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Experimental section 

Chemistry  

General methods. Unless otherwise noted, all solvents, including anhydrous solvents and 

chemicals, were purchased from Aldrich Co. and/or Alfa Aesar, and used without further 

purification. All reactions involving air- or moisture-sensitive compounds were performed under a 

nitrogen atmosphere using oven-dried glassware and syringes to transfer solutions. Silica gel thin-

layer chromatography (TLC) sheets from Merck silica gel F-254 plates (silica gel precoated 

aluminum sheets with fluorescent indicator at 254 nm) were used for TLC. Flash chromatography 

purifications were performed on Merck Silica gel 60 (230-400 mesh ASTM) as a stationary phase. 

Melting points (m.p.) were determined using an Electrothermal melting point or a Köfler apparatus 

and are uncorrected. Proton nuclear magnetic resonance (1H NMR) spectra were recorded in CDCl3 

or DMSO-d6 on 400 MHz Bruker Avance III nanobay. Chemical shifts (δ) are reported in parts per 

million (ppm) downfield from tetramethylsilane (TMS), used as an internal standard. Splitting 

patterns are designated as follows: broad singlet (bs), singlet (s), doublet (d), triplet (t), quartet (q), 

septet (sep), and multiplet (m). Mass spectra were obtained on a triple-quadrupole QqQ Varian 310-

MS mass spectrometer, or a MALDI micro MX (Waters, Micromass) equipped with a reflectron 

analyser. Elemental analyses were performed on a Perkin-Elmer Elemental Analyzer 2400-CHN at 

Laboratorio di Microanalisi, Dipartimento di Chimica, Università di Sassari (Italy), and were within 

±0.4% of the theoretical values.  
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General procedure for the preparation of N-alkyl-indoles-1H-pyrazole-5-carboxylic acids 1b-

d.1,2 A solution of the appropriate ester 2b-d (0.5 mmol) and NaOH powder (2.0 mmol) in ethanol 

(16 mL) was stirred under reflux for about 1.5 h. Next, the reaction mixture was poured into water 

and ice and acidified with 1N HCl to afford a solid precipitate that was filtered under reduced 

pressure, washed with water, and then recrystallized from water/ethanol to give the desired 

compound as white/ yellow crystals. 1a has been previously synthesized and characterized.1 

 

3-(1-butyl-1H-indol-3-yl)-1H-pyrazole-5-carboxylic acid (1b). White solid; m.p. 250-252 °C; 

yield: 86%. 1H NMR 400 MHz (DMSO-d6): δ 8.01 (bs, 1H), 7.85 (s, 1H), 7.53 (d, 1H), 7.21 (t, 1H), 

7.13 (t, 1H), 6.97 (s, 1H), 4.22 (t, 2H), 1.79 (m, 2H), 1.28 (m, 2H), 0.91 (t, 3H); 13C NMR 101 MHz 

(DMSO-d6): δ 162.3, 144.6, 136.1, 126.8, 124.9, 123.6, 121.7, 120.2, 119.8, 110.1, 106.1, 104.1, 

45.3, 31.8, 19.5, 13.5. MALDI: m/z 284 [M+H]+. Anal. Calcd for C16H17N3O2: C 67.83 H 6.05, N 

14.83 Found: C 67.55, H 6.05, N 14.62. 

 

3-(1-isopropyl-1H-indol-3-yl)-1H-pyrazole-5-carboxylic acid (1c). Yellow solid; m.p. 287 °C 

dec; yield: 64%. 1H NMR 400 MHz (DMSO-d6): δ 7.99 (bs, 2H), 7.57 (d, 1H), 7.21 (t, 1H), 7.13 (t, 

1H), 7.00 (s, 1H), 4.81 (m, 1H), 1.50 (d, 6H); 13C NMR 101 MHz (DMSO-d6):  δ 162.4, 135.6, 

133.7, 125.0, 123.1, 121.6, 120,2, 119.9, 110.2, 109.3, 106.2, 104.0, 46.6, 22.4. LC/MS: m/z 

270 [M+H]+. Anal. Calcd for C15H15N3O2: C 66.90, H 5.61, N 15.60. Found: C 66.73, H 5.81, N 

15.48. 

