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Synthesis and Structure-activity Relationship Studies of
Benzimidazole-4,7-dione-based P2X3 Receptor Antagonists as
Novel Anti-nociceptive Agents

Jinsu Bae?, Yeo Ok Kim?, Xuehao Han?, Myung Ha Yoon?, Woong Mo Kim?* and Yong-Chul Kim'3*

** Previously reported compounds, 10a-10b®), 11a-11b(1? were reported by mass spectroscopy data according to the
Instructions for Authors of MDPL

6-chloro-5-((4-fluorophenyl)amino)-2-methyl-1H-benzo[dlimidazole-4,7-dione (10a)(® Following the general
procedure for the synthesis of 10a-b, the substitution reaction of 9a with 4-fluoroaniline afforded 10a. red purple
powder. Yield 67%; 'TH NMR (400 MHz, DMSO-d6) d ppm 2.32 (s, 4 H) 7.03 - 7.16 (m, 4 H); LC/MS (ESI, m/z) 303.7 [M
- H]- 305.8 [M + HJ*.
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Figure S1. LC/MS spectrum of compound 10a



(10b)(®) the
procedure for the synthesis of 10a-b, the substitution reaction of 9a with 4-chloroaniline afforded 10b. red purple
powder. Yield 71%; 'H NMR (400 MHz, DMSO-d6) d ppm 13.6 (s, 1H, NH), 9.0 (s, 1H, NH), 7.0-7.3 (dd, ] =2.4, 8.4 Hz,
4H, Ph-H), 2.2 (s, 3H, CH3); LC/MS (ESI, m/z) 319.8 [M - H]- 321.8 [M + HJ*.

6-chloro-5-((4-chlorophenyl)amino)-2-methyl-1H-benzo[d]imidazole-4,7-dione Following general
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Figure S2. LC/MS spectrum of compound 10b



6-chloro-5-((4-fluorophenyl)amino)-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione  (11a)” Following the
general procedure for the synthesis of 11a-k, the substitution reaction of 9b with 4-fluoroaniline afforded 11a. purple
powder. Yield 41%; '"H NMR (400 MHz, METHANOL-d4) & ppm 6.98 - 7.13 (m, 4 H); LC/MS (ESI, m/z) 358.3 [M - H]-
360.0 [M + H]~.

11a.esp
o

Normalized Intensity

014

all Il

T T T T T T T

T
5 4 3
Chemical Shift (ppm)

Figure S3. 1D 1H NMR spectrum of compound 11a
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Figure S4. LC/MS spectrum of compound 11a



6-chloro-5-((4-chlorophenyl)amino)-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione (11b)(”» Following the
general procedure for the synthesis of 11a-k, the substitution reaction of 9b with 4-chloroaniline afforded 11b. purple
powder. Yield 56%; '"H NMR (400 MHz, METHANOL-d4) & ppm 7.01 - 7.10 (m, 2 H) 7.23 - 7.31 (m, 2 H); LC/MS (ESI,
m/z) 374.3 [M - H] 375.8 [M + HJ*.
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Figure S5. 1D 1H NMR spectrum of compound 11b
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Figure S6. LC/MS spectrum of compound 11b



6-chloro-5-((3,4-difluorophenyl)amino)-2-(trifluoromethyl)-1H-benzoldlimidazole-4,7-dione (11c) Following the

general procedure for the synthesis of 11a-k, the substitution reaction of 9b with 3,4-difluoroaniline afforded 11c. dark
red powder. 11c fully dissolved in 600 uL of the acetone-d6 and few drops of methanol. Yield 31%; '"H NMR (400 MHz,
ACETONE-d6) d ppm 7.00 - 7.07 (m, 1 H) 7.20 (ddd, J=11.91, 7.33, 2.75 Hz, 1 H) 7.24 - 7.34 (m, 1 H) 8.51 (s, 1 H); °C
NMR (100 MHz, ACETONE-d6) d 174.18, 173.99, 142.43, 141.55, 137.99, 135.97, 135.86, 121.28, 120.73, 118.60, 116.57,
116.39, 113.53, 113.33, 111.59, 145~155 ppm peaks are considered as impurities; LC/MS (ESI, m/z) 376.3 [M - H]- 377.1
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Figure S7. 1D 1H

and 13C NMR spectrum of compound 11c
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Figure S8. LC/MS spectrum of compound 11c



