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(CHy),  (CHy)p,
X

wherein the carbon atom bearing the asterisk is the carbon to which R® and R* are atttached, “n”
and "m” are independently selected from the integers one and two, and X is CF,, O, SO, or NR®
wherein R® is hydrogen, (C-Ce)alkyl, (Ce-Cig)aryl, (C,-Co)heteroaryl, (Cg-Cip)aryl(C,-Cg)alkyl,
(C-Co)heteroaryl(C,-Celalkyl,  (Cy-Cglalkylsulfonyl, (Cg-Co)arylsulfonyl, (C,-Cg)alkyl(C=0)-,
(C4-Celalkoxy(C=0)-, (Ce-Cyo)aryl(C=0)-, (C¢-Cig)aryloxy(C=0)-, (Cs-Cyp)aryl(C,-Ce)alkyl(C=0)-
or (Ce-C,olaryl(C,-Celalkoxy(C=0)~; wherein each of said (CgCiolaryl, (C,-Co)heteroary! or
(C3-Ce)cycloalkyl moieties of said (Ce-Cyglaryl, (C,-Coheteroaryl, (Cg-C,olaryl(C,-Cg)alkyl,
(Cy-Co)heteroaryl(Cs-Celalkyl,  (Ce-Cio)aryl(Ce-Cop)aryl,  (Ce-Cyp)aryl(Ce-Cyo)aryl(C,-Ce)alkyl,
(Ce-Cyp)aryl{C=0)0-(C,-Cg)alkyl, (Ce-Cro)aryl(C4-Celalkyl(C=0)O-(C;-Cg)alkyl,

(C-Co)aryl(C4-Cglalkoxy (C=0)0O-(C,-Cg)alkyl, (Cs-Cqp)aryloxy(C,-Cglalkyl,

(Cs-Crp)aryi(C,-Cglalkoxy(C,-Cg)alkyl, (C,-Cy)heteroaryl(C,-Cg)alkoxy(C;-Cg)alkyl,
(Cs-Co)aryl(C=0)NH(C,-Cg)alkyl, (Cs-Cip)aryl(C4-Cg)alky(C=0O)NH(C,-Cg)atkyl,
(Ce-C1g)aryl(C4-Cglalkoxy(C=O)NH(C,-Cg)alkyl, (Cg-Co)arylsulfonyl,

(Cs-Co)arylsulfonyl{C,-Ce)alkyl, (Ce-Cig)aryl(C=0)-, (Cs-Cio)aryl(C,-Cg)alkyl(C=0)-,
(Ce-Co)ary{C4-Cg)alkoxy(C=0)-, (C;5-Ce)cycloalkyl, or benzo-fused(C,-Cg)cycloalkyl ring may be
optionally substituted on any ring atom capable of forming an additional bond by a substituent
(preferably one to three substituents per ring) independently selected from the group consisting
of fluoro, chioro, bromo, (C,-Cg)alkyl, (C,-Cg)alkoxy, perfluoro(C;-Cs)alkyl, perfluoro(C,-C,)alkoxy
and (C4-Cp)aryloxy;

or when R® and R* are taken together with the carbon atom to which they are attached
to form a group of the formula

(CHan  (CHa)m
X

then any of the carbon atoms of said ring, capable of forming an additional bond, may be
optionally substituted by a substituent (preferably zero to three substituents) independently
selected from the group consisting of fluoro, chloro, bromo, (C4-Celalkyl, (C,-Ce)alkoxy,
perfluoro(C,-Cj)alkyl, perfluoro(C;-Cj)alkoxy and (Ce-Cop)aryloxy;
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R®is R°0 or R°R'N wherein R® and R” are each independently selected from the group
consisting of hydrogen, (C;-Celalkyl, (Ce-Cio)aryl(C-Ce)alkyl or (C,-Cg)heteroaryl(C,-Cg)alkyl;
wherein each of said (C¢-Cyp)aryl and (C,-Cg)heteroaryl moieties of said (Cg-Cip)aryl(C,-Cg)alkyl
or (C,-Cg)heteroaryl(C,-Cglalkyl groups may be optionally substituted by one or more
substituents independently selected from fluoro, chioro, bromo, (C;-Cg)alkyl, (C;-Ce)alkoxy,
perfluoro(C,-Ca)alkyl, perfluoro(C,-Cj)alkoxy and (Cg-Cyg)aryloxy;

or R® and R’ taken together with the nitrogen atom to which they are attached form an
optionally substituted heterocycle selected from piperazinyl,

(C4-Cg)alkylpiperaziny!,
(Ce-Cyp)arylpiperazinyl, (Cz-Cg)heteroarylpiperazinyi,

(Ce-Cqo)aryl(C,-Cylalkylpiperazinyl,
(C,-Cq)heteroaryl{C,-Cg) alkylpiperazinyl, (C,-Cg)alkyl(C=0)-piperazinyl, (C,-Cg)alkoxy(C=0)-
piperazinyl, (Ce-Cyplaryl(C=0O)-piperazinyl, (Cs-C1o)aryl(C4-Cg)alkyl(C=0)-piperazinyl,
(Ce-C1p)aryl(C4-Ce)alkoxy (C=0)-piperazinyl, morpholinyl, piperidinyl, pyrrolidinyl or azetidiny!;
wherein  each of said piperazinyl, (C,-Cg)alkylpiperazinyl, (Cg-C,p)arylpiperazinyl,
(C,-Colheteroaryipiperazinyl, (Cs-Colaryl(C4-Cg)alkylpiperazinyl, (C,-Cg)heteroaryi{C4-Cg)
alkylpiperazinyl, (C4-Cg)alky(C=0)-piperazinyi, (C,-Cs)alkoxy(C=0)-piperazinyl,
(Ce-C1o)ary(C=0)-piperazinyl, (Ce-Crolaryl(C,-Cg)alkyl(C=0)-piperazinyi,
(Ce-Cro)aryl(C4-Ce)alkoxy(C=0)-piperazinyl, morpholinyl, piperidinyl, pyrrolidiny! or azetidinyl may
be optionally substituted on any ring carbon atom capable of forming an additional bond with a
substituent (preferably one to three substituents per ring) independently selected from fiuoro,
chioro, bromo, (C,-Ce)alkyl, (C-Cg)alkoxy, perfluoro(C,-Cy)alkyl, or perfluoro(C4-Cs)alkoxy and
(Ce-Cioaryloxy;

