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ARYLSULFONYL HYDROXAMIC ACID DERIVATIVES
Background of the invention

The present invention relates to aryisulfonyl hydroxamic acid derivatives which
are inhibitors of matrix metalloproteinases or the production of tumor necrosis factor
thereinafter also referred to as TNF) and as such are useful in the treatment of a
condition selected from the group consisting of arthritis, cancer, tissue ulceration,
restenosis, periodontal disease, epidermolysis bullosa, scleritis and. other diseases
characterized by matrix metalloproteinase activity, as well as AIDS, sepsis, septic shock
and other diseases involving the production of TNF.

This invention also relates to a method of using such compounds in the
treatment of the above diseases in mammals, especially humans, and to the
pharmaceutical compositions useful therefor.

There are a number of enzymes which effect the breakdown of structurai
protélns and which are structurally related metalloproteases. Matnx—degradmg
metalloproteinases, such as gelatinase, stro\me!ysin and collagenase, are involved in
tissue matrix degradation (e.g. collagen collapse) and have been implicated in many
pathological conditions involving abnormal connective tissue and basement membrane
matrix metabolism, such as arthritis (e.g. osteoarthritis and rheumatoid arthritis), tissue
ulceration (e.g. corneal, epidermal and gastric ulceration), abnormal wound healing,
pericdontal disease, bone disease (e.g. Paget's disease and osteoporosis), tumor
metastasis or invasion, as well as HiV-infection (J. Leuk. Biol., 52 (2): 244-248, 1992).

Tumor necrosis factor is recognized to be involved in many infectious and auto-
immune diseases (W. Friers, FEBS Letters, 1991, 285, 199). Furthermore, it has been
shown that TNF is the prime mediator of the inflammatory response seen in sepsis and
septic shock (C.E. Spooner et al., Clinical Immunology and Immunopathology, 1992,
62 S11).
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Summary of the Invention
The present invention relates to a compound of the formula
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or the pharmaceutically acceptable salt thereof, wherein the broken line represents an
optionaf double bond;

X is carbon, oxygen or sulfur;

Y is carbon, oxygen, sulfur, sulfoxide, sulfone or nitrogen;

RY, R* R’ R*R®, R®, R, R® and R® are selected from the group consisting of
hydrogen, (C,-C;)alkyl optionally substituted by (C,-Cg)alkylamino, (C,-CJalkylthio, (C,-
Cglalkoxy, triflucromethyl, (C,C,oaryl, (CsCyheteroaryl, (Cy-C,arylamino, (Cg-
Coarylthio, (C,-C,laryloxy, (Cs-Cylheteroarylamino, (C.,-Cheteroarylthio, (Cs-
C,y)heteroaryloxy, (C4-C )aryl(C4-C plaryl, (C,-Cglcycloakkyl, hydroxy(C,-Cglalkyl, (C,-
Cg)alkyl(hydroxymethylene), piperazinyl (C¢-C,,)aryl(C,-C,alkoxy, (C4-C,)heteroaryl(C,-
C,lalkoxy, (C,-Cglacylamino, {C,-C¢lacylthio, (C,-C lacyloxy, (C,-C,lalkytsulfinyl, (Cs-
C,parylsulfinyl, (C,-Cylalkylsulfonyl, (C,-C,garylsulfonyl, amino, (C,-C,)alkylamino or
((C,-Cg)alkylamino),; (C,-Cgalkenyl, (C-C,)arvl(C,-Coalkenyl, (C,-Ciheteroaryl(C,-
Cglalkenyl, {C,-Cglalkynyl, (C,-C,)arvl{C,-Cglalkynyl, (Cs-Cglheteroaryl{C,-C,lalkynyl,
{C,-Cyalkylamino, (C,-Cyalkylthio, (C,-Cyalkoxy, tifluoromethyl, (C,-Cgalkyl
(difluoromethylene), (C,-C,)alkyl(difluoromethylene)(C,-C,)alkyl, (Cs-Ciolaryl, (Ce
Colheteroaryl, (C,-Cylarylamino, (C,-Carylthio, (Cg-C,paryloxy, (Cs-
C,)heteroarylamino, (C4-Cj)heteroarylthio, (C,-Cjlheteroaryloxy, (C;-Cy)eycloalkyl, (C,-
Celalkyl(hydroxymethylene), piperidyl, (C,-Cjalkylpiperidyl, (01-Cs)acylamino, (C,-
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C,)acyithio, (C,-Cg)acyloxy, R™(C,-C,)alkyl wherein R" is (C,-C,)acylpiperazino, (C,-
Co)arylpiperazino, (Cs-Cg)heteroarylpiperazino, (C,-C,lalkylpiperazino, (C,-C, )ary(C,-
Cs)alkylpiperazino,(CS-CQ)heteroaryl(C,-Ce)alkylpiperazino. morpholino, thiomorpholino,
piperidino, pyrrolidino, piperidyl, (C,~Cy)alkylpiperidyl, (Cs-C,o)arylpiperidyl, (Cs
Cy)heteroarylpiperidyl,(C,-C,)alkylpiperidyl(C,-C,)alkyl, (C,-C,o)arylpiperidyl(C,-C,)alkyl,
(C,-C,)heteroarylpiperidyl(C,-Cjlalkyl or {C,-C,)acylpiperidyl;

or a group of the formula

Y i

wherein n is 0 to 6;

Z is hydroxy, (C,Cgalkoxy or NR“R'™ wherein R“ and R™ are each
independently selected from the group consisting of hydrogen, (C,-C,)alkyl optionally
substitutéd by (C,-CgJalkylpiperidyl, (C,-C, )arylpiperidyl, (C,-C,)heteroarylpiperidyl, (C,-
C.oaryl, (Cs-Cg)heteroaryl, (Co-C,p)aryl(C,-C,glaryl or (C,-Cgcycloalkyl; piperidyi,' (C,-
Celalkylpiperidyl, (C,-C, )arylpiperidyl, (C,-Co)heteroarylpiperidyl, (C,-C,)acylpiperidyl,
(Ce-Ci)aryl,(Cs-Colheteroaryl, (Co-Co)aryl(Cs-C o)aryl, (Cy-Cecycloalkyl,R*(C,-Colalkyl,
{C,-C,)alkyl(CHR"®)(C,-C.)alkyl wherein R is hydroxy, (C,-C,)Jacyloxy, (C,-Cg)alkoxy,
piperazino, (C,-C,)acylamino, (C,-Cgalkylthio, (C4-C,g)arylthio, (C,-Cg)alkylsulfinyl, (C,-
C,pjarylsulfinyl, (C,-Cyalkylsulfoxyl, (C4-C,claryisulfoxyl, amino, (C,-Cg)alkylamino, ((C,-
Cqlalkyl), amino, (C,-Cjlacylpiperazino, (C,-C;lalkylpiperazino, (CsC,garyl(C,-
Ce)alkylpiperazino,(C,-Coiheteroaryl(C,-Cq)alkylpiperazino, morpholino, thiomorpholino,
piperidino or pyrrolidino; R™(C,-Cgalkyl, (C,-C,Jalkyl(CHR™){C,-C¢)alky! wherein R is
piperidyl or (C,-Cg)alkylpiperidyl; and CH(R™)COR! wherein R" is hydrogen, (C,-
Coalkyl, (Cy-C,aryl(C,-Cglalkyl, (Cs-Cgheteroaryl(C,-Cglalkyl, (C,-Cglalkyithio(C,-
Cslalkyl, (C,4-Cplarylthio{C,-Clalkyl, (C,-Cy)alkylsulfinyl(C,-Cjlalkyl, (Cg-
C,o)arylsulfinyl(C,-C.lalkyl, (C,-C;lalkylsulfonyl(C,-Cglalkyl, (Cg-C,plarylsulfonyl(C,-
Cgalkyl, hydroxy(C,-Cjalkyl, amino(C,-Cgalkyl, (C,-C)alkylamino(C,-Calkyl, ({C,-
Cylalkylamino),{(C,-C,)alkyl, R®R*NCO(C,-C,)alkyl or R°OCO(C,-Cy)alkyl wherein R%
and R* are each independehtly selected from the group consisting of hydrogen, (C,-



5

10

15

20

25

30

4-

Colalkyl, (C4-Cp)aryl(C,-Cglalkyl and (C,-Colheteroaryl(C,-Cylalkyl; and R™ is R20 or
R¥R®N wherein R* and R® are each independently selected from the group consisting
of hydrogen, (C,-C,alkyl, (C4-C )aryl(C,-Cglalkyl and (C,-Cjheteroaryl(C,-Cylalkyl;

or R and R™, or R® and R*, or R? and R® may be taken together to form an
azetidinyl, pyrrolidinyl, morpholinyl, thiomorpholinyl, indolinyl, isoindofinyl,
tetrahydroquinolinyt, tetrahydroisoquinolinyl, (C,-C,)acylpiperazinyl, (C,-
Celalkylpiperazinyl, (C,-C,Jarylpiperazinyl, (C,-C,)heteroarylpiperaziny! or a bridged
diazabicycloalkyl ring selected from the group consisting of

l

(CHa (o> <N
2
‘CH& (CHa), )
N

L

N\\‘(CHE) N\\‘TCHa)r
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pisQor1; and
Q is hydrogen, (C,-Cj)alkyl, (C,-C¢)acyl! or (C,-C,)alkoxy carbamoyl;

~
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or R' and R?, or R® and R*, or R® and R® may be taken together to form a
carbonyl; _

or R'and R? or R® and R, or R® and R®, or R” and R® may be taken together
to form a {(C,-C¢)cycloalkyl, oxacyclohexyl, thiocyclohexyl, indanyl or tétralinyt ring or
a group of the formula

I

Sheet Has Been Replaced

T \\II il

wherein R* is hydrogen, (C,-Cyacyl, (C,-Cgalkyl, (Co-C,Jaryl(C,-Coalkyl, (C.-
Co)heteroaryl(C,-C,)alkyl or (C,-C,)alkylsulfonyl; and