6-chloro-5-((3,4-dichlorophenyl)amino)-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione (11d) Following the
general procedure for the synthesis of 11a-k, the substitution reaction of 9b with 3,4-dichloroaniline afforded 11d. red
purple powder. 11d fully dissolved in 600 yL of the methanol-d4 and few drops of acetone. Yield 38%; 'H NMR (400
MHz, METHANOL-d4) o ppm 7.01 (dd, J=8.47, 2.52 Hz, 1 H) 7.24 (d, ]=2.29 Hz, 1 H) 7.43 (d, ]=8.70 Hz, 1 H); 3*C NMR
(100 MHz, METHANOL-d4) d 174.16, 173.42, 142.22, 139.94, 139.24, 137.54, 131.91, 129.96, 127.88, 125.59, 123.75, 120.98,
113.37, 2 carbon peaks in 125.59 ppm overlapped; LC/MS (ESI, m/z) 408.0 [M - H]- 410.2 [M + H]*.
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Figure S9. 1D 1H and 13C NMR spectrum of compound 11d
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Figure 510. LC/MS spectrum of compound 11d



6-chloro-5-((2-chloro-4-fluorophenyl)amino)-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione (11le) Following
the general procedure for the synthesis of 11a-k, the substitution reaction of 9b with 2-chloro-4-fluoroaniline afforded
11e. red purple powder. Yield 41%; 'H NMR (400 MHz, METHANOL-d4) d ppm 7.09 (td, ]=8.47, 2.75 Hz, 1 H) 7.24 -
7.35 (m, 2 H); ®C NMR (100 MHz, METHANOL-d4) 6 173.34, 173.26, 142.69, 140.09, 136.91, 132.87, 131.87, 131.76,
129.34, 120.64, 117.95, 116.14, 115.89, 113.73, 113.50, 109.94; LC/MS (ESI, m/z) 392.2 [M - H] 394.1 [M + HJ*.
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Figure S11. 1D 1H and 13C NMR spectrum of compound 11e
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Figure S12. LC/MS spectrum of compound 11e



6-chloro-5-((3-chloro-4-fluorophenyl)amino)-2-(trifluoromethyl)-1H-benzol[dlimidazole-4,7-dione (11f) Following

the general procedure for the synthesis of 11a-k, the substitution reaction of 9b with 3-chloro-4-fluoroaniline afforded
11f. red purple powder. Yield 46%; 'H NMR (400 MHz, METHANOL-d4) d ppm 7.05 (ddd, J=8.93, 4.12, 2.52 Hz, 1 H)
7.13 - 7.24 (m, 2 H); *C NMR (100 MHz, METHANOL-d4) d 178.81, 142.11, 140.72, 137.51, 135.81, 126.00, 124.28, 124.21,
119.86, 119.67, 115.65, 115.42, 111.30, 2 carbon peaks in 178.81 ppm overlapped, other peaks are impurities; LC/MS
(ESIL, m/z) 392.2 [M - H] 393.7 [M + HJ*.
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Figure S13. 1D 1H and 13C NMR spectrum of compound 11f



Mops

750]

500

250

SCAN_Positie; (+) 120.0:800.0; 20220120_JS_LDD_4529_1-A8_1_6381.43MS; Fikered

MCps

3009

250

200

SCAN liegatve (112003000, 20220120_18_LDD_4923_ A 8_1_ 8381 XS, Fitered B

minutes

2 3 SCAN_Negative; () 120.0:800.0; 20220120_JS_LDD_4929_1-A8_1_8381.d.XMS; Filtered
8
= 2504 1

