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Supplementary Materials: Molecular Recognition of
the Catalytic Zinc(II) Ion in MMP-13:
Structure-Based Evolution of an Allosteric Inhibitor
to Dual Binding Mode Inhibitors with Improved
Lipophilic Ligand Efficiencies
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-{3-[(5-hydroxypentyl)oxy]phenyl}acetamide
(2; ZHAW5041)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-{3-[(5-hydroxypentyl)oxy]phenyl}acetamide
(2; ZHAW5041)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-{3-[(5-hydroxypentyl)oxy]phenyl}acetamide

(2; ZHAWS5041)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-{3-[(5-hydroxypentyl)oxy]phenyl}acetamide
(2; ZHAWS5041)

Compound IC50 for MMP13
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5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)pentanoic acid
(3; ZHAW5077)

NMR
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5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)pentanoic acid
(3; ZHAW5077)
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5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)pentanoic acid

(3; ZHAWS5077)

Best

Formula Species m/z Score Diff (ppm,Score (MF Mass (MF(DBE
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1Cso

5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)pentanoic acid
(3; ZHAW5077)

Compound IC50 for MMP13
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5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-
methanesulfonylpentanamide (4; ZHAW5079)

NMR
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5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-
methanesulfonylpentanamide (4; ZHAW5079)
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5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-

methanesulfonylpentanamide (4; ZHAW5079)
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5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-
methanesulfonylpentanamide (4; ZHAW5079)
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5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoylmethyl}phenoxy)-N-
methylpentanamide (5; ZHAW5080)
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5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoylmethyl}phenoxy)-N-
methylpentanamide (5; ZHAW5080)
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5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-

methylpentanamide (5; ZHAW5080)

Best
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5-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-
methylpentanamide (5; ZHAW5080)

Compound IC50 for MMP13
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Methyl 2-(3-{[3-(benzyloxy)propyl]oxy}phenyl)acetate (8a; ZHAWA4557)

NMR
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Methyl 2-(3-{[3-(benzyloxy)propyl]oxy}phenyl)acetate (8a; ZHAWA4557)
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Methyl 2-(3-{[4-(benzyloxy)butyl]oxy}phenyl)acetate (8b; ZHAW4558)

NMR
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Methyl 2-(3-{[4-(benzyloxy)butyl]oxy}phenyl)acetate (8b; ZHAW4558)
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Methyl 2-(3-{[5-(benzyloxy)pentyl]oxy}phenyl)acetate (8c; ZHAWA4927)

NMR
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Methyl 2-(3-{[5-(benzyloxy)pentyl]oxy}phenyl)acetate (8c; ZHAWA4927)
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HRMS

(3-{[5-(benzyloxy)pentyl]oxy}phenyl)acetate (8c; ZHAW4927)
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Methyl 2-(3-{[6-(benzyloxy)hexyl]oxy}phenyl)acetate (8d; ZHAW4928)

NMR
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Methyl 2-(3-{[6-(benzyloxy)hexyl]oxy}phenyl)acetate (8d; ZHAW4928)
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2-(3-{[3-(benzyloxy)propyl]oxy}phenyl)acetic acid (9a; ZHAWA4559)

NMR
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2-(3-{[3-(benzyloxy)propyl]oxy}phenyl)acetic acid (9a; ZHAWA4559)
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2-(3-{[4-(benzyloxy)butyl]oxy}phenyl)acetic acid (9b; ZHAW4560)
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2-(3-{[4-(benzyloxy)butyl]oxy}phenyl)acetic acid (9b; ZHAW4560)
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2-(3-{[5-(benzyloxy)pentyl]oxy}phenyl)acetic acid (9c; ZHAW4929)
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2-(3-{[5-(benzyloxy)pentyl]oxy}phenyl)acetic acid (9c; ZHAW4929)
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ZHAW4929)

7

Best

WAHR C20H24 04

x10 ®
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2.8
2.7
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2.2
2.1

M\
1.9
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1.7
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1.4
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1.2
1.1

._\
0.9
0.8
0.7+
0.6
0.5
0.4
0.3
0.2
0.1

0

Formula Species m/z

Score Diff (ppm,Score (MF Mass (MF(DBE

(MH+H)+ (N 329.1748 3 99.2 0.24

99.2 328.1675

329.1748
([C20 H24 O4]+H)+

C20 H24 O4: +ESI Scan (rt: 5.813 min) Frag=175.0V 151119_08_4929.d

335.1852
(IC20 H19 N3 O]+NH4)+

N

.