 

3-(1-ethyl-1H-indol-3-yl)-1-methyl-1H-pyrazole-5-carboxylic acid (1d). White solid; m.p. 224-

225 °C; yield: 64%. 1H NMR 400 MHz (CDCl3): δ 8.11 (d, 1H), 7.54 (s, 1H), 7.35 (d, 1H), 7.30-

7.20 (m, 3H), 4.27 (s, 3H), 4.22 (q, 2H), 1.52 (t, 3H); 13C NMR 101 MHz (DMSO-d6):  δ 160.8, 

145.6, 135.3, 133.7, 126.1, 125.2, 121.5, 120.9, 119.5, 109.8, 107.7, 107.1, 40.4, 38.9, 15.3. 

MALDI: m/z 270 [M+H]+. Anal. Calcd for C15H15N3O2: C 66.90 H 5.61, N 15.60. Found: C 66.71, 

H 5.36, N 15.27. 
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General procedure for the preparation of N-alkyl-indoles-1H-pyrazole-5-carboxylates 2a-c 

[17,23]. Hydrazine monohydrate 98% (28.1 mmol) was added dropwise to a mixture of isopropyl 

alcohol (7.9 mL) and glacial acetic acid (3.4 mL) cooled at 0 °C. Then the appropriate N-alkyl-

indoles ß-diketoester 5a-c (3.2 mmol) was added portionwise. After stirring for 2 h, the mixture was 

poured into water and ice to afford the product as a brown precipitate that was filtered under 

reduced pressure. The solid was purified by silica gel flash chromatography using a 8:2 petroleum 

ether and ethyl acetate mixture as eluent, to give (pale) yellow solid. 

 

Methyl 3-(1-ethyl-1H-indol-3-yl)-1H-pyrazole-5-carboxylate (2a) [17]. Yellow solid; m.p. 176-

178 °C; yield: 93%. 1H NMR 400 MHz (CDCl3): δ 7.95 (d, 1H), 7.47 (s, 1H), 7.28 (d, 1H), 7.32-

7.21 (m, 2H), 7.07 (s, 1H), 4.23 (q, 2H), 3.97 (s, 3H), 1.52 (t, 3H); 13C NMR 101 MHz (CDCl3):  δ 

175.9, 146.2, 136.5, 127.8, 125.2, 122.4, 120.6, 120.0, 117.3, 109.8, 105.7, 105.3, 52.1, 41.2, 15.4. 

MALDI: m/z 269 [M]+. Elemental analysis: C15H15N3O2. Calculate C 66.90, H 5.61, N 15.60. 

Found: C 66.86, H 5.57, N 15.02. 

 

Methyl 3-(1-butyl-1H-indol-3-yl)-1H-pyrazole-5-carboxylate (2b). Pale yellow solid; m.p. 173-

175 °C; yield: 46%. 1H NMR 400 MHz (CDCl3): δ 10.45 (bs, 1H), 7.94 (d, 1H), 7. 44 (s, 1H), 7.40 

(d, 1H), 7.32-7.22 (m, 2H), 7.07 (s, 1H), 4.17 (t, 2H), 3.97 (s, 3H), 1.87 (m, 2H), 1.37 (m, 2H), 0.96 

(t, 3H); 13C NMR 101 MHz (CDCl3): δ 161.9, 149.1, 143.5, 136.5, 129.9, 126.1, 125.7, 

122.3, 120.5, 120.0, 109.9, 105.2, 52.1, 46.3, 32.2, 20.2, 13.7. LC/MS: m/z 298 [M+H]+. Anal. 

Calcd for C17H19N3O2: C 68.67, H 6.44, N 14.13. Found: C 68.30, H 6.54, N 13.99. 

 

Methyl 3-(1-isopropyl-1H-indol-3-yl)-1H-pyrazole-5-carboxylate (2c). Pale yellow solid; m.p. 