Ar is (CsCyaryl or (Cs-Coheteroaryl, each of which may be optionally
substituted by (C,-Ccalkyl, one or two (C,-Cpalkoxy, (C¢C,)aryloxy or (Cs
C,)heteroaryloxy;

with the proviso that R is other than hydrogen only when R® is other than
hydrogen;

with the proviso that R® is other than hydrogen only when R® is other than

Tmpe

R24

hydrogen;

with the proviso that R® is other than hydrogen only when R* is other than
hydrogen;

with the proviso that R? is other than hydrogen only when R' is other than
hydrogen;

with the provisio that when R', R? and R® are a substituent comprising a
heteroatom, the heteroatom cannot be directly bonded to the 2- or 6- positions;

with the proviso that when X is nitrogen, R* is not present;

with the proviso that when X is oxygen, sulfur, sulfoxide, sulfone or nitrogen and
when one or more of the group consisting of R', R%, R® and R® is a substituent
comprising a heteroatom, the heteroatom cannot be directly bonded to the 4- or 6-
positions;

with the proviso that when Y is oxygen, sulfur, sulfoxide, sulfone or nitrogen and
when one or more of the group consisting of R?, R, R” and R®, are independently a
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substituent comprising a'heteroatom, the heteroatom cannot be directly bonded to the
3- or 5- positions; '

with the proviso that when X is oxygen, suifur, sulfoxide or sulfone, R® and R*
are not present;

with the proviso that when Y is nitrogen, R* is not present;

with the proviso that when Y is oxygen, sulfur, sulfoxide or sulfone, R® and R®
are not present;

with the proviso that when Y is nitrogen, R® is not present;

with the proviso that when the broken line represents a double bond, R* and R®
are not present;

with the proviso that when R® and R® are independently a substituent comprising
a heteroatom when the broken line represents a double bond, the heteroatom cannot
be directly bonded to positions X and Y;

with the proviso that when either the X or Y position is oxygen, sulfur, sulfoxide,
sulfone or nitrogen, the other of X or Y is carbon;

with the proviso that when X or Y is defined by a heteroatom, the broken line
does not represent a double bond;

with the proviso that when R, R? R®, R‘, R® R® R’, R® and R® are all defined
by hydrogen or (C,-Cglalkyl, either X or Y is oxygen, sulfur, sﬁlfoxide, sulfone or
nitrogen, or the broken line represents a double bond. '

The term "atkyl", as used herein, uniess otherwise indicated, includes saturated
monovalent hydrocarbon radicals havmg straight, branched or cyclic moieties or
combinations thereof.

The term “alkoxy", as used herein, includes O-alkyl groups wherein “alkyl" is
defined above.

The term "aryl", as used herein, uniess otherwise indicated, includes an organic
radical derived from an aromatic hydrocarbon by removal of one hydrogen, such as
phenyl or naphthyl, optionally substituted by 1 to 3 substituents independently selected
from the group consisting of fluoro, chloro, cyano, nitro, trifluoromethyl, (C,-CgJalkoxy,
(Ce-Cyo)aryloxy, trifluoromethoxy, diflucromethoxy and (C;-Cgalkyl.

The term "heteroaryl”, as used herein, unless otherwise indicated, includes an
organic radical derived from an aromatic heterocyclic compound by removal of one
hydrogen, such as pyridyl, furyl, pyroyl, thienyl, isothiazolyl, imidazolyl, benzimidazolyl,
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tetrazolyl, pyrazinyl, pyrimidyl, quinolyl, isoquinolyl, benzofuryl, isobenzofuryl,
benzothienyl, pyrazolyl, indolyl, isoindolyl, purinyl, carbazolyl, isoxazolyl, thiazolyt,
oxazolyl, benzthiazolyl or benzoxazolyl, optionally substituted by 1 to 2 substituents
independently selected from the group consisting of fluoro, chloro, trifluoromethyl, (C,-
Celalkoxy, (C.-C, )aryloxy, trifluoromethoxy, difluoromethoxy and (C,-C,)alkyl.

The term "acyl", as used herein, unless otherwise indicated, includes a radical
of the general formula RCO wherein R is alkyl, alkoxy, aryl, arylalky! or arylalkyloxy and
the terms "alkyl" or "aryl" are as defined above.

The term "acyloxy", as used herein, includes O-acyl groups wherein “acyl" is
defined above. '

The positions on the ring of formula I, as used herein, are defined as follows:

4

T e——

5% N3 his e
) Tl

The preferred conformation of the compound of formula | includes hydroxamic
acid axially disposed in the 2-position.

The compound of formula | may have chiral centers and therefore exist in
different enantiomeric forms. This invention relates to all optical isomers and
stereoisomers of the compounds of formula | and mixtures thereof.

Preferred compounds of formula 1 include those wherein Y is oxygen, nitrogen
or sulfur.

Other preferred compounds of formula I include those wherein Ar is 4-
methoxyphenyl or 4-phenoxyphenyl. .

Other preferred compounds of formula | include those wherein R®is (C4-C,)aryl,
{C4s-Cy)heteroaryl, (C-C,)aryl(C,-Cglalkyl, (Cs-Cg)heteroaryl(C,-Cglalkyl, carboxylicacid
or carboxylic acid (C,-Cg)alkyl.

Other preferred compounds of formula | include those wherein R? R?, R®, R”

and R® are hydrogen.
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More preferred compounds of formula 1 include those wherein Y is carbon, Ar

-8-

. is 4-methoxyphenyl or 4-phenoxyphenyl and R® is (C,-C,arylalkynyl or (C,-

C,)heteroarylalkynyl.

More preferred compounds of formula I include those wherein Y is oxygen, Ar
is 4-methoxyphenyl or 4-phenoxyphenyl and R® is (CyC,arylalkynyl or (C,
C,g)heteroarylalkynyl.

More preferred compounds of formula | include those wherein Y is carbon, Ar
is 4-methoxyphenyl or 4-phenoxyphenyl and R® is carboxylic acid or carboxylic acid (C,-
Celalkyl.

More preferred compounds of formula I include those wherein Y is oxygen, Ar
is 4-methoxypheny! or 4-phenoxyphenyl and R® is carboxylic acid or carboxylic acid (C,-
C,)alkyl.

More preferred compounds of formula [ include those wherein Y is carbon, Ar
is 4-methoxyphenyl or 4-phenoxyphenyl and R® is (C,-C,)arylalkyny! or (C,-
C)heteroarylalkynyl.

More preferred compounds of formula 1 include those wherein Y is oxygen, Ar
is 4-methoxypheny!l or 4-phenoxyphenyl and R® is (C,C,Jarylalkynyl or (C.-
C,jheteroarylalkynyl.

More preferred compounds of formula I include those wherein Y is carbon, Ar
is 4-methoxyphenyl or 4-phenoxyphenyl and R® is carboxylic acid or carboxylic acid (C,-
Cyalkyl. '

More preferred compounds of formula 1 include those wherein Y is oxygen, Ar
is 4-methoxypheny! or 4-phenoxyphenyt and R® is carboxylic acid or carboxylic acid (C,-
Coalkyl.

More preferred compounds of formula I include those wherein Y is carbon, Ar
is 4-methoxyphenyl or 4-phenoxyphenyl and R® is (C,-C,)alkylamino.

More preferred compounds of formula I include those wherein Y is oxygen, Ar
is 4-methoxyphenyl or 4-phenoxyphenyl and R® is (C,-C,)alkylamino.

Specific preferred compounds of formula | include the following:

(2R,3S)-N-hydroxy-3-ethynyl-1-(4-methoxybenzenesulfonyl)-piperidine-2-
carboxamide;

(2R,3S)-N-hydroxy-I-(4-methoxybenzenesulfonyl)}-3-(5-methoxythiophene-2-yi-
ethynyl)-piperidine-2-carboxamide; ’
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(2R, 3R)-N-hydroxy-1-(4-metho xybenzenesulfonyl)-3-(3-pyridin-3-yl-prop-2-ynyl)-
piperidine-2-carboxamide;

(28,3R)-N-hydroxy-4-(4-methoxybenzene sulfonyl)-2-pyridine-3-yl-morpholine-3-
carboxamide;

~ {28,3R)-N-hydroxy-2-hydroxycarbamoyl-4-(4-methoxybenzenesulfonyl)-
morpholine-3-carboxamide;

(2R,3R)-N-hydroxy-2-hydroxycarbamoyi-4-(4-methoxybenzenesulfonyl)-
piperidine-2-carboxamide;

(2R,3S)-N-hydroxy-1 -(4-methoxybenze nesulfonyl) -3-(4-phenylpyridine-2-yl)-
piperidine-2-carboxamide;

(28,3R)-N-hydroxy-1-(4-methoxybenze nesulfonyi)-2-(4-phenylpyridine-2-yl)-
morpholine-2-carboxamide; .

(2R,38)-N-hydroxy-3-(2-chloro-4-fluorophenyl)-1-(4-methoxybenzenesulfonyl)-
piperidine-2-carboxamide; and

(28,3R)-N-hydroxy-2-(2-chloro-4-flucrophenyl)-1-(4-methoxybenzenesulfonyl)-
piperidine-3-carboxamide.

The present invention also relates to a pharmaceutical composition for () the
treatment of a condition selected from the group consisting of arthritis, cancer, tissue
ulceration, restenosis, periodontal disease, epidermolysis bullosa, scleritis and other
diseases characterized by matrix metalloproteinase activity, AIDS, sepsis, septic shock
and other diseases involving the production of tumor necrosis factor (TNF) or (b) the
inhibition of matrix metalloproteinases or the production of tumor necrosis factor (TNF)
in a mammal, including a human, comprising an amount of a compound of ¢laim 1 or
a pharmaceutically acceptable salt thereof, effective in such treatments or inhibition and

a pharmaceutically acceptable carrier.

The present invention also relates to a method for the inhibition of (a) matrix
metalloproteinases or (b) the production of tumor necrosis factor (TNF) in a mammal,
including a human, comprising administering to said mammal an effective amount of
a compound of claim 1 or a pharmaceutically acceptable salt thereof.

The present invention also relates to a method for treating a condition selected
from the group consisting of arthritis, cancer, tissue ulceration, restenosis, periodontal
disease, epidermolysis bullosa, scleritis and other diseases characterized by matrix
metalloproteinase activity, AIDS, sepsis, septic shack and other diseases involving the
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production of tumor necrosis factor (TNF) in a mammal, including a human, comprising
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administering to said mammal an amount of a compound of claim 1 or a
pharmaceutically acceptable salt thereof, effective in treating such a condition.
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Detailed Description of the Invention

The following reaction Schemes iliustrate the preparation of the compounds of
the present invention. Unless otherwise indicated R', R, R>, R, R®, R®, R”. R®, R®, n
and Ar in the reaction Schemes and the discussion that follow are defined as above.

