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Figure S1  Structures of other compounds in shape and electronic distribution based 

virtual screening. 



 



 

Figure S2  ANO1 inhibitory rate‒concentration curve. Compounds 35 and 38 are not 

represented here because of no significant inhibition effect observed in 100 μmol/L 

concentration. 

 

  

Figure S3  Hot plate test on mice; n=10. The vehicle group was treated with saline by 

i.g. administration instead of the corresponding compound solution. MPE, maximal 

possible effect (%). All data are represented by the mean ± SD. Statistical significance 

was determined by ANOVA, **P<0.01 vs. vehicle. 

 

In the hot plate test, the latency of pain response appearing (foot licking or jumping) 

was measured before and 3 h after compound administration. As shown in Fig. S3, the 

latency of morphine group was significantly prolonged after 10 mg/kg morphine i.p. 

injection and its maximal possible effect (MPE, %) was about 30. However, no obvious 

differences in pain response latency were observed among vehicle group, 20 and 40 

mg/kg CaCCinh-A01 group, and 20 mg/kg compound 42 group.  

  



 

Figure S4  Writhing test on mice; n=10. Inh., the inhibition ratio of pain response 

(number of writhing) in the corresponding compound group against the vehicle group. 

All data are represented by the mean ± SD. Statistical significance was determined by 

ANOVA, **P<0.01 compared to vehicle. 

 

In writhing test (Fig. S4), 0.6% (v/v) acetic acid solution was i.p. injected 1 h after 

compound administration, then the number of writhing was measured within 15 min 

immediately. Morphine (10 mg/kg, i.p.) significantly reduce the number of writhing in 

mice, the inhibition rate of writhing is about 98%. ANO1 inhibitors CaCCinh-A01 (20 

and 40 mg/kg) and compound 42 (20 mg/kg) displayed no significant analgesic effect 

on number of writhing. 
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Figure S5  ANO1 homology modeling. (A) Sequence alignment: identity. (B) 

Sequence alignment: similarity. (C) Sequence alignment of hANO1 and mANO1. (D) 

15 ns molecular dynamic optimization of hANO1 homo structure. (E) Ramachandran 

plot of hANO1 homo structure (Dimer). 

  



Table S1  ANO1 inhibitoty activity of other compounds in shape and electronic 

distribution based virtual screening. 

Compd. Inh. (%)a Compd. Inh. (%)a 

S1 34.5 S26 15.7 

S2 27.7 S27 14.9 

S3 88.2 S28 5.6 

S4 25.7 S29 1.9 

S5 ‒1.1 S30 ‒28.2 

S6 22.7 S31 17.5 

S7 11.0 S32 17.8 

S8 10.5 S33 6.1 

S9 26.6 S34 36.0 

S10 7.0 S35 23.7 

S11 24.1 S36 27.3 

S12 28.9 S37 79.2 

S13 7.2 S38 28.9 

S14 25.1 S39 31.7 

S15 28.8 S40 14.9 

S16 12.6 S41 35.5 

S17 14.2 S42 14.4 

S18 19.8 S43 16.0 

S19 ‒36.7 S44 23.6 

S20 36.3 S45 60.8 

S21 18.9 S46 18.0 

S22 4.3 S47 23.3 

S23 8.3 S48 16.6 

S24 61.2 S49 26.9 

S25 41.5 S50 13.4 

aInh. (%) refers to the ANO1 inhibition rate as determined by in whole cell 

patch clamp recording at 100 μmol/L; n=3. 

  



Structure characterization 

1H and 13C NMR spectra were recorded on Bruker (400 MHz) instruments, using 

DMSO-d6 or CDCl3 as solvents. High-resolution mass spectra (HRMS) were recorded 

on Bruker Apex IV FTMS mass spectrometer using ESI (electrospray ionization). 

