The Oxindole Derivatives, new Promising GSK-3f Inhibitors as One of the
Potential Treatments for Alzheimer's Disease — a Molecular Dynamics Approach

Przemystaw Czelen®, and Beata Szefler?

aDepartment of Physical Chemistry, Faculty of Pharmacy, Collegium Medicum, Nicolaus Copernicus
University, Kurpinskiego 5, 85-096 Bydgoszcz, Poland
* Correspondence: Przemystaw Czelen przemekcz@cm.umk.pl

Supplementary Materials

4 4
35
—GSK3B  —Oxind_4_9
3
=2 o/ A st
=
N
15 [} | i w |
4 . , ¥ T , rm "
B ALy Lhluu
0.5 0.5
[ : : [ : :
1] 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Time [ns] Time [ns]
a 4
35 35
—GSK3B  ——Oxind_9_10
3
= = T m
2 2’ ‘W l'
2 2 15 || ”ﬂm k
1
j’ Oxind_12_15
0.5
0
0 10 20 30 40 50 60 70 80
Time [ns] Time [ns]
2 4
——GSK3B 15
35 .
Oxind_13_10 ——GSK3B 3a
3 =_ = 3
— 2.5 — 25
sS E
a 2 a 2
2 g
15 T
« = At A A b bbbl
0.5
T T 0 T T T
o 10 20 30 40 50 60 70 80 1] 10 20 30 40 50 60 70 80
Time [ns] Time [ns]

Figure S1. Distributions of RMSD values. Black colour refers to GSK-3(3 protein while gray refers to

ligand molecules.
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Figure S2. Distributions of the most frequently created hydrogen bonds between ligand molecules
and selected amino acids from the GSK-3p active site (a)ASP133, (b) VAL135, (c) LYSS85.



Table S2. Interactions of oxindole derivatives with amino acids from GSK-3( active site, estimated

during docking stage.
Amino Hydrogen-Bond Length
Acid Oxind_4_9 Oxind_5_9 Oxind_9 10 Oxind_12_15 Oxind_13_10
ASP 133 24 1.97 2.19 2.57 241
VAL 135 2.02 1.82 1.94 2.27 2.07
LYS 85 2.42 2.46 2.24 2.18 2.21
ASN 64 2.73 1.93 -—- -—- 2.37
THR 138 2.85 2.96 --- --- -
ARG 141 3.07 2.86 3.02 2.65;2.76 2.88
PRO 136 -—- - 24 --- --—-
LYS 183 --—- --- 2.29;2.66 -—- -—-
THR 134 -—- --- --—- -—- 2.23




Table S1. The characteristics of affinities and molecular descriptors of analysed oxindole derivatives. (AG -ligand binding affinity;
IC —Inhibition constant ; Tox — index of toxicity; logP —octanol/water coefficient; MW — molecular weight; n HbA- number of hydrogen bond
acceptors; n HbD — number of hydrogen bond donors.) Part of the data covering the molecular properties of chosen derivatives was previously
published in the work dedicated to inhibition of the CDK2 enzyme [21]

Name SMILES [kca?/Gmo” [nch] logP  Tox [g'}"rx” n HbA HED
Oxind_4_1 ¢12¢(cc(cc1)C(=0)NCnlc(=0)[nH]ccl)/C(=C/CCclnonclN)/C(=0)N2 -10.36 2547 031 0.97 395.38 11 5
Oxind_4_2 €12c(ce(cc1)C(=0)NCn1c(=0)[nH]ccl)/C(=C/CCCclnc[nH]cl)/C(=0)N2 -10 46.76 1.07 0.79 392.42 9 4
Oxind_4_5 c12¢(ce(cc1)C(=0)NCnlc(=0)[nH]ccl)/C(=C/CC1=CC(=NC1=0)NC)/C(=0)N2 -10.6 1699 -1.32 0.43 406.4 10 4
Oxind_4_9 c12¢(cc(cc1)C(=0)NCnlc(=0)[nH]cc1)/C(=C/Cclec(cc(c1)NC)C(F)(F)F)/C(=0)N2 -11.4 4.40 3.58 0.32 471.44 8 4

