Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2023

Supporting Information

K>S:03 Mediated Direct C-H Heteroarylation/Hydroxylation of

Indolin-2-ones with Quinoxalin-2(1H)-ones
Hui Qin, Guoliang Wei, Yutao Lou, Xiaowei Zheng, Meihua Bao, Yiwen Zhang and
Ping Huang



List of Contents

General information

General procedure for the synthesis of target compounds

Free radical-trapping experiment

Characterization of products

References

Copies of NMR and HR-ESI-MS Spectra

S1

S2

S2

S2-5

S5-14

S15-16

S16-62



1. General information

Unless stated otherwise, all reactions for preparing compound 3a-3ak were carried out under
an air atmosphere. All reagents and solvents were of commercial quality and were used without
further purification. Purification was carried out according to standard laboratory methods®. All
reactions were monitored by TLC analysis with silica gel-coated plates with fluorescent
indicator UV254. 'H and '*C NMR spectra were obtained on either a Bruker AV 400 at 400
MHz and 100 MHz, respectively. Chemical shifts are reported in ppm and coupling constants
are reported in Hz with TMS at 0.0 ppm ('H and *C) and DMSO-d referenced at 2.50 ('H) and
39.5 (3C). Mass spectra were measured with an AB4500 and Orbitrap Exploris™ 120 mass

spectrometer using ESI ionization.

2. General procedure for the synthesis of 3a-ak
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Different substituted oxindole 1 (0.2 mmol, 1.0 equiv.) and various quinoxalin-2-one 2
(0.24 mmol, 1.2 equiv.) was dissolved with 2 mL acetonitrile (ACN) and was treated with
K2S,05 (0.4 mmol, 2.0 equiv.) at 80 °C under air atmosphere in a 10 mL thick-walled ground
test tube. Then mixture was stirred until the reaction completed. The progress of the reaction
was monitored by TLC. After that, reaction product was purified using column chromatography
on silica gel with petroleum ether/ethyl acetate (2:1 to 1:2) or dichloromethane/methanol (100:0
to 100:1).

3. Free radical-trapping experiment
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Oxindole (1a, 0.2 mmol), quinoxalin-2-one (2a, 0.24 mmol, 1.2 equiv.), K2S>0s (0.4 mmol,

2.0 equiv.) and 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO, 0.4 mmol, 2.0 equiv.) were
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added to a 10 mL thick-walled ground test tube with a magnetic stirring bar, then the reaction
mixture was stirred at 80 °C for 4 h until the reaction completed. the desired product 3a was not
observed in reaction process via TLC monitored, but a free radical-trapping adduct 5 and 6 was
detected by LC-MS and HRMS of the reaction solution, indicating that was proposed to go
through a radical process (Figure S1 and S2).

B :01:0.201 min from Sample 1 (TuneSamplelD) of MT20230415134718.wiff (Turbo Spray) Max. 9.4e6 cps.

A 68 4128
8.0e8 339.0 2811

8.0e6
T.0e6 4
6.0e6
5.0e6 4

4.0e6

Intensity, cps

3.0e6

2.0e6

1.0e6

0. o bt e ” b ! i CIP%,Lu VLI P, L Y - 4y, Nl T LY L, T
280 280 200 220 240 280 280 400 420 440 480 480 500 520 540

101 301 501 701 201 1101 1201 1501 1701 1201 2101 2301 2501 2701 2801
m/z, Da

[ +Q1: 0.802 min from Sample 1 (TuneSamplelD) of MT2023041513581 2 wiff {Turbo Spray) Max. 9.3e8 cps|

334.1

5.56 4 B

8.0e6 4

5.5ef 4

4.5e8 5

2202 3272 detected by LC-MS

A b 302,
318.1 [M+K]

Intensity, cps
K

2.5e6 4 3351

326.1
3211
108 319.2 2282

5.0e5 3220 3233 8289 ,329.43

201 g3pa 2330

B az0 az2 224 aze azs 220 332 324 228
am 699 718 739 759 ] Te8 819 838 858
m/z, Da

S3



[ W Q1. 0.602 min from Sample 1 (TuneSampleiD) of MT202304151 35612 wiff T urbo Spray)

519.4
H
2 N.
N >

1.8e6 4

Cc

1.5e8 [M+K]Jr
1.4e6 -
1.3e6 -
1.2e6 -
1.1e8 4
1.0e6 -
9.0e5
8.0e5

7.0e5

Intensity, cps

8.0e5 4
5.0e5 4
4.0e5 4
2.0e5 4
2.0e5

1.0e5 4

detected by LC-MS

521.3

Max. 9.2e8 cps,

523.0 5233

o.0op T
520.5
2704

m/z, Da

520.0
2699

519.5
2694

519.0
2689

518.5
2684

518.0
2679

517.5
2674

517.0
2669

521.0
2708

5220
2718

521.5
2714

5245
2744

524.0
2739

523.5
2734

523.0
2728

5225
2724

Figure S1. LC-MS analysis of the adduct 5 and 6
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Figure S2. HRMS analysis of the adduct 1a’, 5 and 6

4. Characterization of products
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3-Hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3a) was purified by silica column with
dichloromethane/methanol = 100:0-100:1, orange solid, 51.6 mg, 83% yield;
'H NMR (300 MHz, DMSO-de): J = 10.50 (s, 1H, NH), 8.02 (d, J = 8.00 Hz, 1H, ArH), 7.71 (t,J
=7.88 Hz, 1H, ArH), 7.61 (d, J=8.36 Hz, 1H, ArH), 7.49 (d, /= 7.64 Hz, 1H, ArH), 7.18-7.24 (m,
1H, ArH), 6.94 (d, J= 5.5 Hz, 1H, ArH), 6.82-6.88 (m, 2H, ArH), 6.64 (s, 1H, OH), 3.54 (s, 3H,
NCH3);
13C NMR (75 MHz, DMSO-ds): 6 = 176.27, 156.24, 152.43, 144.48, 133.71, 131.69, 131.54,

130.73, 130.00, 129.88, 124.40, 123.98, 121.78, 115.48, 110.13, 77.85, 29.25;
HRMS (ESI-TOF) calcd for C17H14N303; [M + H] *: 308.1030; found: 308.1036.
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6-Fluoro-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3b) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, orange solid, 36.8 mg, 54% yield;
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'H NMR (400 MHz, DMSO-dq): 6 = 10.69 (s, 1H, NH), 8.01 (dd, J = 1.52, 8.01 Hz, 1H, ArH),
7.71 (dt, J=1.52, 7.84 Hz, 1H, ArH), 7.61 (d, /= 8.51 Hz, 1H, ArH), 7.48 (t, J= 8.32 Hz, 1H, ArH),
6.96-6.98 (m, 1H, ArH), 6.75 (s, 1H, OH), 6.68-6.71 (m, 1H, ArH), 6.60-6.65 (m, 1H, ArH), 3.54
(s, 3H, NCHs);

