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(57) An amidoaromatic ring sulfonamide hydroxamic
actd compound that inter alia 1nhibits matnx
metalloprotease activity 1s disclosed, as are a treatment
process that comprises administering a contemplated
amidoaromatic r1ing sulfonamide hydroxamic acid
compound 1m an MMP enzyme-inhibiting effective
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pathological matrix metalloprotease activity.
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AMIDOAROMATIC RING SULFONAMIDE
HYDROXAMIC ACID COMPOUNDS

Description

5 Technical Fleld
This invention is directed to proteinase

(protease) inhibitors, and more particularly to
amidoaromatic ring sulfonamide hydroxamic acid
compounds that, inter alia, exhibit activity as

10 inhibitors for matrix metalloproteinases, compositions
of proteinase inhibitors, intermediates for the
syntheses of proteinase inhibitors, processes for the
preparation of proteinase inhibitors and processes for
treating pathological conditions associated with

15 pathological matrix metalloproteinase activity.

Background of the Invention
Connective tissue, extracellular matrix

constituents and basement membranes are requilred

20 components of all mammals. These components are the
biological materials that provide rigidity,
differentiation, attachments and, 1n some cases,
elasticity to biological systems including human beings
and other mammals. Connective tissues components

75 include, for example, collagen, elastin, proteoglycans,
fibronectin and laminin. These biochemicals makeup, or
are components of structures, such as skin, bone,
teeth, tendon, cartilage, basement membrane, blood
vessels, cornea and vitreous humor.

30 Under normal conditions, connective tissue

turnover and/or repair processes are controlled and 1in
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egquilibrium. The loss of this balance for whatever
reason leads to a number of disease states. Inhibition
of the enzymes responsible loss of equilibrium provides
a control mechanism for this tissue decomposition and,
therefore, a treatment for these diseases.

Degradation of connective tissue or
connective tissue components 1is carried out by the
action of proteinase enzymes released from resident
tissue cells and/or invading inflammatory or tumor
cells. A major class of enzymes involved in this
function are the zinc metalloproteinases
(metalloproteases).

The metalloprotease enzymes are divided into
classes with some members having several different
names 1in common use. Examples are: collagenase I
(MMP-1, fibroblast collagenase; EC 3.4.24.3);
collagenase II (MMP-8, neutrophil collagenase; EC
3.4.24.34), collagenase III (MMP-13), stromelysin 1
(MMP-3; EC 3.4.24.17), stromelysin 2 (MMP-10; EC
3.4.24.22), proteoglycanase, matrilysin (MMP-7),
gelatinase A (MMP-2, 72kDa gelatinase, basement
membrane collagenase; EC 3.4.24.24), gelatinase B
(MMP-9, 92kDa gelatinase; EC 3.4.24.35), stromelysin 3
(MMP-11), metalloelastase {(MMP-12, HME, human
macrophage elastase) and membrane MMP (MMP-14). MMP is
an abbreviation or acronym representing the term Matrix
Metalloprotease with the attached numerals providing
differentiation between specific members of the MMP
group.

The uncontrolled breakdown of connective

tissue by metalloproteases is a feature of many
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pathological conditions. Examples include rheumatoid
arthritis, osteoarthritis, septic arthritis; corneal,
epidermal or gastric ulceration; tumor metastasis,
invasion or angiogenesis; periodontal disease;

5 proteinuria; Alzheimer's Disease; coronary thrombosis
and bone disease. Defective injury repalr pProcesses
also occur. This can produce improper wound healing
leading to weak repairs, adhesions and scarring. These
latter defects can lead to disfigurement and/or

10 permanent disabilities as with post-surgical adhesions.

