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MMP-8 has been implicated in various diseases. Selective
MMP-8 inhibitors are needed to ascertain the role of this
enzyme. We synthesized two inhibitors reported previously as
selective for MMP-8. Compound 1 selectively inhibited MMP-
8 and MMP-13; compound 2 was a potent broad-spectrum
inhibitor, notwithstanding that it is used as selective.

Matrix metalloproteinases (MMPs) constitute a family of 26
enzymes that perform important functions in restructuring the
extracellular matrix environment.! The roles of these enzymes in
the course of many physiological processes are well
documented.? However, one or more of the MMPs might also be
expressed in the course of various pathological events.®® Indeed,
the expression of MMPs in either physiological or pathological
conditions is highly regulated. These enzymes are expressed as
zymogens, which need to be activated by proteolysis.” The active
enzymes are further regulated by their complex formation with
tissue inhibitors of matrix metalloproteinases (TIMPs), an
association that inhibits the activity of the enzymes. It is the
uncomplexed activated MMP that can play a biological role in the
living organism.

As it pertains to the pathological condition, these enzymes are
worthy targets for inhibition by small-molecule inhibitors.
However, broad-spectrum inhibition of MMPs, as explored in
investigations of cancer, has not borne fruit. Aside from the
multiplicity of these enzymes, the situation is complicated by the
fact that some MMPs might play salutatory effects in the given
disease, whereas others might play detrimental (pathological)
roles. When multiples of these enzymes are expressed, the study
becomes complicated.

We have used selective inhibitors of MMPs to great advantage
in elucidation of the roles of specific MMPs in various diseases.®
13 These selective agents behave as “surgical” tools that arrest the
functions of specific enzymes at the precise time points in the
progression of the disease. A comparable experimental control is
not possible with the use of MMP-knockout animals, as the
knockout organism will lack the given MMP from the moment of
the fertilization of the egg. Moreover, gene ablation of a
particular MMP might result in compensatory increases in other
MMPs, which might exhibit some overlap in their activities.
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Hence, small-molecule inhibitors that exhibit high selectivity in
inhibition of a targeted MMP are keenly needed for use in wild-
type organisms.

MMP-8 has been implicated in inflammation,** cancer
progression,™ and wound repair.’® > In this vein, we have had a
need for a selective MMP-8 inhibitor for use in our investigations
of these mechanisms. A search of the literature identified two
inhibitors, compounds 1 and 2, which have been billed and used
as selective toward inhibition of MMP-8. We synthesized these
compounds by a variation of methods that have been reported for
the preparation of each, one in six steps and the other in four
steps. The breadth of activity of these two inhibitors was
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evaluated in vitro to explore the degree of selectivity of each in
inhibition of representative MMPs in assessment of the
usefulness of the inhibitors for in vivo work in animal models.

The synthesis of compound 1 has been reported using a linear
sequence of seven steps from the commercially available ethyl 2-
oxo-cyclohexylacetate (3) in an overall yield of 6%.%® Our initial
attempts to synthesize ethyl 2-amino-4-ethoxycarbonylmethyl-
45,6, 7-tetrahydrobenz[b]thiophene-3-carboxylate (4) followed
the reported two-step sequence.'® This process did not work well
in our hands as the conditions were harsh and led to the formation
of side products, which proved difficult to separate from the
desired product. The yield hence was low. In order to overcome
these difficulties, we devised the one-step transformation of 3 to
4, which furnished the product in 57% yield. As depicted in
Scheme 1, compound 3 was treated with ethyl cyanoacetate and
sulfur in pyridine in the presence of diethylamine at room
temperature. Compound 4 was obtained in 57% after column
purification. With this intermediate in hand, the target molecule
was then synthesized following the earlier procedure in five
additional steps.’® This synthesis was accomplished in six steps
with an overall yield of 10%.