R® is piperaziny!, (C,-Cg)alkylpiperazinyl, (Ce-Cio)arylpiperazinyl,
(Co-Co)heteroarylpiperazinyl, (Ce-Cio)aryl(C4-Cg)alkylpiperazinyl, (C,-Cg)heteroaryl(C4-Cs)
alkylpiperaziny!, (C4-Cg)alkyl(C=0)-piperazinyl, (C,-Cg)aikoxy(C=0)-piperazinyl,
(Ce-Cyp)aryl(C=0)-piperazinyl, (Ce-Cyo)aryl(C4-Ce)alkyl(C=0)-piperazinyl,
(C¢-Cro)aryl(C,-Cg)alkoxy(C=0)-piperazinyl, morpholinyi, piperidinyl, pyrrolidinyl, azetidinyl,
piperidyl, (C-Cg)alkylpiperidyy, (Cs-Co)arylpiperidyl, (C,-Cg)heteroaryipiperidyl,
(C4-Co)aryl(C,-Cg)alkyipiperidyl, (C,-Cg)heteroaryl(C,-Ce)alkylpiperidyl, (C,-Ce)alkyl(C=0)-
piperidyl, (C4-Cs)alkoxy(C=0)-piperidyl, (Cg-Co)aryl(C=0)-piperidyl,
(Ce-Cro)aryl(C,-Ce)alkyl(C=0)-piperidyi, or (C-Co)aryl(C,-Cg)alkoxy(C=0)-piperidyl; wherein
each of said piperazinyl, (C,-Cg)alkylpiperaziny!, (Ce-Cro)arylpiperazinyl,
(C,-Cg)heteroarylpiperazinyl, (Ce-Co)aryl(C4-Celalkylpiperazinyl, (C,-Cg)heteroaryl(C,-Csg)
alkylpiperazinyl, (C,-Ce)alkyl(C=0)-piperazinyl, (C4-Cg)alkoxy(C=0)-piperazinyl,
(Ce-Cro)aryl(C=0)-piperazinyl, (Ce-Cio)ary(C,-Cg)alkyl(C=0)-piperazinyl,
(Cg-Cro)aryl(C,-Ce)alkoxy(C=0)-piperazinyl, morpholinyl, piperidinyl, pyrrolidinyl, azetidinyl,
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piperidyl, (C,-Cglalkylpiperidyl, (Ce-Cqplarylpiperidyl, (Cy-Co)heteroary!ipiperidyl,
(Cs-C1o)aryl(C4-Cg)alky!piperidyi, (C4-Co)heteroaryl(C,-Ce)alkylpiperidyl (C4-Cg)alkyl(C=0)-
piperidyl, (C1-Cy)alkoxy(C=0)-piperidyl,

(Ce-Cro)aryl(C=0)-piperidyl,
(Ce-Cqglaryl(C4-Celalkyl(C=0)-piperidyl, and (Ce-Cio)aryl(C,-Cg)alkoxy(C=0)-piperidyl may be

optionally substituted on any ring carbon atom capable of forming an additional bond with a
substituent (preferably one to three substituents per ring) independently selected from fluoro,
chloro, bromo, (C;-Cg)alkyl, (C4-Cg)alkoxy, perfluoro(Cy-Cs)alkyl, or perfluoro(C,-Cj)alkoxy and
(Ce-Crp)aryloxy;

Q is (C4-Celalkyl, (Ce-Cholaryl, (Ce-Ciplaryloxy(Ce-Chp)aryl, (Ce-Cio)aryl(Cq-Cho)aryl, (Ce-
Cio)aryl(Cs-Co)aryl(C-Celalkyl,  (Cg-Cyg)aryloxy(C,-Cg)heteroaryl, (C,-Co)heteroaryl, (C,-
Cg)heteroaryl{(C,-Co)heteroaryl, (C4-Celalkyl(Cs-Cqp)aryl, (C4-Cg)alkoxy(Cg-Cqo)aryl, (Ce-
Cio)aryl(C-Ce)alkoxy(Ce-Cio)aryl, (Ce-Crp)aryl(C4-Celalkoxy(C4-Ce)alkyl, (Co-
Co)heteroaryloxy(Cs-Cyp)aryl, (C4-Celalkyl(C-Co)heteroaryl, (C4-Cg)alkoxy(C,-Cg)heteroaryi, (Ce-
Cio)aryl(C4-Cg)aikoxy(C,-Ce)heteroaryl, (C,-Co)heteroaryloxy(Co-Co)heteroaryl, (Ce-
C,g)aryloxy(C4-Ce)alkyl, (C,-Cgy)heteroaryloxy(C,-Cg)alkyl, (C4-Cg)alky{Cq-C p)aryloxy(Ce-
Cio)aryl, (C4-Ce)alkyl{C,-Cg)heteroaryloxy(Cg-Co)aryl, (C,-Cg)alkyl(Cg-Cp)aryloxy(C.,-
Co)heteroaryl, (C;-Ce)alkoxy(Ce-Cyo)aryloxy(Ce-Cyo)aryt, (C4-Ce)alkoxy(C,-Co)heteroaryloxy(Ce-
Cioaryl or (C,-Cg)alkoxy(Ce-Cg)aryloxy(C,-Cg)heteroaryl wherein each (Ce-Cyparyl or (C,-
Cg)heteroaryl moieties of said (Ce-Cio)aryl, (Ce-Cio)aryloxy(Ce-Cho)aryl, (Ce-Cro)aryl(Ce-Cao)aryl,
(Ce-Cro)aryl(Co-Cro)aryl(C4-Ce)alkyl, (Cs-Cyp)aryloxy(C,-Ce)heteroaryl, (C,-Cy)heteroaryl, (Ci-
Ce)alkyl(Ce-Cio)aryl,  (C4-Cg)alkoxy(Cgs-Cio)aryl,  (Ce-Cro)ary(C-Ce)alkoxy(Ce-Coo)aryl,  (Ce-
C,0)aryl(C,-Cg)alkoxy(C4-Cg)alky!, (Co-Co)heteroaryloxy(Ce-Cyg)aryl, (C4-Ce)alkyl(C,-
Co)heteroaryl, (C4-Cg)alkoxy(C,-Co)heteroaryl, (Ce-Co)aryl(C,-Cg)alkoxy(C,-Co)heteroaryl, (C,-
Co)heteroaryloxy(C,-Co)heteroaryl, (Ce-Cyo)aryloxy(C4-Ce)alkyl, (C,-Co)heteroaryloxy(C,-Ce)alkyl,
{C,-Ce)alkyl(Cg-Cyg)aryloxy(Ce-Colaryl, (C4-Ce)alkyl(C,-Coiheteroaryloxy(Ce-Cqo)aryl, (Cy-
Cg)alkyl{Cg-Cqp)aryloxy(C,-Co)heteroaryl, (C;-Cg)atkoxy(Cs-Cqg)aryloxy(Ce-Cg)aryl, (Cs-
Cg)alkoxy(C,-Ce)heteroaryloxy(Ce-Cyo)ary! or (C,-Cgalkoxy(Cs-Cp)aryloxy(C,-Co)heteroaryl is
optionally substituted on any of the ring carbon atoms capable of forming an additional bond by
one or more substituents (preferably one to three substituents) independently selected from
fluoro, chioro, bromo, (C,-Ce)alky!, (C,-Cg)alkoxy, perfluoro(C,-Cg)aikyl, perfluoro(C4-Cs)alkoxy
and (C4-Cqp)aryloxy;