2004

1504

100

504

ol
2 392.0 () 120.0:800.0); 20220120_JS_LDD_4929_1-A8_1_8381d.XMS: Filtered
2 1o

«

1o 15 20 25

P D JFite[Flp]  tons:

minutes
91.97 |

EEEREYES =R T Al o] & S [K L =] W[ Al o] & S| [X L] = H [
Search _[Spectum 1A 0657 min- Scan. 260.() 120 0,600 0] [ Search _ [Spectum 2& 0877 rin. Scan. 364 () 120 0,600 0[50 Search _ [Spectum A 0503 min. Scan 332, (] 120 0900 00
100%: 100%: 3922 100%: 3922
1.0fe+8 1.00he+8
7% 152 75%- 75%
2112647
50% A s0% H|EA 0%
33 33
2% 2% 277fes 25% 203647 7850
7870 2932 i
8320046 12704
5536046
0% " o i o t
Vatch _[Spectum 15 5754 min_Scan: 32 (] T20.0.800.00[X | Match _[Specium 28 705 min._Scan 456 (] 720.0.000.00[% | Match _[Specium 3 77 min._Sean 364 (] 720.0.800.05[%]
100 100 922 100 722
6.748e+7 1.163e+8
7% 7% 75
3
26% 25% i 26% -
7871 i L 787.0
9309046 At 8303645
It i
b 0 750 a0 Y 0 3 0o &0 600 750 a0 Y 24 300 b0 5o 600 750 a0
Rvatch: 18 F st S5 Aoqlted Range vz | R wsatch 883, 7 vt Goz Acqlted Range *z | R taatch: 883, F watcr? iz Acqiired Range "z

A o] st %

MCps

7503

5003

2503

SCAN_Positive; (+) 120.0:600.0; 20220120_JS_LDD_4929_1-A 8_1_8381d XNIS; Filtered

MCps

394.0 ((+) 120.0:800.0); 20220120_JS_LDD_4929_1-A8_1_8381.d.XMS; Filtered

T T T g
10 15 20 25

minutes

Al o] & o] S| [ I = o] W[ Al o] & RTH o =] W [Ee Al #lo] & R Lo = B [Ew
Search [Seectum 1A 0746 min. Scan 307 (+) 1200800 0alY] | Search _ [Spectium 24 0327 min. Scan: 125 (+) 120 0:600 001 [ Search _ [Spectum 34 0507 min. Scan 377_(+) 1200800 0al]
100%] 1462 100% EE) 100%] 1462
4.21Pe+s 7.0Mes7 40847
75% 75% 5%
o, i s =i |,
1435048 %P6 1:300e+7 3382
25% , 25% 1492 1.608e+7 5%, 8.328e+6
2 n;; TR 322046
; : y o] bdil ; n
Wach [Seeerum 15 663 i, Sean. 271, 3 20 0R00 0ol [ Watch _[Speclim 28 404 min_ Scan 693, (+] 720.0.800 06| | Match _[Spectrum 38 = 105 min, Scan 463, (+] 720.0.800 06|
100% 7 100 14 2743 100
52947 429et6 3594046 1.6680+7
1462
& %3 113107 e
15 1044047
27hods
e B«
i 58364+6
518 76
2% 1fteet?| 29322668 0 684.1 2% 8.3 3134 306 063
I P, Bt 2, g T
ol sk il g, dibia AN
T T T T T T T T T T T T T T T T T T T T
RMatch: 172, F Match: 168 Acquired Range vz | R Match: 25. F Match Acquired Range vz | R Match: 399, F Match: 341 Acquired Range  miz
109 209 700 800 10 20 300 400 500 600 700 800 10 209 300 400 500 600 700 800

Figure S514. LC/MS spectrum of compound 11f



6-chloro-5-((4-chloro-2-fluorophenyl)amino)-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione (11g) Following
the general procedure for the synthesis of 11a-k, the substitution reaction of 9b with 4-chloro-2-fluoroaniline afforded
11g. red purple powder. 11g fully dissolved in 600 pL of the DMSO-d6 and few drops of acetone. Yield 52%; '"H NMR
(400 MHz, DMSO-d6) d ppm 7.20 - 7.34 (m, 2 H) 7.44 (dd, J=10.30, 2.06 Hz, 1 H); *C NMR (100 MHz, DMSO-d6)
174.06, 173.44, 142.84, 142.73, 138.43, 130.20, 130.09, 128.65, 127.65, 127.53, 124.67, 116.48, 116.25, 111.93, peaks in 155
and 157 ppm are impurities; LC/MS (ESI, m/z) 392.2 [M - H]- 394.1 [M + H]".
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Figure 515. 1D 1H and 13C NMR spectrum of compound 11g
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Figure S16. LC/MS spectrum of compound 11g



