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SI1. Chemistry
1.1. Material and methods

Melting points were recorded in degree centigrade on a Gallenkamp instrument using the standard
open capillary method. The IR spectra were recorded on FTIR 5000 Mattson spectrophotometer. The *H-
and 3C-NMR spectra were recorded in DMSO-ds on a Varian 400 and 500 Spectrophotometer (*H: 400
and 500 MHz, 3C: 101 and 125 MHz) at 295 K. The chemical shifts (8) are given in parts per million
(ppm) downfield relative to tetramethyl silane (TMS). Mass Spectra were recorded on Bruker
micrOTOFQ Il APPI mass spectrometer. Compounds 2—6 were obtained according to our literature

reports 12, and the new compounds 7—12 obtained according to our literature reports®.

1.2. Synthesis and characterization
The synthesis of OSe maleanilic 7, 9, and 11 and succinanilic 8, 10, and 12 derivatives
Maleic or succinic anhydride (1.3 mmol) was added to OSe amine (1.0 mmol) in methylbenzene
(3.0 mL). The solution was stirred for 8 hrs. Then, the formed precipitate was filtered and washed with
warm methylbenzene and water. The acids were obtained in enough purity, and no further purifications

were needed.

Synthesis of methyl 2-amino-5-selenocyanatobnzoate (2) - *

Methyl 2-amino-5-selenocyanatobenzoate (2) was synthesized from methyl 2-aminobenzoate
(12.5 mmol, 1.80 g) with triselenium dicyanide prepared in situ from malononitrile (15 mmol, 1.00 g) and
selenium dioxide (30 mmol, 3.30 g). It was isolated as reddish solid; yield:3.07 g (96%); m.p. = 118-119
°C; Rf = 0.4 (petroleum ether / ethyl acetate 4:2, v/v). IR (KBr): v 3475 (N-H), 3366 (N-H), 2946 (Caiiph-
H), 2842 (Caiph-H), 2148 (CN), 1691 (C=0), 1551 (C=C), 1253 (Ca—N), 1085 (C-0), 910, 815 (C-H
bending), 556 (C-Se), 536 (C-H rocking), 460; *H NMR (400 MHz, DMSO-ds) 6 8.02 (s, 1H, Ar-H), 7.57
(d, J=8.8 Hz, 1H, Ar-H), 7.08 (s, br, 2H, NH), 6.84 (d, J = 8.8 Hz, 1H, Ar-H), 3.82 (s, 3H, OCHj3). °C
NMR (101 MHz, DMSO- ds) 6 166.73, 152.22, 140.09, 137.94, 118.28, 109.59, 105.54, 105.47, 51.73.
MS (El, 70 ev) m/z (%) = 259.35 (M+3H, 2.39), 117 (29.02), 87 (26.6), 75 (2.70), 59 (100.0, base peak).
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Mass chart of compound 2
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Synthesis of dimethyl 5,5'-diselanediylbis(2-aminobenzoate) (3)* ¢

Compound dimethyl 5,5-diselanediylbis(2-aminobenzoate) (3) was synthesized from methyl 2-
amino-5-selenocyanatobenzoate (4 mmol, 1.00 g) and sodium hydroxide (4 mmol, 1.60 g) in anhydrous
ethanol (20 mL). Dimethyl 5,5'-diselanediylbis(2-aminobenzoate) (3) appeared as a single compound on
TLC and was isolated as a yellow solid; yield: 1.69 g (92%); m.p. = 138-139 °C; Rf = 0.5 (petroleum
ether / ethyl acetate 4:3, v/v). IR (KBr): v 3455 (N-H), 3344 (N-H), 2931 (Caiiph-H), 2890 (Caiiph-H), 2168
(CN), 1684 (C=0), 1560 (C=C), 1603, 1238 (Ca—N), 1079 (C-0), 811, 784 (C-H bending), 699 (C-H
rocking), 533 (C-Se); *H NMR (400 MHz, DMSO- d) & 7.70 (s, 2H, Ar-H), 7.44 (d, J = 8.6 Hz, 2H, Ar-
H), 7.00 (s, 4H, 2NH>), 6.77 (d, J = 8.6 Hz, 2H, Ar-H), 3.74 (s, 6H, 20CHs). 1*C NMR (101 MHz, DMSO-
de) & 167.00, 151.91, 140.57, 138.13, 117.63, 113.57, 108.98, 51.52. MS (EL 70 ev) m/z (%) = 460.15
(M+H, 20.76), 459.15 (M, 5.20) or 230 (24.42), 119 (9.45), 91 (100.0, base peak), 65 (8.88).
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Synthesis of methyl 2-amino-5-(methylselanyl) benzoate (4) *