 

6-(tert-Butyl)-2-(furan-2-carboxamido)-4,5,6,7-tetrahydrobenzo[b]thiophene-3-

carboxylic acid (CaCCinh-A01, 1) 

1H-NMR 

 

 
13C-NMR 

 



HRMS 

 
 

HPLC 

 

HPLC parameter:  

Waters Xbridge C18 column(4.6 mm×250 mm 5 μm i.d.); 

Flow rate: 1 mL/min; 

Detector: UV 254 nm; 

Eluent: A is water containing 0.1%TFA, B is MeOH; 0‒5 min: 30% (v/v) A+70% (v/v) 

B, 25‒35 min: 5% (v/v) A+95% (v/v) B. 

  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600

%

0

100

36 11 (0.216) Cm (11:15-(2:7+24:54)) 1: TOF MS ES- 
7.40e4346.1105

146.9371 190.9278

164.9432 203.9359 308.8641258.9151

347.1141

414.0980348.1101

394.8902 431.0887 482.0847 550.0734514.0258 582.0090 618.7745



2-(4-(tert-Butyl) benzamido)-4-(4-fluorophenyl) thiophene-3-carboxylic acid (33) 
1H-NMR 

 
 

 

 

13C-NMR 

 

  



HRMS

 
 

 

2-(4-(tert-Butyl) benzamido)-4-(4-chlorophenyl) thiophene-3-carboxylic acid (34) 
1H-NMR 

 
  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700

%

0

100

267 11 (0.216) Cm (10:15-(1:5+22:52)) 1: TOF MS ES- 
2.36e5396.1070

216.9095194.9264
164.9447

238.8908
336.8577270.8291

358.8439

397.1100

398.1069

464.0944
399.1102 516.0562

532.0804 636.0065
658.0385



13C-NMR 

 
 

 

HRMS 

 
  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700

%

0

100

254 11 (0.216) Cm (10:14-(2:6+23:53)) 1: TOF MS ES- 
9.64e4412.0762

216.9084196.8848146.9366 238.8914
323.8621

358.8379

414.0743

415.0770

480.0632416.0736 497.0525
548.0510

616.0316
645.7087

719.6686



2-(4-(tert-Butyl) benzamido)-4-(4-(trifluoromethyl) phenyl) thiophene-3-carboxylic 

acid (35) 
1H-NMR 

 

 

 
13C-NMR 

 
  



HRMS

 
 

 

2-(4-(tert-Butyl) benzamido)-4-(4-(tert-butyl) phenyl) thiophene-3-carboxylic acid (36) 
1H-NMR 

 

  



13C-NMR 

 
 

 

 

HRMS

 
  



4-([1,1′-Biphenyl]-4-yl)-2-(4-(tert-butyl) benzamido) thiophene-3-carboxylic acid (37)  
1H-NMR 

 

 
13C-NMR 

 
  



HRMS 

 
 

 

 

2-(4-(tert-Butyl) benzamido)-4-(2, 4-dichlorophenyl) thiophene-3-carboxylic acid (38)  
1H-NMR 

 

  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

%

0

100

268 NEG 10 (0.199) Cm (10:15-(1:7+22:55)) 1: TOF MS ES- 
7.12e4454.1477

216.9091

194.9271

164.9451
339.1981238.8914

358.8391

455.1512

456.1489
522.1353

457.1498
574.0959

642.0837 694.0511 716.0264 813.9987 864.0701



13C-NMR 

 

 

 

 

 

 

 

HRMS

 
  



2-(4-(tert-Butyl) benzamido)-4-(naphthalen-2-yl) thiophene-3-carboxylic acid (39) 
1H-NMR 

 
 

 

 
13C-NMR 

 

  



HRMS

 
 

 

 

 

4-(4-Methoxyphenyl)-2-(thiophene-2-carboxamido) thiophene-3-carboxylic acid (40) 
1H-NMR 

 
  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750 800

%

0

100

265 10 (0.199) Cm (10:15-(2:4+27:54)) 1: TOF MS ES- 
1.25e5428.1321

216.9089194.9262 238.8916
336.8607

358.8452

429.1355

430.1345

496.1202
431.1344 548.0830 564.1082

616.0683 669.0211
764.0311 814.0609



13C-NMR 

 

 

 