6-chloro-5-((4-chloro-3-fluorophenyl)amino)-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione (11h) Following
the general procedure for the synthesis of 11a-k, the substitution reaction of 9b with 4-chlro-3-fluoroaniline afforded
11h. red purple powder. Yield 39%; 'H NMR (400 MHz, METHANOL-d4) 5 ppm 6.86 (dd, J=8.70, 0.92 Hz, 1 H) 6.89 -
6.98 (m, 1 H) 7.36 (t, ]=8.47 Hz, 1 H); ®C NMR (100 MHz, METHANOL-d4) 5 175.09, 174.29, 143.04, 141.47, 139.63,
139.05, 129.36, 119.91, 119.87, 115.26, 115.07, 113.25, 111.45, 111.21, peaks in 158.67 and 156.22 ppm are impurities;
LC/MS (ESI, m/z) 392.2 [M - H]- 394.1 [M + HJ*.
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5-((3-bromo-4-fluorophenyl)amino)-6-chloro-2-(trifluoromethyl)-1H-benzoldlimidazole-4,7-dione (11i) Following
the general procedure for the synthesis of 11a-k, the substitution reaction of 9b with 3-bromo-4-fluoroaniline afforded
11i. purple powder. Yield 63%; 'H NMR (400 MHz, METHANOL-d4) o ppm 7.06 - 7.11 (m, 1 H) 7.13 - 7.18 (m, 1 H)
7.34 (dd, J=5.95, 2.29 Hz, 1 H); ®C NMR (100 MHz, METHANOL-d4) d 174.43, 173.89, 142.12, 141.68, 137.99, 136.05,
128.83, 124.98, 124.90, 115.41, 115.17, 111.07, 107.54, 107.32, peaks in 157.57 and 155.14 ppm are impurities; LC/MS (ESI,
m/z) 436.1 [M - H]-437.8 [M + HJ".
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Figure 519. 1D 1H and 13C NMR spectrum of compound 11i
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5-((4-bromo-3-fluorophenyl)amino)-6-chloro-2-(trifluoromethyl)-1H-benzoldlimidazole-4,7-dione (11j) Following
the general procedure for the synthesis of 11a-k, the substitution reaction of 9b with 4-bromo-3-fluoroaniline afforded
11j. red purple powder. 11j fully dissolved in 600 uL of the methanol-d4 and few drops of acetone. Yield 51%; 'H
NMR (400 MHz, METHANOL-d4) d ppm 6.77 - 6.88 (m, 1 H) 6.94 (dd, J=10.08, 2.29 Hz, 1 H) 7.41 - 7.60 (m, 1 H); 13C
NMR (100 MHz, METHANOL-d4) d 174.81, 174.27, 148.44, 148.06, 142.67, 141.38, 140.45, 140.35, 138.87, 132.27, 120.21,
113.56, 111.23, 110.98, peaks in 159.75, 157.32, and 102.54 ppm are impurities; LC/MS (ESI, m/z) 436.1 [M - H]- 438.0 [M

+ HJ*.
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Figure S21. 1D 1H and 13C NMR spectrum of compound 11j
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6-chloro-5-((4-chloro-2-iodophenyl)amino)-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione (11k) Following the
general procedure for the synthesis of 11a-k, the substitution reaction of 9b with 4-chloro-2-iodoaniline afforded 11k.
purple powder. 11k fully dissolved in 600 yL of the methanol-d4 and few drops of acetone. Yield 24%; 'H NMR (400
MHz, METHANOL-d4) d ppm 7.14 (d, ]=8.24 Hz, 1 H) 7.38 (d, ]=10.99 Hz, 1 H) 7.88 (d, ]=2.29 Hz, 1 H); *C NMR (100
MHz, METHANOL-d4) d 175.75, 174.94, 141.80, 140.10, 138.43, 137.95, 131.35, 127.92, 127.78, 127.54, 125.09, 117.77,
110.53, 96.60, other peaks are impurities; LC/MS (ESI, m/z) 499.8 [M - H]- 501.9 [M + H]*.
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Figure 523. 1D 1H and 13C NMR spectrum of compound 11k
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methyl-4-((6-chloro-4,7-dioxo-2-(trifluoromethyl)-4,7-dihydro-1H-benzo[dlimidazol-5-yl)amino)piperidine-1-
carboxylate (14a) Following the general procedure for the synthesis of 14a-k, the substitution reaction of 9b with 13a
afforded 14a. purple powder. 14a fully dissolved in 600 uL of the methanol-d4 and a drop of acetone. Yield 37%; 'H
NMR (400 MHz, METHANOL-d4) d ppm 1.52 (d, J=15.11 Hz, 2 H) 2.04 (br. s., 2 H) 3.00 (br. s., 2 H) 3.69 (s, 3 H) 4.09 (br.
s, 2 H) 4.61 (s, 1 H); ®C NMR (100 MHz, METHANOL-d4) d 175.76, 173.83, 169.11, 156.24, 144.98, 143.53, 138.29,
122.12, 119.44, 51.97, 50.52, 42.29, 32.84, other peaks are impurities; LC/MS (ESI, m/z) 404.9 [M - H]- 406.8 [M + HJ*.
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Figure 525. 1D 1H and 13C NMR spectrum of compound 14a
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Figure 526. LC/MS spectrum of compound 14a