13C NMR (100 MHz, DMSO-ds): 6 = 176.56, 162.30-164.71 (d, Je.r = 241.42 Hz), 155.94, 152.45,
146.20-146.32 (d, Jor = 12.63 Hz), 133.69, 131.72, 131.57, 129.90, 126.67-126.70 (d, Je.r = 2.72
Hz), 124.42, 120.93-121.26 (d, Jer = 32.73 Hz), 115.49, 107.58-107.80 (d, Jer = 22.17 Hz), 98.26-

98.53 (d, Jcr=27.11 Hz), 77.33, 29.28;
HRMS (ESI-TOF) calcd for C17H13FN303 [M + H] *: 326.0935; found: 326.0931.
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6-Bromo-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3c) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, orange solid, 34.7 mg, 45% yield;
'H NMR (400 MHz, DMSO-ds): J = 10.68 (s, 1H, NH), 8.01 (dd, J = 1.52, 8.01 Hz, 1H, ArH),
7.72 (dt,J=1.61,7.84 Hz, 1H, ArH), 7.61 (dd, J=1.32, 8.54 Hz, 1H, ArH), 7.49 (dt, /= 1.22, 7.63
Hz, 1H, ArH), 7.00-7.02 (m, 1H, ArH), 6.96-6.98 (m, 1H, ArH), 6.91 (d, J = 7.82 Hz, 1H, ArH),
6.81 (s, 1H, OH), 3.54 (s, 3H, NCH3);
13C NMR (100 MHz, DMSO-d): § = 176.08, 155.71, 152.46, 146.14, 133.69, 131.77, 131.64,

130.09, 129.93, 125.82, 124.47, 124.39, 122.63, 115.54, 112.92, 77.44, 29.30;
HRMS (ESI-TOF) calcd for C17H13BrN3O; [M + H] *: 386.0135; found: 386.0147.
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4-Chloro-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3d) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, yellow solid, 27.1 mg, 42% yield;

'"H NMR (400 MHz, DMSO-d): 6 = 10.89 (s, 1H, NH), 7.91 (brs, 1H, ArH), 7.70 (t, J = 7.62 Hz,
1H, ArH), 7.61 (d, J=7.24 Hz, 1H, ArH), 7.43 (brs, 1H, ArH), 7.25 (t, /= 8.03 Hz, 1H, ArH), 6.93
(d, J=8.31 Hz, 1H, ArH), 6.89 (d, J=7.72 Hz, 1H, ArH), 5.00 (brs, 1H, OH), 3.61 (s, 3H, NCH3);
13C NMR (100 MHz, DMSO-ds): § = 174.67, 155.48, 145.69, 133.60, 132.36, 131.57, 130.35,
129.85, 129.20, 124.38, 121.92, 115.53, 108.79, 29.60;

HRMS (ESI-TOF) calcd for Ci7H13CIN3O3; [M + H] *: 342.0640; found: 342.0637.
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4-Fluoro-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3e) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, yellow solid, 37.4 mg, 56% yield;

'H NMR (400 MHz, DMSO-dq): 6 = 10.77 (s, 1H, NH), 8.03 (dd, J = 1.53, 8.02 Hz, 1H, ArH),
7.74 (td, J=17.81, 1.54 Hz, 1H, ArH), 7.64 (d, J=8.00 Hz, 1H, ArH), 7.51 (t,/=8.21 Hz, 1H, ArH),
7.25-7.31 (m, 1H, ArH), 6.97-6.98 (m, 1H, ArH), 6.81 (s, 1H, OH), 6.75 (d, J=7.62 Hz, 1H, ArH),
6.65 (t, J=8.92 Hz, 1H, ArH), 3.57 (s, 3H, NCH3);

3C NMR (100 MHz, DMSO-dc): 6 = 175.65, 157.22-159.68 (d, Jcr = 245.32 Hz), 154.84, 152.40,
146.67-146.75 (d, Jc.r=8.72 Hz), 133.67, 132.15-132.24 (d, Jc.r=9.02 Hz), 131.77, 131.58, 129.91,
124.56, 116.16-116.36 (d, Jcr = 19.33 Hz), 115.62, 109.21-109.41 (d, Jc-r = 20.00 Hz), 106.80-
106.83 (d, Jc.r =2.92 Hz), 76.83, 29.34;

HRMS (ESI-TOF) calcd for C17H13FN303 [M + H] : 326.0935; found: 326.0933.
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5-Chloro-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3f) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, yellow solid, 38.2 mg, 53% yield;

'"H NMR (400 MHz, DMSO-de): d = 10.67 (s, 1H, NH), 8.01 (dd, J = 1.52, 8.01 Hz, 1H, ArH),
7.72 (dt,J=1.62, 7.83 Hz, 1H, ArH), 7.62 (dd, J=1.22, 8.52 Hz, 1H, ArH), 7.49 (dt, J=1.21, 7.63
Hz, 1H, ArH), 7.28 (dd, J=2.22, 8.34 Hz, 1H, ArH), 6.98-6.99 (m, 1H, ArH), 6.90 (d, /= 8.21 Hz,
1H, ArH), 6.84 (s, 1H, OH), 3.55 (s, 3H, NCH3);

13C NMR (100 MHz, DMSO-ds): § = 175.92, 155.57, 152.52, 143.35, 133.80, 132.76, 131.81,
131.61, 129.95, 129.72, 125.63, 124.40, 124.19, 115.51, 111.53, 77.81, 29.31;

HRMS (ESI-TOF) calcd for C17H13CIN3O3 [M + H] *: 342.0640; found: 342.0648.

