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1. Molecular dynamics simulations
1.1 Complex structures of compounds and CK2a after MD simulation
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Figure S1-1. Complex structures of design compounds and CK2a after MD simulation
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Figure S1-2. Complex structures of design compounds and CK2a after MD simulation
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1.2 Detailed data of calculation results

Table S1-1. RMSD, AGppsa and AGying of compound 1
Run RMSD (A) AGpgsa (kcal/mol)  AGping (kcal/mol)

1 2.12 -27.8 —2.67
2 3.10 -40.9 —6.73
3 2.92 —40.7 0.0
4 2.31 -35.8 =7.50
5 2.32 -353 =79
Average 2.55 —36.1 =5.0
T MAE 0.36 3.8 2.9

(MAE : Mean Absolute Error)

Table S1-2. Component analysis of AGpgsa of compound 1

Run Evaw Eele Ers Esa  Einteraction Edesolvation  ENonPolar ~ Epolar ~ AGpBsa
1 —424 —1639 1819 —34 —2063 178.5 —45.8 18.1 —27.8
2 —40.1 —1463 1489 —34 —186.5 145.5 —435 2.6 —40.9
3 —40.6 —171.0 1743 —34 —211.7 171.0 —440 33 —40.7
4 —40.1 —1514 1589 —33 —1914 155.6 —434 7.6 —358
5 —40.7 —133.7 1425 —34 —1744 139.1 —440 88 —353
Average —40.8 —1533 1613 —34 —194.0 157.9 —442 8.1 —36.1
Table S2-1. RMSD, AGppsa and AGping of compound 2
Run RMSD (A) AGpgsa (kcal/mol)  AGping (kcal/mol)
1 3.39 =355 —-14.0
2 3.71 =367 —-13.6
3 3.30 -37.1 -32
4 3.68 -36.4 -2.3
5 3.21 -36.4 -1.2
Average 3.46 —36.4 -6.9
+*MAE 0.19 0.4 5.6
Table S2-2. Component analysis of AGppsa of compound 2
Run Evaw Eele Eprs Esa  Einteraction Edesolvation  ENonPolar ~ Epolar ~ AGpBsa
1 -38.6 —143.1 1494 -32 -181.7 146.2 —41.8 6.3 =355
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2 -393 —156.1 1620 -33 —-1954  158.8 —42.6 59 —36.7
3 -39.7 -l162.1 168.0 —-33 2019 164.7 —43.0 59 -37.1
4 -40.2  —1525 1595 -33 —-192.6 1562 —43.4 7.0 -36.4
5 -38.8 —142.8 1484 —-32 —181.6 1453 —42.0 5.6 -36.4
Average —393  —-151.3 157.5 =32 —-190.7 154.2 —42.6 6.1 -36.4

Table S3-1. RMSD, AGppsa and AGping of compound 2’
Run RMSD (A) AGpgsa (kcal/mol)  AGping (kcal/mol)

1 3.05 -39.6 16.2
2 2.51 —40.2 6.3
3 1.26 —34.6 1.5
4 1.48 —34.5 —4.5
5 2.22 -37.7 10.6
Average 2.10 —37.3 6.0
+*MAE 0.59 22 6.0

Table S3-2. Component analysis of AGppsa of compound 2’

Run Evaw Eele Eprs Esa  Einteraction  Edesolvation  ENonPolar ~ Epolar ~ AGpBsa
1 —-44.6  —128.8 1371 34 -173.4 133.8 —48.0 8.4 —39.6
2 —45.1 —165.0 173.5 3.6 -210.1 169.9 —48.7 8.5 —40.2
3 -43.0 —133.1 1449 -33 -176.1 141.6 -46.4 11.8 —34.6
4 —-43.9 —1334 1462 -33 -1773 142.9 —473 12.8 =345
5 —44.1 —144.1 1539 -34 -—188.2 150.5 —47.4 9.8 =37.7
Average —44.2 —140.9 151.1 34 -185.0 147.7 —47.5 102 -373

Table S4-1. RMSD, AGppsa and AGping of compound 3
Run RMSD (A) AGpgsa (kcal/mol)  AGping (kcal/mol)

1 3.08 -16.0 21.7
2 2.47 —-18.4 14.0
3 2.79 —23.3 153
4 4.65 —-18.2 18.4
5 2.12 -234 9.3
Average 3.02 -19.9 15.7
TMAE 0.67 2.8 34
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Table S4-2. Component analysis of AGpgsa of compound 3