174-175 °C; yield: 66%. 1H NMR 400 MHz (CDCl3): δ 7.94 (d, 1H), 7.58 (s, 1H), 7.43 (d, 1H), 

7.29 (t, 1H), 7.23 (t, 1H), 7.09 (s, 1H), 4.73 (m, 1H), 3.96 (s, 3H), 1.58 (d, 6H); 13C NMR 101 

MHz (CDCl3): δ 161.8, 143.7, 140.4, 136.1, 125.7, 122.3, 122.1, 120.6, 119.9, 109.9, 105.9, 

105.3, 52.1, 47.4, 22.8. LC/MS: m/z 284 [M+H]+. Anal. Calcd for C16H17N3O2: C 67.83, H 6.05, 

N 14.83. Found: C 67.60, H 6.21, N 14.81. 
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Preparation of methyl 3-(1-ethyl-1H-indol-3-yl)-1-methyl-1H-pyrazole-5-carboxylate (2d). To 

a solution of methyl 3-(1-ethyl-1H-indol-3-yl)-1H-pyrazole-5-carboxylate (2a, 1.8 mmol) in 

anhydrous DMF (2.6 mL) under nitrogen atmosphere, NaH 60% oil dispersion (2.6 mmol) was 

added portionwise at 0 °C. The mixture thus obtained was stirred for 10 min at 0 °C, then CH3I (2.6 

mmol) was added dropwise, and the stirring was continued for another 1 h at room temperature. The 

mixture was poured into water and extracted with ethyl acetate. The combined organic layers were 

then washed with water, dried over Na2SO4 and evaporated under reduced pressure. The crude 

product was purified by flash chromatography (8:2 petroleum ether / ethyl acetate) to give the 

desired product. Pale brown solid; m.p. 110 °C; yield: 39%. 1H NMR 400 MHz (CDCl3): δ 8.09 (d, 

1H), 7.52 (s, 1H), 7.37 (d, 1H), 7.28-7.19 (m, 2H), 7.11 (s, 1H), 4.24 (s, 3H), 4.21 (q, 2H), 3.92 (s, 

3H), 1.50 (t, 3H); 13C NMR 101 MHz (CDCl3): δ 160.5, 146.0, 136.2, 132.7, 126.0, 124.9, 

121.9, 120.7, 120.0, 109.4, 108.4, 107.9, 51.9, 41.1, 39.4, 15.4. LC/MS: m/z 284 [M+H]+. 

Anal. Calcd for C16H17N3O2: C 67.83 H 6.05, N 14.83. Found: C 67.85, H 5.97, N 14.79. 

 

General procedure for the preparation of N-alkyl-indoles β-diketoesters 5a-c. A solution of the 

appropriate 3-alkylacetylindole 4a-c (3.8 mmol) and diethyl oxalate (5.0 mmol) in methanol (7.45 

mL) was added to a solution of sodium methoxide (12.0 mmol), freshly prepared dissolving sodium 

(12.0 mmol) in methanol  (5.2 mL). The mixture was refluxed under nitrogen atmosphere. After 4 

h, 6.0 mmol of MeONa and 2.5 mmol of diethyl oxalate were added, and the mixture was refluxed 

for further 1 h. The reaction was quenched with water and acidified with 1N HCl. The precipitate 

formed was then recovered by filtration under reduced pressure as yellow solid, which was purified 

by silica gel flash chromatography using petroleum ether / ethyl acetate (7:3) as eluent.  

 

 (Z)-methyl 4-(1-ethyl-1H-indol-3-yl)-2-hydroxy-4-oxobut-2-enoate (5a). Yellow solid; m.p. 160 

°C; yield: 85%. 1H NMR 400 MHz (CDCl3): δ 8.40-8.36 (m, 1H), 7.94 (s, 1H), 7.42-7.40 (m, 1H), 
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7.36-7.34 (m, 2H), 6.87 (s, 1H), 4.28 (q, 2H), 3.94 (s, 3H), 1.58 (t, 3H). MALDI: m/z 274 [M+H]+. 

Anal. Calcd for C15H15NO4: C 65.92, H 5.53, N 5.13. Found: C 66.15, H 5.48, N 5.24. 

 

(Z)-methyl 4-(1-butyl-1H-indol-3-yl)-2-hydroxy-4-oxobut-2-enoate (5b). Yellow solid; m.p. 

104-105 °C; yield: 54%. 1H NMR 400 MHz (CDCl3): δ 8.39-8.37 (m, 1H), 7.90 (s, 1H), 7.41-7.39 

(m, 1H), 7.36-7.33 (m, 2H), 6.87 (s, 1H), 4.20 (t, 2H), 3.94 (s, 3H), 1.90 (m, 2H), 1.38 (m, 2H), 

0.98 (t, 3H). LC/MS: m/z 302 [M+H]+. Anal. Calcd for C17H19NO4: C 67.76, H 6.36, N 4.65. 