H
oN
N\
Sea
N~ O
I
5-Fluoro-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3g) was purified by silica

column with dichloromethane/methanol = 100:0-100:1, yellow solid, 42.4 mg, 65% yield;

'H NMR (400 MHz, DMSO-d): 6 = 10.54 (s, 1H, NH), 8.01 (dd, J = 1.51, 8.00 Hz, 1H, ArH),
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7.72 (td, J=7.82, 1.52 Hz, 1H, ArH), 7.60 (dd, J = 8.53, 1.31 Hz, 1H, ArH), 7.50 (td, J = 7.62, 1.23
Hz, 1H, ArH), 7.03-7.09 (m, 1H, ArH), 6.87 (t, J = 4.22 Hz, 1H, ArH), 6.84 (dd, J = 2.31, 2.94 Hz,
1H, ArH), 6.79 (s, 1H, OH), 3.55 (s, 3H, NCHs);

13C NMR (100 MHz, DMSO-dg): 6 = 176.19, 156.97-159.32 (d, Je.r = 235.52 Hz), 155.66, 152.49,
140.65-140.67 (d, Je.r = 1.82 Hz), 133.78, 132.31-132.39 (d, Je.r = 7.73 Hz), 131.74, 131.60, 129.93,
124.38, 115.90-116.13 (d, Jer = 23.02 Hz), 115.47, 111.82-112.07 (d, Jor = 24.52 Hz), 110.73-
110.81 (d, Jer = 7.71 Hz), 78.04-78.06 (d, Je.r = 1.62 Hz), 29.28;

HRMS (ESI-TOF) calcd for C17H13FN30s3 [M + H]*: 326.0935; found: 326.0937.
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5-Bromo-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3h) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, orange solid, 37.4 mg, 48% yield;

'H NMR (400 MHz, DMSO-de): J = 10.69 (s, 1H, NH), 8.01 (dd, J = 1.51, 8.02 Hz, 1H, ArH),
7.72 (dt,J=1.62,7.81 Hz, 1H, ArH), 7.62 (dd, J=1.21, 8.43 Hz, 1H, ArH), 7.49 (dt, J=1.23, 7.62
Hz, 1H, ArH), 7.41 (dd, J=2.12, 8.31 Hz, 1H, ArH), 7.10 (d, /= 2.11 Hz, 1H, ArH), 6.97-6.98 (m,
1H, ArH), 6.84 (s, 1H, OH), 3.55 (s, 3H, NCH3);

13C NMR (100 MHz, DMSO-ds): § = 175.80, 155.57, 152.52, 143.76, 133.79, 133.15, 132.58,
131.82, 131.61, 129.95, 126.85, 124.40, 115.50, 113.29, 112.11, 77.76, 29.32;

HRMS (ESI-TOF) calcd for C17H13BrN3O; [M + H] *: 386.0135; found: 386.0143.
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5-Methyl-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3i) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, yellow solid, 23.1 mg, 35% yield;
'"H NMR (400 MHz, DMSO-ds): 6 = 10.41 (s, 1H, NH), 8.01 (dd, J = 1.52, 8.01 Hz, 1H, ArH),
7.70 (dt,J=17.82, 1.64 Hz, 1H, ArH), 7.60 (dd, /= 1.22, 8.54 Hz, 1H, ArH), 7.48 (dt, /= 1.21, 7.63
Hz, 1H, ArH), 7.00-7.03 (m, 1H, ArH), 6.75-6.78 (m, 2H, ArH), 6.59 (s, 1H, OH), 3.54 (s, 3H,
NCH3), 2.14 (s, 3H, CH3);
13C NMR (100 MHz, DMSO-d): 6 = 176.28, 156.32, 152.41, 142.01, 133.71, 131.67, 131.50,
130.78, 130.59, 130.13, 129.86, 124.62, 124.37, 115.46, 109.88, 77.94, 29.25, 20.95;
HRMS (ESI-TOF) calcd for Ci13H1¢N3O03 [M + H] *: 322.1186; found: 322.1189.
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5-Methoxy-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3j) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, yellow solid, 33.8 mg, 48% yield;

'H NMR (400 MHz, DMSO-dq): 6 = 10.33 (s, 1H, NH), 8.01 (dd, J = 1.52, 8.01 Hz, 1H, ArH),
7.71 (dt,J=1.53,7.82 Hz, 1H, ArH), 7.61 (dd, J= 1.22, 8.53 Hz, 1H, ArH), 7.48 (dt, J=1.22, 7.64
Hz, 1H, ArH), 6.77 (s, 2H, ArH), 6.62 (s, 1H, OH), 6.56 (s, 1H, ArH), 3.60 (s, 3H, OCH3), 3.54 (s,
3H, NCH3);

13C NMR (100 MHz, DMSO-ds): § = 176.13, 156.15, 155.01, 152.44, 137.69, 133.80, 131.91,
131.69, 131.52, 129.90, 124.36, 115.48, 114.44, 110.98, 110.45, 78.25, 55.81, 29.26;

HRMS (ESI-TOF) calcd for Ci1gH16N304 [M + H] *: 338.1135; found: 338.1139.
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4-Methyl-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3k) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, yellow solid, 35.2 mg, 54% yield,;
'"H NMR (400 MHz, DMSO-ds): § = 10.49 (s, 1H, NH), 7.84 (s, 1H, ArH), 7.68 (t, J = 7.77 Hz,
1H, ArH), 7.58-7.60 (d, J = 8.24 Hz, 1H, ArH), 7.42 (t, J = 7.88 Hz, 1H, ArH), 7.06-7.12 (m, 2H,
ArH), 6.98 (s, 1H, OH), 6.68-6.74 (m, 2H, ArH), 3.60 (s, 3H, NCH3), 1.92 (s, 3H, CH3);
13C NMR (100 MHz, DMSO-d): § = 176.22, 156.08, 152.32, 144.01, 134.16, 133.64, 132.30,

131.39, 129.71, 128.65, 128.45, 124.24, 123.39, 115.46, 109.02, 78.38, 29.29, 18.60;
HRMS (ESI-TOF) calcd for CisH1N3O3; [M + H] *: 322.1186; found: 322.1187.
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1-Methyl-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (31) was purified by silica

column with dichloromethane/methanol = 100:0-100:1, red solid, 22.2 mg, 34% yield;

'H NMR (400 MHz, DMSO-ds): 6 = 8.02 (dd, J= 1.5, 8.0 Hz, 1H, ArH), 7.70 (td, J= 7.93, 1.51

Hz, 1H, ArH), 7.57-7.59 (m, 1H, ArH), 7.49 (t, /= 7.61 Hz, 1H, ArH), 7.32 (td, J=7.72, 1.33 Hz,

1H, ArH), 7.00-7.06 (m, 2H, ArH), 6.92 (t, J=7.54 Hz, 1H, ArH), 3.51 (s, 3H, NCH3), 3.20 (s, 3H,
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NCHs);

13C NMR (100 MHz, DMSO-de): 6 = 174.71, 156.10, 152.38, 145.81, 133.68, 131.73, 131.58,
130.15, 129.90, 129.81, 124.43, 123.65, 122.50, 115.36, 109.04, 77.43, 29.03, 26.65;