341.2311
([C18 H38 S2]+Na)+

e

346.2013
([C20 H24 O4]+NH4)+

I

351.1567
([C20 H24 O4]+Na)+

|

2-(3-{[5-(benzyloxy)pentyl]oxy}phenyl)acetic acid (9¢c
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Counts vs. Mass-to-Charge (m/z)
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2-(3-{[6-(benzyloxy)hexyl]oxy}phenyl)acetic acid (9d; ZHAW4930)
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2-(3-{[6-(benzyloxy)hexyl]oxy}phenyl)acetic acid (9d; ZHAW4930)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-(3-{[3-
(benzyloxy)propyl]oxy}phenyl)acetamide (10a; ZHAWA4754)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-(3-{[3-
(benzyloxy)propyl]oxy}phenyl)acetamide (10a; ZHAWA4754)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-(3-{[4-
(benzyloxy)butyl]oxy}phenyl)acetamide (10b; ZHAWA4755)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-(3-{[4-
(benzyloxy)butyl]oxy}phenyl)acetamide (10b; ZHAWA4755)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-(3-{[5-
(benzyloxy)pentyl]oxy}phenyl)acetamide (10c; ZHAWS5606)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-(3-{[5-
(benzyloxy)pentyl]oxy}phenyl)acetamide (10c; ZHAWS5606)
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HRMS

N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-(3-{[5-
(benzyloxy)pentyl]oxy}phenyl)acetamide (10c; ZHAW5606)

Best

WAHR C35H34 N2 05

x10 6
1
0.95-
0.9
0.85-
0.8+
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0.7
0.65-
0.6
0.55-
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0.45-
0.4
0.35
0.3
0.25-
0.2
0.15-
0.1

0.05+

Formula Species m/z Score Diff (ppm,Score (MF Mass (MF(DBE

(MH+H)+ (N 563.2542 £ 98.98 0.98 98.98 562.2468 20

C35 H34 N2 O5: +ESI Scan (rt: 6.922 min) Frag=175.0V 151119_17_5606.d

563.2542
([C35 H34 N2 O5]+H)+

570.4545
g( ([C28 HB1 N5 O5]+Na)+
71 N

580.2801
([C35 H34 N2 O5]+NH4)+

564 565 566 567 568 569 570 571 572 573 574 575 576 577
Counts vs. Mass-to-Charge (m/z)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-[3-(3-hydroxypropoxy)phenyl]acetamide
(11; ZHAW4756)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-[3-(3-hydroxypropoxy)phenyl]acetamide
(11; ZHAW4756)
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HRMS

N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-[3-(3-hydroxypropoxy)phenyl]acetamide

(11; ZHAW4756)

Best Formula Species m/z Score Diff (ppm,Score (MF Mass (MF(DBE
WAHR C26H24N20O5 (M+H)+ 445.1776 91.27 -3.92 91.27 444.1685 16
x10 5 |C26 H24 N2 O5: +ESI Scan (rt: 5.315 min) Frag=175.0V 151119_03 4756.d
445.1776

8.5 ([C26 H24 N2 O5]+H)+

m\
7.5

N\
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m\
5.5

W\
45

h\
3.5

nw\

446.1806

2.5+ ([C26 H24 N2 O5]+H)+

N\
1.5

i 447.1831

([C26 H24 N2 O5]+H)+

0.5

. S |

4415 442 4425 443 4435 444 4445 445 4455 446 4465 447 4475 448 4485 449 4495 450 450.5 451 4515 452 4525 453 4535 454 4545

Counts vs. Mass-to-Charge (m/z)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-[3-(3-hydroxypropoxy)phenyl]acetamide

(11; ZHAW4756)

¥

80~

% Activity
3
[

o
o
1

20+

0 L) L) ]
-10 9 -8 -7 -6 -5

Log [compound] (M)

HLLSLOPE | -1.178
EC50 5.864e-007

Compound IC50 for MMP13

m 4756




Int. J. Mol. Sci. 2016, 17, 314; doi:10.3390/ijms17030314

46 of 70

N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-[3-(4-hydroxybutoxy)phenyl]acetamide
(12; ZHAW4757)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-[3-(4-hydroxybutoxy)phenyl]acetamide
(12; ZHAW4757)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-[3-(4-hydroxybutoxy)phenyl]acetamide

Int. ]. Mol. Sci. 2016, 17, 314; doi:10.3390/ijms17030314
(12; ZHAW4757)

HRMS

Best Formula Species m/z Score Diff (ppm,Score (MF Mass (MF(DBE
WAHR C27H26 N205 (M+H)+ 459.1922 96.87 -1.52 96.87 458.1842 16

x10 5 |C27 H26 N2 O5: +ESI Scan (rt: 5.407 min) Frag=175.0V 151119_04_4757.d

481 459.1922
([C27 H26 N2 O5]+H)+
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1.4 (IC27 H26 N2 O5]+H)+
1.2
l_ -
0.8
064 461.1971
041 ([C27 H26 N2 O5]+H)+
0.2

?
456 457 458 459 460 461 462 463 464 465 466 467 468 469 470
Counts vs. Mass-to-Charge (m/z)