Matrix metalloproteases are also involved 1n
the biosynthesis of tumor necrosis factor (TNF) and
inhibition of the production or action of TNF and

related compounds is an important clinical disease

15 treatment mechanism. TNF-a, for example, is a cytokine
that at present is thought to be produced initially as
a 28 kD cell-associated molecule. It is released as an
active, 17 kD form that can mediate a large integer of
deleterious effects in vitro and in viveo. For example,

20 TNF can cause and/or contribute to the effects of
inflammation, rheumatoid arthritis, autoimmune disease,
multiple sclerosis, graft rejection, fibrotic disease,
cancer, infectious diseases, malaria, mycobacterial
infection, meningitis, fever, psoriasis,

25 cardiovascular/pulmonary effects such as post-ischemic
reperfusion injury, congestive heart failure,
hemorrhage, coagulation, hyperoxic alveolar injury,
radiation damage and acute phase responses like those
seen with infections and sepsis and during shock such

30 as septic shock and hemodynamic shock. Chronic release
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INF-a convertase is a metalloproteinase
involved in the formation of active TNF-q. Inhibition

of TNF-a convertase inhibits production of active

INF-a. Compounds that inhibit both MMPs activity have
been disclosed in WIPO International Publication Nos.

WO 94/24140, WO 94/02466 and WO 97/20824. There

remains a need for effective MMP and TNF-a convertase

inhibiting agents. Compounds that inhibit MMPs such as
collagenase, stromelysin and gelatinase have been shown

to inhibit the release of TNF (Gearing et al. Nature

376, 555-557 (1994), McGeehan et al., Nature 376,
558-561 (1994) ).

MMPs are involved in other biochemical
processes 1n mammals as well. Included is the control

of ovulation, post-partum uterine involution, possibly

implantation, cleavage of APP (B-Amyloid Precursor

Protein) to the amyloid plagque and inactivation of

a1-protease inhibitor (o -PI). Inhibition of these

metalloproteases permits the control of fertility and
the treatment or prevention of Alzheimers Disease. In
addition, increasing and maintaining the levels of an

endogenous or administered serine protease inhibitor

drug or biochemical such as a1 -PI supports the

CLreatment and prevention of diseases such as emphysema,
pulmonary diseases, inflammatory diseases and diseases

of aging such as loss of skin or organ stretch and

resiliency.
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Inhibition of selected MMPs can also Dbe
desirable in other instances. Treatment of cancer
and/or inhibition of metastasis and/or inhilbition of
angiogenesis are examples of approaches to the
treatment of diseases wherein the selective inhibition
of stromelysin (MMP-3), gelatinase (MMP-2), or
collagenase III (MMP-13) are the relatively most
important enzyme or enzymes to inhibit especially when
compared with collagenase I (MMP-1). A drug that does
not inhibit collagenase I can have a superior
therapeutic profile. Osteoarthritis, another prevalent
disease wherein it is believed that cartilage
degradation in inflamed joints is at least partially
caused by MMP-13 released from cells such as stimulated
chrondrocytes, may be best treated by administration of
drugs one of whose modes of action is inhibition of
MMP-13. See, for example, Mitchell et al., J. Clin.
Invest., 97:761-768 (1996) and Reboul et al., J. Clin.
Invest., 97:2011-2019 (1996).

Inhibitors of metalloproteases are known.

Examples include natural biochemicals such as tissue

inhibitor of metalloproteinase (TIMP), as-macroglobulin

and their analogs or derivatives. These are high
molecular weight protein molecules that form 1inactilve
complexes with metalloproteases. An integer of smaller
peptide-like compounds that inhibit metalloproteases
have been described. Mercaptoamide peptidyl
derivatives have shown ACE inhibition in vitro and in
vivo. Angiotensin converting enzyme (ACE) aids 1n the

production of angiotensin II, a potent pressor

PCT/US98/04299
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substance in mammals and inhibition of this enzyme
leads to the lowering of blood pressure.

Thiol group-containing amide or peptidyl
amide-based metalloprotease (MMP) inhibitors are known
as 1s shown in, for example, W095/12389, W096/11209 and
U.S5. 4,5985,700. Hydroxamate group-containing MMP
inhibitors are disclosed in a number of published
patent applications such as WO 95/29892, WO
97/24117,and EP 0 780 386 that disclose carbon back-
boned compounds, and WO 90/05719, WO 93/20047, WO
95/09841 and WO 96/06074 that disclose hydroxamates
that have a peptidyl back-bones or peptidomimetic back-
bones, as does the article by Schwartz et al., Progr.
Med. Chem., 29:271-334(1992) and those of Rasmussen et
al., Pharmacol. Ther., 75(1): 69-75 (1997) and Denis et
al., Invest. New Drugs, 15(3): 175-185 (1997).