Preparation 1
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Preparation 2
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Scheme 1
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Scheme 3
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Scheme 4 continued
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Scheme 5
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Scheme 5 continued
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In reaction 1 of Preparation 1, the compound of formula XVl is converted to the
corresponding hydroxy ester compound of formula VI by first reacting XVI with an
arylsulfonylhalide in the presence of triethylamine and an aprotic solvent, such as
methylene chioride, tetrahydrofuran or dioxane, at a temperature between about 20°C
to about 30°C, preferably at room temperature. The compound so formed is further
reacted with a compound of the formula i o

R? co 2 R25 This Sheet Has Been Replaced
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wherein R% is carbobenzyloxy, (C,-Cg)alkyl, benzyl, allyl or tert-butyl, in the presence
of sodium hexamethyldisilazane and a tetrahydrofuran-dimethylformamide solvent
mixture at a temperature between about -20°C to about 20°C, preferably about 0°C,
to form the hydroxy ester compound of formuia V1.

. In reaction 1 of Preparation 2, the amine compound of formula XVIil, wherein
R*is as defined above, is converted to the corresponding arylsulfony! amine compound
of formula XVII by (1) reacting XVIlt with an aryisulfonythalide in the presence of
triethylamine and an aprotic solvent, such as methylene chloride, tetrahydrofuran, or
dioxane, at a temperature between about 20°C to about 30°C, preferably at room
temperature, (2) reacting the compound so formed with a compound of the formula

/g'/\Br

in -the presence of sodium hexamethyldisilazane and a tetrahydrofuran-
dimethylformamide solvent mixture at a temperature between about -20°C to about
20°C, preferably about 0°C, and (3) further reacting the compound so formed with
ozone in a methylene chioride-methanol solution at a temperature between about-80°C
to about -70°C, preferably about -78°C. The unstable ozonide compound so formed
is then reacted with triphenylphosphine to form the arylsulfonyl amine compound
formula XVil. In Reaction 2 of Preparation 2, the arylsuifonyl amine compound of
formula XVl is converted to the corresponding hydroxy ester compound of formula Vi
by reacting XVil with a compound of the formula
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wherein W is lithium, magnesium, copper or chromium.

in reaction 1 of Scheme 1, the compound of formula VI, wherein the R®
protecting group is carbobenzyloxy, (C,-C,) alkyl, benzyl, allyl or tert-butyl, is converted
to the corresponding morpholinone compound of formula V by lactonization and
subsequent Claisen rearrangement of the compound of formula V1. The reaction is
facilitated by the removal of the R% protecting group from the compound of formula VI
is carried out under conditions appropriate for that particular R* protecting group in
use. Such conditions include: (a) treatment with hydrogen and a hydrogenation
catalyst, such as 10% palladium on carbon, where R* is carbobenzyloxy, (b)
saponification where R® is lower alkyl, {c} hydrogenolysis where R® is benzyl, (d)
treatment with a strong acid, such as trifluoroacetic acid or hydrochloric acid, where R*
is tert-butyl, or (e) treatment with tributyltinhydride and acetic acid in the presence of
catalytic bis(triphenylphosphine) patladium (ll) chloride where R® is allyl.

In reaction 2 of Scheme 1, the morpholinone compound of formula V is
converted to the carboxylic acid compound of formula IV by reacting V with lithium
hexamethyldisilazane in an aprotic solvent, such as tetrahydrofuran, at a temperature
between about -90°C to about -70°C, preferably about -78°C. Trimethylsilyl chloride
is then added to the reaction mixture and the solvent, tetrahydrofuran, is removed in
vacuo and replaced with toluene. The resuling reaction mixture is heated to a
temperature between about 100°C to about 120°C, preferably about 110°C, and
treated with hydrochloric acid to form the carboxylic acid compound of formula IV.

In reaction 3 of Scheme 1, the carboxylic acid compound of formula IV is
converted to the corresponding hydroxamic acid compound of formula il by treating IV
with 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide and 1-hydroxybenztriazole in a polar
solvent, such as dimethylformamide, followed by the addition of hydroxylamine to the
reaction mixture after a time period between about 15 minutes to about 1 hour,
preferably about 30 minutes. The hydroxylamine is preferably generated in situ from
a salt form, such as hydroxylamine hydrochloride, in the presence of a base, such as
N-methyimorpholine. Alternatively, a protected derivative of hydroxylamine or its salt
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form, where the hydroxyl group is protected as a tert-butyl, benzyl or allyl eth'er, may
be used in the presence of (benzotriazol-1-yloxy)tris(dimethylamino) phosphonium
hexafluorphosphate and a base, such as N-methylmorpholine. Removal of the
hydroxylamine protecting group is carried out by hydrogenolysis for a benzyl protecting
group or treatment with a strong acid, such as triflucroacetic acid, for a tert-butyl
protecting group. The allyl protecting group may be removed by treatment with
tributyltinhydride and acetic acid in the presence of catalytic bis(triphenylphosphine)
palladium (I} chioride. N,O-bis(4-methoxybenzylhydroxylamine may also be used as
the protected hydroxylamine derivative where deprotection is achieved using a mixture
of methanesulfonic acid and trifluoroacetic acid.

In reaction 4 of Scheme 1, the hydroxamic acid compound of formula I is
converted, if desired, to the corresponding piperidine compound of formula 1l by treating
1t with hydrogen and a hydrogenation catayst, such a 10% palladium on carbon.

In reaction 1 of Scheme 2, the arylsulfonylpiperazine compound of formula IX,
wherein R® is carbobenzyldxy, benzy! or carbotertbutyloxy, is converted to the
compound of formula VIl by reacting IX with a protected derivative of hydroxylamine
of the formula

R¥ONH,*HC!

wherein R¥ is tertbutyl, benzyl or allyl; in the presence of dicyclohexylcarbodiimide,

dimethylaminopyridine and an aprotic solvent, such as methylene chloride. The R*

protecting group is chosen such that it may be selectively removed in the presence of
an without loss of the R¥ protecting group, therefore, R* cannot be the same as R?.

Removal of the R* protecting group from the compound of formula IX is carried out

under conditions appropriate for that particular R*® protecting group in use. Such

conditions include; (a) treatment with a hydrogen and a hydrogenation catalyst, such

as 10% palladium on carbon, where R* is carbobenzyloxy, (b) hydrogenolysis where

R* is benzyl or (c) treatment with a strong acid, such as trifluoroacetic acid or
hydrochloric acid where R* is carbotertbutyloxy.

In reaction 2 of Scheme 2, the compound of formula VIl is converted to the
corresponding hydroxamic acid compound of formula VI, wherein R® is hydrogen or
(C,-Ce)alkyl, by reacting, if desired, VHI with an alkythalide when R® is (C,-Calkyl.
Subsequent removal of the R¥ hydroxylamine protecting group is carried out by
hydrogenolysis for a benzyl protecting group or treatment with a strong acid, such as
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trifluoroacetic acid, for a tert-butyl protecting group. The allyl protecting group may be
removed by treatment with tributyltinhydride and acetic acid in the presence of catalytic
bis(triphenylphosphine) pailadium (II} chloride.

In reaction 1 of Scheme 3, the arylsulfonylamine compound of formula XiIl,
wherein R* is as defined above, is converted to the comesponding piperizine
compound of formula X! by reacting XII with a carbodiimide and a base, such as
triethylamine. The compound of formula Xl is further reacted to give the hydroxamic
acid compound of formula X according to the procedure described above in reaction
3 of Scheme 1.

In reaction 1 of Scheme 4, removal of the R protecting group and subsequent
reductive amination of the compound of formula XX1I, wherein Y is oxygen, sulfur or
carbon, to give the corresponding imine compound of formula XXl is camied out under
conditions appropriate for that particular R protecting group in use. Such conditions
include those used above for removal of the R* protecting group in reaction 1 of
Scheme 2.

In reaction 2 of Scheme 4, the imine compound of formula XXl is converted to '
the corresponding piperidine compound of formula XX by reacting XXI with a
nucleophile of the formula R®M wherein M is lithium, magnesium halide or cerium
halide. The reaction is carried out in ether solvents, such as diethyl ether or
tetrahydrofuran, at a temperature between about -78°C to about 0°C, preferably about -
70°C.

-23-

In reaction 3 of Scheme 4, the sulfonation of the piperidine compound of formula
XX to given the corresponding aryisulfonylpiperidine compound of formuta XIXis carried
out by reacting XX with an arylsulfonylhalidé in the presence of triethylamine and an
aprotic solvent, such as metherone chloride, tetrahydrofuran or dioxane, at a

' temperature between about 20°C to about 30°C, preferably at room temperature.

In reaction 4 of Scheme 4, the arylsulfonylpiperidine compound of formula XIX
is converted to the hydroxamic acid compound of formula XIX according to the
procedure described above in reaction 3 of Scheme 1.

in reaction 1 of Scheme 5, the compound of formula XXV1, wherein the R* and
R® protecting groups are each independen_tly selected from the group consisting of
carbobenzyloxy, benzyl and carbotertbutyloxy and R* is carbobenzyloxy, (C,-Clalkyl,
benzyl, allyl or tert-butyl, is converted to the corresponding imirre compound of formula
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XXV by the removal of the R® protecting group and subsequent reductive amination
of the compound of formula XXVI. The R® protecting group is chosen such that it may
be selectively removed in the presence of and without loss of the R*' protecting group.
Removal of the R? protecting group from the compound of formula XXVI is carried out
under conditions appropriate for that particular R* protecting group in use which will
not affect the R* protecting group. Such conditions include; (a) treatment with
hydrogen and a hydrogenation catalyst, such as 10% palladium on carbon, where R*®
is carbobenzyloxy and R* is tert-butyl, {b) saponification where R® is (C,-Cg)alkyl and
R* is tert-butyl, (c) hydrogenolysis where R% is benzyl and R* is (C,-C,) alkyl or tert-
butyl, (d) treatment with a strong acid such as trifluoroacetic acid or hydrochloric acid
where R? is tert-butyl and R® is (C,-Cyalkyl, benzyl or allyl, or {e) treatment with
tributyltinhydride and acetic acid in the presence of catalytic bis(triphenylphosphine)
palladium (1l chioride where R® is allyl and R* is (C,-C,)alkyl, benzyl or tert-butyl. The
R¥ protective group may be selected such that it is removed in the same reaction step
as the R™ protecting group.

{n reaction 2 of Scheme 5, the imine compound of formuta XXV is converted to
the corresponding compound of formula XXIV by reacting XXV with a nucleophile of the
formula R*M wherein M is lithium, magnesium halide or calcium halide. The reaction
is carried out in ether solvents, such as diethyl ether or tetrahydrofuran, at a
temperature between about -78°C to about 0°C, preferably about -70°C.