Compound 4 was synthesized from dimethyl 5,5'-diselanediylbis (2-aminobenzoate) (3) (2 mmol,
916 mg) and methyl iodide (4.4 mmol, 0.27 mL). It was isolated as brown oil; yield: 402 mg (82%); Rf =
0.6 (petroleum ether / ethyl acetate 4:2, v/v). IR (KBr): v 3474 (N-H), 3364 (N-H), 2948 (Caiiph-H), 2926
(Caiiph-H), 1686 (C=0), 1607, 1292 (Ca—N), 1110 (C-0O), 815, 789, 696 (C-H bending), 559 (C-Se); *H
NMR (400 MHz, DMSO- ds) 6 7.82 (s, 1H, Ar-H), 7.40 (d, J = 8.6 Hz, 1H, Ar-H), 6.77 (d, J = 8.6 Hz,
1H, Ar-H), 6.75 (s, 2H, NH2), 3.62 (s, 3H, OCHz), 2.22 (s, 3H, CHz). 3C NMR (101 MHz, DMSO- dg) &
167.70, 151.00, 138.90, 135.03, 118.21, 113.98, 109.87, 51.98, 9.17. MS (EI, 70 ev) m/z (%) = 245.10
(M, 100.0, base peak), 230 (38.06),186 (10.46), 170 (35.08), 91 (91.10).
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Synthesis of methyl 2-amino-5-(benzylselanyl) benzoate (5)%#

Compound 5 was synthesized from dimethyl 5,5'-diselanediylbis(2-aminobenzoate) (3) (2 mmol,
916 mg) and benzyl chloride (4.4 mmol, 0.50 mL). It was isolated as light brown solid; yield: 597 mg
(93%); m.p. = 78 °C; Rf = 0.6 (petroleum ether / ethyl acetate 4:3, v/v). IR (KBr): v 3462 (N-H), 3353 (N-
H), 2977 (Caiph-H), 2946 (Caiph-H), 1672 (C=0), 1621, 1436, 1234 (Car-N), 1114 (C-0), 810 (C-H
bending), 692 (C-H rocking), 595 (C-Se); *H NMR (400 MHz, DMSO- ds) & 7.70 (s, 1H, Ar-H), 7.30 (d,
J=8.6 Hz, 1H, Ar-H), 7.23 (dd, J = 8.6 Hz, J = 2.1 Hz, 2H, Ar-H), 7.19 (d, J = 8.7 Hz, 2H, Ar-H), 7.14
(d, J = 8.6 Hz, 2H, Ar-H), 6.82 (s, 2H, NH>), 4.00 (s, 2H, SeCH), 3.77 (s, 3H, OCHz3); *C NMR (101
MHz, DMSO- ds) 6 167.69, 151.53, 141.06, 139.66, 137.95, 129.24, 128.65, 126.98, 117.87, 112.42,
109.68, 51.94, 32.75. MS (EI, 70 ev) m/z (%) = 321.20 (M, 46.87), 244.10 (2.77), 230 (34.88), 150.15
(1.02), 91.05 (100.0, base peak).
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Synthesis of methyl 2-amino-5-((2-oxo-2-(phenylamino) ethyl) selanyl) benzoate (6)* 4

Compound 6 was synthesized from dimethyl 5,5'-diselanediylbis (2-aminobenzoate) (3) (2.0
mmol, 916 mg) and 2-chloro-N-phenylacetamide (4.4 mmol, 744 mg). It was isolated as violet solid; yield:
699 mg (96%); m.p. = 126-128 °C; Rf = 0.50 (petroleum ether / ethyl acetate 4:2, v/v). IR (KBr): v 3466
(N-H), 3354 (N-H), 3246 (N-H), 2945 (Caiph-H), 1678, 1594 (C=0), 1542 (C=C), 1439, 1238 (Car-N),
1090 (C-0), 752 (C-H bending), 695, 552 (C-Se), 539 (C-H rocking); *H NMR (400 MHz, DMSO- dg) §
9.99 (s, 1H, NH), 7.96 (s, 1H, Ar-H), 7.53 (d, J = 8.6 Hz, 2H, ArH), 7.48 (d, J = 8.6 Hz, 1H, ArH), 7.30
(dd, J = 8.6 Hz, J = 2.1 Hz, 2H, Ar-H), 7.04 (t, 1H, J = 8.6 Hz, Ar-H), 6.86 (s, 2H, NH>), 6.75 (d, J = 8.6
Hz, 1H, Ar-H), 3.74 (s, 3H, OCHz), 3.42 (s, 2H, SeCH); **C NMR (101 MHz, DMSO- ds) & 168.65,
167.65, 151.81, 141.13, 139.49, 138.20, 129.14, 123.74, 119.62, 117.89, 111, 109.71, 51.93, 32.33. MS
(El, 70 ev) m/z (%) = 364.20 (M, 100.0, base peak), 230 (40.48), 91.10 (31), 77.05 (24.13), 59 (14.56).
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4-((2-(methoxycarbonyl)-4-(methylselanyl)phenyl)amino)-4-oxobut-2-enoic acid (7)
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4-((2-(methoxycarbonyl)-4-(methylselanyl)phenyl)amino)-4-oxobut-2-enoic acid (8)