HRMS (ESI-TOF) calcd for Ci1sH16N3Os [M + H] ™: 322.1186; found: 322.1188.
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1-Phenyl-3-hydroxy-3-(1-methylquinoxalin-2-one) indolin-2-one (3m) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, pale solid, 40.4 mg, 54% yield;
TH NMR (400 MHz, DMSO-dq): 6 = 8.06 (dd, J=1.52, 8.02 Hz, 1H, ArH), 7.73 (td, J=7.81, 1.54
Hz, 1H, ArH), 7.61-7.65 (m, 3H, ArH), 7.47-7.55 (m, 4H, ArH), 7.27 (td, J = 7.82, 1.42 Hz, 1H,
ArH), 7.12 (dd, J = 7.44, 1.32 Hz, 1H, ArH), 6.98 (t, /= 7.52 Hz, 1H, ArH), 6.78 (d, /= 7.84 Hz,
1H, ArH), 3.58 (s, 3H, NCH3);
13C NMR (100 MHz, DMSO-ds): 5 = 174.29, 156.15, 152.64, 145.62, 135.12, 133.68, 131.87,
131.69, 130.23, 130.12, 130.00, 129.51, 128.49, 127.08, 124.53, 124.39, 123.14, 115.59, 109.52,

77.51,29.47,
HRMS (ESI-TOF) calcd for C23H1sN3Os [M + H] : 384.1343; found: 384.1347.
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3-Hydroxy-3-(1-ethylquinoxalin-2-one) indolin-2-one (3ab) was purified by silica column with
dichloromethane/methanol = 100:0-100:1, pale solid, 49.2 mg, 75% yield,
'H NMR (400 MHz, DMSO-dq): 6 = 10.50 (s, 1H, NH), 8.02 (d, /= 8.12 Hz, 1H, ArH), 7.65-7.73
(m, 2H, ArH), 7.48 (t, J = 8.32 Hz, 1H, ArH), 7.22 (t, J= 6.62 Hz, 1H, ArH), 6.98 (d, J=7.41 Hz,
1H, ArH), 6.82-6.88 (m, 2H, ArH), 6.65 (brs, 1H, OH), 4.13-4.19 (m, 2H, NCH>), 1.13 (t, /= 7.1
Hz, 3H, CHy);
13C NMR (100 MHz, DMSO-de): § = 176.26, 156.22, 152.01, 144.45, 132.50, 131.96, 131.64,

130.77,130.22, 130.00, 124.31, 123.96, 121.82, 115.13, 110.16, 77.83, 37.21, 12.79;
HRMS (ESI-TOF) calcd for C1sH1N3O3; [M + H] : 322.1186; found: 322.1189.
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3-Hydroxy-3-(1-pentylquinoxalin-2-one) indolin-2-one (3ac) was purified by silica column with
dichloromethane/methanol = 100:0-100:1, orange solid, 39.8 mg, 54% yield,;

'H NMR (400 MHz, DMSO-dq): 6 = 10.50 (s, 1H, NH), 8.02 (dd, J = 1.51, 8.04 Hz, 1H, ArH),
7.68-7.72 (m, 1H, ArH), 7.63-7.65 (m, 1H, ArH), 7.47 (td, J=7.52, 1.31 Hz, 1H, ArH), 7.22 (td, J
=7.71,1.31 Hz, 1H, ArH), 6.96 (d, /= 7.43 Hz, 1H, ArH), 6.88 (d, /= 7.72 Hz, 1H, ArH), 6.83 (t,
J=7.50Hz, 1H, ArH), 6.62 (brs, 1H, OH), 4.08-4.13 (m, 2H, NCH>), 1.50-1.54 (m, 2H, NCH,CH,),
1.23-1.24 (m, 4H, NCH, CH>CH,CH,), 0.79 (t, J = 6.62 Hz, 3H, CH3);

13C NMR (100 MHz, DMSO-ds): § = 176.25, 156.21, 152.25, 144.46, 132.69, 131.94, 131.60,
130.77, 130.19, 129.97, 124.30, 123.89, 121.78, 115.26, 110.16, 77.83, 41.83, 28.71, 26.99, 22.20,
14.33;

HRMS (ESI-TOF) calcd for C2iH2N303 [M + H] *: 364.1656; found: 364.1652.

N

(0]

N

B
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N® O
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3-Hydroxy-3-(1-allylquinoxalin-2-one) indolin-2-one (3ad) was purified by silica column with
dichloromethane/methanol = 100:0-100:1, red solid, 38.4 mg, 55% yield;

'"H NMR (400 MHz, DMSO-dc): 6 = 10.50 (s, 1H, NH), 8.02 (d, J = 8.02 Hz, 1H, ArH), 7.67 (t, J
= 8.02 Hz, 1H, ArH), 7.55 (d, J = 8.43 Hz, 1H, ArH), 7.47 (t, J = 7.62 Hz, 1H, ArH), 7.22 (t, J =
7.72 Hz, 1H, ArH), 6.99 (d, J = 7.22 Hz, 1H, ArH), 6.82-6.99 (m, 2H, ArH), 6.66 (brs, 1H, OH),
5.78-5.86 (m, 1H, CH=CH>), 5.13 (d, J = 10.72 Hz, 1H, CH=CH>)), 4.94 (d, J = 17.22 Hz, 1H,
CH=CH»)), 4.78-4.79 (m, 2H, NCH>);

13C NMR (100 MHz, DMSO-ds): § = 176.23, 156.33, 152.09, 144.46, 132.73, 131.88, 131.64,
131.48, 130.74, 130.09, 130.02, 124.44, 123.95, 121.83, 117.71, 115.71, 110.17, 77.88, 44.03;
HRMS (ESI-TOF) calcd for C19H16N303 [M + H] *: 334.1186; found: 334.1187.

