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A novel series of highly selective inhibitors of MMP-3
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Abstract—The design and synthesis of a series of highly selective hydroxamate inhibitors of stromelysin-1 (MMP-3) is described.
Substitution of a 4-biaryl piperidine sulfonamide core, which binds at the S1 0 subsite of MMP-3, was optimised to give potent inhib-
itors of MMP-3, with greater than 300-fold selectivity over MMP-1, MMP-2, MMP-9 and MMP-14. Compounds 26 and 27 were
identified as having the best balance of pharmacology and properties required for topical drug delivery.
� 2007 Elsevier Ltd. All rights reserved.
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1 UK-370106
MMP-3 IC50 23nM
MMP-2 IC50 34.2μM
MMP-1 IC50 > 100μM
MMP-9 IC50 30.4μM
MMP-13 IC50 2.3μM
MMP-14 IC50 66.9μM

Figure 1. MMP pharmacology of UK-370106.
Matrix metalloproteinases (MMPs) are a family of zinc-
dependant endopeptidases which are involved in normal
tissue remodelling and extracellular matrix degrada-
tion.1 The overexpression of MMPs has been implicated
in a number of pathological conditions including can-
cer,2,3 arthritis4 and chronic non-healing wounds.5 In
particular, MMP-3 (stromelysin-1) over-activity has
been implicated in the pathology of chronic non-healing
wounds,6 and therefore selective MMP-3 inhibition rep-
resents an attractive target for the treatment of this
condition.

Co-workers at Pfizer recently described the discovery of
UK-370106 1 (Fig. 1),7 a highly selective peptidic MMP-
3 inhibitor, which was identified as a clinical candidate
for the topical treatment of chronic dermal ulcers. As
part of a multi-template approach to selective MMP-3
inhibitors, we now wish to describe our efforts to dis-
cover non-peptidic MMP-3 inhibitors with good selec-
tivity over other MMPs, which may have utility in the
topical treatment of chronic non-healing wounds.8 In
this paper we describe the SAR for MMP-3 potency,
selectivity over other MMPs along with strategies to de-
liver good physicochemical properties for topical drug
candidates.

With the advent of non-selective MMP inhibitors based
on sulfonamides derived for a-amino acids,9 we pro-
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posed a new sulfonamide template where the nitrogen
and sulfur were reversed (Fig. 2).

This strategy could deliver a template which was
novel,10 synthetically simple to make and lacked chiral
centres. By using the S1 0 SAR for selectivity from the
UK-370106 series combined with in silico modelling,
we hoped to rapidly identify a series of reversed sulfon-
amides with good selectivity for MMP-3 inhibition.

The synthesis of analogues 4–30 was accomplished by
coupling of the appropriate amine with the sulfonyl
chloride 211 to give sulfonamides 3. When the P1 group
remained as hydrogen, direct condensation of the ester
with hydroxylamine then afforded the desired hydroxa-
mic acids 4–23 (Scheme 1). In the case where P1 was
gem-dimethyl, dialkylation of 3 was then followed by
hydrolysis and coupling with hydroxylamine to give
analogues 24–30.

Our initial medicinal chemistry strategy was to find the
optimal sulfonamide linker to extend a lipophilic biphe-
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Figure 2. Evolution of ‘Reversed’ sulfonamide template.
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Scheme 1. Reagents and conditions: (a) DBU, CH2Cl2, 0 �C to rt; (b)

HONH2ÆHCl, K2CO3, MeOH, reflux; (c) MeI, K2CO3, DMSO, rt; (d)

NaOH, MeOH, H2O, reflux; (e) HATU, N-ethyl-diisopropylamine,

HONH2ÆHCl, NMP, rt.

Table 1. In vitro inhibition of MMP-3 activitya,b for compounds 5–12
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Compound NR1R2 MMP-3 IC50 (nM)

4 N
Me
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Me

N 174

7 N 26

8 N 6

9 N 161

10 N O 84

11

N

O

205

a See Ref. 12 for description of assay conditions.
b MMP IC50 values are geometric means of at least three experiments.
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nyl unit into the S1 0 pocket (Table 1), as this region of
UK-370106 delivered both MMP-3 potency and
MMP-2 selectivity. Flexible alkyl linkers in compounds
4, 5 and 6 afforded modest MMP-3 potency, with the
chain length having no significant effect on MMP-3 po-
tency. Cyclisation and conformational restriction was
then investigated. Piperidine 7 was significantly more
potent than the acyclic analogue 6, and a further in-
crease in potency was achieved with dihydropiperidine
8. The azetidines 9 and 10 lost MMP-3 potency, indicat-
ing that this linker was either too short, or conforma-
tionally suboptimal, to extend the biphenyl into the
S1 0 pocket. Interestingly a significant degree of potency
was also lost when a phenoxyphenyl substituent was
incorporated (compound 11), indicating the enzyme is
also sensitive to the linearity of the P1 0 group.

Compounds 4–11 were also assessed for their MMP-2
activity,13 however we found no separation of activity.

We then investigated substitution on the biphenyl as a
strategy for delivering selectivity for MMP-3 over
MMP-2 (Table 2). This approach has been successfully
employed during the discovery of UK370106 1. Incor-
poration of an R3 substituent in the 3-position of the
A-ring was initially investigated whilst keeping the distal
B-ring unsubstituted.

The MMP-3 inhibitory potency of compounds 12–17
tended to decrease as the size of the R3-group was in-
creased, but activity against MMP-2 was even more sen-
sitive. Based on its good balance of MMP-3 potency and
MMP-2 selectivity, the methyl derivative 15 was selected
for further investigation of substitution of the distal phe-
nyl, ring B.