One possible problem associated with known
MMP inhibitors 1is that such compounds often exhibit the
same or similar inhibitory effects against each of the
MMP enzymes. For example, the peptidomimetic
hydroxamate known as batimastat is reported to exhibit

ICgp values of about 1 to about 20 nanomolar (nM)

against each of MMP-1, MMP-2, MMP-3, MMP-7, and MMP-9.
Marimastat, another peptidomimetic hydroxamate was
reported to be another broad-spectrum MMP inhibitor
with an enzyme inhibitory spectrum very similar to

batimastat, except that marimastat exhibited an ICgg

value against MMP-3 of 230 nM. Rasmussen et al.,
Pharmacol. Ther., 75(1): 69-75 (1997).
Meta analysis of data from Phase I/II studies

using marimastat in patients with advanced, rapidly
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progressive, treatment-refractory solid tumor cancers
(colorectal, pancreatic, ovarian, prostate).indicated a
dose-related reduction in the rise of cancer-specific
antigens used as surrogate markers for biological
activity. The most common drug-related toxicity of
marimastat in those clinical trials was musculoskeletal
pain and stiffness, often commencing in the small
joints in the hands, spreading to the arms and
shoulder. A short dosing holiday of 1-3 weeks followed
by dosage reduction permits treatment to continue.
Rasmussen et al., Pharmacol. Ther., 75(1): 69-75
(1997). It is thought that the lack of specificity of
inhibitory effect among the MMPs may be the cause of
that effect.

In view of the importance of hydroxamate MMP
inhibitor compounds in the treatment of several
diseases and the lack of enzyme specificity exhibited
by two of the more potent drugs now in clinical trials,
it would be a great benefit if hydroxamates of greater
enzyme specificity could be found. This would be
particularly the case if the hydroxamate inhibitors
exhibited limited inhibition of MMP-1 that 1s
relatively ubiquitous and as yet not associated with
any pathological condition, while exhiblting quite high
inhibitory activity against one or more of MMP-2, MMP-9
or MMP-13 that are associated with several pathological
conditions. The disclosure that follows describes one
family of hydroxamate MMP inhibitors that exhibit those

desirable activities.

= Nmes . 0 E nver O



WO 98/39329

10

15

235

30

CA 02285405 1999-08-24

The present invention provides compounds and
their pharmaceutically acceptable salts effective as
inhibitors of matrix metalloprotease enzyme activity;
the provision of such compositions that are effective
for the inhibition of metalloproteases (MMPs) believed
to be implicated in diseases and disorders involving
uncontrolled breakdown of connective tissue. Exemplary
diseases anad disorders (pathological conditions)
include, for example, rheumatoid arthritis,
osteocarthritis, septic arthritis, corneal, epidermal or
gastric ulceration, snake bite, tumor metastasis,
growth, 1invasion or angiogenesis, periodontal disease,
proteinuria, Alzheimer's Disease, multiple sclerosis,
coronary thrombosis and bone disease. Also
contemplated are the provision of processes for
preparing such compositions; the provision of processes
for treating pathological conditions assoclated with
abnormal matrix metalloprotease activity. A
contemplated process effective for treating such
pathological conditions acts by selective inhibition of
metalloproteases associated with such conditions with
minimal side effects resulting from inhibition of other
proteases whose activity 1s necessary or desirable for
normal body function.

Briefly, therefore, the present invention is
directed to a compound of Formula I or a
pharmaceutically acceptable acid or base addition salt

of a compound of Formula I, as well as a pharmaceutical

composition of a compound of Formula I or a
pharmaceutically acceptable acid or base addition salt

of a compound of Formula I, and also a process for

PCT/US98/04299
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treating conditions associated with pathological matrix
metalloprotease activity comprising administering a
matrix metalloprotease inhibitor in an effective dosage

to a host suffering from such condition.