with the proviso that if either R® or R* is hydrogen, or if both R® and R* are hydrogen,
then R' and R? can not both be hydrogen or R' must be hydroxy, (C,-Ce)alkoxy,
(Cg-Cqo)ary(C4-Ce)alkoxy, (C4-Cy)alky{C=0)O-(C,-Celalkyi, (C4-Celalkoxy(C=0)0-(C;-Cg)alkyl,
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(Ce-Cho)aryl(C=0)0-(C4-Celalkyl, (Cs-Cyp)aryloxy(C=0)O- (Cgs-Cyp)arylalkyl(C=0)O-(C,-Cg)alkyl
or (C4-Co)arylalkoxy(C=0)O-(C-Cg)alkyl;

or a pharmaceutically acceptable salt thereof.

The present invention also retates to the pharmaceutically acceptable acid addition salts

of compounds of the formula I. The acids which are used to prepare the pharmaceutically

acceptable acid addition salts of the aforementioned base compounds of this invention are those
which form non-toxic acid addition salts, i.e., salts containing pharmacologically acceptable
anions, such as the hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisuifate,
phosphate, acid phosphate, acetate, lactate, citrate, acid citrate, tartrate, bitartrate, succinate,

maleate, fumarate, gluconate, saccharate, benzoate, methanesuifonate, ethanesulfonate,

benzenesulfonate, p-toluenesulfonate and pamoate [i.e., 1,1-methylene-bis-(2-hydroxy-3-

naphthoate)]salts.

The invention also relates to base addition salts of formula I. The chemical bases that
may be used as reagents to prepare pharmaceutically acceptable base salts of those
compounds of formula | that are acidic in nature are those that form non-toxic base salts with
such compounds. Such non-toxic base salts include, but are not limited to those derived from
such pharmacologically accep.able cations such as alkali metal cations (e.q., potassium and
sodium) and alkaline earth metal cations (e.g., caicium and magnesium), ammonium or water-
soluble amine addition salts such as N-methylglucamine-(meglumine), trimethyl-ammonium or
diethylammonium, and the lower alkanolammonium salts such tris-(hydroxymethyl)-
methylammonium and other base salts of pharmaceutically acceptable organic amines.

The term "“alkyl', as used herein, unless otherwise indicated, includes saturated
monovalent hydrocarbon radicals having 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, unless otherwise indicated, includes an organic radical
derived from an aromatic hydrocarbon by removal of one hydrogen, such as phenyl or naphthyi.

The term "heteroaryl", as used herein, uniess 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, tetrazolyl, pyrazinyl,
pyrimidyl, quinolyl, isoquinoly,, benzofuryl, isobenzofuryl, benzothienyl, pyrazolyl, indolyl,

isoindolyl, purinyl, carbazolyl, isoxazoly!, thiazolyl, oxazolyl, benzthiazolyl or benzoxazolyl.
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The term "acyl", as used herein, unless otherwise indicated, includes a radical of the
general formula RCO wherein R is alkyl, alkoxy, aryl, arylalkyl or arylalkoxy 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 compound of formula | may have chiral centers and therefore exist in different
diasteriomeric or enantiomeric forms. This invention relates to all optical isomers and
stereoisomers of the compounds of formula I and mixtures thereof.

Preferred compounds of formula I include those wherein R'is OH and R? is hydrogen.

Other preferred compounds of formula | include those wherein both R® and R* are
(C4-Cglalky! or R® and R* are taken together to form an optionally substituted (C5-Cg)cycloalkyl
ring or a benzo-fused(C,-Ce)cycloalkyl ring or a group of the formula

(CH),  (CHy)m
X

wherein the carbon atom bearing the asterisk is the carbon to which R® and R* are
atttached, “n” and “m" are independently selected from the integers one and two, and X is CF,,
O. SO, or NR®, wherein R® is hydrogen, (Cs-Cgalkyl, (Cs-Crolaryl, (Cz-Co)heteroalkyl, (Ce-
C,o)aryl(C4-Ce)alkyl, (C,-Co)heteroaryl(C,-Cgalky!, (C;-Ce)alkylsuifonyl, (Ce-Cio)arylsulfonyl,
(C4-Ce)alkyl(C=0)-, (C4-Cg)alkoxy(C=0)-, (Ce-C10)aryl(C=0)-, (Ce-Cio)aryl(C4-Ce)alkyl(C=0)-, or
(Ce-Cro)aryl(C4-Ce)alkoxy(C=0)-; wherein each of said (Cg-Colaryl and (C,-Co)heteroaryl
moieties of said (Cg-Cio)aryl, (C,-Cg)heteroalkyl, (C-Cro)aryl(C,-Cg)alkyl, (Co-Co)heteroaryl(Cs-
Ce)alkyl,  (Cg-Cyoaryisuifonyt, (Cg-Cqo)aryl(C=0)-, (Ce-Co)aryl(Cy-Ce)alkyl(C=0)-, and
(Ce-Cio)aryl(C4-Ceg)alkoxy(C=0)- groups may be optionally independently substituted with one or
more substituents (preferably one to three substituents) independently selected from the group
consisting of fluoro, chloro, bromo, (C+-Celalkyl, (C4-Cgalkoxy, perfluoro(C4-Cs)alkyl,
perfluoro(C,-C,)alkoxy and (Cg-Cjp)aryloxy.

More preferred compounds of formula | include those wherein R® and R* are taken
together to form an optionally substituted (C,-Cg)cycloalkyl ring.

Other preferred compounds of formuia I include those wherein R’ is hydroxy.

