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1. General Information and materials

Reagents and solvents were purchased from Sigma Aldrich, Alfa Aesar and VWR International and employed 
without further purification, except for the starting products indole carboxamides 1f -1g and diselenides 2b-
g,i that are prepared according to the literature procedures.1-7 Thin layer chromatography (TLC) was 
performed in 60 F254 (Merck, KGaA, Darmstadt, Germany) silica gel supported on aluminium sheets. 
Reaction products were purified by column chromatography on Merck 60 (70-230 mesh) silica gel. Yields 
correspond to isolated compounds. Purity is estimated to be ≥ 95% based on 1H NMR spectroscopic analysis. 
NMR experiments were carried out at 25 °C on a Bruker Avance NEO 400 MHz spectrometer equipped with 
Sample Case operating at 400 MHz for 1H and 100.62 MHz for 13C or a Bruker Avance NEO 600 MHz 
spectrometer equipped with a ProdigyTMBBO-Cryoprobe operating at 600.13 MHz for 1H, 150.90 MHz for 13C 
in CDCl3, CD3OD, DMSO-d6 and CD3COCD3. 77Se NMR spectra are referenced to diphenyl diselenide external 
standard (PhSe)2 and were recorded at 114 MHz.8 Chemical shifts (δ) are reported in ppm. The 1H NMR 
spectra registered in CD3OD did not show signals for the exchangeable protons of indole NH, SO2NH2, such 
protons are visible in DMSO-d6. High-resolution mass spectrometry (HRMS) measurements were performed 
using Synapt G2-Si mass spectrometer (Waters) equipped with an APCI/ ESI source and quadrupole-Time-of-
Flight mass analyzer. The mass spectrometer operated in the positive ion detection mode. To ensure accurate 
mass measurements, data were collected in centroid mode and mass was corrected during acquisition using 
leucine enkephalin solution as an external reference. The results of the measurements were processed using 
the MassLynx 4.1 software (Waters) incorporated with the instrument. Melting points were determined in 
Kofler melting apparatus and value are uncorrected.

2. General Procedure 

The indole 1a-k, m-q (1.0 eq., 0.5 mmol) or the pyrazole 1l (1.0 eq. 0.5 mmol), the diselenide 2a-g, 2i (0.5 eq., 
0.25 mmol) or disulfide 2h (0.5 eq., 0.25 mmol), Oxone® triple salt (0.5 eq., 0.25 mmol) and the iodine (20 
mol%) were dissolved in 5 mL of CH3CN. The reaction mixture was vigorously stirred at room temperature 
for 4 to 24 hours. Then, the reaction was quenched with a saturated solution of Na2S2O3 and extracted with 
ethyl acetate (3 x 10 mL), dried with Na2SO4, filtered, and evaporated under reduced pressure. The crude 
mixture was purified by column chromatography on silica gel to afford the 3-selenylindoles 3a-q, 4-
selenylpyrazoles 3r-s, mono- and bis- sulfenylindoles 3t-3t’, and 3-selenylindoles containing 
benzensulfonamide moiety 4a-l.
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3. 1H NMR, 13C and 77Se NMR spectra of compounds 3 and 4

Figure 1. 1H NMR spectrum of compound 3a9 in CDCl3 

Figure 2. 1H NMR spectrum of compound 3b9 in CDCl3 
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Figure 3. 1H NMR spectrum of compound 3c9 in CDCl3 

Figure 4. 1H NMR spectrum of compound 3d9 in CDCl3 

Figure 5. 1H NMR spectrum of compound 3e9 in CDCl3
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Figure 6. 1H NMR spectrum of compound 3f in DMSO-d6 

Figure 7. 13C NMR spectrum of compound 3f in DMSO-d6

Figure 8. 77Se NMR spectrum of compound 3f in DMSO-d6
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Figure 9. 1H NMR spectrum of compound 3g in DMSO-d6

Figure 10. 13C NMR spectrum of compound 3g in DMSO-d6

Figure 11. 77Se NMR spectrum of compound 3g in DMSO-d6
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Figure 12. 1H NMR spectrum of compound 3h9 in DMSO-d6  

Figure 13. 1H NMR spectrum of compound 3i10 in CDCl3 

Figure 14. 1H NMR spectrum of compound 3k in CDCl3
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Figure 15. 13C NMR spectrum of compound 3k in CDCl3

Fig
ure 16. 77Se NMR spectrum of compound 3k in CDCl3

Figure 17. 1H NMR spectrum of compound 3l9 in CDCl3
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Figure 18. 1H NMR spectrum of compound 3m9 in CDCl3 

Figure 19. 1H NMR spectrum of compound 3n9 in CDCl3 

Figure 20. 1H NMR spectrum of compound 3o9 in CD3COCD3 

N
H

Se
CH3

3m

N
H

Se
Cl

3n

N
H

Se

O
HO

3o



S10

Figure 21. 1H NMR spectrum of compound 3p11 in DMSO-d6  

Figure 22. 1H NMR spectrum of compound 3q in CDCl3 

Figure 23. 13C NMR spectrum of compound 3q in CDCl3 
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Figure 24. 77Se NMR spectrum of compound 3q in CDCl3 

Figure 25. 1H NMR spectrum of compound 3r12 in CDCl3 

Figure 26. 1H NMR spectrum of compound 3s in CDCl3 
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Figure 27. 13C NMR spectrum of compound 3s in CDCl3 

Figure 28. 77Se NMR spectrum of compound 3s in CDCl3

Figure 29. 1H NMR spectrum of compound 3t13 in CDCl3 
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Figure 30. 1H NMR spectrum of compound 3t’14 in CDCl3