In reaction 3 of Scheme 5, the sulfonation of the piperidine compound of formula
XXIV to give the corresponding arylsulfonylpiperidine compound of formula ill is carried
out according to the procedure described above in reaction 3 of Scheme 4.

In reaction 4 of Scheme 5, the arylsulfonylpiperidine compound of formula XX
is converted to the hydroxamic acid compound of formula XIV by (1) removing the R¥,
if needed, and R protecting groups from XXIlt followed by (2) reacting XXiit according
to the procedure described above in reaction 3 of Scheme 1. Removal of the R* and

* protecting groups from the compound of formula XXilt is carried out under
conditions appropriate for that particular R* and R® protecting group in use. Such
conditions include those used above for removal of the R* protecting group in reaction

1 of Scheme 1. _
Pharmaceutically acceptable salts of the acidic compounds of the invention are

salts formed with bases, namely cationic salts such as alkali and alkaline earth metal
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salts, such as sodium, lithium, potassium, calcium, magnesium, as well as ammonium
slats, such as ammonium, trimethyl-ammonium, diethylammonium, and tris-
(hydroxymethyl)-methylammonium slats.

Similarly acid addition salts, such as of mineral acids, organic carboxylic and
organic sulfonic acids e.g. hydrochloric acid, methanesulfonic acid, maleic acid, are
also possible provided a basic group, such as pyridyl, constitutes part of the structure.

The ability of the compounds of formula | or their pharmaceutically acceptable
salts {(hereinafter aiso referred to as the compounds of the present invention) to inhibit
matrix metalloproteinases or the production of tumor necrosis factor (TNF) and,
consequently, demonstrate their effectiveness for treating diseases characterized by
matrix metalloproteinase or the production of tumor necrosis factor is shown by the

following in vitro assay tests.
Biological Assay
Inhibition of Human Collagenase (M_MP-1)

Human recombinant collagenase is activated with trypsin using the following
ratio: 10 zg trypsin per 100 pg of collagenase. The trypsin and collagenase are
incubated at room temperature for 10 minutes then a five fold excess (50 wg/10 ug
trypsin) of soybean trypsin inhibitor is added.

_ 10 mM stock solutions of inhibitors are made up in dimethyt sulfoxide and then
diluted using the following Scheme:

10 mM -—> 120 pM > 12 yM ~—-> 1.2 gpM ——> 0.12 gM

Twenty-five microliters of each concentration is then added in triplicate to
appropriate wells of a 96 well microfluor plate. The final concentration of inhibitor will
be a 1:4 dilution after addition of enzyme and substrate. Positive controls (enzyme, no
inhibitor) are set up in wells D1-D6 and blanks (ho enzyme, no inhibitors) are set in
wells D7-D12.

Collagenase is diluted to 400 ng/mf and 25 p is then added to appropriate wells
of the microfluor plate. Final concentration of collagenase in the assay is 100 ng/ml.

Substrate (DNP-Pro-Cha-Gly-Cys(Me)-His-Ala-Lys(NMA)-NH,) is made asa 5
mM stock in dimethyl sulfoxide and then diluted to 20 uM in assay buffer. The assay
is initiated by the addition of 50 wt substrate per well of the microfluor plate to give a

final concentration of 10 M.

em@ m-
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Fluorescence readings (360 nM excitation, 460 nm emission) were taken at time
0 and then at 20 minute intervals. The assay is conducted at room temperature with
a typical assay time of 3 hours.

Fluorescence vs time is then plotted for both the blank and collagenase
containing samples (data from triplicate determinations is averaged). A time point that
provides a good signal (the blank} and that is on a linear part of the curve (usually
around 120 minutes) is chosen to determine IC,, values. The zero time is used as a
blank for each compound at each concentration and these values are subtracted from
the 120 minute data. Data is plotted as inhibitor concentration vs % control (inhibitor
fluorescence divided by fluorescence of collagenase alone x 100). ICy's are
determined from the concentration of inhibitor that gives a signal that is 50% of the
control. _
If ICy,'s are reported to be <0.03 yM then the inhibitors are assayed at
concentrations of 0.3 #M, 0.03 uM, 0.03 gM and 0.003 uM.

Inhibition of Gelatinase (MMP-2)

Inhibition of gelatinase activity is assayed using the Dnp-Pro-Cha-Gly-Cys(Me)-
His-Ala-Lys(NMA)-NH, substrate (10 #M) under the same conditions as inhibition of
human collagenase {MMP-1).

72kD gelatinase is activated with 1 mM APMA (p-aminopheny! mercuric acetate)
for 15 hours at 4°C and is diluted to give a final concentration in the assay of 100
mg/mi. Inhibitors are diluted as for inhibition of human collagenase (MMP-1) to give
final concentrations in the assay of 30 pM, 3 u4M, 0.3 pM and 0.03 gM. Each
concentration is done in triplicate.

Fluorescence readings (360 nm excitation, 460 emission) are taken at time zero
and then at 20 minutes intervals for 4 hours. .

IC,,'s are determined as per inhibition of human collagenase (MMP-1). IfIC,’s
are reported to be less than 0.03 pM, then the inhibitors are assayed at final
concentrations of 0.3 M, 0.03 uM, 0.003 zM and 0.003 uM.

Inhibition of Stromelysin Activity (MMP-3

Inhibition of stromelysin activity is based on a modified spectrophotometric
assay described by Weingarten and Feder (Weingarten, H. and Feder, J.,
Spectrophotometric Assay for Vertebrate Collagenase, Anal. Biochem. 147, 437-440
(1985)). Hydrolysis of the thio peptolide substrate™ [Ac-Pro-Leu-Gly-
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SCHICH,CH(CH,),JCO-Leu-Gly-OC,H,] yields a mercaptan fragment that can be
monitored in the presence of Ellman’s reagent. |

Human recombinant prostromelysin is activated with trypsin using a ratio of 1 g
of a 10 mg/ml trypsin stock per 26 pg of stromelysin. The trypsin and stromelysin are
incubated at 37°C for 15 minutes followed by 10 4l of 10 mg/mi soybean trypsin
inhibitor for 10 minutes at 37°C for 10 minutes at 37°C to quench trypsin activity.

Assays are conducted in a total volume of 250 pl of assay buffer (200 mM
sodium chloride, 50 mM MES, and 10 mM calcium chloride, pH 6.0) in 96-well microliter
plates. Activated stromelysin is diluted in assay buffer to 25 gg/ml. Ellman’s reagent
(3-Carboxy-4—nifrophenyl disulfide) is made as a 1M stock in dimethy! formamide and
diluted to 5 mM in assay buffer with 50 41 per well yielding at 1 mM final concentration.

10 mM stock solutions of inhibitors are made in dimethy! sulfoxide and diluted
serially in assay buffer such that addition of 50 gL to the appropriate wells yields final
concentrations of 3 gM, 0.3 gM, 0.003 gM, and 0.0003 pM. All conditions are
completed in triplicate.

A 300 mM dimethy! sulfoxide stock solution of the peptide substrate is diluted
to 15 mM in assay buffer and the assay is initiated by addition of 50 gl to each well to
give a final concentration of 3 mM substrate. Blanks consist of the peptide substrate
and Ellman’s reagent without the enzyme. Product formation was monitored at 405 nm
with a Molecular Devices UVmax plate reader.

ICs, values were determined in the same manner as for collagenase.

Inhibition of MMP-13

Human recombinant MMP-13 is activated with 2mM APMA (p-aminophenyl
mercuric acetate) for 1.5 hours, at 37°C and is diluted to 400 mg/ml in assay buffer (50
mM Tris, pH 7.5, 200 mM sodium chloride, 5mM calcium chloride, 20uM zinc chloride,
0.02% brij). Twenty-five microliters of diluted enzyme is added per well of a 96 well
microfluor plate. The enzyme is then diluted in a 1:4 ratio in the assay by the addition
of inhibitor and substrate to give a final concentration in the assay of 100 mg/mi.

10 mM stock solutions of inhibitors are made up in dimethyt suifoxide and then
diluted in assay buffer as per the inhibitor dilution scheme for inhibition of human
collagenase (MMP-1): Twenty-five microliters of each concentration is added in
triplicate to the microfluor plate. The final concentrations in the assay are 30 uM, 3uM,
0.3 4M, and 0.03 uM. )
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Substrate (Dnp-Pro-Cha-Gly-Cys(Me)-His-Ala-Lys(NMA)-NH,) isprepared asfor
inhibition of human collagenase (MMP-1) and 50 4l is added to each well to give a final
assay concentration of 10 yM. Fluorescence readings (360 nM excitation; 450
emission) are taken at time 0 and every 5 minutes for 1 hour.

Positive controls consist of enzyme and substrate with no inhibitor and blanks
consist of substrate only.

IC4,’s are determined as per inhibition of human collagenase (MMP-1). IfIC,’s
are reported to be less than 0.03 #M, inhibitors are then assayed at final concentrations
of 0.3 uM, 0.03 pM, 0.003 #M and 0.0003 pM.

Inhibition of TNF Production

The ability of the compounds or the pharmaceutically acceptable salts thereof
to inhibit the production of TNF and, consequently, demonstrate their effectiveness for
treating diseases involving the production of TNF is shown by the following in vitro

assay: ,
Human mononuclear cells were isolated from anti-coagulated human blood
using a one-step Ficoll-hypaque separation technique. (2) The mononuclear cells
were washed three times in Hanks balanced salt solution (HBSS) with divalent cations
and resuspended to a density of 2 x 10° /ml in HBSS containing 1% BSA. Differential
counts determined using the Abbott Cell Dyn 3500 analyzer indicated that monocytes
ranged from 17 to 24% of the total cells in these preparations.

180y of the cell suspension was aliquoted into flate bottom 96 well plates
(Costar). Additions of compounds and LPS (100ng/ml final concentration) gave a final
volume of 200ul. All conditions were performed in triplicate. After a four hour
incubation at 37°C in an humidified CO, incubator, plates were removed and
centrifuged (10 minutes at approximately 250 x g) and the ’supematants removed and
assayed for TNFa using the R&D ELISA Kit.

For administration to humans for the inhibition of matrix metalloproteinases or
the production of fumor necrosis factor (TNF), a variety of conventional routes may be
used including orally, parenterally and topically. In general, the active compound will
be administered orally or parenterally at dosages between about 0.1 and 25 mgfkg
body weight of the subject to be treated per day, preferably from about 0.3 to 5 mg/kg.
However, some variation in dosage will necessarily occur depending on the condition
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of the subject being treated. The person responsible for administration will, in any
event, determine the appropriate dose for the individual subject.