Other preferred compounds of formula | include those wherein Q is (Cg-Cyp)aryl or (Cs-
Cio)aryloxy(Ce-Coo)aryl, wherein each (CgCyo)ary!l moieties of said is (Cg-Cyolaryl or (Cs-

Cio)aryloxy(Cs-Cqg)aryl groups may be optionally substituted with one or more substituents
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independently selected from fluoro, chloro, bromo, (C;-Cglalkyl, (C,-Cglalkoxy or perfluoro(C,-
Cslalkyl.

More preferred compounds of formula | include those wherein Q is phenyl or
phenoxypheny! optionally substituted with one or more substituents independently selected from
fluoro, chioro, bromo, (C,-Cs)alkyl, (C,-Cs)alkoxy or perfluoro(C,-Cs)alkyl, more preferably the
substituents are selected from fluoro, chloro, (C,-Cg)alkoxy or (C,-Cg)alkyl, most preferably the
substituent is in the 4-position.

Specific preferred compounds of formuia | include the following:

(2S)-2,N-dihydroxy-3-(4-methoxybenzenesulfonyl)propionamide,

3-[4-(4-fluorophenoxy)phenyisulfonyl}-2,N-dihydroxypropionamide,

2 N-dihydroxy-2-[1-(4-methoxybenzenesulfonyl)cyclobutyljacetamide.

2.N-dihydroxy-2-[1-(4-methoxybenzenesuifonyl)cyclopentyllacetamide,

2-[1-(4-cyclobutoxybenzenesulfonyi)cyclobutyl}-2,N-dihydroxyacetamide,
2-[1-(4-butoxybenzenesulfonyl)cy clobutyi]-2,N-dihydroxyacetamide,
2-{1-[4-(4-fluorophenoxy)benzenesulfonyilcyclobuty!}-2,N-dihydroxyacetamide, or
2-{1-[4-(4-fluorophenoxy)benzenesulfonyijcyciopentyl}-2,N-dihydroxyacetamide.

Other specific compounds of formula | include the foliowing:

2,N-dihydroxy-2-[1-(4-phenoxybenzenesulfonyl)cyclopentyllacetamide,

2,N-dihydroxy-2-[1-(4-phenoxybenzenesulfonyl)cyclobutyllacetamide,

acetic acid {1-[4-(4-fluorophenoxy)benzenesuifonyl]cyclopentyltthydroxycarbamoyl

methy! ester,

acetic acid {1-[4-(4-fluorophenoxy)benzenesuIfonyl]cyclobutyl}hydroxycarbamoy!
methyl ester,

2-{1 -[4-(4—fluorophenoxy)benzenesuifonyl]cyclopentyI}—N—hydroxy-?_—methoxy-
acetamide,

2-{1 -[4-(4-fluorophenoxy)benzenesuIfonyl]cyclobutyl}-N-hydroxy-2-
methoxyacetamide,

2-[1 -(4-butoxybenzenesuIfonyl)cyclohexyl]-z,N-dihydroxyacetamide,

21 -(4—butoxybenzenesuIfonyl)cyclopentyl]—Z,N—dihydroxyacetamide, or

2-[1-(4—butoxybenzenesulfonyl)cyclobutyl]-z,N-dihydroxyacetamide.

The present invention also relates to a pharmaceutical composition for (a) the treatment
of a condition selected from the group consisting of arthritis, osteoporosis, cancer, synergy with
cytotoxic anticancer agents, tissue ulceration, macular degeneration, restenosis, periodontal
disease, epidermolysis bullosa, scleritis, in combination with standard NSAID'S and analgesics

and other diseases characterized by matrix metalloproteinase activity, AIDS, sepsis, septic
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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 formula | or a
pharmaceutically acceptable salt thereof effective in such treatments 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 formula
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, osteoporosis, cancer, tissue ulceration, macular degeneration,
restenosis, periodontal disease, epidermolysis buliosa, scleritis, compounds of formula | may be
used in combination with standard NSAID'S and analgesics and in combination with cytotoxic
anticancer agents, 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 to said mammal an amount of a

compound of formula 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 illustrate the preparation of the compounds of the
present invention. Unless otherwise indicated n, m, R', R% R®, R* R® R®, R”. R?, Q and X in the

reaction Schemes and the discussion that follow are defined as above.

AQUESTIVE EXHIBIT 1004 page 1058



WO 98/34915 PCT/IB98/00101

-11-

SCHEME 1
O' R? O R2
- PhCH,O S—Q
CO,CH,Ph R
Vi l N
e - I
Rt O R? O
I 1 WV
o R3
0O R2 /? )7%<R4
-  HO—N S0,-Q
PhCHzo-—if\_ll/UﬁA//S Q H 4 Rre

AQUESTIVE EXHIBIT 1004 page 1059



WO 98/34915 ) PCT/IB98/00101

-12-

SCHEME 2
Rs3 R3
>——X >— Ss— Q
R4 R4
Xiv Xlil
Rs O
/) [ R ]
@] ﬁ—— Q ﬁ——— Q
R4
HO Re O O
X

P R4
IX
X l
O
R3 O
i e ﬁ —-— BnO N g Q
BnO —N S— Q I
I P Rrs O
HO R4 O
Vil
Vil

AQUESTIVE EXHIBIT 1004 page 1060



WO 98/34915

PCT/IB98/00101

13-
SCHEME 3
Rs O
7\ I
O ﬁ—__Q
HO Ra O
Xl \
/N
O ﬁ—Q
R R O
XV
? RS ﬁ /
HO~ \; ﬁ__ Q
Rt Re O
Y \
O RS ﬁ
BnO —~H ﬁ__Q
Rt Rrs O
XV
O Rs R4
HOHN/[%<S02-Q
R Rz

AQUESTIVE EXHIBIT 1004 page 1061



WO 98/34915 » PCT/IB98/00101

-14-

SCHEME 4
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Scheme 1 refers to the preparation of compounds of the formula |, wherein R3 and R4
are hydrogen. Referring to Scheme |, a compound of the formula { is prepared from a
compound of the formula Il by hydrogenolysis under an atmosphere of hydrogen in the
presence of a catalyst in a reaction inert solvent. Suitable catalysts include 5% palladium on
barium sulfate or 5% palladium on carbon, preferably 5% palladium on barium sulfate.
Suitable soivents include an aicohol such as ethanol, methanol or isopropanol, preferably

methanol. The aforesaid reaction may be performed at a pressure from about 1 to about 5

atmospheres, preferably about 3 atmospheres. Suitable temperatures for the aforesaid

reaction range from about 20°C (room temperature) to about 60°C, preferably the temperature
may range from about 20°C to about 25°C (i.e. room temperature). The reaction is complete
within about 0.5 hours to about 5 hours, preferably about 3 hours.