0



Int. ]. Mol. Sci. 2016, 17, 314; doi:10.3390/ijms17030314 49 0f 70

1Cso

N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-[3-(4-hydroxybutoxy)phenyl]acetamide
(12; ZHAW4757)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-{3-[(6-hydroxyhexyl)oxy]phenyl}acetamide
(13; ZHAW5042)

NMR
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-{3-[(6-hydroxyhexyl)oxy]phenyl}acetamide
(13; ZHAW5042)
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N-(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)-2-{3-[(6-hydroxyhexyl)oxy]phenyl}acetamide

Int. ]. Mol. Sci. 2016, 17, 314; doi:10.3390/ijms17030314
(13; ZHAW5042)

HRMS

Best Formula Species m/z Score Diff (ppm,Score (MF Mass (MF(DBE
WAHR C29H30N205 (M+H)+ 487.2211 92.55 3.22 92.55 486.2155 16

x10 5 |C29 H30 N2 O5: +ESI Scan (rt: 5.754 min) Frag=175.0V 151119_10_5042.d

4 487.2211
(IC29 H30 N2 O5]+H)+
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([C29 H30 N2 O5]+H)+

" A | .

0.4+
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Counts vs. Mass-to-Charge (m/z)
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3-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)propanoic acid
(14; ZHAW4767)

NMR
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3-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)propanoic acid
(14; ZHAW4767)

~N
-
o
n
8 -
3 —
~ -
=
17271
- - £ 17042
8 - p— 16793
;| iez6
"
87 .- —15880
G
— - —14523
3 Ana
o — 13355
L 12939
& - S AT
© —— -‘m.as
— iz
54 - 12493
8 T g
11337
- i <1 13.10
=
o
-
N
§87
8 -
2
S A
1 SN —6395
S -
wv
o
L —4353
3 4 e e —
S —3455
o
8 -
[ —
S
- - -
s -l

0002
0~
000Z-
0004
0009+
0008-
00007
00021
0001
m09!—-
ooosr-
0000Z:
00022+
000¥Z~
00092
0008Z:
0000€:
000Z€



550f70

Int. ]. Mol. Sci. 2016, 17, 314; doi:10.3390/ijms17030314

HRMS

3-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)propanoic acid

(14; ZHAW4767)

Best

Formula Species m/z Score Diff (ppm,Score (MF Mass (MF(DBE

WAHR C26H22N206 (M+H)+  459.1557 9632  -1.34

96.32 458.1478 17

x10 ®

5.6
5.4+
5.2

m\
4.8
46
44
42

b\
3.8
3.6
3.41
321

w\
2.8
26
24
2.2

M\
1.84
1.6
1.4
1.2

l_ -
0.8
0.6
0.4+
0.2

C26 H22 N2 O6: +ESI Scan (rt: 5.273 min) Frag=175.0V 151119_05_4767.d

459.1557
([C26 H22 N2 OB]+H)+

460.1588
([C26 H22 N2 OB]+H)+

461
([C26 H22

1614
N2 O6]+H)+

[

0

455 456 457 458 459 460 461 462 463 464 465 466

Counts vs. Mass-to-Charge (m/z)

467

468

469

470
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4-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)butanoic acid
(15; ZHAW4768)
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4-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)butanoic acid
(15; ZHAW4768)
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HRMS

4-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)butanoic acid

(15; ZHAW4768)

Best

x10 ®

2.1+

2
1.9+
1.8+
1.74
1.6+
1.5+
1.4+
1.3+
1.2+

Formula Species m/z Score Diff (ppm,Score (MF Mass (MF(DBE
WAHR C27H24N206 (M+H)+ 473.1709 98.31 -0.28 98.31 472.1634 17
C27 H24 N2 O6: +ESI Scan (rt: 5.387 min) Frag=175.0V 151119_06_4768.d
473.1709
(IC27 H24 N2 OB]+H)+
474.1736
(IC27 H24 N2 OB]+H)+
4751777
(IC27 H24 N2 OB]+H)+
79

469

470

471

472

473 474

475 476 477 478 479 480
Counts vs. Mass-to-Charge (m/z)

481

482

483

484
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1Cso

4-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)butanoic acid
(15; ZHAW4768)

Compound IC50 for MMP13

v 4768

80+

% Activity
3

40-

0 1 | 1 '
-10 -9 -8 -7 5 -5 -4

Log [compound] (M)

HLLSLOPE | -1.088
EC50 7.772e-007
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6-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)hexanoic acid
(16; ZHAW5078)
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6-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)hexanoic acid
(16; ZHAW5078)
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6-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoylJmethyl}phenoxy)hexanoic acid

Int. ]. Mol. Sci. 2016, 17, 314; doi:10.3390/ijms17030314
(16; ZHAW5078)

HRMS

Best Formula Species m/z Score Diff (ppm,Score (MF Mass (MF(DBE
WAHR C29H28N206 (M+H)+(N501.20225  99.14  -0.37  99.14 500.1947 17

x10 5 |C29 H28 N2 O6: +ESI Scan (rt: 5.647 min) Frag=175.0V 151119_12_5078.d

501.2022
4] ([C29 H28 N2 OB]+H)+

3.8
3.6
3.4
321

mw\
2.8
26
24
22

2]
1.84

0.8
518.2290

0.6 (IC29 H28 N2 OB]+NH4)+ 523,1841

o4 (IC29 H28 N2 O6]+Na)+

" [ - E L.