6-chloro-5-((1-propionylpiperidin-4-yl)amino)-2-(trifluoromethyl)-1H-benzol[dlimidazole-4,7-dione (14b) Following
the general procedure for the synthesis of 14a-k, the substitution reaction of 9b with 13b afforded 14b. red purple
powder. 14b fully dissolved in 600 uL of the methanol-d4 and a drop of acetone. Yield 30%; 'H NMR (400 MHz,
METHANOL-d4) d ppm 1.06 - 1.16 (m, 3 H) 1.42 - 1.56 (m, 1 H) 1.56 - 1.64 (m, 1 H) 2.00 - 2.15 (m, 2 H) 2.44 (q, ]=7.48
Hz, 2 H) 2.82 (t, ]=14.20 Hz, 1 H) 3.22 (t, ]=11.68 Hz, 1 H) 3.98 (d, J]=15.11 Hz, 1 H) 4.51 (d, J=14.66 Hz, 1 H) 4.67 (s, 1 H);
13C NMR (100 MHz, METHANOL-d4) d 175.44, 173.79, 173.41, 149.41, 144.47, 143.58, 138.12, 121.97, 119.29, 50.62, 43.92,
40.20, 25.95, 8.64, other peaks are impurities and acetone; LC/MS (ESI, m/z) 403.3 [M - H]- 405.4 [M + HJ*.
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Figure 527. 1D 1H and 13C NMR spectrum of compound 14b
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5-((1-benzoylpiperidin-4-yl)amino)-6-chloro-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione (14c) Following
the general procedure for the synthesis of 14a-k, the substitution reaction of 9b with 13¢ afforded 14c. purple powder.
Yield 43%; 14c fully dissolved in 600 pL of the methanol-d4 and a drop of acetone. "H NMR (400 MHz, METHANOL-
d4) 6 ppm 1.66 (d, J=13.74 Hz, 2 H) 2.02 (br. s., 1 H) 2.20 (br. s., 1 H) 3.05 (br. s., 1 H) 3.26 (br. s., 1 H) 3.76 (br. s., 1 H)
4.63 (br.s., 1 H) 4.75 (s, 1 H) 7.42 - 7.50 (m, 5 H); 3C NMR (100 MHz, METHANOL-d4) d 173.56, 171.21, 146.20, 143.85,
141.35, 136.89, 135.64, 129.76, 129.37, 128.41, 126.51, 50.88, 46.23, 40.68, 2 carbon peaks in 173.56 ppm overlapped and
peaks in 33 and 32 ppm are acetone; LC/MS (ESI, m/z) 451.5 [M - H]- 453.1 [M + H]".
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Figure 529. 1D 1H and 13C NMR spectrum of compound 14c
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Figure S30. LC/MS spectrum of compound 14c