The compound of formula Il is prepared from a compound of formula Il by reaction
with O-benzyinydroxylamine hydrochloride, an activating agent, and a base in a reaction inert
solvent. Suitable activating agents include (benzotriazol-1-yloxy)tris(dimethylamino)
phosphonium  hexafluorophosphate  or  1-(3-(dimethylaminopropyi)-3-ethyicarbodiimide
hydrochloride, preferably (benzotriazol-1-yloxy)tris(dimethylamino) phosphonium
hexafluorophosphate.  Suitable bases include tertiary amines such as triethylamine,
diisopropylethylamine or 4-N,N-dimethylaminopyridine, preferably triethylamine. The
temperature of the aforesaid reaction may range from about 0°C to about 60°C, preferably
about 20°C (room temperature). Suitable solvents include halogenated solvents such as
methylene chloride or chioroform, or ethers such as THF or diethyl ether, preferably the
solvent is methylene chloride. The reaction is complete in about 4 hours to about 48 hours,
preferably about 16 hours.

The compound of formula Ill is prepared from a compound of formula IV by
hydrogenolysis under an atmosphere of hydrogen in the presence of a catalyst in a reaction
inert solvent. Suitable catalysts include palladium or 5-10% pailadium on activated charcoal,
preferably 10% palladium on activated charcoal. Suitable solvents include acetic acid,
alcohols such as ethanol, methanol, or isopropanol, preferably ethanol. The aforesaid
reaction may be performed at a pressure from about 1 to about 5 atmospheres, preferably
about 3 atmospheres. Suitable temperatures for the aforesaid reaction range from about 20°C
(room temperature) to about 60°C, preferably the temperature may range from about 20°C to
about 25°C (i.e. room temperature). The reaction is complete within about 0.5 hours to about
24 hours, preferably about 3 hours.

Compounds of the formula IV can be prepared from compounds of the formula V by

reaction with an oxidant in a reaction inert solvent. Suitable oxidants include meta-
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chloroperbenzoic acid, hydrogen peroxide or sodium perborate, preferably meta-

chloroperbenzoic acid. Suitable solvents include halogenated solvents such as methylene
chloride or chloroform, preferably methylene chloride. Suitable temperatures for the aforesaid
reaction range from about 0°C to about 60°C, preferably the temperature may range from
about 20°C to about 25°C (i.e. room temperature). The reaction is complete within about 0.5
hours to about 24 hours, preferably about 3 hours.

Compounds of the formula V, wherein R’ is hydroxy, can be prepared from
compounds of the formula VI by reaction with a Grignard reagent and a thiol of the formula
QSH in a reaction inert solvent. Suitable Grignard reagents include ethyl magnesium bromide
or phenyl magnesium bromide, preferably ethyl magnesium bromide. Suitable solvents
include ethers such as diethy' ether, tetrahydrofuran or 1,2-dimethoxyethane, preferably the

solvent is a mixture of tetrahydrofuran and diethyl ether. Suitable temperatures for the

aforesaid reaction are from about -78°C to about 50°C , preferably from about 0°C to about
25°C (i.e. room temperature). The reaction is complete in about 1 to about 24 hours,
preferably about 3 hours.

Compounds of the formula V, wherein R'is (Cg-Crolaryl(C4-Cglalkoxy or (C,-Cg)alkoxy,
can be prepared from compounds of the formula V, wherein R' is hydroxy, by reaction with a
compound of the formula R'L, wherein L is a leaving group and R is (C¢-Cjo)aryl(C,-Cg)alky!
or (C,-Cg)alkyl, in the presence of a strong base in an aprotic polar solvent. Suitable leaving
groups include chloro, fluoro, bromo, mesylate, triflate or tosylate. Preferably, the leaving group
is iodo. Suitable bases include sodium hydride, lithium dialkyl amides such as lithium N-
isopropyl-N-cyclohexylamide or lithium diisopropyl amide, potassium t-butoxide, sodium
amide, or potassium hydride, preferably sodium hydride. Suitable solvents include ethers
(such as THF, diethyl ether or 1,2-dimethoxyethane), preferably THF. The aforesaid reaction
is conducted at about -78°C to about 0°C, preferably at about 0°C.

Compounds of the formula V, wherein R' is (C4-Cg)alkyl(C=0)0O-, (C;-Ce)alkoxy-
(C=0)0-, (Cg-C1o)aryl(C=0)0-, (Cg-Cqp)aryloxy(C=0)0O-, (Ce-Cyo)aryl{C,-Cg)alkyi(C=0)O- or
(Cs-C1o)aryl(C4-Ce)alkoxy(C=0)O-, can be prepared from compounds of the formula V, wherein
R' is hydroxy, by reaction with a compound of the formula R'™L, wherein L is a leaving group
and R™ is (C,-Cs)alkyl(C=0)-, (C-Cg)alkoxy(C=0)-, (C¢-Cyo)aryl(C=0)-, (Ce-Cyo)aryloxy(C=0)-,
(Co-Co)aryl(C4-Ce)alkyl(C=0)- or (Co-C1o)aryl(C,-Cg)alkoxy(C=0)-, in the presence of a base in
a reaction inert solvent. Suitable leaving groups include chloro, fluoro, bromo, or R™O (i.e. an
anhydride). Preferably, the leaving group is chloro. Suitable bases include tertiary amine
bases such as triethylamine, pyridine or 4-dimethylaminopyridine, preferably triethylamine.
The temperature of the aforesaid reaction is from about 0°C to about 30°C, preferably from
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about 20°C to about 25°C (i.e. room temperature). Suitable solvents include halogenated

solvents such as methylene chloride or chloroform, preferably methyiene chloride. The

reaction is conducted from about 1 hour to about 24 hours, preferably for about 2 hours.
Compounds of the formula VI can be prepared by methods well known to those of

ordinary skill in the art. Compounds of the formula VI can also be prepared by peracid oxidation

(e.g., meta-chloroperbenzoic acid) of the corresponding o,p-unsaturated benzyl esters as

described in Jerry March, Advanced Oraganic Chemistry, 735 (3rd ed., 1985). The corresponding
o,B-unsaturated benzyl esters may be prepared by Knovenagel condensation between a
malonate monobenzyl ester and paraformaldehyde in the presence of piperidine as described in
H.O. House, Modern Synthetic Reactions, 649-651 (2nd ed., W.A. Benjamin, Menlo Park,
California, 1972).