 

 

HRMS

 
  



4-(4-(tert-Butyl) phenyl)-2-(4-methoxybenzamido) thiophene-3-carboxylic acid (41) 
1H-NMR 

 
 

 
13C-NMR 

 

  



HRMS   

  
 

 

 

 

 

2-(1-Naphthamido)-4-(4-chlorophenyl) thiophene-3-carboxylic acid (42)   
1H-NMR 

 
  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750

%

0

100

261 11 (0.216) Cm (10:15-(2:8+23:53)) 1: TOF MS ES- 
2.78e4408.1268

216.9084

194.9264118.9416
238.8928 260.8728

358.8388

409.1305

410.1284

476.1135
434.1802 528.0750 544.1023 769.6838

598.7410
708.7322

648.0197



13C-NMR 

 
 

 

 

 

HRMS

 
  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750

%

0

100

285 10 (0.199) Cm (9:15-(2:5+28:51)) 1: TOF MS ES- 
6.46e4406.0305

216.9086

194.9269
118.9412 238.8909 336.8599

260.8737
358.8416

408.0285

409.0299

474.0173
410.0299

491.0092 544.7388 598.7353 642.7017
718.6915



HPLC 

 

 

HPLC parameter:  

Waters Xbridge C18 column(4.6 mm×250 mm 5 μm i.d.); 

Flow rate: 1 mL/min; 

Detector: UV 254 nm; 

Eluent: A is water containing 0.1% TFA, B is MeOH; 0‒5 min: 50% (v/v) A+50% 

(v/v) B, 25‒35 min: 5% (v/v) A+95% (v/v) B. 

 

 

 

2-(2-Naphthamido)-4-(4-chlorophenyl) thiophene-3-carboxylic acid (43)  
1H-NMR 

 

  



13C-NMR 

 

 

 

 

 

 

 

HRMS

 
  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750 800

%

0

100

286 11 (0.216) Cm (10:17-(1:8+30:55)) 1: TOF MS ES- 
1.22e4406.0304

216.9088

194.9270

118.9411

162.8391

238.8922

336.8604
260.8722

328.8699

294.9087

358.8391

408.0277

409.0299 456.8106
500.7724 544.7420

620.7173642.6823
740.6581 759.7373 804.1871



4-(4-Chlorophenyl)-2-(2,4-dichlorobenzamido)thiophene-3-carboxylic acid (44) 
1H-NMR 

 
 

 

 
13C-NMR 

 
  



HRMS

 
 

 

 

 

 

 

4-(4-Chlorophenyl)-2-(thiophene-2-carboxamido) thiophene-3-carboxylic acid (45) 
1H-NMR 

 

  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750

%

0

100

287 12 (0.233) Cm (9:18-(1:3+27:55)) 1: TOF MS ES- 
1.07e4425.9335

423.9368

190.9282

146.9364
216.9093

394.8905

238.8922 326.9035

258.9173
316.8681

336.8587

427.9310

462.8751

472.8298
682.7623579.7546

616.7657 702.7394



13C-NMR 

 
 

 

 

 

 

 

 

HRMS 

 
  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750

%

0

100

288 11 (0.216) Cm (10:14-(1:6+26:53)) 1: TOF MS ES- 
5.34e4361.9715

216.9093

194.9263
118.9416 238.8899 336.8585260.8732

301.8850

363.9681

364.9712

365.9676 481.9197429.9590 576.7562500.7707
598.7420

696.7081
638.7256

710.7294



4-(4-Chlorophenyl)-2-(4-methyl-1-naphthamido) thiophene-3-carboxylic acid (46) 
1H-NMR 

 
 

 

 
13C-NMR 

 

  



HRMS

 
 

 

 

 

 

 

 

2-(4-(tert-Butyl) benzamido)-8H-indeno [2,1-b] thiophene-3-carboxylic acid (47) 
1H-NMR 

 