The compounds of the present invention can be administered in a wide variety
of different dosage forms, in general, the therapeutically effective compounds of this
invention are present in such dosage forms at concentration levels ranging from about
5.0% to about 70% by weight.

For oral administration, tablets containing various excipients such as
microcrystalline cellulose, sodium citrate, calcium carbonate, dicalcium phosphate and
glycine may be employed along with various disintegrants such as starch (and
preferably corn, potato or tapioca starch), alginic acid and certain complex silicates,
together with granulation binders like polyvinylpyrrolidone, sucrose, gelation and acacia.
Additionally, lubricating agents such as magnesium stearate, sodium lauryl sulfate and
taic are often very useful for tabletting purposes. Solid compositions of a similar type
may also be employed as fillers in gelatin capsules; preferred materials in this
connection also include lactose or milk sugar as well as high molecular weight
polyethylene glycols. When aqueous suspensions and/or elixirs are desired for oral
administration, the active ingredient may be combined with various sweetening or
flavoring agents, coloring matter or dyes, and, if so desired, emulsifying and/or
suspending agents as well, together with such diluents as water, ethanol, propylene

glycol, glycerin and various fike combinations thereof.

For parenteral administration (intramuscular, intraperitoneal, subcutaneous and
intravenous use) a sterile injectable solution of the active ingredient is usually prepared.
Solutions of a therapeutic compound of the present invention in either sesame or
peanut oil or in aqueous propylene glycol may be employed. The aqueous solutions
should be suitably adjusted and buffered, preferably at a pH of greater than 8, if
necessary and the liquid diluent first rendered isotonic. These aqueous solutions are
suitable intravenous injection purposes. The oily solutions are suitable for intraarticular;
intramuscular and subcutaneous injection purposes. The preparation of all these
solutions under sterile conditions is readily accomplished by standard pharmaceutical
techniques well known to those skilled in the art.

Additionally, it is possible to administer the compounds of the present invention
topically, e.g., when treating inflammatory conditions of the skin and this may be done
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by way of creams, jellies, gels, pastes, and ointments, in accordance with standard

pharmaceutical practice.
The present invention is illustrated by the following examples, but it is not limited

to the details thereof.
EXAMPLE 1
{(+)}-{2R* 3R*}-{N-hydroxy)-1-{4-methoxy-benzenesuifonyl }-3-methyl-1.2.3.6-

tetrahydropyridine-2-carboxamide.

(a)  To a solution of (E)-1-amino-3-pentent-2-ol (2.0 grams, 10.0 mmol) in
methylene chloride (50 ml} is added triethylamine (160 pt, 11.0 mmol) followed by 4-
methoxybenzenesulfonyl chloride (2.07 grams, 10.0 mmol). The mixture is stirred at
room temperature for 12 hours and diluted with ethyl acetate. The mixture is washed
with water, 10% citric acid, dried (sodium sulfate), filtered and concentrated. 'fhe crude
product is purified by silica gel chromatography {(elution with 2:1 ethyl acetate-hexanes)
to provide (N-(2-hydroxy-pent-3-enyl)-4-methoxybenzenesulfonamide.

(b) To a solution. of (+)-(E)-N-(2-hydroxy-pent-3-enyl)-4-
methoxybenzenesuifonamide (1.2 grams, 4.42 mmol) in tetrahydrofuran-
dimethylformamide {10 mL, ca. 3:1) at 0°C is added sodium bis{trimethylsilylamide (4.9
mL, 1.0 M solution in tetrahydrofuran). After 10 minutes, t-butylbromoacetate (786 mL,
4.83 mmol) is added. The mixture is warmed to room temperature, stirred for 1 hour
and quenched with saturated ammonium chloride solution.. The mixture is extracted
with ethyl acetate and the combined extracts are dried (sodium suifate), filtered and
concentrated. The crude product is purified by silica gel chromatography (elution with
1:1  ethyl acetate-hexanes) to provide [{2-hydroxy-pent-3-enyl)-(4-
methoxybenzenesulfonyl)-amino]-acetic acid t-butyl ester.

(c) To a solution of (+)-(E)-N-(2-hydroxy-pent-3-enyl)-4-
methoxybenzenesulfonyl)-amino}-acetic acid t-butyl ester (900 mg, 2.43 mmol) in
benzene (10 mi) is added trifluoroacetic acid (56 pL, 0.73 mmol). The solution is
heated at 80°C for 3 hours, cooled to room temperature and concentrated to provide
(+)-(E)-4-(4-methoxybenzenesuifonyl}-6-propenylmorpholin-2-onewhich isusedwithout
further purification.

{d) To a solution of lithium bis(trimethylsilyl)amide (2.67 mmol, 1.0 M in
tetrahydrofuran) in tetrahydrofuran (5.0 ml) at -78°C is added a solution of (+)-(E)-4-(4-
methoxybenzenesuifonyl)-6-propenylmorpholine-2-one crude from the previous step.
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After 15 minutes, trimethylsily! chloride (1.53 ml, 12.15 mmol) is added and the mixture
warmed to room temperature. The solvent is removed (in vacuo) and replaced with
toluene (10 mil). The resulting mixture is heated at 110°C for 3 hours, cooled to room
temperature and treated with 1N hydrochloric acid solution. After stirring for 10
minutes, the mixture is extracted with ethyl acetate and the combined extracts are dried
(sodium suifate), filtered and concentrated. The crude product is purified by silica gel
chromatography (elution with 2:1 ethyl acetate-hexanes with 1% acetic acid) to provide
(#)-(2R*, 3R*)-1-(4-methoxy-benzenesulfonyl)-3-methyl-1,2,3,6-tetrahydropyridine-2-
carboxylic acid.

(e} To a sodium of (+)-(2R*,3R*)-1-(4-methoxy-benzensulfonyl)-3-methyl-
1,2,3,6-tetrahydropyridine-2-carboxylic acid (100 mg, 0.36 mmol) in dimethylformamide
{5 ml.) is added hydroxybentriazole (53 mg, 0.39 mmol) and 1-(3-dimethylaminopropyf)-
3-ethyicarbodiimide hydrochioride (75 mg, 0.39 mmol). After 1 hour, hydroxylamine
hydrochloride (76 mg, 1.08 mmol) is added followed by triethylamine (150 uL, 1.08
mmol). After stirring ovemnight, the mixture is diluted with water and extracted with ethy!
acetate. The combined extracts are dried, filtered and concentrated. The crude
product is purified by sifica gel chromatography (elution with 2:1 ethyl acetate-hexanes
with 1% acetic acid) to provide (+)-(2R*3R*)-(N-hydroxy)-1-(4-methoxy-
benzenesulfonyl)-3-methyl-1,2,3,6-tetrahydropyridine-2-carboxamide as a white solid.
Melting point 173°C (dec.). Mass spectrum (thermospray): m/Z 326 {(m-C(O)N(H)OH,
100%, (m, 7%), (m+H, 30%), (m+NH,, 10%). 'H NMR (CDCl,, 250 MHz, ppm): & 7,72
(d, J = 8.9 Hz, 2H), 7.03 (d, J=8.9 Hz, 2H), 56.66 (dq, J=13.0, 2.7 Hz, 1H), 5.45 (dd,
13.0, 1.9 Hz), 4.37 (d, 7.0 Hz, 1H), 4.06-3.82 (m, 2H), 3.82 (s, 3H), 3.43-3.30 (m, 1H),
2.62-231 (m, 1H), 0.97 (d, 7.5 Hz, 3H).

EXAMPLE 2

N-hydroxy-1-(4-methoxybenzenesulfonyl)-3-pheny!-1,2.3,6-
tetrahydropyridine-2-carboxamide

(a) To a solution of glycine t-butyl ester (5.0 grams, 29.82 mmol) in
methylene chloride (50 ml) is added triethylamine (6.65 ml, 62.63 mmol) followed by
4-methoxybenzenesuifonyl chloride (29.82 mmol, 6.2 grams). The solution is stirred
for 24 hours, diluted with water and extracted with ethyl acetate. The combined
extracts are dried (sodium sulfate), filtered and concentrated. The crude product is
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purified by silica gel chromatography (elution with 6:1 hexane-ethyl acetate) to provide
(4-methoxybenzenesulfonylamino) acetic acid t-butyt ester.

() To a solution of (4-methoxybenzenesulfonylamino) acetic acid t-butyt
ester (3.0 grams, 10 mmol) in tetrahydrofuran-dimethylformamide (mL, ca. 3:1) at 0°C
is added sodium bis(trimethylsilylyamide (10.0 mL, 1.0 M solution in tetrahydrofuran).
After 10 minutes, 4-bromo-2-methyl-2-butene (1.27 gL, 11.0 mmol) is added. The
mixture is warmed to room temperature, stirred for 1 hour and quenched with saturated
ammonium chloride solution. The mixture is extracted with ethyl acetate and the
combined extracts are dried {sodium sulfate), filtered and concentrated. The crude
pro&uct is purified by silica gel chromatography (elution with 1:1 ethyl acetate-hexanes)
toprovide [(4-methoxybenzenesulfonyl)-(3-methyl-but-2-enyl)-amino}-acetic acidt-butyt

ester.

{c) Ozone is passed through a solution of [(4-methoxybenzenesulfonyl)-(3-
methyl-but-2-enyl)-amino]-acetic acid t-butyl ester (2.0 grams, 5.4 mmol} in methylene
chloride-methanol (50 miL, ca. 1:1) at -78°C untl a blue color persisted.
Triphenylphosphine (4.24 grams, 16.2 mmol) is added and the resulting solution is
stirred at room temperature for 3 hours. Concentration provided the crude product
which is purified by silica gel chromatography (elution with 1:1 ethyl acetate-hexanes)
to provide [(4-methoxybenzenesulfonyl)-(2-oxo-ethyl)-amino}-acetic acid t-butyl ester.

() To a slurry of chromium (ll) chloride (1.3 grams, 10.49 mmol) in
dimethylformamide (20 ml) is added a suspension of nickel (Il) chioride (0.026 mmol,
1 mg) in dimethylformamide (1 ml) followed by a mixture of (trans)-R-iedostyrene (1.20
grams, 5.24 mmol) and [(4-methoxybenzenesulfonyi)-2-oxo-athyl)-aminojacetic acid t-
butyl ester (800 mg, 2.62 mmol) in dimethyiformamide (5 ml). The resulting solution
is stirred for three hours, diluted with water and extracted with ethyl acetate. The
combined extracts are washed with brine, dried (sodium suifate), filtered and
concentrated. The crude product is purified by silica gel chromatography {(elution with
3:2 hexane-ethyl acetate) to provide (+)-(E)-[(2-hydroxy-4-phenyl-but-3-enyl)-(4-
methoxybenzenesulphonyl}-amino}-acetic acid t-butyl ester.