Modelling of 15 into the published MMP-2 catalytic do-
main crystal structure14 suggested substitution in the 3-
position of ring B could induce unfavourable interac-
tions with the loop forming the S1 0 pocket and therefore



Table 2. In vitro inhibition of MMP-3 amd MMP-2 activitya,b for

compounds 12–23
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Ring A

Ring B

Compound R3 R4 MMP-3 IC50

(nM)

MMP-2 IC50

(nM)

12 H H 6 9

13 F H 3 17

14 Cl H 55 620

15 Me H 16 320

16 Et H 420 4380

17 CF3 H 960 3080

18 Me Me 4 776

19 Me OMe 5 222

20 Me Et 31 1208

21 Me OEt 4 998

22 Me CH2OMe 3 196

23 Me OCF3 51 173

a See Ref. 12 for description of assay conditions.
b MMP IC50 values are geometric means of at least three experiments.

Table 3. In vitro inhibition of MMP-3 amd MMP-2 activitya,b for

compounds 24–30
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reduce MMP-2 enzyme inhibition (Fig. 3). This loop re-
gion is three residues shorter in MMP-2 compared to
MMP-3.

This strategy gave a number of compounds with im-
proved potency and selectivity, that is, substitution not
only reduced inhibition of MMP-2 but also increased
MMP-3 enzyme inhibition. In particular 3-OEt ana-
logue 21 was selected for further evaluation.

Having identified 21 as a highly potent and selective
MMP-3 inhibitor, we used this compound to assess
the series against key topical drug-like properties. We
envisaged that MMP-3 inhibitor drug candidates would
be delivered topically as sterile solution or suspension
Figure 3. Docking of compound 15 (gold) into X-ray structures of

catalytic domain MMP-315 (green) and MMP-2 (blue).
formulations and therefore aqueous solubility and auto-
clave stability were important parameters to measure.16

Compound 21 was found to have very low aqueous sol-
ubility (�1 lg/ml) and poor autoclave solution stability
across a range of pH. Hydrolysis of the hydroxamic acid
was found to be a major degradation pathway, as was
oxidation of the tetrahydropiperidine ring, followed by
fragmentation of the N–S bond of the sulfonamide.
We reasoned that by introducing steric bulk next to
the hydroxamic acid, and by reducing the dihydropiperi-
dine ring to a piperidine we may improve stability. To
increase solubility, we focused on adding polar solubilis-
ing groups onto the 3-OEt group of compound 21.
These design principles led to a series of further ana-
logues (Table 3).

Incorporation of steric bulk adjacent to the hydroxamic
acid increased MMP-3 potency (examples 21 vs 24), and
retained MMP-2 selectivity. Encouragingly this addi-
tional steric bulk also improved solution autoclave sta-
bility. We then investigated polar additions onto the
R4 substituent. Methoxyethoxy, hydroxyethoxy and
aminoethoxy substitutions also increased potency with-
out compromising MMP-2 selectivity. Examples 26
and 27 had improved aqueous solubility (1–2 lg/ml)
and excellent solution stability. Incorporation of a pyr-
idyl ring in example 27 also retained excellent MMP-3
activity and slightly improved MMP-2 selectivity. Solu-
bility was increased significantly for the basic analogues
28–30, however these compounds suffered from poor
(nM) (nM)

24 OEt CH 2 457

25 OCH2CH2OMe CH 3 853

26 OCH2CH2OH CH 1 262

27 OCH2CH2OH N 1 529

28 OCH2CH2NH2 CH 0.4 188

29 OCH2CH2NHMe CH 0.3 196

30 OCH2CH2NMe2 CH 1 534

a See Ref. 12 for description of assay conditions.
b MMP IC50 values are geometric means of at least three experiments.

Table 4. In vitro inhibition of MMP-1, MMP-9 and MMP-14 activitya,b

for compounds 26 and 27

Compound MMP-1 IC50

(nM)

MMP-9 IC50

(nM)

MMP-14 IC50

(nM)

26 3230 406 1710

27 14,000 2420 20,100

a See Ref. 7b for description of assay conditions.
b MMP IC50 values are geometric means of at least two experiments.
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aqueous stability. Further MMP selectivity screening for
examples 26 and 27 demonstrated their excellent selec-
tivity for MMP-3 over MMP-1, MMP-9 and MMP-14
(Table 4).

In summary, we have described the discovery of a no-
vel series of highly selective inhibitors of MMP-3. By
reversing the nitrogen and sulfur of previous non-
selective MMP inhibitor series, we were able to work
in a novel area of chemical space and in a simplified
template without chiral centres. Identification of the
optimal linker for the key pharmacophoric biaryl S1 0

substituent was rapidly achieved, and using learning
and selectivity SAR from an unrelated peptidic series,
we were able to deliver compounds which were highly
selective for MMP-3. Drug-like properties for topical
delivery, namely solution autoclave stability and solu-
bility, were also measured during the evolution of the
series. It was found that steric bulk adjacent to the
hydroxamic acid, and reduction of a tetrahydropiperi-
dine to a piperidine significantly improved aqueous
autoclave stability. Polar groups could be tolerated
on the distal aryl ring of the biaryl which improved
solubility. The combination of these features led to
compounds 26 and 27 which had the best balance of
pharmacological and physicochemical properties as
potential candidates for the topical treatment of
chronic dermal ulcers.
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