CHy

I

0 0
0

MNH
OH

Hal ]

N o -

T T T
8.5 2.0 7.5
1 fprm)

if I

T

R

0.94-=

1173
| 112
1 L1

T T T T g T g L S e S S S S S LB
135 13.0 125 120 115 11.0 105 1W0.0 95 2.0 85 8.0 =] 70 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 20 1.5 10
1 (ppm)

'H NMR chart of compound 8

52.39

Alasar_412-13_CARBON_2022-1292 @1 o
2n22-12-12 R R 5
Alaasar_412-13 T3 TT T
MS 55
CHy
|
4] o]
Q
MH
CH
Halo 4]
Se
i
]
II | | | |
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 a0 70 &0 s0 40 a0 20 10 0

1 (ppm)

13C NMR chart of compound 8

S28



¢50SSd

aweN
Jaquinuanepy
008 000} 00zt 0071 009} 008} 000z 002z 0052 0092 0082 000€ 00z¢ 00%E 0098 008
T T T T T T T T T R 2 LT : : . < :
SIE 9L YISEITL x
A €249 G285L9L |
i
o ﬁ F 90€'18- 615°689) f_ e
0508 338 VUL !
2878 cegozz sallie
et oty ol _
6% WL ,i Y 8661671
€595 08L'GH _“
76 1861 1ev'e soamf | L,
I e w@ 1okt 904(5 1ZAVSOL
G| L »7 " W&\h#n\n
Sy 1 _c | ’ -
g
N |
#f _ * oz g
_ 3
s W 3
yolg
5S00'G 088'740} / M
md ﬁ 15521 6592462 f
757/661 196168 1
v szze L IgHY Vi, i )>
i s b
4 \ AN &
d il 691y 168" Fww./,\
el P70 088 A1
J 2660 6958822 Sy m%<%&s
] wee vov.wn i
;m&a
sy mm
tea: 2
g < gssa

0.4 suonnjosay Jus|jiby

IR chart of compound 8

S29



Spectrum RT 0:55 - 1:34 {11 scans} - Background Subtracted O - 0:51
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4-((2-(methoxycarbonyl)-4-(methylselanyl)phenyl)amino)-4-oxobut-2-enoic acid (9)
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4-((2-(methoxycarbonyl)-4-(methylselanyl)phenyl)amino)-4-oxobut-2-enoic acid (10)
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Spectrum RT 0:56 - 1:26 {68 scans} - Background Subtracted 0 - 0:52
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Spectrum RT 0:59 - 1:53 {15 scans} - Background Subtracted 0 - 0:59
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4-((2-(methoxycarbonyl)-4-(methylselanyl)phenyl)amino)-4-oxobut-2-enoic acid (11)
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Spectrum RT 0:56 - 1:33 {83 scans} - Background Subtracted 0 - 0:53
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4-((2-(methoxycarbonyl)-4-(methylselanyl)phenyl)amino)-4-oxobut-2-enoic acid (12)
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Spectrum RT 0:53 - 1:36 {12 scans} - Background Subtracted 0:02 - 0:49
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Spectrum RT 0:55 - 1:42 {13 scans} - Background Subtracted 0 - 0:55
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SI12. Anti-inflammatory markers assay (Enzyme-linked Immunosorbent Assay)