The synthesis of compound 2 has been given only as a scheme
in the literature and the detailed procedures were not provided.*®
Based on the reported synthetic route,’® we devised a slight
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modification of it to arrive at the target molecule. As outlined in
Scheme 2, the synthesis started from (R)-phenylalanine (5).
Compound 6, which was prepared according to the literature,?
was used for the next step directly to afford compound 8 by the

s literature method.?* With 8 in hand, the initial attempts to prepare
compound 2 followed a two-step procedure involving activation
of the acid by thionyl chloride and subsequent treatment with
hydroxylamine hydrochloride. However, TLC analysis indicated
the presence of a complex mixture from which it was difficult to

10 purify the desired product. We resorted to a different method.
Compound 8 was used to form a mixed anhydride by the reaction
with ethyl chloroformate in the presence of NMM, which was
allowed to react with hydroxylamine hydrochloride using
triethylamine as base to afford the final product in good yield. In

15 summary, this four-step sequence furnished the desired
compound 2 with an overall yield of 27%.
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Scheme 1. Synthetic scheme for the preparation of compound 1.
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Scheme 2. Synthetic scheme for the preparation of compound 2.

20

Compound 1 was a selective competitive inhibitor of MMP-8
and MMP-13, with K; values of 25 + 2 nM and 0.54 + 0.30 nM,
respectively (Table 1). Inhibition of MMP-1, -2, -3, -7, -9, and
MMP-14 was poor, with dissociation constants (K;) in the

2s micromolar range and at least 120-fold greater than that of MMP-
8. The K; values for compound 1 had not been reported
previously; however the reported ICs, values were 7.4 nM for
MMP-8, <25 nM for MMP-13, >2500 nM for MMP-3, and
>10000 nM for MMP-1, -2, -7, -9, and -14."

s  On the other hand, compound 2 strongly inhibited all the tested
MMPs in a competitive manner, with K; values in the nanomolar
range for MMP-1, -3, and -7 and in the picomolar range for
MMP-2, -8, -9, -13, and -14 (Table 1), for which it is as a tight-
binding inhibitor. The enzyme kinetics for compound 2 have not

35 been reported previously according to a search of the literature,
except for that of MMP-8 for which an ICs, value of 4 nM was
indicated.’® We have since learned that compound 2 is being
marketed by several commercial entities as a selective MMP-8
inhibitor. According to our results, although this compound is

40 exceptionally potent, it is not selective for any MMP.

Table 1. Kinetic Parameters for Inhibition of MMPs

Compound 1 Compound 2
MMP Ky (nM) K. ("M)
MMP-1" 24000 + 3000 6.8+0.3
MMP-2 3000 + 200 0.10 +0.01
MMP-3" 17000 + 2000 12+03
MMP-7 53000 + 6000 135+ 26
MMP-8" 25+2 0.6+0.1
MMP-9" 76000 + 8000 0.37 £0.02
MMP-13 0.53 +0.30 0.023 + 0.008
MMP-14" 45000 + 4000 0.22 +0.04

*Catalytic domain
45

Conclusions

Of the two compounds reported as selective MMP-8 inhibitors,
only compound 1 exhibits selectivity in inhibition of MMP-8 and
MMP-13. This compound is not commercially available.
so However, compound 2 is currently commercially available and is
marketed as a selective MMP-8 inhibitor. Compound 2 has been
used in several studies to ascertain the role of MMP-8 in the
pathology of diseases. Using this inhibitor, MMP-8 was indicated
to play a role in bacterial meningitis by preventing detachment of
ss infected human brain microvascular endothelial cells and
restoring blood-brain barrier permeability.?? Compound 2 was
evaluated in  mice  with  experimental autoimmune
encephalomyelitis, an animal model for multiple sclerosis, and
found to reduce the severity of the disease.® The use of inhibitor
e 2 was instrumental in implicating MMP-8 in fibrocyte
migration.* Compound 2 was found to decrease ventilator-
induced lung injury in mice,® which led to the conclusion that
MMP-8 promotes acute inflammation after ventilator-induced
lung injury. In light of our results indicating the broad spectrum
es Of activity for inhibition of MMPs by compound 2, we regretfully
conclude that the mechanistic role of MMP-8 in the pathology of
these diseases might not have been established.
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