S The present inventicn relates to a compound

of Formula I1:

0 T2
HO N R
. ~
SN s w l
R R (l )
R O/n
wherein:
10 n is an integer zero, 1 or 2;

W is independently selected from the group

consisting of -NRSCOR6, -NR>S(O)zR’/ where z is zero, 1,
or 2, -NRSCOOR8, -NRSCONRBRY and -NR1IR1Z;

Rl is cycloalkylene, arylene or

15 heteroarylene:

R2 is selected from the group consisting of a
hydrogen (hydrido), alkyl, aralkyl, heteroaralkyl,
cycloalkylalkyl, heterocycloalkylalkyl, alkoxyalkyl,
alkylthioalkyl, hydroxycarbonylalkyl, aroylalkyl, and

20 heteroaroylalkyl group, - (CHs)x-NR11RrRl2, or - (CHjp)x-

C(0)NR11R12, wherein x is an integer from zero to 6;

R3 is selected from the group consisting of a
hydrogen (hydrido), alkyl, aryl, aralkyl, thioalkyl,
heteroaralkyl, heteroaryl, alkoxyalkoxyalkyl,

25 trifluoromethylalkyl, alkoxycarbonylalkyl,
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aralkoxycarbonylalkyl, hydroxycarbonylalkyl,
alkoxyalkyl, heterocycloalkylalkyl, aryloxyalkyl,
alkylthiocalkyl, arylthiocalkyl, heterocarylthiocalkyl

group, or a sulfoxide or sulfone of any of said thio-
containing groups, a - {CH,)x-C(O)NR11R1lZ2 group, wherein
X 1s an integer from zero to 6, and a - (CH»)y-W group,

wherein y 1s an integer from 1 to 6 and W is defined

above:;

or RZ2 and R3 together with the atom

chain to which they are attached form a 3-8 membered

ring;

R4 is a hydrogen (hydrido) or Cj;-Cq4 alkyl
group;

R> is a hydrogen (hydrido) or C3j-Cq alkyl
group;

R6 is selected from the group consisting of a
hydrogen (hydrido), cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, aralkyl, heterocaralkyl, cycloalkylalkyl,
heterocycloalkylalkyl, alkoxyalkyl, alkylthiocalkyl

group, and a - (CHs)x-NR1l1lRlZ2 group wherein x is an
integer from zero to 6. The aryl or heteroaryl groups

of R® are optionally substituted (unsubstituted or
substituted) with one or more substituents
independently selected from the group consisting of a

halo, C31-Cgq4 alkyl, C3-Cs4 alkoxy, nitro, cyano, hydroxy,
carboxy, hydroxycarbonylalkyl, - (CH,)x-NR11R1l2, wherein

X 1s an integer from zero to 6, trifluoromethyl,
alkoxycarbonyl, aminocarbonyl, thio, alkylsulfonyl,

carbonylamino, aminosulfonyl, alkylsulfonamino,
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alkoxyalkyl, cycolalkyloxy, alkylthioalkyl or
alkylthio;

a) or R® and R® together with the atom
chain to which they are bonded form a 5- to 7-membered
5 a cyclic amide or imide that is substituted or

unsubstituted;

b) or R® and R/ together with the atom
chain to which they are bonded form a 5- to 7-membered
a cyclic sulfonamide that 1s substituted or

10 unsubstituted;
R7 is selected from the group consisting of
R® and alkyl;
R8 and R? are independently selected from the

group consisting of R® and alkyl, or RB and R? together
15 with the depicted nitrogen atom form a 5- to 7-membered
ring containing zero or one heteroatom that is oxygen,
nitrogen or sulfur;
R1l and R12 are independently selected from
the group consisting of a hydrogen (hydrido), alkyl,
20 aryl, aralkyl, heteroaryl, heteroaralkyl, cycloalkyl,

alkanoyl, aralkanoyl, and heterocaralkanoyl group, or

R11l and R12 taken together form a 5 to 8-membered
heterocyclo or heterocaryl ring; and
R13 is a hydrogen (hydrido) or C3-Cg alkyl
25 group.
The present invention also relates to a

compound of Formula II:
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HO N R?
\T& oo
4
R13 Ple) m R (0 2
wW
wherein:

m is an integer from 1 to 6;