N

0]

N
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N~ ~O

3-Hydroxy-3-(1-benzylquinoxalin-2-one) indolin-2-one (3ae) was purified by silica column with
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dichloromethane/methanol = 100:0-100:1, red solid, 57.2 mg, 72% yield;

'H NMR (400 MHz, DMSO-dq): 5 = 10.48 (s, 1H, NH), 8.03 (dd, J = 1.52, 7.91 Hz, 1H, ArH),
7.60 (td, J=7.83, 1.61 Hz, 1H, ArH), 7.51 (d, J = 8.74 Hz, 1H, ArH), 7.45 (td, J = 7.60, 1.22 Hz,
1H, ArH), 7.31-7.32 (m, 1H, ArH),7.22-7.27 (m, 4H, ArH), 7.09-7.12 (m, 1H, ArH), 7.04 (d, J =
6.64 Hz, 1H, ArH), 6.89 (d, J = 7.41 Hz, 2H, ArH), 6.72 (brs, 1H, OH), 5.49 d, J = 16.04 Hz, 1H,
NCHy), 5.38 d, J=15.76 Hz, 1H, NCH>»);

13C NMR (100 MHz, DMSO-ds): 6 = 176.31, 156.53, 152.69, 144.50, 135.99, 132.74, 132.04,
131.53, 130.74, 130.19, 130.08, 129.17, 127.93, 127.10, 124.57, 124.00, 121.85, 115.73, 110.23,
78.01, 44.96;

HRMS (ESI-TOF) calcd for C23H13N303 [M + H] *: 384.1343; found: 384.1341.

N
(0]
N
N
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N

3-Hydroxy-3-(1-methylacetatequinoxalin-2-one) indolin-2-one (3af) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, orange solid, 52.6 mg, 70% yield;

'"H NMR (300 MHz, DMSO-de): 6 = 10.51 (s, 1H, NH), 8.05 (dd, J = 0.91, 4.82 Hz, 1H, ArH),
7.68 (td, J=4.73, 0.92 Hz, 1H, ArH), 7.49-7.55 (m, 2H, ArH), 7.23 (td, /= 4.62, 0.81 Hz, 1H, ArH),
6.99 (d,J=4.02 Hz, 1H, ArH), 6.84-6.88 (m, 2H, ArH), 6.72 (s, 1H, OH), 5.04 (d, /= 1.52 Hz, 2H,
NCHb»), 3.65 (s, 3H, OCH3);

13C NMR (100 MHz, DMSO-ds): § = 176.28, 168.70, 156.78, 152.69, 139.27, 137.77, 127.87,
125.84, 125.67, 125.64, 124.97, 124.11, 122.63, 121.14, 116.87, 115.18, 109.67, 77.15, 44.60;
HRMS (ESI-TOF) calcd for C19H1sN3Os [M + H] *: 366.1084; found: 366.1082.
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3-Hydroxy-3-(1-cyclohexylmethylquinoxalin-2-one) indolin-2-one (3ag) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, orange solid, 34.2 mg, 43% yield,

'"H NMR (400 MHz, DMSO-dq): 5 = 10.49 (s, 1H, NH), 8.01 (d, /= 8.12 Hz, 1H, ArH), 7.63-7.71
(m, 2H, ArH), 7.46 (t,J=8.12 Hz, 1H, ArH), 7.21 (t, /= 7.62 Hz, 1H, ArH), 6.93-6.98 (m, 2H, ArH
and OH), 6.80-6.87 (m, 2H, ArH), 3.94-4.10 (m, 2H, CH»), 1.75 (m, 1H), 1.44-1.59 (m, 6H), 1.03-
1.13 (m, 4H);
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13C NMR (100 MHz, DMSO-dc): 6 = 176.26, 156.26, 152.69, 144.46, 133.06, 131.90, 131.46,
130.77, 130.17, 129.96, 124.26, 123.82, 121.71, 115.67, 110.15, 77.85, 47.20, 36.30, 30.43, 30.36,
26.35,26.18, 25.66;

HRMS (ESI-TOF) calcd for C23H24N303; [M + H] ™: 390.1812; found: 390.1809.
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3-Hydroxy-3-(1-cyclopropylmethylquinoxalin-2-one) indolin-2-one (3ah) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, orange solid, 22.8 mg, 32% yield;

'"H NMR (400 MHz, DMSO-dq): 6 = 10.51 (s, 1H, NH), 8.02 (d, /= 8.03 Hz, 1H, ArH), 7.68-7.75
(m, 2H, ArH), 7.48 (t, J=7.51 Hz, 1H, ArH), 7.21 (t, J=7.71 Hz, 1H, ArH), 6.97 (d, J = 7.52 Hz,
1H, ArH), 6.81-6.87 (m, 2H, ArH), 4.03-4.13 (m, 2H, CH,), 1.14-1.20 (m, 1H), 0.27-0.40 (m, 4H);
13C NMR (100 MHz, DMSO-ds): § = 176.26, 156.42, 152.57, 144.45, 132.95, 131.88, 131.56,
130.75, 130.16, 129.98, 124.34, 123.86, 121.78, 115.59, 110.16, 77.87, 45.63, 10.01, 4.12;
HRMS (ESI-TOF) calcd for C20Hi3N303 [M + H] *: 348.1343; found: 348.1340.

H
oN

N\
1 o

N (6]

K©\Br
3-Hydroxy-3-(1-(4-bromobenzyl)-quinoxalin-2-one) indolin-2-one (3ai) was purified by silica
column with dichloromethane/methanol = 100:0-100:1, orange solid, 56.4 mg, 58% yield,;
'"H NMR (400 MHz, DMSO-de): 6 = 10.53 (s, 1H, NH), 8.03 (dd, J = 1.52, 7.93 Hz, 1H, ArH),
7.62 (td, J=7.84, 1.62 Hz, 1H, ArH), 7.47-7.51 (m, 4H, ArH), 7.23 (t,J=7.73 Hz, 1H, ArH), 7.07
(d, J=8.42 Hz, 2H, ArH), 7.03 (d, /= 6.84 Hz, 1H, ArH), 6.88 (d, /= 7.73 Hz, 1H, ArH), 6.71 (s,
1H, OH), 5.31-5.45 (m, 2H, NCH>);
13C NMR (100 MHz, DMSO-ds): § = 176.26, 156.51, 152.63, 144.46, 135.50, 132.63, 132.08,
131.62, 130.69, 130.25, 130.08, 129.40, 128.87, 124.67, 124.04, 121.86, 121.06, 115.64, 110.21,

77.99, 44.48;
HRMS (ESI-TOF) calcd for C23H17BrN3O; [M + H] *: 462.0448; found: 462.04438.
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3-Hydroxy-3-(6, 7-difluoro-1-methylquinoxalin-2-one) indolin-2-one (3aj) was purified by
silica column with dichloromethane/methanol = 100:0-100:1, pale solid, 45.1 mg, 62% yield;

'H NMR (400 MHz, DMSO-dq): 0 = 10.52 (s, 1H, NH), 8.07 (dd, J = 8.32, 10.63 Hz, 1H, ArH),
7.81 (dd, J=7.43,12.31 Hz, 1H, ArH), 7.22 (td, /= 7.43, 1.32 Hz, 1H, ArH), 6.95 (d, /= 7.36 Hz,
1H, ArH), 6.85 (t, J=7.61 Hz, 1H, ArH), 6.65 (brs, 1H, OH), 3.50 (s, 3H, NCH3);