  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750 800

%

0

100

293 neg 12 (0.233) Cm (10:15-(2:5+21:54)) 1: TOF MS ES- 
1.93e5420.0454

216.9082194.9276 339.1988238.8904
358.8425

422.0428

423.0461

488.0334 539.9942 841.0999556.0197
607.9787 659.9413

796.0320696.6956



13C-NMR 

 
 

 

 

 

 

 

 

HRMS

 
  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750

%

0

100

269 10 (0.199) Cm (10:16-(2:7+27:49)) 1: TOF MS ES- 
2.13e5390.1165

216.9088194.9272 238.8916
336.8590

391.1195

392.1170

458.1039393.1178 510.0666 781.2406526.0898 578.0551 630.0119 750.4627



2-(4-(tert-Butyl) benzamido)-6-methoxy-8H-indeno [2,1-b] thiophene-3-carboxylic 

acid (48) 
1H-NMR 

 
 

 

 
13C-NMR 

 
  



HRMS 

 
 

 

 

 

 

 

2-(Thiophene-2-carboxamido)-8H-indeno [2,1-b] thiophene-3-carboxylic acid (49) 
1H-NMR 

 

  



13C-NMR 

 

 

 

 

 

 

 

HRMS 

 
  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625

%

0

100

280 10 (0.199) Cm (10:16-(1:4+33:53)) 1: TOF MS ES- 
3.15e5340.0104

216.9098194.9277
164.9468

336.8603238.8916270.8329

341.0134

342.0084

407.9973343.0102 459.9600475.9869
527.9472 579.9136611.9619



2-(2-Naphthamido)-8H-indeno [2,1-b] thiophene-3-carboxylic acid (50)   

1H-NMR 

 
 

 

 
13C-NMR 

 

  



HRMS 

 
 

 

 

 

 

 

 

 

2-(1-Naphthamido)-8H-indeno [2,1-b] thiophene-3-carboxylic acid (51)  
1H-NMR 

 

  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750

%

0

100

290 neg 12 (0.233) Cm (10:16-(2:6+22:28)) 1: TOF MS ES- 
4.82e5384.0694

325.1837

311.1682

293.1786
255.2324105.0163

179.0154

340.2025

385.0724

386.0702

387.0702
452.0568 485.2788

520.0464 769.1473588.0311 710.2632666.0611



13C-NMR 

 
 

 

 

 

 

 

 

HRMS 

 
  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750

%

0

100

289 10 (0.199) Cm (10:16-(2:6+28:54)) 1: TOF MS ES- 
1.21e5384.0685

216.9088

194.9260118.9410 238.8911 336.8568
260.8729

385.0715

386.0689

452.0563387.0705 504.0172
520.0444

572.0044 623.9654
758.6654

675.7495



2-(4-(tert-Butyl) benzamido)-8,8-dimethyl-8H-indeno [2,1-b] thiophene-3-carboxylic 

acid (52)  
1H-NMR 

 

 
 

 
13C-NMR

 
  



HRMS 

 
 

 

 

 

 

 

 

2-(4-(tert-Butyl) benzamido)-4,5-dihydronaphtho [2,1-b] thiophene-1-carboxylic acid 

(53)  
1H-NMR 

 

  

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700 750

%

0

100

274 11 (0.216) Cm (11:15-(1:8+25:52)) 1: TOF MS ES- 
1.02e4418.1468

216.9090

194.9267

118.9413

190.9296

238.8910

336.8568260.8744

294.9042

358.8411

419.1513

420.1482
470.8062

544.7332 598.7361 644.7434 662.7118
708.6615



13C-NMR 

 

 

 

 

 

 

 

HRMS 

 

WatersXevo G2 Q-TOF/YCA166# 10-Apr-2017

m/z
150 200 250 300 350 400 450 500 550 600 650 700

%

0

100

275 12 (0.233) Cm (11:16-(1:6+25:53)) 1: TOF MS ES- 
1.71e4177.0915

146.9380

404.1313

190.9282

394.8912

326.9028
203.9367

258.9146

316.8701 336.8594

405.1325

472.8329
406.1330

530.8658
501.1354

608.8059544.7951 666.8424 744.7808
725.7029