5 W, Rl, R2 and R13 have the meanings described
above;
R4 is a hydrogen (hydrido) or C3-C4 alkyl

group, as before;
or R4 and W of - (CHy)x-W together with

10 the atom chain to which they are attached form a 4-8-
membered ring.
Another particular embodiment of the

invention relates to a compound of Formula III:

15
H
O T2 N\"/Rs
HO N /U O I
N g
.. R R3 (”)
R 0 )
wherein RZ2, R3, R4, R® and R13 are as
described above.
20 One particular embodiment of the invention

relates to a compound of Formula IV:
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wherein R2, R3, R4, R8 and R13 are as

defined previously.

S A further particular embodiment of the

invention relates to a compound of Formula V:

H 7
O T2 /N\ /R
S
7\
HO N o V
\\N ‘\\S
. R R® (”)
R O y)
10 wherein R2, R3, R4, R7 and R13 are as

defined previously.

Yet another particular embodiment of the

invention relates to a compound of Formula VI:

H
O RZ N N

| NN
HO_ N\S !l VI
3

* (o),

wherein R2, R3, R4, RB, R9 and R1l3 are

O

15 R13

as defined previously.
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A still further particular embodiment of the

invention relates to a compound of Formula VII:

O R2
R0 I!J R?
\N \s/ W VIl
LR R (ll)
R 0/n
wherein:

n, W, RlL, RZ2, R3, R4 and R1l3 are as defined

previously, and

R14 is selected from the group consisting of
a hydrido, C1-Cg alkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, alkanoyl,
cycloalkylcarbonyl, aralkanoyl, aroyl, and

heterocyclylcarbonyl group. R1l4 is preferably a
hydrido group, in which case a compound of formula VII
becomes a compound of formula I, or an acyl group such

as an alkanoyl, cycloalkylcarbonyl, aralkanoyl, aroyl,

and heterocyclylcarbonyl group.

A contemplated compound contains an
asymmetric carbon atom at the alpha-position so that
enantiomeric, d and 1 or R and S, forms of each
compound exist. A particularly preferred
stereoconfiguration for a contemplated enantiomeric

compound is shown generically below i1n Formulas IA and

VIIA, wherein R3 is hydrido and not depicted, and W, n,

the depicted R groups are as defined before.

PCT/US98/04299
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0 R?
HO RMO\ lL\ ~ R
\\N W N 3 S W
S
4 R TH |
R13 R O/n
1A VIIA

In the above formulas, the dashed line represents a
bond that extends beneath the plane of the page,

5 whereas the so0lid wedge-shaped line represents a bond
that extends above the plane of the page, as 1s usual
in stereochemical depictions.

As utilized herein, the term "alkyl", alone
or in combination, means a straight-chain or branched-

10 chain alkyl radical containing from 1 to about 12,
preferably from 1 to about 10, carbon atoms. Examples
of such radicals include methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, iso-amyl, hexyl, octyl and the like. The term

15 "alkenyl", alone or in combination, means a straight-
chain or branched-chain hydrocarbon radial having one
or more double bonds and containing from 2 to about 12
carbon atoms preferably from 2 to about 10 carbon
atoms. Examples of suitable alkenyl radicals 1include

20 ethenyl (vinyl), 2-propenyl, 3-propenyl, 1,4-
pentadienyl, 1,4-butadienyl, 1l-butenyl, 2-butenyl, 3-
butenyl, decenyl and the like. The term "alkynyl",
alone or in combination, means a straight-chain
hydrocarbon radical having one or more triple bonds and

25 containing from 2 to about 12 carbon atoms preferably

from 2 to about 10 carbon atoms. Examples of alkynyl
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radicals include ethynyl, 2-propynyl, 3-propynyl,
decynyl, 1l-butynyl, 2-butynyl, 3-butynyl, and the like.

The term “"carbonyl'", alone or in combination,
means a -C(=0)- group wherein the remaining two bonds
(valences) can be independently substituted. The term
"thiol" or "sulfhydryl", alone or in combination, means
a -SH group. The term "thio" or "thia", alone or in
combination, means a thiaether group; 1.e., an ether
group wherein the ether oxygen 1is replaced by a sulfur
atom.