Run Evaw Eele Eprs Esa  Einteraction  Edesolvation  ENonPolar ~ Epolar ~ AGpBsa
1 -33.0 -—119.3 138.8 —-2.6 —152.3 136.2 -35.6 19.5 -16.0
2 -32.7 -—1434 1604 2.6 —176.1 157.7 —35.3 170 -18.4
3 -32.6 —148.0 159.8 2.5 -—180.6 157.3 -35.1 11.8  -233
4 -34.0 -170.0 188.5 2.7 2039 185.8 —36.7 185 —18.2
5 -33.9 —138.7 1519 =27 -172.6 149.2 —36.6 132 234
Average —33.2 —143.9 1599 2.6 -177.1 157.3 —35.8 16.0 -19.9

Table S5-1. RMSD, AGppsa and AGping of compound 4
Run RMSD (A) AGpgsa (kcal/mol)  AGping (kcal/mol)

1 2.02 -31.8 —6.33
2 1.98 -29.6 5.1
3 2.86 -213 10.6
4 2.05 -32.6 4.7
5 2.00 -29.3 3.1
Average 2.18 —28.9 35
+MAE 0.27 3.0 4.1

Table S5-2. Component analysis of AGppsa of compound 4

Run Evaw Eele Ers Esa  Einteraction Edesolvation  ENonPolar ~ Epolar ~ AGppsa
1 =373 —134.4 1428 —-29 -171.7 140.0 —40.2 8.4 -31.8
2 -35.6 —136.8 1457 =29 -1724 142.8 -38.5 8.9 -29.6
3 —34.1 —139.0 1545 -2.8 -173.0 151.7 -36.9 155 213
4 -35.1 -151.0 156.3 2.8 —186.1 153.5 -37.8 5.2 -32.6
5 -36.3 —146.9 156.8 29 —183.2 153.9 —39.2 9.9 -29.3
Average —35.7 —141.6 1512 28 —-1773 148.4 —38.5 9.6 -28.9

Table S6-1. RMSD, AGppsa and AGping of compound 5
Run RMSD (A) AGpgsa (kcal/mol)  AGping (kcal/mol)

1 2.53 -37.8 -34
2 2.40 -39.0 10.3
3 1.89 -32.6 2.1
4 2.11 -35.2 =55
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5 1.94 -37.9 —6.0
Average 2.17 -36.5 -0.5
TMAE 0.23 2.1 5.4

Table S6-2. Component analysis of AGppsa of compound 5

Run Evaw Eele Ers Esa  Einteraction Edesolvation  ENonpolar ~ Epolar ~ AGppsa
1 -36.7 -160.9 162.7 =29 -197.6 159.8 -39.6 1.8 -37.8
2 -35.8 -173.8 173.5 2.8 -=209.6 170.6 —38.6 -0.3 -390
3 -33.3 -151.4 1550 29 -184.7 152.1 —36.2 3.6 -32.6
4 -35.1 -163.4 166.2 -3.0 —198.5 163.2 -38.1 2.8 —35.2
5 -35.5 -169.1 169.6 -29 —-204.5 166.7 —38.4 0.5 -37.9
Average —35.3 —163.7 1654 29 -199.0 162.5 —38.2 1.7 -36.5

Table S7-1. RMSD, AGppsa and AGying of compound 6
Run RMSD (A) AGpgsa (kcal/mol)  AGping (kcal/mol)

1 2.02 —36.1 —7.2
2 1.46 —36.3 —10.3
3 1.66 —34.4 4.1
4 1.96 —39.2 —21.1
5 2.51 —41.9 —16.2
Average 1.92 —37.6 —10.1
+*MAE 0.29 24 6.87

Table S7-2. Component analysis of AGppsa of compound 6

Run Evaw Eele Ers Esa  Einteraction Edesolvation  ENonPolar ~ Epolar ~ AGpBsa
1 -36.2 —l161.2 1642 29 -197.4 161.3 -39.1 3.0 -36.1
2 -36.6 —157.3 160.5 2.9 —-193.8 157.6 -39.5 32 -36.3
3 -36.6 —166.8 172.1 -3.0 —203.5 169.1 -39.6 5.2 -34.4
4 -36.0 -—141.2 141.1 -3.0 -1773 138.1 -39.1 -0.1 -39.2
5 -36.8 —157.7 1555 =29 -1945 152.6 -39.7 =22 419
Average -36.4  —156.8 158.7 —-29 —-1933 155.7 -394 1.8 -37.6