The microplate provided in this kit has been pre-coated with an antibody specific to COX-2, IL-6,
and IL-1P. Standards or samples are then added to the appropriate microplate wells with a biotin-
conjugated antibody specific to COX-2, IL-6, and IL-1B. Next, Avidin conjugated to Horseradish
Peroxidase (HRP) is added to each microplate well and incubated. After the TMB substrate solution is
added, only those wells that contain COX-2, IL-6, and IL-1f, biotin-conjugated antibody, and enzyme-
conjugated Avidin will exhibit a color change. The enzyme-substrate reaction is terminated by the addition
of sulphuric acid solution and the color change is measured spectrophotometrically at a wavelength of 450
nm £ 10 nm. The concentration of COX-2, IL-6, and IL-1p in the samples is then determined by comparing
the O.D. of the samples to the standard curve. Average the duplicate readings for each standard, control,
and sample, and subtract the average zero standard optical density. Construct a standard curve by plotting
the mean O.D. and concentration for each standard and draw a best-fit curve through the points on the
graph or create a standard curve on log-log graph paper with COX-2, IL-6, and IL-1p concentration on
the y-axis and absorbance on the x-axis. Using some plot software, for instance, Curve Expert 1.30, is also
recommended. If samples have been diluted, the concentration read from the standard curve must be

multiplied by the dilution factor.

Procedure

1. Determine wells for diluted standard, blank, and sample (3a, 3b, 3c, or 5a). Prepare 7 wells for standard,
1 well for blank. Add 100 pL each of dilutions of standard, blank, and samples into the appropriate wells.

Cover with the Plate sealer. Incubate for 1 h at 37 °C.
2. Remove the liquid from each well, don’t wash.

3. Add 100 pL of Detection Reagent A working solution to each well, cover the wells with the plate sealer,
and incubate for 1 h at 37 °C.

4. Aspirate the solution and wash with 350 uL of 1x Wash Solution to each well using a squirt bottle,
multi-channel pipette, manifold dispenser, or autowasher, and let it sit for 1~2 min. Remove the remaining
liquid from all wells completely by snapping the plate onto absorbent paper. Totally wash 3 times. After
the last wash, remove any remaining Wash Buffer by aspirating or decanting. Invert the plate and blot it

against absorbent paper.
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5. Add 100 pL of Detection Reagent B working solution to each well, cover the wells with the plate sealer,

and incubate for 30 min at 37 °C.
6. Repeat the aspiration/wash process for a total of 5 times as conducted in step 4.

7. Add 90 uL of Substrate Solution to each well. Cover with a new Plate sealer. Incubate for 10-20 min at
37 °C (Don't exceed 30 min). Protect from light. The liquid will turn blue with the addition of a Substrate
Solution.

8. Add 50 pL of Stop Solution to each well. The liquid will turn yellow with the addition of the stop
solution. Mix the liquid by tapping the side of the plate. If the color change does not appear uniform,

gently tap the plate to ensure thorough mixing.

9. Remove any drop of water and fingerprint on the bottom of the plate and confirm there is no bubble on
the surface of the liquid. Then, run the microplate reader and conduct measurement at 450 nm

immediately.
S13. Molecular dynamic simulations

The molecular dynamic simulations were carried out using the Desmond simulation package of
Schradinger LLC.>” The NPyT ensemble with the temperature 300 K and a pressure 1.01 bar was applied
in all runs. The simulation length was 200 ns with a relaxation time of 1 ps. The OPLS3 force field
parameters were used in all simulations.® The cutoff radius in Coulomb interactions was 9.0 A. The
orthorhombic periodic box boundaries were set 10 A away from the protein atoms. The water molecules
were explicitly described using the transferable intermolecular potential with the three points (TIP3P)
model.® Salt concentration was set to 0.15 M NaCl and was built using the System Builder utility of
Desmond. The Martyna—Tuckerman—Klein chain coupling scheme with a coupling constant of 2.0 ps was
used for the pressure control and the Nosé—Hoover chain coupling scheme for the temperature control.**
11 Nonbonded forces were calculated using a RESPA integrator where the short-range forces were updated
every step, and the long-range forces were updated every three steps. The trajectories were saved at 300
ps intervals for analysis. The behavior and interactions between the ligands and protein were analyzed
using the Simulation Interaction Diagram tool implemented in the Desmond MD package. The stability
of MD simulations was monitored by looking at the RMSD of the ligand and protein atom positions as a

function of simulation time.
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S14. MD trajectory analysis and prime MM-GBSA calculations

Simulation interactions diagram panel of Maestro software was used to monitoring interactions
contribution in the ligand-protein stability. The molecular mechanics generalized born/solvent
accessibility (MM — GBSA) was performed to calculate the ligand binding free energies and ligand strain
energies for docked compounds over the last 50 ns with thermal_mmgbsa.py python script provided by
Schrodinger which takes a Desmond trajectory file, splits it into individual snapshots, runs the MM-GBSA

calculations on each frame, and outputs the average computed binding energy.
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