Found: C 67.50, H 6.54, N 4.41. 

 

(Z)-methyl 4-(1-isopropyl-1H-indol-3-yl)-2-hydroxy-4-oxobut-2-enoate (5c). Yellow solid; m.p. 

90-92 °C; yield: 93%. 1H NMR 400 MHz (CDCl3): δ 8.40-8.38 (m, 1H), 8.00 (s, 1H), 7.45-7.43 (m, 

1H), 7.36-7.33 (m, 2H), 6.89 (s, 1H), 4.73 (m, 1H), 3.95 (s, 3H), 1.62 (d, 6H). LC/MS: m/z 288 

[M+1]+. Anal. Calcd for C16H17NO4: C 66.89, H 5.96, N 4.88. Found: C 66.89, H 6.07, N 4.74. 

 

General procedure for the preparation of N-alkyl-3-acetyl indoles 4a-c. Anhydrous DMSO (25 

mL) was added to KOH crushed pellets (50 mmol), and the mixture was stirred at room temperature 

for 5 min. 3-Acetylindole (3, 13 mmol) was then added, and the mixture was stirred at room 

temperature for 45-60 min. An appropriate alkyl halide (bromoethane, 2-iodopropane, 1-

iodobutane, 26 mmol) was added and the stirring was continued for further 45-60 min. After 

reaction completion, water was added and the white precipitate that formed was filtered under 

reduced pressure and washed with water. In case of compound 1-(1-butyl-1H-indol-3-yl)ethanone 

(3c), product was extracted from the aqueous solution with diethyl ether, the organic layer was 

washed with water and dried over Na2SO4, and the solvent was evaporated under reduced pressure. 

The solid or oil obtained was purified by silica gel flash chromatography (8:2 petroleum ether / 

ethyl acetate).  

 

1-(1-ethyl-1H-indol-3-yl)ethanone (4a).2 White crystals; m.p. 87-89 °C; yield: 89%. 1H NMR 400 

MHz (CDCl3): δ 8.39-8.36 (m, 1H), 7.77 (s, 1H), 7.38-7.36 (m, 1H), 7.32-7.27 (m, 2H), 4.21 (q, 
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2H), 2.53 (s, 3H), 1.52 (t,  3H). LC/MS: m/z 188.1 [M+H]+, 210.1 [M+Na]+. Anal. Calcd for 

C12H13NO: C 76.98, H 7.00, N 7.48. Found: C 77.12, H 7.09, N 7.35. 

 

1-(1-butyl-1H-indol-3-yl)ethanone (4b). Pale yellow oil; yield: 91%. 1H NMR 400 MHz (CDCl3): 

δ 8.39-8.36 (m, 1H), 7.73 (s, 1H), 7.37-7.35 (m, 1H), 7.30-7.28 (m, 2H), 4.15 (t, 2H), 2.53 (s, 3H), 

1.87 (m, 2H), 1.37 (m, 2H), 0.96 (t, 3H). LC/MS: m/z 215.1 [M+H]+. Anal. Calcd for C14H17NO: 

C 78.10, H 7.96, N 6.51. Found: C 77.94, H 8.06, N 6.32. 

 

1-(1-isopropyl-1H-indol-3-yl)ethanone (4c). Beige solid; m.p. 82-83 °C; yield: 50%. 1H NMR 400 

MHz (CDCl3): δ 8.38-8.36 (m, 1H), 7.86 (s, 1H), 7.41-7.39 (m, 1H), 7.31-7.29 (m, 2H), 4.71 (m, 

1H), 2.55 (s, 3H), 1.60 (d, 6H). LC/MS: m/z 202.1 [M+H]+ Anal. Calcd for C13H15NO: C 77.58, 

H 7.51, N 6.96. Found: C 77.30, H 7.68, N 6.73. 
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Biology 

CA inhibition assays. An Applied Photophysics stopped-flow instrument has been used for 

assaying the CA catalysed CO2 hydration activity.3 Phenol red (at a concentration of 0.2 mM) has 

been used as indicator, working at the absorbance maximum of 557 nm, with 20 mM Hepes (pH 