Oxind_4_10 ¢12c(cc(cc1)C(=0)NCnlc(=0)[nH]ccl)/C(=C/Cclec(cecl)C(=0)0)/C(=0)N2 -11.14 6.83 204 0.07 418.41 9 4
Oxind_4_11 ¢12¢(cc(cc1)C(=0)NCnlc(=0)[nH]cc)/C(=C/Ccleenc(n1)N)/C(=0)N2 -10.58 1757 -0.01 0.88 391.39 10 5
Oxind_4_12 ¢12¢(cc(cc1)C(=0)NCnlc(=0)[nH]ccl)/C(=C/CNcleec(ccl)Br)/C(=0)N2 -10.52 19.44 280 0.35 468.31 8 4
Oxind_4_13 ¢12c(ce(cc1)C(=0)NCn1c(=0)[nH]ccl)/C(=C/CCICCNCC1)/C(=0)N2 -10.46 21.51 1.41 0.17 381.44 8 4
Oxind_4_14 €12¢(cc(cc1)C(=0)NCnlc(=0)[nH]ccl)/C(=C/CCLCCN(CC)S(=0)(=0)C)/C(=0)N2 -10.78 12.54 0.12 0.01 459.53 10 3
Oxind_4_15 ¢12¢(cc(cc1)C(=0)NCnlc(=0)[nH]cc)/C(=C/CCclecc(cc)S(=0)(=0)N)/C(=0)N2 -10.8 12.12 045 0.01 467.51 10 5
Oxind_4_18 ¢12¢(cc(cc1)C(=0)NCnlc(=0)[nH]ccl)/C(=C/CN(C(=0)Nclcceccl)C)/C(=0)N2 -10.96 9.25 1.67 0.29 446.47 10 4
Oxind_4_19 €12¢(cc(cc1)C(=0)NCnlc(=0)[nH]cc1)/C(=C/CNC(=0)clcccecl)/C(=0)N2 -10.34 26.34 0.85 0.00 417.43 9 4
Oxind_5_1 €12c(ce(cc1)C(=0)NCC1=CC(=NC1=0)NC)/C(=C/CCclnonclN)/C(=0)N2 -10.5 20.11 -1.24 0.93 421.42 11 5
Oxind_5_2 c12¢(cc(cc1)C(=0)NCC1=CC(=NC1=0)NC)/C(=C/CCCclnc[nH]c1)/C(=0)N2 -10.14 36.92 -0.34 0.69 418.46 9 4
Oxind_5_9 €12¢(ce(cc1)C(=0)NCC1=CC(=NC1=0)NC)/C(=C/Cclec(cc(c1)NC)C(F)(F)F)/C(=0)N2 -11.22 5.97 2.68 0.39 497.48 8 4
Oxind_5_10 €12¢(cc(cc1)C(=0)NCC1=CC(=NC1=0)NC)/C(=C/Cclcc(cccl)C(=0)0)/C(=0)N2 -11.1 7.30 0.95 0.09 444.45 9 4
Oxind_5_11 c12c(ec(cc1)C(=0)NCC1=CC(=NC1=0)NC)/C(=C/Ccleenc(n1)N)/C(=0)N2 -10.46 21.51 -0.67 0.68 417.43 10 5
Oxind_5_12 €12¢(cc(cc1)C(=0)NCC1=CC(=NC1=0)NC)/C(=C/CNclccc(ccl)Br)/C(=0)N2 -10.6 16.99 1.89 0.43 494.35 8 4
Oxind_5_13 €12¢(ce(cc1)C(=0)NCC1=CC(=NC1=0)NC)/C(=C/CCICCNCC1)/C(=0)N2 -10.7 1435 0.87 0.23 407.47 8 4
Oxind_5_14 c12¢(cc(cc1)C(=0)NCC1=CC(=NC1=0)NC)/C(=C/CC1CCN(CC1)S(=0)(=0)C)/C(=0)N2 -104 23.81 -0.77 0.01 485.57 10 3
Oxind_5_15 c12c(ec(cc1)C(=0)NCC1=CC(=NC1=0)NC)/C(=C/CCclecc(ccl)S(=0)(=0)N)/C(=0)N2 -11.1 730 -0.22 0.01 493.55 10 5
Oxind_5_18 €12c(ce(cc1)C(=0)NCC1=CC(=NC1=0)NC)/C(=C/CN(C(=0)Nclcccecl)C)/C(=0)N2 -11.3 5.21 0.84 0.31 472.5 10 4
Oxind_5_19 c12c(cc(cec1)C(=0)NCC1=CC(=NC1=0)NC)/C(=C/CNC(=0)clcccecl)/C(=0)N2 -10.1 39.50 0.45 0.00 443.46 9 4
Oxind_9 1 c12c(cc(cec1)C(=0)NCelcc(cc(c1)NC)C(F)(F)F)/C(=C/CCclnonclN)/C(=0)N2 -10.3 28.18 3.56 0.88 486.45 9 5
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Oxind_15_19
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Oxind_20_2
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Oxind_20_10
Oxind_20_11
Oxind_20_12
Oxind_20_13
Oxind_20_14
Oxind_20_15
Oxind_20_18
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S(=0)(=0)(C)N1CCC(NC(=0)c2cc3c(cc2)NC(=0)/C/3=C\Cc2cenc(n2)N)CC1
S(=0)(=0)(C)N1CCC(NC(=0)c2cc3c(cc2)NC(=0)/C/3=C\CNc2ccc(cc2)Br)CCl