{e) (+)-(E)-[(2-hydroxy-4-phenyl-but-3-enyl)-(4-methoxybenzenesulphonyl)-
amino}-acetic acid t-butyl ester is subjected to the conditions described in Example 1c.
The crude product is recrystalized from chloroform to provnde (H~E)4-(4-

methoxybenzenesulfonyl)-6-styryl-morpholin-2-one.
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)] (+)-(E)-4-(4-methoxybenzenesuifonyl)-6-styryl-morpholin-2-one  is
subjected to the conditions described in Example 1d. The crude product is purified by
silica gel chromatography (elution with 2:1 hexane-ethyi acetate with 1% acetic acid)
to provide (#)-(2R*-3R*)-1-(4-methoxybenzenesuifonyl)-3-phenyl-1,2,3,6-
tetrahydropyridine-2-carboxylic acid.

(9) (+)-(2R*-3R*)-1-(4-methoxybenzenesulfonyl)-3-phenyl-1,2,3,6-
tetrahydropyridine-2-carboxylic acid is subject to the conditions described in Example
1e. The crude product is purified by silica gel chromatography (elution with 1:1
hexane-ethyl acetate with 1% acetic acid) to provide N-hydroxy-1-(4-
methoxybenzenesuifonyl)-3-phenyl-1,2,3,6-tetrahydropyridine-2-carboxamide as a white
solid. Melting point 151-154°C (dec.). Mass spectrum [PBMS w/C.I. (NH,)]: m/Z 388
(m+NH,, 100%). 'H NMR (CD,0D) 6 7.75 (d, J = 8.5 Hz, 2H), 7.38-7.12 (m, 5H), 7.04
(d, J = 8.5 Hz, 2H), 5.91 (d, J = 8.9 Hz, 1H), 5.28 (d, J = 9.9 Hz, 1H), 4.89 (s, H,0),
4.57 (d, 6.8 Hz, 1H), 4.07 (ABq, JAB = 18.0 Hz, Av AB = 39.1 Hz, 2H), 3.85 (0, 3H),
3.39 (bs, CD,0D). '

EXAMPLE 3

(+42R*-3R*}-N-hydroxy-1-{4-methoxybenzenesulfonyl)-3-phenyl-piperidine-
2-carboxamide ‘

(@  To asolution of (+)-(2R*-3R*)-1-(4-methoxybenzenesulfonyl)-3-phenyl-
1,2,3,8-tetrahydropyridine-2-carboxylic acid (65 mg, 0.17 mmoi) (from Example 20), is
added benzylhydroxylamine hydrochloride (32 mg, 0.20 mmol),
dicyclohexylcarbodiimide (41 mg, 0.20 mmol) and dimethylaminopyridine (27 mg, 0.22
mmol). The resulting mixture is stirred overnight, diluted with ethyl acetate and filtered
through Celite™ and evaporated. The crude product is purified by chromatography
elution with 1:1 hexane-ethyl acetate to provide (+)-(2R*-3R*)-N-benzyloxy-1-(4-
methoxybenzenesulfonyl)-3-phenyl-1,2,3,6-tetrahydropyridine-2-carboxamide.

(by To a solution of (+)-(2R*-3R*)-N-benzyloxy-1-(4-
methoxybenzenesulfonyl)-3-phenyl-1,2,3,6-tetrahydropyridine-2-carhoxamide (35 mg,
0.073 mmol) in ethanol (5 mi) is added 10% palladium on carbon (10 mg, 5 mol) . The
flask is evacuated and backfilled with hydrogen (repeated two times). The reaction
mixture is then stirred for 1 hour at which time it is filtered through Celite™ and
concentrated. The product (+)-2R*-3R*)-N-hydroxy-1-(4-methoxybenzenesulfonyi)-3-
phenylpiperidine-2-carboxamide was collected as a white solid: Melting point 163°C
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(dec). Mass spectrum [PBMS w/C.l. (NH;)l: m/Z 390 (m+H,), (m+NH,). 'H NMR
(CD,0D) 6 7.73 (d, J = 8.9 Hz, 2H), 7.31-737 {m, 5H), 7.04 (d, 8.9 Hz, 2HO, 4.89 (s,
H,0), 4.34 (d, J = 5.4 Hz, 1H), 3.86 (s, 3H), 3.74-3.63 {m, 2H), 3.31 (bs, CD,0D), 2.99-
2.80 (m, 1H), 2.58-2.52 (m, 1H), 1.94-1.88 (m, 1H), 1.67-160 (m, 2H).

EXAMPLE 4

(+)-N-hydroxy-1-(4-methoxybenzenesulfonyl}-2-piperazinecarboxamide

hydrochloride
(a) To a solution of (+)4-benzyloxycarbonyl-2-piperazinecarboxylic acid

(1.90 grams, 7.2 mmol) in dioxane-water (10 mi, ca. 1:1) is added 1N sodium hydroxide
solution (15 ml, 15 mmol) followed by 4-methoxybenzenesulfonyl chloride. The solution
is stirred for 1 hour, acidified with 1N hydrochloric acid and extracted with ethyl acetate.
The combined extracts are dried {sodium sulfate), filtered and concentrated. The crude
product is purified by silica gel chromatography (elution with 2:1 ethyl acetate-hexanes
with 1% acetic acid) to provide (+)-1-(4-methoxybenzenesulfonyl)-4-benzyloxycarbonyl-
2-piperazinecarboxylic acid.

(b) Toasolution of (+)-1-(4-methoxybenzenesulfonyl)-4-benzyloxycarbonyl-
2-piperazinecarboxylic acid (100 mg, 0.23 mmol) in metﬁylene chioride (6 ml) is added
O-t-butylhydroxylamine hydrochloride (35 mg, 0.28 mmol), dimethylaminopyridine (37
mg, 0.30 mmol), and dicyclohexycarbodiimide (57 mg, 0.28 mmol). After stirring
overnight, the reaction is diluted with hexanes and the precipitated solid filtered off.
The solution is concentrated and the crude product is purified by silica gel
chromatography (elution with 2:1 ethyl acetate-hexanes with 1% acetic acid) to provide
{+)-N-(t-butyloxy)-1-(4-methoxybenzenesulfonyl)-4-benzyloxycarbony}-2-
piperazinecarboxamide.

| (c) To a solution of (+)-N-~{t-butyloxy)-1-(4-methoxybenzenesulfonyl)-4-
benzyloxycarbonyl-2-piperazinecarboxamide (68 mg, 0.134 mmol), in methanol (6 ml)
is added 10% palladium on carbon (7 mg). The flask is evacuated and backfilled with
hydrogen (repeated 2 times). The reaction mixture ié then stirred for 1 hour at which
time itis filtered through Celite™ and concentrated. The product (+)-N-{t-butyloxy)-1-(4-
methoxybenzenesulfonyl)-2-piperazinecarboxamide is used without any further
purification. '

(d) To a solution of (+)-N-(t-butyloxy)-1-(4-methoxybenzenesulfonyl)-2-
piperazinecarboxamide (30 mg, in dichloroethane is added ethanol (1 drop). The
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solution is cooled to -10°C and hydrogen chioride gase is bubbled through for 5
minutes. The reaction is then sealed and stirred for 24 hours at which time the volume
is reduced to 1/3 by evaporation and the precipitated solids are filtered and dried (in
vacuo) to give (+)-N-hydroxy-1-(4-methoxybenzenesulfonyl)-2-piperazinecarboxamide
hydrochloride as a white solid. Melting point 167 °C. (dec.). Mass spectrum
(thermospray): m/Z 343 {m + 1 100%). 'H NMR (CD,0OD, 250 MHz, ppm): & 7.76 (d,
J=8.9 Hz, 2H), 7.07 (d, J = 8.9 Hz, 2H), 3.87 (bs, H,0), 4.19 (d, J = 3.3 Hz, 1H), 3.87
(s, 3H), 3.58 (bd, J = 6.2 Hz, 1H), 3.42 (bd, J = 6.1 Hz, 1H), 3.30 (bs, CD,OD), 3.16
(d, J=13.5 Hz, 1H), 2.87 {bd, J = 13.3 Hz, 1H), 2.69 (dd, J = 13.3, 3.0 Hz, 1H), 2.51
(dt, J = 12.5, 3.8 Hz, 1H).
_ EXAMPLE 5

N-hydroxy-1-{4-methoxybenzenesulfonyl)-5-oxo-piperazine-2-carboxamide

(a) To a solution of (+)-benzyloxycarbonylamino-2-t-butoxycarbonyl
aminopropionate (2.8 grams, 7.9 mmol) in methylene chloride (25 ml) at 0°C is added
a solution of hydrochloric acid (g) dissolved in dioxane (25 mf). The solution is stirred
at O°C for 4 hours and then concentrated. The crude product 3-
benzyloxycarbonylamino-2-amino-propionic acid methyi ester hydrochioride is used
without further purification.

(b} 3-benzyloxycarbonylamino-2-amino-propionic  acid methyl ester
hydrochloride is subjected to the conditions described in Example 1a. The crude
product is purified by silica gel chromatography (elution with 1:1 hexane-ethyl acetate)

‘to provide (#)-3-benzyloxycarbonylamino-2-(4-methoxybenzenesulfonylamino)-propionic

acid methyl ester.

(c) (+)-3-benzyloxycarbonylamino-2-(4-methoxybenzene  sulfonylamino)-
propionic acid methyl ester is subjected to the conditions described in Example 1. The
crude product is purified by silica gel chromatography (elution with 3:2 ethyl acetate-
hexane) to provide (#)-3-benzyloxycarbonylamino-2-{t-butoxycarbonylmethyl-(4-
methoxybenzenesulfonyf)-amino]-propionic acid methyl ester.

(d) (+)-3-benzyloxycarbonylamino-2-[t-butoxycarbonylmethyl-(4-
methoxybenzenesulfonyl)-amino}-propionic acid methyl ester is subjected to the
conditions described in Example 4¢. The product 3-amino-2-[t-butoxycarbonylmethyl-
(4-methoxybenzene-suifonyl)-amino]-propionic acid methyl ester is used without further

purification.
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(¢ To a solution of 3-amino-z-[t-butoxycarbonylmethyl-(4-
methoxybenzenesuifonyl)-amino}-propionic acid methyl ester (2.46 grams, 6.1 mmol)
in methylene chioride (20 ml) at 0°C is added trifluoroacetic acid (6 ml). The solution
is stirred at 0°C for 12 hours and then concentrated. The crude product 3-amino-2-
[carboxymethyl-(4-methoxybenzenesulfonyl)}-amino]-propionic  acid methyl ester
trifluoroacetic acid salt is used without further purification.