7.4) and 20 mM NaBF4 (for maintaining constant the ionic strength), following the initial rates of 

the CA-catalyzed CO2 hydration reaction for a period of 10-100 s. The CO2 concentrations ranged 

from 1.7 to 17 mM for the determination of the kinetic parameters and inhibition constants. For 

each inhibitor, at least six traces of the initial 5-10% of the reaction have been used for determining 

the initial velocity.3 The uncatalyzed rates were determined in the same manner and subtracted from 

the total observed rates. Stock solutions of inhibitor (10 mM) were prepared in distilled-deionized 

water and dilutions up to 0.01 nM were done thereafter with distilled-deionized water. Inhibitor and 

enzyme solutions were preincubated together for 15 min at RT prior to assay, in order to allow for 

the formation of the E-I complex. The inhibition constants were obtained by non-linear least-

squares methods using PRISM 3, whereas the kinetic parameters for the uninhibited enzymes from 

Lineweaver-Burk plots, as reported earlier,4 and represent the mean from at least three different 

determinations. All CAs were recombinant proteins obtained as reported earlier by these groups.5,6 

 

Cell culture. Hormone-independent prostate cells (PC-3), human embryonic kidney cells (HEK 

293), and human neuroblastoma cells (SH-SY5Y, American Type Culture Collection number CRL-

2266) were cultured in Dulbecco’s Modified Eagle Medium F-12 (DMEM/F12) medium (Life 

Technologies, Carlsbad, CA, USA) in the presence of 10% fetal calf serum (Life Technologies) 

inactivated at 56 °C for 30 minutes. The cells are grown in an incubator at 37 °C in a humidified 

atmosphere containing 5% CO2.  
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Assessment of cell viability. The viability of the different cancer cells was calculated after 24 

hours, for PC-3 and HEK 293 that grow very rapidly, or 48 hours, for SH-SY5Y that have  a slow 

doubling time, of compound treatmentat the indicate concentrations,7 with and without overnight 

treatment of the cells by CoCl2.
8 Cell viability was assessed by a colorimetric assay using the MTS 

assay (CellTiter 96 Aqueous One Solution Assay; Promega Corporation, Madison, WI, USA), 

according to the manufacturer’s instructions. Absorbance at 490 nm was measured in a multilabel 

counter (Victor X5; Perkin Elmer, Waltham, MA, USA). 
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X-Ray Crystallography and Data Collection 

Human CA II (hCA II) was expressed in BL21DE3 competent cells and purified as discussed 

previously.9,10 In brief, purified hCA II was crystallized in a precipitation solution of 1.6 M Na-

Citrate, 50 mM Tris, pH 7.8 using the hanging drop vapor diffusion method. Well-formed hCA II 

crystals were observed in 5 days.9,10 Crystals of hCA II were soaked in stock solution of 1d that was 

made by diluting a 20 mM, 100% DMSO solution of 1d into 100 µL of precipitant solution. 

Crystals were soaked with a final concentration of ~2 mM of 1d in the crystallization drop for 24 

hours prior to data collection. X-ray diffraction data was collected at the Cornell High Energy 

Synchrotron Source (CHESS) on beamline F1 using a wavelength of 0.9177 Å. The data sets were 

collected using an ADSC Quantum 270 CCD detector at a crystal-to-detector distance of 120 mm 

with a 0.5° oscillation angle and an exposure time of 1 sec per image. A total of 360 images were 

collected. The data were indexed, integrated, and scaled using HKL200.11 Data was scaled to the 

monoclinic C2 space group (unit cell parameters a = 42.4, b = 41.5, c = 72.3 Å, β = 104.3°), to 1.20 

Å resolution with a completeness of 91.1 %, and an Rsym of 7.0 % (Summarized in Table S1). 

Phases were determined via molecular replacement using PDB: 3KS3,12 as a search model and 

calculated using the program Phenix.13 Refinements and ligand restraint files were also generated in 

the Phenix. Modification to Models and ligand PDB files were generated in Coot,14,15 along with the 

determination of bond lengths of observable interactions. All figures were generated using PyMol.16   
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Table S1. X-ray crystallography statistics for data processing and refinement of 1d in complex with 

hCA II. 