6-chloro-5-((1-(4-fluorobenzoyl)piperidin-4-yl)amino)-2-(trifluoromethyl)-1H-benzo[d]limidazole-4,7-dione ~ (14d)
Following the general procedure for the synthesis of 14a-k, the substitution reaction of 9b with 13d afforded 14d. red
purple powder. 14d fully dissolved in 600 pL of the acetone-d6 and a drop of methanol. Yield 67%; m.p. 205-206 °C;
"H NMR (400 MHz, ACETONE-d6) d ppm 1.65 - 1.85 (m, 2 H) 2.11 (br. s., 2 H) 2.98 - 3.28 (m, 2 H) 3.80 (br. s., 1 H) 4.56
(br.s., 1 H)4.76 (br. s, 1 H) 6.47 (br. s.,, 1 H) 7.14 - 7.24 (m, 2 H) 7.45 - 7.54 (m, 2 H); 3C NMR (100 MHz, DMSO-d6) &
174.06, 173.14, 168.60, 144.11, 137.82, 137.76, 133.13, 133.10, 129.79, 129.70, 116.05, 115.83, 105.68, 51.15, 49.12, 46.49,
peak in 33 ppm is acetone; LC/MS (ESI, m/z) 469.4 [M - H]- 471.1 [M + HJ*.
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Figure S31. 1D 1H and 13C NMR spectrum of compound 14d
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Figure S32. LC/MS spectrum of compound 14d



6-chloro-5-((1-(4-chlorobenzoyl)piperidin-4-yl)amino)-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione  (14e)
Following the general procedure for the synthesis of 14a-k, the substitution reaction of 9b with 13e afforded 14e.
purple powder. Yield 77%; m.p. 249-251 °C; '"H NMR (400 MHz, METHANOL-d4) d ppm 1.65 (br. s., 2 H) 2.03 (br. s., 1
H) 2.16 (br. s., 1 H) 3.04 (br. s., 1 H) 3.27 (br. s., 1 H) 3.74 (br. s., 1 H) 4.61 (br. s., 1 H) 4.73 (s, 1 H) 7.42 - 7.45 (m, 2 H)
7.46 - 7.50 (m, 2 H); 3C NMR (100 MHz, METHANOL-d4) & 173.72, 173.46, 170.02, 143.95, 141.67, 136.97, 135.70, 134.19,
128.61, 128.37, 50.84, 46.27, 40.77, 2 carbon peaks in 141.67 ppm are overlapped; LC/MS (ESI, m/z) 485.3 [M - H]- 487.1
[M +H]J*.
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Figure S33. 1D 1H and 13C NMR spectrum of compound 14e
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Figure S34. LC/MS spectrum of compound 14e



5-((1-(4-bromobenzoyl)piperidin-4-yl)amino)-6-chloro-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione  (14f)
Following the general procedure for the synthesis of 14a-k, the substitution reaction of 9b with 13f afforded 14f.
purple powder. 14f fully dissolved in 600 pL of the methanol-d4 and a drop of acetone. Yield 68%; 'H NMR (400 MHz,
METHANOL-d4) d ppm 1.65 (br. s., 2 H) 2.04 (br. s., 1 H) 2.20 (br. s, 1 H) 3.06 (br. s., 1 H) 3.27 (br. s, 1 H) 3.73 (br. s., 1
H) 4.61 (br.s., 1 H) 4.76 (s, 1 H) 7.38 (d, J=8.70 Hz, 2 H) 7.65 (d, ]=8.24 Hz, 2 H); 3C NMR (100 MHz, METHANOL-d4)
0 173.46, 173.36, 170.07, 143.99, 141.08, 138.59, 136.80, 134.63, 131.63, 128.51, 123.81, 120.86, 118.17, 115.484, 50.88, 46.25,
40.72, other peaks are impurities; LC/MS (ESI, m/z) 529.2 [M - H]- 532.9 [M + HJ*.
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Figure 535. 1D 1H and 13C NMR spectrum of compound 14f
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6-chloro-5-((1-(3,4-dichlorobenzoyl)piperidin-4-yl)amino)-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione (14g)
Following the general procedure for the synthesis of 14a-k, the substitution reaction of 9b with 13g afforded 14g.
purple powder. Yield 66%; '"H NMR (400 MHz, METHANOL-d4) o ppm 1.68 (br. s., 2 H) 2.03 (br. s., 1 H) 2.18 (br. s., 1
H) 3.05 (br. s., 1 H) 3.28 (br. s, 1 H) 3.72 (br. s., 1 H) 4.60 (br. s., 1 H) 4.76 (s, 1 H) 7.38 (dd, ]=8.24, 1.83 Hz, 1 H) 7.58 -
7.68 (m, 2 H); 8C NMR (100 MHz, METHANOL-d4) o 174.24, 173.44, 168.49, 144.06, 142.34, 137.26, 135.90, 133.71,
132.55, 130.69, 128.84, 126.41, 123.50, 122.12, 118.55, 50.77, 46.21, 40.87, 40.72, other peaks are impurities; LC/MS (ESI,
m/z) 519.2 [M - H]- 521.0 [M + HJ*.
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Figure S37. 1D 1H and 13C NMR spectrum of compound 14g
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Figure S38. LC/MS spectrum of compound 14g