S(=0)(=0)(C)N1CCC(NC(=0)c2cc3c(cc2)NC(=0)/C/3=C\CC2CCNCC2)CCl
S(=0)(=0)(C)N1CCC(NC(=0)c2cc3c(cc2)NC(=0)/C/3=C\CCc2ccc(cc2)S(=0)(=0)N)CC1l
5(=0)(=0)(C)N1CCC(NC(=0)c2cc3c(cc2)NC(=0)/C/3=C\CN(C(=0)Nc2ccece2)C)CCl
S(=0)(=0)(C)N1CCC(NC(=0)c2cc3c(cc2)NC(=0)/C/3=C\CNC(=0)c2ccccc2)CCl
c12c(cc(cec1)C(=0)NCclcec(cc1)S(=0)(=0)N)/C(=C/CCclnonclN)/C(=0)N2
c12c¢(cc(cec1)C(=0)NCclccc(ccl)S(=0)(=0)N)/C(=C/CCCclnc[nH]c1)/C(=0)N2
c12c(cc(cec1)C(=0)NCclcec(cc1)S(=0)(=0)N)/C(=C/CC1=CC(=NC1=0)NC)/C(=0)N2
c12c¢(cc(cec1)C(=0)NCclccc(ccl)S(=0)(=0)N)/C(=C/Cclcc(cc(c1)NC)C(F)(F)F)/C(=0)N2
c12c(cc(cc1)C(=0)NCclcec(cc1)S(=0)(=0)N)/C(=C/Cclcc(cccl)C(=0)0)/C(=0)N2
c12c(cc(cc1)C(=0)NCclcec(cecl)S(=0)(=0)N)/C(=C/Cclcecnc(n1)N)/C(=0)N2
c12c(cc(cec1)C(=0)NCclcec(cc1)S(=0)(=0)N)/C(=C/CNcilccc(ccl)Br)/C(=0)N2
c12c¢(cc(cec1)C(=0)NCclccc(ccl)S(=0)(=0)N)/C(=C/CC1CCNCC1)/C(=0)N2
c12¢(ce(cc1)C(=0)NCeleee(cel)S(=0)(=0)N)/C(=C/CC1CCN(CC1)S(=0)(=0)C)/C(=0)N2
C12C(CC(CC1)C(=0)NCclcce(ccl)S(=0)(=0)N)/C(=C/CN(C(=0)NC1CCCCC1)C)/C(=0)N2
€12c(cc(cecl)C(=0)NCclcec(cc1)S(=0)(=0)N)/C(=C/CNC(=0)clcccecl)/C(=0)N2
c12c¢(cc(cec1)C(=0)NCCclcce(cc1)N)/C(=C/Cclcc(cccl)C(=0)0)/C(=0)N2
c12c(cc(cc1)C(=0)NCCclece(ccl)N)/C(=C/CCCclnc[nH]c1)/C(=0)N2
c12c(cc(cc1)C(=0)NCCclcec(ccl)N)/C(=C/CC1=CC(=NC1=0)NC)/C(=0)N2
c12c(cc(cec1)C(=0)NCCclece(ccl)N)/C(=C/Cclec(cc(c1)NC)C(F)(F)F)/C(=0)N2
c12c¢(cc(cec1)C(=0)NCCclcce(cc1)N)/C(=C/Cclcc(cccl)C(=0)0)/C(=0)N2
c12c(cc(cec1)C(=0)NCCclccc(ccl)N)/C(=C/Cclecenc(n1)N)/C(=0)N2
c12c(cc(cc1)C(=0)NCCclccc(ccl)N)/C(=C/CNclcec(ccl)Br)/C(=0)N2
c12c¢(cc(cc1)C(=0)NCCclecc(ccl)N)/C(=C/CC1CCNCC1)/C(=0)N2
c12c(cc(ccl)C(=0)NCCclece(ccl)N)/C(=C/CC1CCN(CC1)S(=0)(=0)C)/C(=0)N2
c12c(ce(cec1)C(=0)NCCclcce(ccl)N)/C(=C/CCclccc(ccl)S(=0)(=0)N)/C(=0)N2
c12c¢(cc(cc1)C(=0)NCCclcec(ccl)N)/C(=C/CN(C(=0)Nclcceeccl)C)/C(=0)N2
c12c(ce(cc1)C(=0)NCCclcce(cc1)N)/C(=C/CNC(=0)clcccecl)/C(=0)N2
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26.34
38.19
26.34
31.19
180.43
83.01
39.50
20.11
12.97
7.06
7.06
20.80
28.18
15.88
6.17
3.48
29.15
23.81
50.03
20.11
10.24
16.99
28.18
20.11
18.80
28.18
10.24
10.59
39.50

-0.04
2.64
1.45
0.65
1.73
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0.28

-2.23
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1.00
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0.02
0.00
0.00
0.00
0.87
0.29
0.02
0.25
0.49
0.24
0.30
0.14
0.00
0.00
0.01
0.39
0.53
0.16
0.50
0.39
0.46
0.54
0.40
0.02
0.19
0.06
0.10

456.53
533.45
446.57
532.64
511.6
482.56
468.5
465.54
479.52
544.55
491.52
464.51
541.43
454.55
532.64
531.68
490.54
441.49
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494.52
441.49
414.47
491.39
404.51
482.61
490.58
469.55
440.5
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