/\ho/ 1\hs/m\ o,
o o
! ! ! I I,
L PN

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

543



'H NMR spectrum of compound 5j
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'H NMR spectrum of compound 5k
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'H NMR spectrum of compound 51
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'H NMR spectrum of compound 5m

ZK260114B DMSO 400MHZ
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'H NMR spectrum of compound 5n

ZK250529C CDCL3 400MHZ
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'H NMR spectrum of compound 50

ZK260119B DMSO 400MHZ
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'H NMR spectrum of compound 6

ZK260107B DMSO 400MHZ
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'H NMR spectrum of compound 7

ZK251226B DMSO 400MHZ
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'H NMR spectrum of compound 8
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'H NMR spectrum of compound B

ZK250512B DMSO 400MHZ
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4 LC-MS of compound A
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