The term "amino'", alone or in combination,

means an amine or -NH? group whereas the term mono-

substituted amino, alone or in combination, means a
substituted amine -N(H) (substituent) group wherein one
hydrogen atom is replaced with a substituent, and

disubstituted amine means a -N(substituent)s wherein

two hydrogen atoms of the amino group are replaced with
independently selected substituent groups. Amines,
amino groups and amides are classes that can be
designated as primary (I°), secondary (II°) or tertiary
(III°) or unsubstituted, mono-substituted or di-

substituted depending on the degree of substitution of

the amino nitrogen. Quaternary amine (IV°) means a

nitrogen with four substituents (-N*(substituent)g)

that is positively charged and accompanied by a counter

ion or N-oxide means one substituent i1s oxygen and the

group is represented as (-N*(substituent)3-0"), 1i.e.,

the charges are internally compensated.

The term "cyano", alone or in combination,

means a -C-triple bond-N (-CN) group. The term
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"azido", alone or in combination, means a -N-double
bond-N-double bond-N (-N=N=N) group.

The term "hydroxyl", alone or in combination,
means a -OH group. The term "nitro", alone or in

combination, means a -NO2 group.

The term "azo", alone or in combination,
means a -N=N- group wherein the bonds at the terminal
positions are independently substituted. The term
"hydrazino", alone or in combination, means a -NH-NH-
group wherein the remaining two bonds (valences) are
independently substituted. The hydrogen atoms of the
hydrazino group can be replaced, independently, with
substituents and the nitrogen atoms can form acid
addition salts or be quaternized.

The term "sulfonyl", alone or in combination,

means a -S(=0)>2- group wherein the remaining two bonds

(valences) can be independently substituted. The term

"sul foxido", alone or in combination, means a -S(=0)1-

group wherein the remaining two bonds (valences) can be
independently substituted. The term "sulfonylamigde",

alone or in combination, means a -S(=0)2-N= group

wherein the remaining three bonds (valences) can be
independently substituted. The term "sulfinamido",

alone or in combination, means a -S{(=0)]1N= group

wherein the remaining three bonds (valences) can be
independently substituted. The term "sulfenamide",
alone or in combination, means a -S-N= group wherein
the remaining three bonds (valences) can be
independently substituted.

The term "alkoxy", alone or in combination,

means an alkyl ether radical wherein the term alkyl 1is

PCT/US98/04299
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as defined above. Examples of suitable alkyl ether
radicals include methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, tert-
butoxy and the like. The term "cycloalkyl", alone or
in combination, means an alkyl radical which contains
from about 3 to about 8 carbon atoms and 1s cyclic.
The term “"cycloalkylalkyl" means an alkyl radical as
defined above which is substituted by a cycloalkyl
radical containing from about 3 to about 8, preferably
from about 3 to about 6, carbon atoms. Examples of
such cycloalkyl radicals 1include cyclopropyl,
cyclobutyl, cyclopentyl, cyciohexyl and the like.

The term "aryl", alone or 1n combination,
means a phenyl, indenyl or naphthyl radical that
optionally carries one or more substituents selected
from alkyl, alkoxy, halogen, hydroxy, amino, nitro and
the like, such as phenyl, p-tolyl, 4-methoxyphenyl, 4-
(tert-butoxy)phenyl, 4-fluorophenyl, 4-chlorophenyl, 4-
hydroxyphenyl, l-naphthyl, 2-naphthyl, and the like.
The term "aralkyl", alone or in combination, means an
alkyl radical as defined above in which one hydrogen
atom is replaced by an aryl radical as defined above,
such as benzyl, 2-phenylethyl and the like. The term
"aralkoxycarbonyl", alone or in combination, means a
radical of the formula -C(0O)-0O-aralkyl in which the
term "aralkyl" has the significance given above. An
example of an aralkoxycarbonyl radical 1s
benzyloxycarbonyl. The term "aryloxy" means a radical
of the formula aryl-0O- in which the term aryl has the

significance given above. The term "aromatic ring" 1n

combinations such as substituted-aromatic ring
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sul fonamide, substituted-aromatic ring sulfinamide or
substituted-aromatic ring sulfenamide means aryl or
heteroaryl as defined above.