Figure 31. 1H NMR spectrum of compound 4a in CD3OD 

Figure 32. 1H NMR spectrum of compound 4a in DMSO-d6
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Figure 33. 13C NMR spectrum of compound 4a in CD3OD

Figure 34. 77Se NMR spectrum of compound 4a in CD3OD 

Figure 35. 1H NMR spectrum of compound 4b in CD3OD
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Figure 36. 13C NMR spectrum of compound 4b in CD3OD 

Figure 37. 77Se NMR spectrum of compound 4b in CD3OD

Figure 38. 1H NMR spectrum of compound 4c in CD3OD
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Figure 39. 13C NMR spectrum of compound 4c in CD3OD

Figure 40. 77Se NMR spectrum of compound 4c in CD3OD

Figure 41. 1H NMR spectrum of compound 4d in CD3OD 

N
H

Se
S
O

O
NH2

4d

Br

N
H

Se
Cl

S
O

O
NH2

4c

N
H

Se
Cl

S
O

O
NH2

4c



S17

Figure 42. 13C NMR spectrum of compound 4d in CD3OD

Figure 43. 77Se NMR spectrum of compound 4d in CD3OD

Figure 44. 1H NMR spectrum of compound 4e in CD3OD
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Figure 45. 13C NMR spectrum of compound 4e in CD3OD

Figure 46. 77Se NMR spectrum of compound 4e in CD3OD

Figure 47. 1H NMR spectrum of compound 4f in CD3OD
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Figure 48. 13C NMR spectrum of compound 4f in CD3OD

Figure 49. 77Se NMR spectrum of compound 4f in CD3OD

Figure 50. 1H NMR spectrum of compound 4g in CD3OD
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Figure 51. 13C NMR spectrum of compound 4g in CD3OD

Figure 52. 77Se NMR spectrum of compound 4g in CD3OD 

Figure 53. 1H NMR spectrum of compound 4h in CD3OD
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Figure 54. 13C NMR spectrum of compound 4h in CD3OD

Figure 55. 77Se NMR spectrum of compound 4h in CD3OD

Figure 56. 1H NMR spectrum of compound 4i in DMSO-d6 
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Figure 57. 13C NMR spectrum of compound 4i in DMSO-d6

Figure 58. 77Se NMR spectrum of compound 4i in DMSO-d6

Figure 59. 1H NMR spectrum of compound 4j in CD3OD
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Figure 60. 13C NMR spectrum of compound 4j in CD3OD 

Figure 61. 77Se NMR spectrum of compound 4j in CD3OD

Figure 62. 1H NMR spectrum of compound 4k in DMSO-d6 

N
H

Se
O

HN

S
O

O

H2N

4k

N
H

Se
S
O

O
NH2

4j

O

O

N
H

Se
S
O

O
NH2

4j

O

O



S24

Figure 63. 13C NMR spectrum of compound 4k in DMSO-d6 

Figure 64. 77Se NMR spectrum of compound 4k in DMSO-d6

Figure 65. 1H NMR spectrum of compound 4l in CD3OD
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Figure 66. 13C NMR spectrum of compound 4l in CD3OD

Figure 67. 77Se NMR spectrum of compound 4l in CD3OD
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4. HMRS Spectra of new compounds 

 

Figure 68. HRMS spectrum of compound 3f

Fi
gure 69. HRMS spectrum of compound 3g
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Figure 70. HRMS spectrum of compound 3q

Figure 71. HRMS spectrum of compound 3s
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Figure 72. HRMS spectrum of compound 4a

Figure 73. HRMS spectrum of compound 4b
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Figure 74. HRMS spectrum of compound 4c

Figure 75. HRMS spectrum of compound 4d
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Figure 76. HRMS spectrum of compound 4e

Figure 77. HRMS spectrum of compound 4f
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Figure 78. HRMS spectrum of compound 4g

Figure 79. HRMS spectrum of compound 4h
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Figure 80. HRMS spectrum of compound 4i

Figure 81. HRMS spectrum of compound 4j
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Figure 82. HRMS spectrum of compound 4k

Figure 83. HRMS spectrum of compound 4l
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5. Carbonic anhydrase inhibition 

An Applied Photophysics stopped-flow instrument was used to assay the CA catalyzed CO2 hydration 
activity.15 Phenol red (at a concentration of 0.2 mM) was used as an indicator, working at the absorbance 
maximum of 557 nm, with 20 mM Hepes (pH 7.4) as a buffer, and 20 mM Na2SO4 (to maintain constant 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.16 Enzyme concentrations ranged between 5-12 nM. For each inhibitor, at least six traces of the 
initial 5–10% of the reaction were used to determine the initial velocity. The uncatalyzed rates were 
determined in the same manner and subtracted from the total observed rates. Stock solutions of the inhibitor 
(0.1 mM) were prepared in distilled–deionized water and dilutions up to 0.01 nM were done thereafter with 
the assay buffer. Inhibitor and enzyme solutions were preincubated together for 15 min at room temperature 
prior to the assay, to allow for the formation of the E–I complex. The inhibition constants were obtained by 
non-linear least-squares methods using PRISM 3 and the Cheng-Prusoff equation as reported earlier and 
represent the mean from at least three different determinations. All CA isoforms were recombinant proteins 
obtained in house, as reported earlier.17-19

6. Human Carbonic Anhydrase activity

Compound 4b

Compound 4e

Compound 4g
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Compound 4h 

Compound 4l 
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