13C NMR (100 MHz, DMSO-dq): 6 = 176.09, 157.06-157.09 (d, Jc-r = 3.2 Hz), 152.48-152.62 and
150.00-150.14 (d, Jcr = 14.0, 248.6 Hz), 152.18, 147.48-147.62 and 145.05-145.19 (d, Jcr = 13.8,
242.8 Hz), 144.46, 131.53-131.63 (d, Jcr = 9.8 Hz), 130.50, 130.07, 128.24-128.34 (d, Jcr = 9.5
Hz), 124.08, 121.77, 117.30-117.48 (d, Jcr = 17.7 Hz), 110.16, 104.62-104.85 (d, Jcr = 23.3 Hz),
77.92,30.03;

HRMS (ESI-TOF) calcd for C17H12F2N303 [M + H] *: 344.0841; found: 344.0847.

o N

j@[ OH
Cl N (6]
3-Hydroxy-3-(6, 7-difchloro-1-methylquinoxalin-2-one) indolin-2-one (3ak) was purified by
silica column with dichloromethane/methanol = 100:0-100:1, light yellow solid, 36.3 mg, 47% yield;
'"H NMR (400 MHz, DMSO-de): 6 = 10.54 (s, 1H, NH), 8.20 (s, 1H, ArH), 7.93 (s, 1H, ArH), 7.22
(dt, J=1.32,7.61 Hz, 1H, ArH), 6.95 (dd, J = 1.31, 7.42 Hz, 1H, ArH), 6.83-6.87 (m, 2H, ArH),
6.72 (s, 1H, ArH), 3.51 (s, 3H, NCH3);
13C NMR (100 MHz, DMSO-ds): § = 176.00, 158.17, 152.09, 144.44, 133.78, 133.71, 131.21,

130.45, 130.40, 130.15, 126.33, 124.16, 121.81, 117.49, 110.19, 78.02, 29.76;
HRMS (ESI-TOF) calcd for C17H12F2N303 [M + H]*: 376.0250; found: 376.0248.

CrL L.

1-Methyl-1, 4-dihydroquinoxaline-2, 3-dione (4)> was purified by silica column with
dichloromethane/methanol = 100:0-100:1, pale solid, 16.2 mg, 36% yield,

TH NMR (400 MHz, DMSO-d): 6 = 12.02 (s, 1H, NH), 7.33-7.05 (m, 1H, ArH), 7.12-7.20 (m, 3H,
ArH), 3.51 (s, 3H, NCH3).
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Figure S12. The 3C NMR Spectrum of Compound 3f in DMSO-dj

S27

—29.3137



(mady 17

511

01T

59 I L 08 98 06 ] 007
( o N
W o

09

05

50 01 97 0°g 5°C 0e N3 0% 57

00

§ 'IOI

579

(mdd) 11

06 F0O°L

(mddy 13

089

80°L

G '9

90°L

L0°L oL'L

80°L

9z’L

FPOL LLL

w

3.09 ==

Figure S13. The 'H NMR Spectrum of Compound 3g in DMSO-d;

S28

—10.5488

-8.0186
-8.0149
-7.9987
[7.9949
7.7408
17.7369
7.7227
-7.7194
77159
7.7017
V76077
7.6225
7.6194
7.6012
7.5980
7.5134
7.5103
7.4954
7.4927
17.4901
7.4753
1 7.4722
. 7.0867
7.0800
7.0655
17.0626
L7.0588
. 7.0558
17.0414
1 7.0346
6.8787
16.8679
16.8578
16.8516
16.8467
-6.8382
16.8315
16.7892
13,5500




(ll]dd) I

0

0%1

097
i

0sT
I

%1
L

NET
I

0zt
L

01T
I

O?I

06
1

03
1

09
I

0%

0z
]

01

—176.1970

,159.3264
_~156.9711
1556612
™152.4991
140.6722
}140.6537
133.7866
132.3939
132.3168
Y131 .7483
\131 .6030
129.9398
\124.3879
116.1309
-\~1 15.9012
115.4780
112.0732
111.8286
110.8155
110.7382

_<78.0656
78.0496

PIF 07 "TET-WAS-Ub—FHETSEO0EE-9R90E707

Figure S14. The 3C NMR Spectrum of Compound 3g in DMSO-ds
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S33

—176.2865

—156.3279
—152.4125

142.0171
/133.71 89
131.6758
131.5009
130.7828
130.5984
130.1301
129.8600
\124.6262

124.3773
—115.4637

—109.8823

—77.9458

—29.2555

—20.9578

PIF 07 UET-WAS-UbFRETSEO0EE-9R90ET07



(mdd) I
01 57T 0°g 5% 0°E 9°E 0% 57 05 575 09 579 0L 574 08 578 08 576 00T §0T  0°TT

570

1.00—IL——

1.02
1.06

1.09
1.09 4=

2.07
k:

-0

0.6~

0.99/T

3.00 ~
2.94 -

(mddy 13

L7l

0L

S0'L

60°L

60°L

8.01
‘/—8.01
8.00
7.99
7.72
7.72
7.71
7.70
7.69
7.62
7.62

7.60
1};7.60

7.51
}7.51
/7.49

7.49
7.49

Figure S19. The 'H NMR Spectrum of Compound 3j in DMSO-d

S34

10.3316
-8.0150
18.0113
17,9951
17.9913
17.7198
17.7161
17.7125
7.6985
7.6947
17.6210
17.6179
7.5997
7.5966
7.5102
7.5071
7.4924
7.4897
7.4871
7.4723

2953

_-6.6290
\6.5647

_3.6072
“\.3.5448

PIF 0T "OET-WAS-Ub—FHE1SEO0EE-9R90E707



(mady 17

081
I

DLt
I

097
I

0sT
L

O?I

0?1

0gt
1

OFI

001
1

06
I

03
1

04
1

0§
I

0%

QS

01

0
HO

-0

Figure S20.