6] To asolution of 3-amino-2-[carboxymethyi-(4-methoxybenzenesulfonyl)-
amino}-propionic acid methyl ester triflucracetic acid salt (2.11 grams, 6.1 mmol) in
methylene chloride (5 mi) is added 1-(3-dimethylaminopropyi)-3-ethylcarbodiimide
hydrochloride (1.76 grams, 9.2 mmol) and triethyamine (3.4 mi, 24.4 mmol). The
resulting mixture is stired ovemight, diluted with ethyl acetate and washed with 1N
hydrochlori acid. The organic layer is dried (sodium sulfate), filtered and concentrated.
The crude product is purified by silica gel chromatography (elution with ethyl acetate)
to provide 1-{4-methoxybenzenesulfonyl)-5-oxo-piperazine-2-carboxylic acid methyl
ester.

(9) To a solution of 1-(4-methoxybenzenesulfonyl)-5-oxo-piperazine-2-
carboxylic acid methyl ester. (200 mg, 0.61 mmol) in methanol-tetrahydrofuran-water
(5 ml, ca. 8:2:1) at 0°C is added lithium hydroxide (64 mg, 1.53 mmol). The resulting
mixture is stirred for 30 minutes, acidified with 1N hydrochloric acid and extracted with
ethyl acetate. The combined extracts are dried (sodium sulfate), filtered and
concentrated. The crude product 1-(4-methoxybenzenesulfonyl)-5-oxo-piperazine-2-
carboxylic acid is used without furtehr purification.

(h) To a solution of 1-(4-methoxybenzenesulfonyl)-5-oxo-piperazine-2-
carboxylic acid (166 mg, 0.53 mmol) in methylene chloride (5 ml) is added O-benzyl
hydroxylamine hydrochloride (255 mg, 1.8 mmol), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (153 mg, 0.8 mmol) and triethylamine (370 pl. 2.65
mmol). The resulting mixture is stirred overnight, diluted with ethyl acetate and washed
with 1N hydrocloric acid. The organic layer is dried (sodium sulfate), filtered and
concentrated. The crude product is purified by silica gel chromatography (elution with
5% methanol in methylene chloride) to provide N-(benzyloxy)-1-(4-
methoxybenzenesulfonyl)-5-oxo-piperazine-2-carboxamide.

i N-(benzyloxy)-1-(4-methocybenzenesulfonyl)-5-oxo-piperazine-2-
carboxamide is subjected to the conditions described in Example 4¢ to give N-hydroxy-
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1-(4-methoxybenzenesuifonyl}-5-oxo-piperazine-2-carboxamide as awhite sofid. Mass
spectrum (thermospray). m/Z 343 (m+H, 60%), (m+NH,, 17%). 'H NMR
(CD,OD), 250 MHz, ppm) 67.79 (d, J = 8.9 Hz, 2H), 4.90 (s, H,0), 447 (dd, J = 5.0,
3.2 Hz, 1H), (4.03, s, 2H), 3.88 (s, 3H), 3.47 (dd, J = 13.4, 3.2 Hz, 1H), 3.35-3.30 (m,
1H), 3.30 (s, CD,0D)

EXAMPLE 6

N-hydroxy-1-{4-methoxybenzenesuifonyl}-morpholin-2-carboxamide

(a) morpholine-2-carboxylic acid is subjected to the conditions described in
Example 4a to give 1-(4-methoxybenzenesulfonyl)-morpholin-2-carboxylic acid.

) 1-(4-methoxybenzenesulfonyl)-morpholin-2-carboxylic acid is subjected
to the conditions described in example 5h fo give N-benzyloxy-1-(4-
methoxybenzenesulfonyl)-morpholin-2-carboxamide.

(c) N-benzyloxy-1-(4-methoxybenzenesulfonyl)}-morpholin-2-carboxamideis
subjected to the conditions described in Example 4c¢ to give N-hydroxy-1-(4-
methoxybenzenesulfonyl)-morpholin-2-carboxamide as a white foam. Mass spectrum
(thermospray): m/Z 343 (m+H, 100%), [al,: + 57° {c = 0.60, CHCI,. 'H NMR (CDCL,),
250 MHz, ppm) 87.78 (bd, J = 8.0 Hz, 2H), 7.38 (bs, 1H), 7.01 (bd, J = 8.0 Hz, ZH),
{(4.34 (bs, J = 2H), 3.87 (s, 3H), 3.85-3.30 (m, 3H), 3.30-3.15 (m, 2H).
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or the pharmaceutically acceptable salt thereof, wherein the broken line represents an
optional double bond;

X is carbon, oxygen or sulfur;

Y is carbon, oxygen, sulfur, suifoxide, suifone or nitrogen,

R, R*R®, R*R% R% R’, R® and R® are selected from the group consisting of
hydrogen, {C,-C,)alky! optionally substituted by (C,-C,)alkylamino, (C,-C)alkylthio, (C-
Cgalkoxy, trifluoromethyl, (C-C,)aryl, (CsColheteroaryl, (CgC,Jarylamino, (Cs-

C,Jarylthio, (C,C,aryloxy, (C.-Cyheteroarylamino, (Cgy-Cylheteroarylthio, (Cs-

Cj)heteroaryloxy, (C.-C,)aryl(Cs-C oaryl, (C,-Clcycloalkyl, hydroxy(C,-Cglalkyl, (C,-

C,lalkyl(hydroxymethylene), piperazinyl,(C4-C, )aryl(C,-Cg)alkoxy, (C5-Cgiheteroary(C,-
Cplalkoxy, (C,-Cgacylamino, (C,-C;)acylthio, {C,-Cg)acyloxy, (C,-Cjlalkylsulfinyl, (C,-
C,oarylsulfinyl, (C,-Cglalkylsulfonyl, (C,-C, )arylsulfonyl, amino, (C,-C)alkylamino or
{(C,-Cs)alkylamino),; (C,-Cgalkenyl, {C4-C,o)aryl(C,-Cglalkenyl, (Cs-Cglheteroaryl(C,-
Cgalkenyl, (C,-Cgalkynyl, (Co-C,laryl(C,-Celalkynyl, (Cs-Coiheteroaryl(C,-Cglalkynyl,
(C,-Cy)alkylamino, (C,-Cgalkyithio, (C,-Coalkoxy, triflucromethyl, (C,-Cjlalkyl
(difluoromethylene), (C,-C,)alkyl{diflucromethylene)(C,-Cjlalkyl, (Cg-Ciaryl, (Cs-
Cy)heteroaryl, (C4C,arylamino, (C,-Cio)aryithio, (CgCiolaryloxy, (Cs-
C,)heteroarylamino, (C,-C )heteroaryithio, (Cs-Cg)heteroaryloxy, (C;-Ce)cycloalkyl, (C,-
Cgalkylthydroxymethylene), piperidyl, (C,-C,)alkylpiperidy!, (C,-C¢acylamino, (C,-
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Celacylthio, (C,-Colacyloxy, R'*(C,-C,lalkyl wherein R® is (C,-C,)acylpiperazino, (C,-
C,o)arylpiperazino, (C,-C,)heteroarylpiperazino, (C,-Cg)alkylpiperazino, (C4-C,g)aryl(C,-
C,)alkylpiperazino, (C,-Cj)heteroaryl(C,-C,)alkylpiperazino, morpholino, thiomorpholino,
piperidino, pyrrofidino, piperidyl, (C,-C,)alkylpiperidyl, (Cs-C,;)arylpiperidyl, {(Cs-
Cy)heteroarylpiperidyl,{C,-C,)alkyipiperidyl(C,-Cg)alkyl,(C,-C, )arylpiperidyl(C,-C,)alkyl,
(Cs-Cglheteroarylpiperidyl(C,-C;)alkyl or (C,-C,Jacylpiperidyl;

or a group of the formula
Y This Sheet Has Been Replaced

CON TR

wherein n is 0 to 6;

Z is hydroxy, (C,-Cgalkoxy or NR“R™ wherein R* and R'™ are each
independently selected from the group consisting of hydrogen, (C,-C,)alky! optionally
substitutedby (C,-C,)alkylpiperidyl, (C,-C,o)arylpiperidyl, (C.-Cy)heteroarylpiperidyl, (Cg-

C.ojamyl, (Cs-Colheteroaryl, (C,-C,p)aryl{C4-C,garyl or (C,-Cg)cycloalkyt; piperidyl, (C,-

Cc)alkylpiperidyl, (C4-C,o)arylpiperidyl, {C,-C)heteroarylpiperidyl, {C,-C)acylpiperidyl,
(C4-C,p)aryl,{Cs-Coheteroarnyl,(Co-C,)aryl(Cqe-C o)aryl, {C,-Celcycloalkyl,R™®(C,~Celalkyl,
(C,-Coalkyl(CHR™)(C,-Cy)alkyl wherein R is hydroxy, (C,-Co)acyloxy, {C,-Ci)alkoxy,
piperazino, (C,-C;)acylamino, (C,-C,alkylthio, (C,-C,g)arylthio, (C,-Cslalkylsulfinyt, (Cg-
C,pJarylsulfinyl, (C,-Cy)alkylsulfoxyl, (C4-C,p)arylsulfoxyl, amino, (C,-Cj)alkylamino, ((C,-
Cglalkyl), amino, (C,-C,)acylpiperazino, (C,-C)alkylpiperazino, (C,-C,,)aryl(C;-
C;)alkylpiperazino,(C;-C,)heteroaryl(C,-C,)alkylpiperazino, morpholino,thiomorpholino,
piperidino or pyrrolidine; R7(C,-C,)alkyl, (C,-Cy)alkyl(CHR')(C,-C,)alkyl wherein R is
piperidyl or (C,-Coalkylpiperidyl; and CH(R®)COR™ wherein R* is hydrogen, (C,-
Cylakkyl, (C,-C,Jaryi(C,-Cglalkyl, (Cs-Co)heteroaryl(C,-Cilalkyl, (C,-Cjalkyithio(C,-
Cgalkyl, ({C¢-C, )arylthio(C,-Cglalkyl, (C,-Cqlalkylsulfinyl(C,-Cglalkyl, (C,-
C,oarylsulfinyl(C,-Clalkkyl, (C,-C,)alkylsulfonyl(C,-C;)alkyl, (CG—C,O)arylsu!fonyl(C,;
Ce)alkyl, hydroxy(C,-Cgalkyl, amino(C,-C;)alkyl, (C,-Cgalkylamino(C,-Clalkyl, ((C,-
Cyalkylamino),(C,-C,alkyl, R*R*NCO(C,-C,alkyl or R®OCO(C,-Cjalkyl wherein R*
and R* are each independently selected from the group consistirig of hydrogen, (C,-
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Celalkyl, (C,-C,o)aryl(C,-Cqalkyl and (C,-Cy)heteroaryl(C,-Cylalkyl; and R™ is R*0 or
RZR®N wherein R# and R® are each independently selected from the group consisting -
of hydrogen, (C,-Cj)alkyl, (Cs-C,p)aryl(C,-Cqlalkyl and (C,-Cjlheteroaryl(C,-C,)alkyl;