Compounds of the formula VI, wherein R? is hydrogen, can also be prepared in racemic
or enantiomerically pure form by conversion of L-, D-, or D,L-serine as reported by W. Roush
and B. Brown, J. Org. Chem., 47, 3387 (1992).

Scheme 2 refers to the preparation of compounds of the formula 1, wherein R? is
hydrogen and R' is OH. Referring to Scheme 2, compounds of formula | can be prepared from
compounds of the formula Vil by hydrogenolysis under an atmosphere of hydrogen in the
presence of a catalyst in a reaction inert solvent. Suitable catalysts include 5% palladium on
barium sulfate or 5% palladium on carbon, preferably 5% palladium on barium sulfate.
Suitable solvents include an alcohol such as ethanol, methanol or isopropanol, preferably
methano!l. The aforesaid reaction may be performed at a pressure from about 1 to about 5
atmospheres, preferably about 3 atmospheres. Suitable temperatures for the aforesaid
reaction range from about 20°C (room temperature) to about 60°C, preferably the temperature
may range from about 20°C to about 25°C (i.e. room temperature). The reaction is complete
within about 0.5 hours to about 5 hours, preferably about 3 hours.

Compounds of the formula VIl can be prepared from compounds of the formula V11l by
reaction with an alkali metal hydroxide in a polar solvent. Suitable alkali metal hydroxides
include lithium hydroxide, sodium hydroxide or potassium hydroxide, preferably lithium
hydroxide, most preferably about 5 equivalents of the alkali metal hydroxide. The aforesaid
reaction may conducted at a temperature from about 0°C to about 60°C, preferably from about
20°C to about 25°C (i.e. room temperature). Suitable solvents include a mixture of water and
an alcohol such as methanol or ethanol and, optionally an water miscible ether such as
tetrahydrofuran or  1,2-dimethoxyethane. Preferably, the solvent system is

methanol/water/tetrahydrofuran. The reaction is conducted from about 1 to about 72 hours,
preferably about 24 hours.
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The compound of formula VIil is prepared from a compound of the formuia IX by

reaction with O-benzylhydroxylamine hydrochioride in the presence of a catalyst and a base in

a reaction inert solvent. Suitable catalysts include (benzotriazol-1-

yloxy)tris(dimethylamino)phosphonium hexafluorophosphate or 1-(3-(dimethylaminopropy!)-3-

ethylcarbodiimide hydrochloride, preferably {benzotriazol-1-yloxy)tris(dimethylamino)

Suitable bases inciude tertiary amines such as
triethylamine. diisopropylethylamine or dimethylaminopyridine, preferably triethylamine. The

phosphonium hexafiucrophosphate.

aforesaid reaction temperature is from about 0° C to about 60°C, preferably from about 20° C

to about 25°C (i.e. room temperature). Suitable solvents include halogenated solvents such

as methylene chioride or chloroform, preferably methyilene chloride. The reaction is

conducted from about 4 hours to about 48 hours, preferably about 16 hours.

The compound of formula IX is prepared from a compound of the formula X by reaction
with an excess of sodium periodate in the presence of catalytic ruthenium trichloride hydrate.
The aforesaid reaction is conducted at a temperature from about 0°C to about 35°C,
preferably from about 20°C to about 25°C (i.e. room temperature). Suitable solvents include
acetone or a mixture of acetonitrile, carbon tetrachloride and water, preferably a 1:1:2 mixture
of acetonitile, carbon tetrachloride and water. The reaction is conducted from about 0.5 to
about 2 hours, preferably about 1.25 hours.

The compound of the formula X, wherein "P” is pivaloyl, acetyl or benzoyl, is prepared
by reaction of a compound of the formula X! with a protecting group reagent in the presence of a
base in a reaction inert solvent. Suitable protecting group reagents include pivaloyl chloride,
pivaloic anhydride, acety! chloride, acetic anhydride, benzoyl cloride or benzoic anhydride,
preferably acetic anhydride. Suitable bases include tertiary amine bases such as pyridine or
4-N,N-dimethylaminopyridine, preferably 4-N, N-dimethylaminopyridine. The temperature of
the aforesaid reaction is from about 0°C to about 30°C, preferably from about 20°C to about
25°C (i.e. room temperature). Suitable solvents include halogenated solvents such as
methylene chloride or chioroform, preferably methylene chioride. The reaction is conducted
from about 1 hour to about 24 hours, preferably for about 2 hours.

The compound of formula X! is prepared from a compound of the formula XII by reaction
with 2-furaldehyde and a strong base in a polar aprotic solvent. Suitable bases include
potassium-tert.-butoxide, lithium diisopropylamide, and butyl lithium, preferably 2.5 M n-
butyllithium in hexane. The temperature of the aforesaid reaction is from about -78°C to about
0°C, preferably about -78°C. Suitable solvents include diethy! ether, tetrahydrofuran, or 1,2-
dimethoxyethane, preferably the solvent is tetrahydrofuran. The reaction is conducted from

about 0.25 hours to about 6 hours, preferably about 0.33 hours.

AQUESTIVE EXHIBIT 1004 page 1066



10

15

20

25

30

35

WO 98/34915

PCT/IB98/00101

-19-

The compound of formula Xl is prepared from a compound of the formula Xl by

reaction with an oxidant in a reaction inert solvent. Suitable oxidants include meta-

chloroperbenzoic acid, hydrogen peroxide or sodium perborate, preferably meta-

chloroperbenzoic acid. Suitable solvents include halogenated solvents such as methylene
chioride or chloroform, preferably methylene chloride. Suitable temperatures for the aforesaid
reaction range from about 0°C to about 60°C, preferably the temperature may range from
about 20°C to about 25°C (i.e. room temperature). The reaction is complete within about 0.5
hours to about 24 hours, preferably about 3 hours.

The compound of the formula Xl is prepared from a compound of the formula XIV by
reaction with a thiol of the formula QSH in the presence of a base in an aprotic solvent.
Suitable bases include sodium hydride, ethyl magnesium bromide, lithium diisopropyl amide,
potassium hydride, or sodium methoxide, preferably sodium hydride. The temperature of the
aforesaid reaction is from about 0°C to about 60°C, preferably 20°C to about 25°C (i.e. room
temperature).  Suitable solvents include aprotic solvents such as methylene chloride,
tetrahydrofuran or N,N-dimethylformamide, preferably N,N-dimethylformamide. The reaction
is conducted for about 1 hour to about 48 hours, preferably about 16 hours.