The *C NMR Spectrum of Compound 3j in DMSO-ds

S35

—176.1314

,156.1597
~155.0114
N152.4414

137.6548
133.8055
131.9129
{131.6905
131.5264
129.9041
124.3651
/'I 15.4820
—114.4430
—110.9809
110.4530

—78.2505

—55.8169

—29.2625

PIF 07 "OET-WAS-Ub—FRETSEO0EE-9R90ET07



(mady 17

579

511

01T

05

50 01 97 0°g 5°C 0e N3 0% 57

00

§ 'IOI

1.00=

3.294

3.00—=

—=Z /Z a
do @l o
I ZT S —7.85
SR 7.70
g 1. }758
g ™ .
g0 7.66
-]
© V760
P 7.58
=18 va
el = %7.44
g 7.42
S
i \7.40
] Gg
SN ~7.13
= 4o 711
E [N \7.09
= ~7.06
[, (=1}
Y \6.74
] N 6.72
B (9]
o \670

R

Figure S21. The '"H NMR Spectrum of Compound 3k in DMSO-ds

S36

—10.5945

7.8496
-7.6987
1 7.6782
| 7.6641
7.6015
7.5809
/74417
F7.4215
7.4023
~7.1291
1\71104
17,0912
7.0823
| 7.0615
L6.7410
1 6.7221
16.7040
L6.6850

[T

/

S—
—

—3.6093

—1.8225



(mdd) s
0[8 L'JI6 OflJI OH 0?1 O?I O?I OISI O'EIJI U‘LI 0

0L
|

0g 0% 05
I 1 I

0z
I

0O
HO

—176.2259

—156.0897
—152.3280
144.0190
134.1611
133.6471
132.3092
131.3941
129.7171
Y128.6533
128.4521
124.2450
123.3915
—115.4627

—109.0245

—78.3862

Figure S22. The 3C NMR Spectrum of Compound 3k in DMSO-d

S37

—25.2943

—18.6090



(U]dd) I
57§

579 0L 574 078 578 078 578 00T 5701

09

57T 0°g 5% 0°e 3 0 7 075

0T

1.00
1.04
1.47%
1.04-4<
1.04 4

2.20 - —
R —
1.05 2 == —

3.02==

3.02—2

r'ﬁ

Figure S23. The '"H NMR Spectrum of Compound 31 in DMSO-ds

S38

-8.0265
18.0236
[ 8.0048
[ 8.0024
77280
77240
(7.7100

7.7063
7.7026
7.6884
7.6846
7.5993
7.5780
7.5077
£.7.4903
7.4695
7.3485
7.3448
7.3292
7.3256
17.3100
1 7.3066
1 7.0646
7.0454
1 7.0221
| 7.0038
L 6.9427
| 6.9240
16.9054

2 s

—3.5149

—3.2081



(ll]dd) I

081
1

0LT
I

097
i

0%1

O?I

OE‘:I

0gT
1

011
1

001
I

06
]

08

o7

09

Olff

0g
1

0]
HO

Figure S24. The *C NMR Spectrum of Compound 31 in DMSO-ds

S39

—174.7152

156.1042
152.3821
145.8199
133.6836
131.7332
131.5800
130.1546
129.9067
129.8155

/124.4309

£ 123.6581

\122.5097

—115.3606

—109.0463

—77.4366

—29.0319
~26.6586



(ll]dd) I

05

57

0¥

58
L

0°E

5%

0°g

57T

01

50

A]

Pr' 092 0C°L

(wdd) 11
0L
1
co'L ZO0LOLL
.

3.0141
r

Figure S25. The '"H NMR Spectrum of Compound 3m in DMSO-ds

S40

7.64
}7.63
17.62
N7.61
y75°

7.55

7.53

7.27

7.27
7.11

\7.11
6.98
,6.78
N-6.76

8.0641
8.0605
8.0442
8.0404
7.7545
7.7507
7.7368
7.7332
7.7296
7.7154
7.7115
7.6531
7.6391
7.6331
7.6192
7.6144
7.5510
7.5471
7.5377
-7.5342
7.5294
7.5264
+7.5175
7.5144
-7.4997
[ 7.4963
7.4813
7.4780
1 7.4744
-7.2938
7.2904
7.2745
+7.2711
+7.2550
7.2516
+7.1273
7.1242
+7.1089
17.1056
+7.0020
16.9834
16.9646
+6.7811
+6.7615

-3.5770

SgT-wAs-ub-03HI-30F 02207

SET-uAs-ub / (OSHAEZ+HER) 852ES0F0ET -1



(ll]dd) I

08

041
I

05T
i

0ST
]

0%l
L

O?I

0?1

01T
I

0071
i

06
1

03
L

04
I

qg

l0j4

0z
1

0t

Figure S26. The *C NMR Spectrum of Compound 3m in DMSO-ds

S41

—174.2984

—156.1514
—152.6416

—145.6295
135.1238
[133.6812
131.8741
131.6810
1320.2382
130.1243
130.0051
129.5189
128.4965
127.0863
124.5324
124.3942
123.1486
115.5903
109.5276

—77.5166

—25.4701

SgT-wAs-ub-03HI-30F 02207

SET-whs-ub/ (DET) (OSHAEF+HER) 8SEAS0TF0ER-1TH



(mady 17

579

579 0L 574 08 578 08 §'% 00T §7%0T 01T §°11

09

05

1.001

2.03+4

2.97=

0

—
/

Figure S27. The 'H NMR Spectrum of Compound 3ab in DMSO-dj

S42

—10.5074

8.0265
8.0064
7.7335
7.7121
7.6910
7.6733
7.6559

7.5003
}7.4838

—7.4628

E

7.2482
&7.2290
i

7.2101
L 6.9804
| 6.9627
. 6.8862
1 6.8671
1 6.8429
l6.8242

.6.6524

4.1926
4.1755
4.1688
4.1578
4.1510
4.1339

1.1528
/

1.1351
1.1174



(ll]dd) I

0‘81

L'J%I

0971
i

03T
1

%1
1

0?1

OIZI

OP

0ot
L

06
1

08
I

04
1

09
I

05
I

0g
1

0z
1

01

0O
HO

—176.2683

—156.2246
—152.0138

—144.4564

131.9665
=-131.6493
130.7707
130.2202
130.0051
124.3179
123.9607
\12 1.8243
115.1382
110.1619

}132.5060

—77.8324

Figure S28. The 1*C NMR Spectrum of Compound 3ab in DMSO-dj

S43

—37.2163

—12.7942



(mady 17

5% 0°5 575 09 59 0l gL 08 578 08 576 0T §0T 0711

0%
I

1.001

I I I e R ]

2.147

2.234
4.69=

3.05=

Figure S29. The 'H NMR Spectrum of Compound 3ac in DMSO-d;

S44

—10.5022

8.0253
18.0216
8.0054
18,0015
7.7283
17.7243
' 7.7072
7.7032
-7.6895
| 7.6855
\7.6531