500 501 502 503 504 505 506 507 508 509 510 511 512 513 514 515 516 517 518 519 520 521 522 523 524 525 526
Counts vs. Mass-to-Charge (m/z)
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1Cso

63 of 70

6-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)hexanoic acid

(16; ZHAW5078)

Compound IC50 for MMP13

9 8 1 -6 -5
Log [compound] (M)

HILLSLOPE | -0.8490
EC50 2.800e-007

v 5078
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3-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-
methanesulfonylpropanamide (17; ZHAW5136)

NMR
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3-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoylmethyl}phenoxy)-N-
methanesulfonylpropanamide (17; ZHAW5136)
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3-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-

Int. . Mol. Sci. 2016, 17, 314; doi:10.3390/ijms17030314
methanesulfonylpropanamide (17, ZHAW5136)

HRMS

Best Formula Species m/z Score Diff (ppm,Score (MF Mass (MF(DBE
WAHR C27H25N307S (M+H)+(N536.14835  98.96 0.35  98.96 535.1413 17

x10 5 |C27 H25 N3 O7 S: +ESI Scan (rt: 5.251 min) Frag=175.0v 151119_16_5136.d

364 536.1483
: ([C27 H25 N3 O7 S|+H)+

3.4+
3.2+

34
2.8+
2.6+
2.4+

2.2+

0.8 553.1747
([C27 H25 N3 O7 S[+NH4)+

0.6+

558.1288
0.4 ([C27 H25 N3 O7 S|+Na)+

0.2+
0 ;/ fl. A s

533 534 535 536 537 538 539 540 541 542 543 544 545 546 547 548 549 550 551 552 553 554 555 556 557 558 550 560 561
Counts vs. Mass-to-Charge (m/z)
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4-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-

methanesulfonylbutanamide (18; ZHAW5135)

NMR
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4-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-
methanesulfonylbutanamide (18; ZHAW5135)

-
@ -
o
—\nn
: 17042
e 162.93
<167.76
-
8 - -—15892
& -
o
—14522
132.21
§ R }137.13
13355
ﬁll‘%ﬁ?
12904
o 4 122.86
o 122.88
==12580
A-12494
- 12386
g - 12190
11593
11336
= 11313
— —
=)
b= —
8
-
7|
%4
8 -
—56699
8 -
g -
: 433
A :1.‘6
8 -
- —3255
8 -
- —24.15
8 -
-
o
o -
T —I T — T T I v T T T T - — I T — I
§ g § v § v § " [ § o
8 8 8 8 8



69 of 70

Int. ]. Mol. Sci. 2016, 17, 314; doi:10.3390/ijms17030314

HRMS

4-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-

methanesulfonylbutanamide (18; ZHAW5135)

Best

Formula Species m/z Score Diff (ppm,Score (MF Mass (MF(DBE

WAHR C28H27N307S (M+H)+(N550.16405  98.22 0.6

98.22  549.157 17

x10 ®

2.1+

2
1.9+
1.8+
1.7+
1.6+
1.5+
1.4+
1.34
1.2+

C28 H27 N3 O7 S: +ESI Scan (rt: 5.369 min) Frag=175.0vV 151119_15_5135.d

550.1640
([C28 H27 N3 O7 S|+H)+

558.4261

/F (IC29 H48 N8 O2]+NH4)+ .
i | \

567.1907
([C28 H27 N3 O7 S]+NH4)+

572.1461

([C28 H27 N3 O7 S|+Na)+

L.

547 548 549 550 551 552 553 554 555 556 557 558 559 560 561 562 563 564 565 566 567 568 569 570 571

Counts vs. Mass-to-Charge (m/z)

572 573 574 575 576 577
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1Cso

4-(3-{[(2-benzyl-1,3-dioxo-2,3-dihydro-1H-isoindol-5-yl)carbamoyl]methyl}phenoxy)-N-
methanesulfonylbutanamide (18; ZHAW5135)

% Activity

Compound IC50 for MMP13

8 -7 -'6 -5 -4
Log [compound] (M)

HILLSLOPE | -1.088
EC50 8.961e-007

¥ 5135
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