 

CA II/1d  
PDB ID: 5CJL 

Space Group 
Cell Dimensions (Å;°) 

P2
1
 

a = 42.4, b = 41.5, c = 72.3; β= 104.3
o
 

Resolution (Å) 19.9 – 1.20 (1.23 – 1.20) 
Total Reflections 67579 

R
sym

a 
(%) 7.0 (26.0) 

I/Iσ 29.5 (5.73) 
Redundancy 2.6 (2.7) 

Completeness (%) 91.1 (90.7) 

R
cryst

b 
(%) 13.9 (18.9) 

R
free

c 
(%) 15.5 (21.4) 

# of Protein Atoms 4205 (All Chains) 
# of Water Molecules 339 (All Chains) 

# of Ligand Atoms (includes 
hydrogens) 

35 

Ramachandran stats (%): 
Favored, allowed, generously 

allowed 

97.3, 2.7, 0.0 

Avg. B factors (Å
2
): Main-chain, 

Side-chain, Ligand 

10.3, 16.7, 20.6 

rmsd for bond lengths, angles (Å,º) 0.009, 1.440 

 

a
 Rsym = (∑|I - <I>|/∑ <I>) x 100  

b Rcryst = (∑|Fo - Fc|/∑ |Fo|) x 100 

c
 Rfree is calculated in the same way as Rcryst except it is for data omitted from refinement (5% of reflections for all data 

sets). 

e
 Values in parenthesis correspond to the highest resolution shell. 

Hydrogens were added to structure since there was observable density at this resolution.  
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Molecular Modelling 

All computational modeling studies were carried out on multiprocessor machines equipped with OS 

Ubuntu 14.04 or Windows Seven. 

Preparation of the ligands. Ligand structures were built using standard bond lengths and angles 

from the fragment database with MacroModel 6.0.17 Minimization of structures was performed with 

the MacroModel/BachMin 6.0 program using the AMBER force field. An extensive conformational 

search was further carried out using the Monte Carlo/energy minimization (Ei-E min <5 Kcal/mol, 

energy difference between the generated conformation and the current minimum).18 The atomic 

charges were assigned using the Gasteiger-Marsili method,19 in particular acid derivatives were 

considered as mono deprotonated species, whereas ester derivatives were kept in their neutral form. 

Representative minimum energy conformations of each compound were optimized using density 

functional theory (DFT) quantum chemistry program Gaussian 09W with the method B3LYP/6-

311G basis set.20  Visual analysis was performed with GaussView version 5.0.21 

Structure refinement and computational docking procedures. Both hCAII and hCAXII protein 

models were prepared from the respectively 1.2 Å and 1.55 Å high resolution crystal structure. For 

CAII model our crystal complex between hCAII and compound 1d (pdb code: 5CJL) was used, 

whereas for CAXII the free protein with pdb accession code 1JCZ was selected.22 All ligands and 

water, except the water linked to the tetrahedral zinc, were stripped, and  hydrogen atoms were 

added using the ADT module of MGLTools 1.5.7rc1,23 then Gasteiger charges19 were assigned. 

Ligands were docked using the Lamarckian genetic algorithm (LGA) defined through a grid box 

(coordinates: X, -7.0; Y, 2.0; Z, 15.0, and grid points: X, 50; Y, 50; Z, 50) with default grid spacing 

of 0.375 Å. The atom type set was modified including oxygen acceptor (OA) and hydrogen donor 

(HD) parameters. W maps were calculated according to Forli et al.24 Docking runs were performed 

considering the active site as a rigid molecule and the ligands as flexible (i.e., all non-ring torsions 

were allowed), and using the Lamarckian genetic algorithm (LGA). Docking parameters for each 

compounds were set to 100 runs, population size of 150 individuals, maximum number of 
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generations and energy evaluations of 27,000 and 25,000,000, respectively. Docking results were 

analyzed using MGLTools 1.5.7rc1,21 and AutoDock 4.2.6 docking programs.25,26 From the 

estimated free energy of ligand binding (∆G), the inhibition constant (Ki) for each ligand was 

calculated. Ki was calculated by the equation: Ki =exp [(∆G*1000)/(R*T)]. Where ∆G is docking 

energy, R (gas constant) is 1.98719 cal K-1mol-1 and T (Temperature) is 298.15 K. 