7.6351
7.4991
7.4958
7.4786
7.4615
7.4582
7.2440
7.2406
72247
172214
 7.2055
17,2021
69677
 6.9494
L 6.8819
 6.8629
| 6.8553
1 6.8367
.6.8180
. 6.6283
141379
141193
L4.1061
La.0872

1.5403
15216
1.5027
1.2491

é12408
1.2307

,0.8100

0.792%
0.7751



(ll]dd) I

0‘81

L'J%I

0971
i

03T
1

%1
1

0?1

OIZI

OP

0ot
L

06
1

08
I

04
1

09
I

05
I

0g
1

0z
1

01

0
HO

—176.2537

—156.2136
—152.2545

—144.4601

131.9446
=131.6019
130.7707
130.1983
129.9796
124.3070
123.8914
\12 1.7842
115.2694
110.1619

}132.6920

—77.8360

—41.8317

Figure S30. The *C NMR Spectrum of Compound 3ac¢ in DMSO-ds

S45

—28.7147
\.26.9976
—22.2036

—14.3399



(mady 17

975 09 59 074 gL 08 578 076 58 0wt 50T 0°T1

05

1.00=—

1.224

1.27 <
1.24—<
2.014,

660

60°L

OoL'L £0°L

Figure S31. The 'H NMR Spectrum of Compound 3ad in DMSO-dj

S46

8.03
+-8.03
8.01
8.01

,7.70
—7.68
766

7.55
57.53
_7.50
~7.48
\7.46

/10.5044
r8.0299
r8.0097
+7.6956
+7.6782
-7.6565
-7.5511
-7.5303
-7.4985
7.4790
7.4606
7.2421
7.2226
7.2033
6.9919
6.9742
6.8822
6.8635
£-6.8449
6.8263
6.6634
5.8689
5.8558
5.8430
5.8258
5.8130
5.7999
5.7876
5.1362
5.10%6
4.9443
4.9012
4.7924
4.7860




(ll]dd) I

0‘81

L'J%I

0971
i

03T
1

%1
1

0?1

OIZI

OP

0ot
L

06
1

08
I

04
1

09
I

05
I

0g
1

0z
1

01

0}
HO

—176.2318

—156.3303
—152.0977

—144.4601
132.7357
131.8899
131.6420
131.4853
130.7452
130.0963
130.0270
124.4455
123.9534
121.8389
117.7157
115.7106
110.1765

—77.8871

—44.0300

Figure S32. The 1*C NMR Spectrum of Compound 3ad in DMSO-dj

S47



(mady 17

579

579 0L 574 08 578 08 §'% 00T §7%0T 01T §°11

09

05

1.00=

1.01
1.04
1.10
1.19
1.64
4.28}1
1.56F
1.C)8jr
2.02
1.09

111
A

Figure S33. The 'H NMR Spectrum of Compound 3ae in DMSO-d;

S48

Lo'L

6L'LOLLFOL

§7.45

—10.4879
-8.0415
18.0390
18.0216
8.0183
17,6264
[ 7.6226
7.6085
7.6049
1 7.6012
7.5873
7.5835
75196
7.4979
7.4716
7.4686
7.4538
7.4511
7.4484
7.4338
7.4307
7.3269
7.3240
73155
7.2758
7.2574
1 7.2403
17,2369
172217
L7.1221
17.0976
1 7.0487
17.0309
L 6.8977
6.8772
L 6.7263
15.4916
15.4515
|5.3843
|5.3449




(ll]dd) I

0‘81

L'J%I

0971
i

03T
1

%1
1

0?1

OIZI

OP

0ot
L

06
1

08
I

(0]
HO

—176.3157

—156.5381
—152.6956

—144.5002
135.9986
132.7430
132.0467

3-131.5326
130.7488
130.1983
130.0817
129.1776
127.9308
127.1068
124.5731
124.0044
121.8535
115.7324
110.2312

—78.0110

—44.9670

Figure S34. The *C NMR Spectrum of Compound 3ae in DMSO-ds

S49



50 o1 57 0z 52 0%& S 0% 5F 0°8 55 09 58 0L S 08 58 0% S ool SU01

0o

1 .004&—

\
0.90™= D‘(__; 2
= = o

0.96-. -

1.93 37—

2921

T

-

Y

Figure S35. The '"H NMR Spectrum of Compound 3af in DMSO-ds

S50

—10.5073

ZHN 00€ 4NN H:
P-0SKQ Jegr-uds—yb



(U.Idd) I

08T
1

OIH

U?I

0%1

0FT
L

0ET
1

0zt
L

01T
1

I.'JfIJI

06
1

08
1

0L
L

09
1

0F

0g
1

o

f
3 A 2 § 2
3 C
=z /Z o
© g ZT
S
3
3
———
—

Figure S36. The *C NMR Spectrum of Compound 3af in DMSO-ds
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Figure S39. The 'H NMR Spectrum of Compound 3ah in DMSO-dj
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Figure S42. The 3C NMR Spectrum of Compound 3ai in DMSO-ds
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Figure S43. The '"H NMR Spectrum of Compound 3aj in DMSO-ds

S58

Lo’L

Z0°'L

810
~8.08
~.8.07
\8.05

,7.84
_-7.82
~7.81
N7.79

—10.5240

8.0962
8.0752
8.0695
8.0488
78376

£7s189
7.8066

\ 77881

172433
7.2399

7.2241

7.2207

7.2049

7.2015

16.9610

1 6.9578

1 6.9426

| 6.9394

6.8779

68587

L 6.8400

6.6362

—3.5076

yegT-uwds-ub-03HI-30F 02207

YepT-wis-ub/ (OSHAEZ+HED) RSZASOFOEE-3T



(ll]dd) I

0|g OIL CIJS 0|6 L’J(lIII OP OIZI 0?1 O?I O?I O?T L’J%T L’J?I
’ ' | i
|
0] N E|
HO j@[
~
N !
N 0
H

05
I

0z 0g
1 1

01

176.0840
|—157.0968
r157.0653
r152.6263
-r152.4878
r152.1852
150.1436
r150.0014
[147.6269
r147.4860
< 145.1964

145.0580
144.4601
131.6347
131.5363
3-130.5009
130.0780

128.3427
128.2481

124.0810
121.7769
\ 117.4824

[—
=

W T —

117.3074
110.1619
104.8502

104.6211

—77.9272

Figure S44. The *C NMR Spectrum of Compound 3aj in DMSO-ds
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Figure S45. The 'H NMR Spectrum of Compound 3ak in DMSO-ds
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Figure S46. The 1*C NMR Spectrum of Compound 3ak in DMSO-dj
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