Compounds of the formula XIV and QSH are commercially available or can be made by
methods well known to those of ordinary skill in the art. Compounds of the formula QSH can
also be prepared by reaction of an alkyl or aryl halide with sodium sulfhydride as described in
Jerry March, Advanced Organic Chemistry, 360 and 589 (3rd ed., 1985). Alternatively,

compounds of the formula QSH can also be prepared by reaction of an ary! diazonium salt with
sodium sulfnydride as described in March id. at 601. Alternatively, compounds of the formula
QSH can also be prepared by reaction of a Grignard reagent with sulfur as described in March
id. at 550. Alternatively, compounds of the formula QSH can aiso be prepared by reduction of a
sulfonyl chloride, sulfonic acid or disulfide as described in March id. at 1107 and 1110.

Scheme 3 refers to the preparation of compounds of the formula |, wherein R is other
than hydroxy and R? is hydrogen.

Referring to Scheme 3, compounds of the formula | are prepared from compounds of
the formula XVII by hydrogenolysis according to methods analogous to the methods described
for converting compounds of formula Vi1 to compounds of formula | in Scheme 2.

Compounds of the formula XVII are prepared from compounds of the formula XVI by
reaction with O-benzylhydroxylamine hydrochloride in the presence of a catalyst and a base in
a reaction inert solvent according to methods analogous to the conversion of compounds of

the formula IX to formula VIli as described above in Scheme 2.
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Compounds of the formula XVI are prepared from compounds of the formula XV by
reaction with an excess of sodium periodate in the presence of a catalyst according to methods
analogous to thqse used for the conversion of compounds of the formuia X to formula IX as
described above in Scheme 2.

Compounds of the formula XV, wherein R is (Ce-Cyp)aryl(C,-Cg)alkoxy or (C,-Cg)alkoxy,
can be prepared from compounds of the formula XI by reaction with a compound of the formula
R'®L, wherein L is a leaving group and R'™ is (Ce-C,p)aryl(C,-Cg)alkyl or (C,-Ce)alkyl, in the
presence of a strong base in an aprotic potar solvent. Suitable leaving groups include chloro,
fluoro, bromo, mesylate, triflate or tosylate. Preferably, the leaving group is iodo. Suitable bases
inciude lithium dialkyl amides such as lithium N-isopropyl-N-cyclohexyiamide or lithium
diisopropy! amide, potassium t-butoxide, sodium amide, potassium hydride or sodium hydride,
preferably sodium hydride. Suitable solvents include ethers (such as THF, diethyl ether or
1,2-dimethoxyethane), preferably THF. The aforesaid reaction is conducted at about -78°C to
about 0°C, preferably at about 0°C.

Compounds of the formula XV, wherein R' is (C,-Cgalkyl(C=0)O-,
(C,-Cg)alkoxy(C=0)0-, (Ce-Cio)aryl(C=0)0O-, (Ce-Cyp)aryloxy(C=0)0-,
(Cs-C10)aryl(C,-Cglalkyl(C=0)0O- or (Cs-Cyp)aryl(C4-Cg)alkoxy(C=0)O-, can be prepared from
compounds of the formula Xl by reaction with a compound of the formula R'L, wherein L is a
leaving group and R™ is (C;-Cealkyl(C=0)-, (C,-Cealkoxy(C=0)-, (Ce-Cio)aryl(C=0)-,
(Ce-Cro)aryloxy(C=0)0-, (Cg-C10)aryl(C,-Ce)alkyl(C=0)- or (Cg-C,g)aryl(C,-Ce)alkoxy(C=0)-, in
the presence of a base in a reaction inert solvent. Suitable leaving groups inciude chioro,
fluoro, bromo or (R™)O- (i.e. an anhydride). Preferably, the leaving group is chioro. Suitable
bases include tertiary amine bases such as triethylamine, pyridine or 4-dimethylaminopyridine,
preferably triethylamine. The temperature of the aforesaid reaction is from about 0°C to about
30°C, preferably from about 20°C to about 25°C (i.e. room temperature). Suitable solvents
include halogenated solvents such as methylene chloride or chloroform, preferably methylene
chioride. The reaction is conducted from about 1 hour to about 24 hours, preferably for about
2 hours.

Compounds of the formula XI can be made according to the methods of Scheme 2.

Scheme 4 refers to the preparation of compounds of the formula |, wherein R? is other
than hydrogen and R® and R* are other than hydrogen.

Referring to Scheme 4, compounds of the formula | are prepared from compounds of
the formula XXIIl by hydrogenolysis under an atmosphere of hydrogen in the presence of a
catalyst in a reaction inert solvent. Suitable catalysts include 5% palladium on barium sulfate

or 5% palladium on carbon, preferably 5% palladium on barium sulfate. Suitable solvents
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include an alcohol such as ethanol, methanol or isopropanol, preferably methanol. The
aforesaid reaction may be performed at a pressure from about 1 to about 5 atmospheres,
preferably about 3 atmospheres. Suitable temperatures for the aforesaid reaction range from
about 20°C (room temperature) to about 60°C, preferably the temperature may range from
about 20°C to about 25°C (i.e. room temperature). The reaction is complete within about 0.5

hours to about 5 hours, preferably about 3 hours.

The compound of the formula XXIil is prepared from a compound of the formula XXIi
by reaction with O-benzylhydroxylamine hydrochloride in the presence of a catalyst and a
base in a reaction inert solvent. Suitable catalysts include (benzotriazol-1-
yloxy)tris(dimethylamino)phosphonium hexafluorophosphate or 1-(3-(dimethytaminopropyl)-3-
ethylcarbodiimide hydrochloride, preferably (benzotriazol-1-yloxy)tris(dimethylamino)
phosphonium hexaflucrophosphate.  Suitable bases

include tertiary amines such as
triethylamine. diisopropylethylamine or dimethylaminopyridine, preferably triethylamine. The
aforesaid reaction temperature is from about 0° C to about 60°C, preferably from about 20° C
to about 25°C (i.e. room temperature). Suitable solvents include halogenated solvents such
as methylene chloride or chioroform, preferably methylene chloride. The reaction is
conducted from about 4 hours to about 48 hours, preferably about 16 hours.

The compound of the formula XXIl can be prepared by deprotection of a compound of
the formula XXI by reaction with an alkali metal hydroxide in a polar solvent. Suitable aikali
metal hydroxides include lithium hydroxide, sodium hydroxide or potassium hydroxide,
preferably lithium hydroxide, most preferably about 5 equivalents of the alkali metal hydroxide.