6-chloro-5-((1-(3,4-difluorobenzoyl)piperidin-4-yl)amino)-2-(trifluoromethyl)-1H-benzo[dlimidazole-4,7-dione (14h)
Following the general procedure for the synthesis of 14a-k, the substitution reaction of 9b with 13h afforded 14h. red
purple powder. Yield 67%; m.p. 204-205 °C; '"H NMR (400 MHz, METHANOL-d4) d ppm 1.57 (br. s., 2 H) 1.99 (br. s., 1
H) 2.11 (br. s., 1 H) 3.00 (br. s., 1 H) 3.20 (br. s., 1 H) 3.69 (br. s., 1 H) 4.50 (br. s., 1 H) 4.61 (s, 1 H) 7.18 - 7.24 (m, 1 H)
7.26 - 7.41 (m, 2 H); 3C NMR (100 MHz, METHANOL-d4) & 173.33, 173.02, 168.73, 143.97, 140.64, 136.48, 132.83, 132.78,
123.74, 123.70, 120.67, 117.99, 117.63, 117.46, 116.47, 116.29, 50.91, 46.24, 40.87, peaks in 152~148 ppm are impurities;
LC/MS (ESI, m/z) 487.4 [M - H]-489.1 [M + H]".
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Figure S39. 1D 1H and 13C NMR spectrum of compound 14h
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6-chloro-5-((1-(3-chloro-4-fluorobenzoyl)piperidin-4-yl)amino)-2-(trifluoromethyl)-1H-benzo[d]imidazole-4,7-
dione (14i) Following the general procedure for the synthesis of 14a-k, the substitution reaction of 9b with 13i
afforded 14i. red purple powder. 14i fully dissolved in 600 pL of the acetone-d6 and a drop of methanol. Yield 75%; 'H
NMR (400 MHz, ACETONE-d6) d ppm 1.68 - 1.84 (m, 2 H) 2.13 (br. s., 1 H) 3.4 (br. s, 2 H) 3.82 (br. s., 1 H) 4.51 (br. s, 1
H) 4.76 (br. s., 1 H) 7.35 - 7.41 (m, 1 H) 7.47 (ddd, J=8.47, 4.58, 2.06 Hz, 1 H) 7.58 - 7.62 (m, 1 H); 3C NMR (100 MHz,
METHANOL-d4) 6 173.49, 168.67, 136.98, 133.14, 129.42, 127.38, 127.31, 127.10, 121.10, 121.01, 120.92, 116.84, 116.73,
116.62, 50.79, 46.33, 41.43, 2 carbon peaks in 173.49 ppm overlapped and other peaks are impurities; LC/MS (ESL m/z)
505.1 [M - H] 503.3 [M + HJ*.
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Figure S541. 1D 1H and 13C NMR spectrum of compound 14i
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4-(4-((6-chloro-4,7-dioxo-2-(trifluoromethyl)-4,7-dihydro-1H-benzo[d]limidazol-5-yl)amino)piperidine-1-
carbonyl)benzonitrile (14j) Following the general procedure for the synthesis of 14a-k, the substitution reaction of 9b
with 13j afforded 14j. purple powder. 14j fully dissolved in 600 pL of the methanol-d4 and a drop of acetone. Yield
70%; 'TH NMR (400 MHz, METHANOL-d4) o ppm 1.62 - 1.76 (m, 2 H) 2.00 - 2.07 (m, 1 H) 2.20 (d, J=10.99 Hz, 1 H) 3.06
(br.s., 1 H) 3.22 - 3.30 (m, 1 H) 3.66 (d, J=11.45 Hz, 1 H) 4.65 (d, J=12.82 Hz, 1 H) 4.78 (s, 1 H) 7.62 (d, ]=8.70 Hz, 2 H)
7.86 (d, ]=8.24 Hz, 2 H); *C NMR (100 MHz, METHANOL-d4) d 173.55, 169.09, 143.89, 143.00, 142.10, 140.21, 137.57,
132.43, 129.39, 127.46, 117.72, 113.36, 50.66, 46.07, 40.65, 2 carbon peaks in 173.55 ppm overlapped and low peak signal
in 142.10 ppm; LC/MS (ESI, m/z) 476.6 [M - H]- 478.3 [M + HJ*.
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Figure S43. 1D 1H and 13C NMR spectrum of compound 14;j
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Figure S544. LC/MS spectrum of compound 14;