Table S8-1. RMSD, AGppsa and AGying of compound 7
Run RMSD (A) AGpgsa (kcal/mol)  AGping (kcal/mol)
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1 2.69 -35.4 6.8

2 2.10 -30.7 16.3
3 2.71 -27.8 38.8
4 1.80 —26.5 1.7
5 2.17 -32.7 43
Average 2.29 —30.6 13.6
+MAE 0.32 2.8 11.2

Table S8-2. Component analysis of AGppsa of compound 7

Run Evaw Eele Eprs Esa  Einteraction  Edesolvation  ENonPolar ~ Epolar ~ AGpBsa
1 —-38.4  —130.5 136.6 —-3.1 —168.9 133.5 —41.5 6.1 —35.4
2 -36.3 —151.7 1604 3.1 -187.9 157.3 -394 8.8 -30.7
3 —35.8 —145.1 156.3 3.2 —-180.9 153.1 -39.0 11.2 278
4 -394 -152.1 168.1 3.1 -191.5 165.0 —42.5 16.0 -26.5
5 —40.8 —148.7 159.9 3.1 -189.5 156.7 —43.9 1.2 =32.7
Average —38.1 —145.6 156.3 3.1 —183.7 153.1 —41.3 10.7  -30.6
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2. Spectral data

2 4-(6-Carbamoyl-8-0x0-9-phenyl-8,9-dihydro-7H-purin-2-yl)benzoic acid (1)
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3-(6-Carbamoyl-8-0x0-9-phenyl-8,9-dihydro-7H-purin-2-yl)benzoic acid (2)
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6-Carbamoyl-8-0x0-9-phenyl-8,9-dihydro-7H-purine-2-carboxylic acid (3)
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2-(6-Carbamoyl-8-0x0-9-phenyl-8,9-dihydro-7H-purin-2-yl)acetic acid (4)

2 o bi
A AV
I 5 ]
!VWN}
— |
s g 5 c
s & S e
77 76 75 74
f1 (ppm)
I
|
|
A
1 T 7
B 3z 3 B
50 1hs 140 185 180 155 120 115 110 105 100 95 90 85 80 75 70 s 6o 85 50 45 40 a5 30 25 20 15 10 05  oc
1 (ppm)

T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

S12



3-(6-carbamoyl-8-0x0-9-phenyl-8,9-dihydro-7H-purin-2-yl)propanoic acid (5)
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(E)-3-(6-carbamoyl-8-0x0-9-phenyl-8,9-dihydro-7H-purin-2-yl)acrylic acid (6)
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4-(6-carbamoyl-8-0x0-9-phenyl-8,9-dihydro-7H-purin-2-yl)butanoic acid (7)
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3-(6-carbamoyl-9-(4-(dimethylamino)phenyl)-8-0x0-8,9-dihydro-7H-purin-2-yl) benzoic acid
®)

./
N
N N
o ( ‘ N COOH
N N
H
o NH,
NE SN Nt \SSSNer Y
| | I AT
I | (N
|
E‘D4 E‘OU p !
185 8.0 875 . . 7.60 755
T T 1
f1 (ppm) 1 (oom) 1 (ppm) 744 742 740 690 687
1 (ppm) 1 (ppm)
|
! |
1 |
| 1 |
I 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
50 145 140 135 130 125 120 115 110 105 100 95 90 85 80 70 65 60 55 50 45 40 35 80 25 20 15 10 05 0C

S16



——167.37
6570
— 1215

OSSN Y

T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30

1 (ppm)

3-(6-Carbamoyl-9-(4-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purin-2-yl)benzoic acid (9)
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3-(6-Carbamoyl-8-0x0-9-(p-tolyl)-8,9-dihydro-7H-purin-2-yl)benzoic acid (10)
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3-(6-Carbamoyl-9-(3-methoxyphenyl)-8-0x0-8,9-dihydro-7H-purin-2-yl)benzoic acid (11)
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3-(6-Carbamoyl-9-(4-fluorophenyl)-8-0x0-8,9-dihydro-7H-purin-2-yl)benzoic acid(12)
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3-(6-carbamoyl-9-(4-nitrophenyl)-8-0x0-8,9-dihydro-7H-purin-2-yl)benzoic acid (15)
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