Comparison between the Forli and Olson’s method and the standard docking procedure. To 

determine the best docking approach, in the early stage of our modelling study we re-docked 

compound 1d into the hCAII protein model derived from the X-ray study using both the method of 

Forli and Olson, and the standard method implemented on AutoDock. Comparison between the best 

pose derived from each docking method and the experimental coordinates showed that Forli and 

Olson’s procedure gave better results rather than the standard method in terms of rmsd (0.76 and 

0.88, respectively) and visual inspection. 
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Figure S1. (A) Comparison of experimental structure of 1d and docking obtained with adapted 

Forli and Olson’s method within hCA II depicted as cartoon. (B) Best pose from docking 1d into 

the hCA XII catalytic pocket. hCA II and XII are coloured as light brown and pale green, 

respectively; side chain of significant residues are represented as yellow sticks and labelled. Zinc 

cofactor, zinc-bound water and pseudoatoms are depicted as spheres and coloured in gray, red, and 

pale blue or cyan, respectively. 
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Figure S2. Overall view of protein surface with the top-ranked binding modes of titled compounds 

superimposed. hCA II (A) and XII (B) isoforms are coloured as light brown and pale green, 

respectively; side chain of significant residues are represented as yellow sticks and labelled. Ligand 

are in sticks (1a, white; 1b, yellow; 1c, magenta; 1d, deep teal; 2a, cyan; 2b, orange; 2c, pink; 2d, 

blue violet). Zinc cofactor, zinc-bound water and pseudoatoms are depicted as spheres and coloured 

in gray, red, and pale blue or cyan, respectively. 
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Figure S3. Molecular docking poses of compounds 1a-d and 2a-d in the hCA II binding site (pdb 

code: 5CJL) depicted as sticks. Catalytic and interacting residues are also represented as sticks, and 

are coloured in light apricot, and mantis, respectively. Zinc ion (gray) as well as the respective 

water bound molecule (red) are represented as spheres. Monoatomic pseudoatoms accounting for 

explicit water molecules are depicted as cyan spheres. 
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Figure S4. Molecular docking poses of compounds 1a-d and 2a-d in the hCA XII binding site (pdb 

code: 1JCZ) depicted as sticks. Catalytic and interacting residues are also represented as sticks, and 

are coloured in light apricot, and mantis, respectively. Zinc ion (gray) as well as the respective 

water bound molecule (red) are represented as spheres. Monoatomic pseudoatoms accounting for 

explicit water molecules are depicted as cyan spheres. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 



 

 
 

S42 
 

Table S2. Interactions of 1a-d and 2a-d with amino acid residues on hCA II and hCA XII binding 

pockets. 

 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
  

CA     II Trp5 Tyr7 Asn62 His64 Ala65 Asn67 Glu69 Ile91 Gln92 His94 His96 His119 Val121 Phe131 Gly132 Val135 Gln136 Leu141 Val143 Leu198 Thr199 Thr200 Pro201 Pro202 Leu204 Trp209 Zn HOH

1a

1b

1c

1d

2a

2b

2c

2d 2

CA    XII Trp5 Tyr7 Asn62 His64 Ser65 Lys67 Asn69 Thr91 Gln92 His94 His96 His119 Val121 Ala131 Ser132 Ser135 Asn136 Leu141 Val143 Leu198 Thr199 Thr200 Pro201 Pro202 Asn204 Trp209 Zn HOH

1a

1b

1c

1d

2a

2b

2c 2

2d 2
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Figure S5. Superimposition of hCA II and hCA XII X-ray structures used for docking calculation. 

Focusing on the catalytic region, the primary sequence appears highly conserved, with the 

exception of nine residues (ie, A65S, N67K, E69D, I91T, P131A, G132S, V135S, Q136N, and 

L204N. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  



 

 
 

S44 
 

Figure S6. Antiproliferative activity of compounds 1a, 2a, 1c, and 2c at various concentrations 

assessed by percentage of cell viability on (A) human renal HEK 293 cells treated for 24 hours; (B) 

humane prostate PC-3 cells treated for 24 hours; and (C) human neuronal SH-SY5Y cells treated 

for 48 hours. 
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