6-chloro-2-(trifluoromethyl)-5-((1-(4-(trifluoromethyl)benzoyl) piperidin-4-yl)amino)-1H-benzo[d]limidazole-4,7-
dione (14k) Following the general procedure for the synthesis of 14a-k, the substitution reaction of 9b with 13k
afforded 14k. purple powder. 14k fully dissolved in 600 uL of the methanol-d4 and a drop of acetone. Yield 72%; 'H
NMR (400 MHz, METHANOL-d4) o ppm 1.64 (d, ]=6.87 Hz, 1 H) 1.72 (d, J=11.45 Hz, 1 H) 2.04 (br. s., 2 H) 2.21 (d,
J=6.87 Hz, 1 H) 2.99 - 3.15 (m, 1 H) 3.15 - 3.29 (m, 1 H) 3.67 (d, ]=12.37 Hz, 1 H) 4.65 (d, ]=14.20 Hz, 1 H) 4.76 (s, 1 H)
7.64 (m, ]=7.79 Hz, 2 H) 7.79 (m, J=8.24 Hz, 2 H); *C NMR (100 MHz, METHANOL-d4) d 173.51, 169.56, 143.96, 139.61,
136.98, 131.58, 131.25, 127.26, 125.48, 125.44, 50.81, 46.14, 40.66, 2 carbon peaks in 173.51 ppm overlapped and 2 carbon
peaks low signal in 140~145 ppm; LC/MS (ESI, m/z) 519.3 [M - H]- 521.4 [M + H]".
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Figure 545. 1D 1H and 13C NMR spectrum of compound 14k



SEAN Prsiie, (4] 120 DECOD, 20EICO025_ 1200_10.4_1_559% 40048, Fiteed B

] e I T e e
o SEA agaoe, 11 20 9800, TOENCE 55
4
Nl Mo s
RS PAPREY
a5 i 13 2 75 e
Al o] Al 8 % A B atla) |
2 g > SCAN Negative: () 120.0.800 0. 20210909_JS_1200_1-C.4_1_5599.d XS, Filered
O o] 5"\ W\\\/
& o M\f\
ES e sl P G B
e “J"\J S B R e P,
0 505
263
P 619.1 () 120.0.300.0). 20210909_1
&
=
S
2
=
¥ 10 s 20 E !
Ll DL JFie(Flp]  tons:s1s.07
Al ] &l T G 1D ] A [E e A ] e S| B 0] ] B [
‘Search _|Spectrum 1A 0202 min, Scan 160, (] 120 0600 Ol | Search _ [Spectom 2 0 850 min,_Scan 360 () 120 0°600 (o]
100% A 3174 1005 ]
122006 1064046 R
5% 5%
suvm kT Esn% 1: 14.e
wg 419240685 iy
18h8 2 3854
25% sy 224420 L 259722379 — o = 2% L+
sag7does 58015.765 008 54281085 TSP
A L b dbal oy 4 i L ek Liad &
Match _[Spectium 16 062 mn_Scon 759, (] 120 0 6000ES,  iatch_ [Specirum 26 0,855 min,_Scan 359, (] 1200 500 00T
100%5 T2 1005 g
78437 254 4aees
75% 5%
2081 i
50%2 ; ] 50 22{8e+6
2% 5952 T4 2% o
s 912 7524ps 144
e ?J?;l g", 57428935
0% i
T T T T T T T T T T
RMatch. 6 Mateh. 5 2 & i Ex e " pccuied Ranga " vz Rivasch. S F.mstcn: 955 & » i o o Acguited Rangh " iz

o] ] o] o] AR B A

Figure S46. LC/MS spectrum of compound 14k
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