The terms “alkanoyl" or "alkylcarbonyl",
alone or in combination, means an acyl radical derived
from an alkylcarboxylic acid, examples of which include
acetyl, propionyl, butyryl, valeryl, 4-methylvaleryl,
and the like. The term "cycloalkylcarbonyl" means an
acyl group derived from a monocyclic or bridged
cycloalkylcarboxylic acid such as cyclopropanecarbonyl,
cyclohexanecarbonyl, adamantanecarbonyl, and the like,
or from a benz-fused monocyclic cycloalkylcarboxylic
acid which is optionally substituted by, for example,
alkanoylamino, such as 1,2,3,4-tetrahydro-2-naphthoyi,
2-acetamido-1,2,3,4-tetrahydro-2-naphthoyl. The terms
"aralkanoyl” or "aralkylcarbonyl" mean an acyl radical
derived from an aryl-substituted alkylcarboxylic acid
such as phenylacetyl, 3-phenylpropionyl
(hydrocinnamoyl), 4-phenylbutyryl, (2-naphthyl)acetyl,
4 -chlorohydrocinnamoyl, 4-aminohydrocinnamoyl, 4-
methoxyhydrocinnamoyl and the like.

The terms "aroyl" or "arylcarbonyl" means an
acyl radical derived from an aromatic carboxylic acid.
Examples of such radicals include aromatic carboxylic
acids, an optionally substituted benzoic or naphthoic
acid such as benzoyl, 4-chlorobenzoyl, 4-
carboxybenzoyl, 4- (benzyloxycarbonyl)benzoyl, 1-
naphthoyl, 2-naphthoyl, 6-carboxy-2 naphthoyl, 6-
(benzyloxycarbonyl) -2-naphthoyl, 3-benzyloxy-2-
naphthoyl, 3-hydroxy-2-naphthoyl, 3-
(benzyloxyformamido) -2-naphthoyl, and the like.
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The heterocyclyl (heterocyclo) or
heterocycloalkyl portion of a heterocyclylcarbonyl,
heterocyclyloxycarbonyl, heterocyclylalkoxycarbonyl, or
heterocyclyalkyl group or the like is a saturated or
partially unsaturated monocyclic, bicyclic or tricyclic
heterocycle that contains one or more hetero atoms
selected from nitrogen, oxygen and sulphur, which is
optionally substituted on one or more carbon atoms by a
halogen, alkyl, alkoxy, oxo group , and the 1like,
and/or on a secondary nitrogen atom (i.e., -NH-) by an
alkyl, aralkoxycarbonyl, alkanoyl, aryl or arylalkyl or
on a tertiary nitrogen atom (i.e. =N-) by oxido and
which is attached via a carbon atom. The tertiary
nitrogen atom with three substituents can also form a
N-oxide (=N(O)-) group. The heterocaryl portion of a
heteroaroyl, heterocaryloxycarbonyl, or a heterocaralkoxy
carbonyl group or the like 1s an aromatic monocyclic,
bicyclic, or tricyclic heterocycle that contains the
hetero atoms and i1s optionally substituted as defined
above with respect to the definition of heterocyclyl.
Examples of such heterocyclyl and heterocaryl groups are
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiamorpholinyl, pyrrolyl, imidazolyl (e.g., imidazol
4-yl, l-benzyloxycarbonyl-imidazol-4-yl, pyrazolyl,
pyridyl, pyrazinyl, pyrimidinyl, furyl,
tetrahydrofuryl, thienyl, triazolyl, oxazolyl,
oxadiazoyl, thiazolyl, thiadiazoyl, indolyl (e.g., 2-
indolvyl, quinolinyl, (e.g., 2-quinolinyl, 3-quinolinyil,
1-oxido-2-quinolinyl), isoquinolinyl (e.g., 1-
isoquinolinyl, 3-1soquinolinyl), tetrahydroquinolinyl

(e.g., 1,2,3,4-tetrahydro-2-gquinolvyl),
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1,2,3,4-tetrahydroisoquinolinyl (e.g., 1,2,3,4-
tetrahydro-l-oxo-isoquinolinyl), quinoxalinyl, §5-
carbolinyl, 2-benzofurancarbonyl, benzothiophenyl, 1-
,2-,4~ or S5-benzimidazolyl, and the like.