or R™ and R", or R® and R?, or R¥ and R* may be taken together to form an
azetidinyl, pyrrolidinyl, morpholinyl, thiomorpholinyl, indolinyl, isoindolinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, (C,-C)acylpiperazinyl, (C,-
Coalkylpiperazinyl, (C¢-C,o)arylpiperazinyl, (C,-Cj)heteroarylpiperazinyl or a bridged
diazabicycloalkyl ring selected from the group consisting of

| | |
N\\~<caa),

(C;Z;:T (tHa)
{CHp) (CHp),
4 ll/ I
a b C

N\\\(CHa)p N\\\TCHE),

(CHZJ
L

whereinris 1, 2 or 3;
mis 1or2,
pisOor1; and _
Q is hydrogen, (C,-C,Jalkyl, (C,-Cg)acyl or (C,-Cy)alkoxy carbamoyl;
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or R' and R? or R® and R®, or R® and R® may be taken together to form a

carbonyl;

or R' and R?, or R® and R*, or R® and R®, or R” and R® may be taken together
to form a (C,-C,)cycloalkyl, oxacyclohexyl, thiocyclohexyl, indany! or tetralinyl ring or
a group of the formula

L

wherein R* is hydrogen, (C,-Cpacyl, (C,-Cyalkyl, (C,-C,)aryl(C,-Calkyl, (Cs-
Cg)heteroaryl(C,-C alky! or (C,-Cjlalkylsulfonyl; and

Ar is (C,C,aryt or (CsCyheteroaryl, each of which may be optionally
substituted by (C,-C/alkyl, one or two (C,-C.alkoxy, (C,C,aryloxy or (Cs-
C,)heteroaryloxy;

with the proviso that R” is other than hydrogen only when R® is other than
hydrogen;

with the proviso that R® is other than hydrogen only when R® is other than
hydrogen;

with the proviso that R® is other than hydrogen only when R* is other than
hydrogen;

with the proviso that R? is other than hydrogen only when R' is other than
hydrogen;

with the provisio that when R', R* and R® are a substituent comprising a
heteroatom, the heteroatom cannot be directly bonded to the 2- or 6- positions;

with the proviso that when X is nitrogen, R* is not present;

with the proviso that when X is oxygen, sulfur, sulfoxide, sulfone or nitrogen and
when one or more of the group consisting of R', R%, R® and R°®, is a substituent
comprising a heteroatom, the heteroatom cannot be directly bonded to the 4- or 6-
positions;

with the proviso that when Y is oxygen, sulfur, sulfoxide, sulfone or nitrogen and
when one or more of the group consisting of R®, R*, R and R?, are independently a
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substituent comprising a heteroatom, the heteroatom cannot be directly bonded to the
3- or 5~ positions;

with the proviso that when X is oxygen, sulfur, suifoxide or sulfone, R® and R*
are not present;

with the proviso that when Y is nitrogen, R* is not present;

with the proviso that when Y is oxygen, sulfur, sulfoxide or sulfone, R® and R®
are not present;

with the proviso that when Y is nitrogen, R® is not present; _

with the proviso that when the broken line represents a double bond, R* and R®
are not present; '

with the proviso that when R® and R® are independently a substituent comprising
a heteroatom when the broken line represents a double bond, the heteroatom cannot
be directly bonded to positions X and Y;

with the proviso that when either the X or Y position is oxygen, sulfur, sulfoxide,
sulfone or nitrogen, the other of X or Y is carbon;

with the proviso that when X or'Y is defined by a heteroatom, the broken line
does not represent a double bond; '

with the proviso that when R, R?, R®, R*, R, R®, R’, R® and R® are all defined
by hydrogen or (C,-Calkyl, either X or Y is oxygen, sulfur, sulfoxide, suifone or
nitrogen, or the broken line represents a double bond.

2. A compound according to claim 1, wherein Y is oxygen, nitrogen or
sulfur.

3. A compound according to claim 1, wherein Ar is 4-methoxypheny! or 4-
phenoxyphenyl.

4. A compound according to claim 1, wherein R® is (C4-C,)aryl, (Cs-

Cyheteroaryl, (C¢-C,)aryl{C,-Cyalkyl, (Cs-Cgheteroaryl(C,-Cglalkyl, carboxylic acid or
carboxylic acid (C,-Cy)alkyl.

5. A compound according to claim 1, wherein R% R®, R%, R” and R® are
hydrogen.
6. A compound according to claim 1, wherein Y is carbon, Ar is 4-

methoxyphenyl or 4-phenoxyphenyl and R® is (C,-Clarylalkynyl or (C,-
C,heteroarylalkynyl.
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7. A compound according to claim 1, wherein Y is oxygen, Ar is 4-
methoxyphenyl or 4-phenoxyphenyl and R® is (C,-C,arylalkynyl or (Cg-
C,)hetercarylalkynyi.

8. A compound according to claim 1, wherein Y is carbon, Ar is 4-
methoxyphenyl or 4-phenoxyphenyl and R® is carboxylic acid or carboxylic acid (C,-

C,lalkyl.

g, A compound according to claim 1, wherein Y is oxygen, Ar is 4-
methoxypheny! or 4-phenoxyphenyl and R® is carboxylic acid or carboxylic acid (C,-
Celalkyl.

10. A compound according to claim 1, wherein Y is carbon, Ar is 4-
methoxyphenyl or 4-phenoxyphenyl and R® is (CgC,)arylalkkynyl or (C,-
C,yiheteroarylalkynyl.

11. A compound according to claim 1, wherein Y is oxygen, Ar is 4-
methoxyphenyl or 4-phenoxyphenyl and R°® is (C.C,arylalkynyl or (C,
C,)heteroarytalkynyl.

12.- A compound according to claim 1, wherein Y is carbon, Ar is 4-
methoxypheny! or 4-phenoxypheny! and R® is carboxylic acid or carboxylic acid (C,-
Cglalkyl.

13. A compound according to claim 1, wherein Y is oxygen, Ar is 4-
methoxyphenyl or 4-phenoxypheny! and R® is carboxylic acid or carboxylic acid (C,-
Cealkyl.

14. A compound according to claim 1, wherein Y is carbon, Ar is 4-
methoxyphenyl or 4-phenoxyphenyl and R® is (C,-C,alkylamino.

15. A compound according to claim 1, wherein Y is oxygen, Ar is 4-
methoxypheny! or 4-phenoxyphenyl and R® is (C,-C,)alkylamino.

16. A compound according to claim 1, wherein said compound is selected
from the group consisting of:

(2R,3S)-N-hydroxy-3-ethynyl-1 (4-methoxybenzenesulfonyl) -piperidine-2-
carboxamide;

(2R,3S)-N-hydroxy-l-(4-methoxybenzenesulfonyl)-3-(5-methoxythiophene-2-yl-
ethynyl)-piperidine-2-carboxamide;

(2R,3R)-N-hydroxy-1-(4-metho xybenzenesulfonyl)-3-(3- yndm-3—yl—prop—2—ynyf)—
piperidine-2-carboxamide; T
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{2S,3R}-N-hydroxy-4-(4-methoxybenzene sulfonyl)-2-pyridine-3-yl-morpholine-3-
carboxamide;

(28,3R)-N-hydroxy-2-hydroxycarbamoyi-4-(4-methoxybenzenesulfonyi)-
morpholine-3-carboxamide;

(2R,3R)-N-hydroxy-2-hydroxycarbamoyi-4-(4-methoxybenzenesulfonyl)-
piperidine-2-carboxamide;

(2R,3S)-N-hydroxy-1-(4-methoxybenze nesulfonyl)-3-(4-pheny!pyridine-2-yl)-
piperidine-2-carboxamide;

(2S,3R)-N-hydroxy-1-{(4-methoxybenze nesulfonyl)-2-(4-phenylpyridine-2-yl)-
morpholine-2-carboxamide;

(2R,38)-N-hydroxy-3-(2-chloro-4-fluorophenyl)-1-(4-methoxybenzenesuifonyl)-
piperidine-2-carboxamide; and

(2S,3R)-N-hydroxy-2-(2-chloro-4-fluorophenyl)-1-(4-methoxybenzenesuifonyl)-
piperidine-3-carboxamide.

17. A pharmaceutical composition for {(a) the treatment of a condition
selected from the group consisting of arthritis, cancer, tissue ulceration, restenosis,
periodontal disease, epidermolysis bullosa, scleritis and other diseases characterized
by matrix metalloproteinase activity, AIDS, sepsis, septic shock and other diseases
involving the production of tumor necrosis factor (TNF) or (b) the inhibition of matrix
metalloproteinases or the production of tumor necrosis factor {TNF) in a mammal,
including a human, comprising an amount of a compound of claim 1 or a
pharmaceutically acceptable salt thereof, effective in such treatments or inhibition and
a pharmaceutically acceptable carrier.

- 18. A method for the inhibition of (a) matrix metalloproteinases or (b) the
production of tumor necrosis factor (TNF) in a mammal, including a human, comprising
administering to said mammal an effective amount of a compound of claim 1 or a
pharmaceutically acceptable salt thereof. _

18. A method for treating a condition selected from the group consisting of
arthritis, cancer, tissue ulceration, restenosis, periodontal disease, epidermolysis
bullosa, scleritis and other diseases characterized by matrix metalloproteinase activity,
AIDS, sepsis, septic shock and other diseases involving the production of tumor
necrosis factor (TNF) in a mammal, including a human, comprising administering fo

~



EHER) ) O

45-

said mammal an amount of a compound of ciaim 1 or a pharmaceutically acceptable
salt thereof, effective in treating such a condition.
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