The term "cycloalkylalkoxycarbonyl" means an
acyl group derived from a cycloalkylalkoxycarboxylic
acid of the formula cycloalkylalkyl-O-COOH wherein
cycloalkylalkyl has the significance given above. The
term "aryloxyalkanoyl" means an acyl radical of the
formula aryl-O-alkanoyl wherein aryl and alkanoyl have
the significance given above. The term
"heterocyclyloxycarbonyl" means an acyl group derived
from heterocyclyl-O-COOH wherein heterocyclyl 1s as
defined above. The term "heterocyclylalkanoyl" 1s an
acyl radical derived from a heterocyclyl-substituted
alkane carboxylic acid wherein heterocyclyl has the
significance given above. The term
"heterocyclylalkoxycarbonyl" means an acyl radical
derived from a heterocyclyl-substituted alkane-0O-COOH
wherein heterocyclyl has the significance given above.
The term "heteroaryloxycarbonyl" means an acyl radical
derived from a carboxylic acid represented by
heteroaryl-O0-COOH wherein heteroaryl has the
significance given above.

The term "aminocarbonyl" alone or in
combination, means an amino-substituted carbonyl
(carbamoyl) group derived from an amino-substituted
carboxylic acid wherein the amino group can be a
primary, secondary or tertiary amino group containing
substituents selected from hydrogen, and alkyl, aryl,

aralkyl, cycloalkyl, cycloalkylalkyl radicals and the
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like. The term "aminoalkanoyl" means an acyl group
derived from an amino-substituted alkanecarboxylic acid
wherein the amino group can be a primary, secondary or
tertiary amino group containing substituents
independently selected from hydrogen, alkyl, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl radicals and the
like.

The term "halogen" means fluorine, chlorine,
bromine or iodine. The term "haloalkyl" means an alkyl
radical having the significance as defined above
wherein one or more hydrogens are replaced with a
halogen. Examples of such haloalkyl radicals include
chloromethyl, 1l-bromoethyl, fluoromethyl,
difluoromethyl, trifluoromethyl, 1,1,1-trifluoroethyl
and the 1like. The term perfluoroalkyl means an alkyl
group wherein each hydrogen has been replaced by a
fluorine atom. Examples of such perfluoroalkyl groups,
in addition to trifluoromethyl above, are

perfluorobutyl, perfluoroisopropyl, perfluorododecyl

and perfluorodecyl.

e iption C© he Preferred Embodimen

In accordance with the present invention, it
has been discovered that certain novel substituted-
aromatic sulfonamide hydroxamic acid compounds are
effective for inhibition of matrix metalloproteases
("MMPs") believed to be associated with uncontrolled or
otherwise pathological breakdown of connective tissue.
In particular, it has been found that these
substituted-aromatic ring sulfonamide hydroxamic acid,

substituted-aromatic ring sulfinamide hydroxamic acid
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or substituted-aromatic ring sulfenamide hydroxamic
acid compounds are effective for inhibition of
collagenase Type III (MMP-13), which is believed to be
particularly destructive to tissue if present or

> generated in abnormal quantities or concentrations.
Moreover, 1t has been discovered that many of these
novel sulfur-nitrogen bonded compounds are selective in
the inhibition of MMP-13 and/cr other MMPs associated
with diseased conditions without excessive inhibition

10 of those collagenases essential to normal bodily
function such as tissue turnover and repair or other
zinc proteases. More particularly, it has been found
that many of the substituted-aryl- or substituted-
heterocaryl-sulfonamide hydroxamic acids of the

15 invention are selective for MMP-13 with limited or

minimal effect on MMP-1.

Set forth in Table 1 to Table 8 inclusive and

in Example 1 to Example 15 inclusive are several series

20 of preferred classes of compounds.
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Table 2
(continued)
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