The aforesaid reaction may conducted at a temperature from about 0°C to about 60°C,
preferably from about 20°C to about 25°C (i.e. room temperature). Suitable solvents include a
mixture of water and an alcohol such as methanol or ethanol and, optionally an water miscible
ether such as tetrahydrofuran or 1,2-dimethoxyethane. Preferably, the solvent system is
methanol/water/tetrahydrofuran. The reaction is conducted from about 1 to about 72 hours,
preferably about 24 hours.

Compounds of the formula XXI can be prepared from compounds of the formuia Xil
by reaction with a compound of the formula

O

)\( ”
R

O

XXVII
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wherein P’ is methyl, ethyl or benzyl, and a strong base in a polar aprotic soivent. Suitable bases
include sodium hydride (NaH), potassium-tert.-butoxide, lithium diisopropylamide, and butyl
fithium, preferably 2.5 M n-butyllithium in hexane. The temperature of the aforesaid reaction is
from about -78°C to about 0°C, preferably about -78°C. Suitable solvents include diethy!
ether, tetrahydrofuran, or 1,2-dimethoxyethane, preferably the solvent is tetrahydrofuran. The
reaction is conducted from about 0.25 hours to about 6 hours, preferably about 0.33 hours.

Alternatively, compounds of the formula |, wherein R' is other than hydroxy, R? is other
than hydrogen and R® and R* are other than hydrogen, can be prepared from compounds of the
formula XXV by methods analogous to the conversion of compounds of the formula XXIi to
compounds of formula |, as described above in Scheme 4.

Compounds of the formula XXV can be prepared from compounds of the formula
XXIV, wherein P’ is benzyl, by hydrogenolysis under an atmosphere of hydrogen in the
presence of a catalyst in a reaction inert solvent. Suitable catalysts include palladium or 5-
10% palladium on activated charcoal, preferably 10% palladium on activated charcoal.
Suitable solvents include acetic acid, alcohols such as ethanol, methanol, or isopropanol,
preferably ethanol. The aforesaid reaction may be performed at a pressure from about 1 to
about 5 atmospheres, preferably about 3 atmospheres. Suitable temperatures for the
aforesaid reaction range from about 20°C (room temperature) to about 60°C, preferably the
temperature may range from about 20°C to about 25°C (i.e. room temperature). The reaction
is complete within about 0.5 hours to about 24 hours, preferably about 3 hours.

Compounds of the formuia XXIV, wherein R' is (CgCyplaryl(C,-Cglalkoxy,
(C4-Cg)alkoxy, can be prepared from compounds of the formula XXI by reaction with an
arylalky! or alkyl halide in the presence of a base in an aprotic solvent. Suitable bases include
sodium hydride, ethyl magnesium bromide, lithium diisopropyl amide, potassium hydride, or
sodium methoxide, preferably sodium hydride. The temperature of the aforesaid reaction is
from about 0°C to about 60°C, preferably 20°C to about 25°C (i.e. room temperature).
Suitable solvents include aprotic solvents such as methylene chloride, tetrahydrofuran or N,N-
dimethylformamide, preferably N,N-dimethylformamide. The reaction is conducted for about 1
hour to about 48 hours, preferably about 16 hours.

Alternatively, compounds of the formula XXIV, wherein R' is (C4-Cg)alkyl(C=0)0O-,
(C4-Cg)alkoxy(C=0)0-, (Ce-Co)aryl(C=0)0-, (Ce-Cio)aryloxy(C=0)O-,
(Ce-Cro)aryl(C4-Ce)alkyl(C=0)O- or (Ce-Co)aryl(C,-Cglalkoxy(C=0)O-, can be prepared from
compounds of the formula XXI by reaction with an arylacy! or acyl halide in the presence of a
base in an aprotic solvent. Suitable bases include tertiary amines such as triethylamine,

diisopropylethylamine or 4-N,N-dimethylaminopyridine, preferably triethylamine. The
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temperature of the aforesaid reaction may range from about 0°C to about 60°C, preferably

about 20°C (room temperature). Suitable soivents include halogenated solvents such as

methylene chioride or chloroform, or ethers such as THF or diethyl ether, preferably the
solvent is methylene chloride. The reaction is complete in about 4 hours to about 48 hours,
preferably about 16 hours.

The compounds of the formula | which are basic in nature are capable of forming a
wide variety of different salts with various inorganic and organic acids. Although such salts
must be pharmaceutically acceptable for administration to animals, it is often desirable in
practice to initially isolate a compound of the formula | from the reaction mixture as a
pharmaceutically unacceptable salt and then simply convert the latter back to the free base
compound by treatment with an alkaline reagent, and subsequentiy convert the free base to a
pharmaceutically acceptable acid addition salt. The acid addition salts of the base
compounds of this invention are readily prepared by treating the base compound with a
substantially equivalent amount of the chosen mineral or organic acid in an aqueous solvent
medium or in a suitable organic solvent such as methanol or ethanol.

Upon careful
evaporation of the solvent, the desired solid salt is obtained.

The acids which are used to prepare the pharmaceutically acceptable acid addition
salts of the base compounds of this invention are those which form non-toxic acid addition
salts, Le., salts containing pharmacologically acceptable anions, such as hydrochloride,
hydrobromide, hydroiodide, nitrate, sulfate or bisulfate, phosphate or acid phosphate, acetate,
lactate, citrate or acid citrate, tartrate or bitartrate, succinate, maleate, fumarate, gluconate,
saccharate, benzoate, methanesulfonate and pamoate [i.e., 1,1'-methylene-bis-(2-hydroxy-3-
naphthoate)] salts.

Those compounds of the formula | which are also acidic in nature, are capable of
forming base salts with various pharmacologically acceptable cations. Examples of such salts
include the alkali metal or alkaline-earth metal salts and particularly, the sodium and
potassium salts. These salts are all prepared by conventional techniques. The chemical
bases which are used as reagents to prepare the pharmaceutically acceptable base salts of
this invention are those which form non-toxic base salts with the herein described acidic
compounds of formula I. These non-toxic base salts include those derived from such
pharmacologically acceptable cations as sodium, potassium, calcium and magnesium, etc.
These salts can easily be prepared by treating the corresponding acidic compounds with an
aqueous solution containing the desired pharmacologically acceptable cations, and then
evaporating the resulting solution to dryness, preferably under reduced pressure.

Alternatively, they may also be prepared by mixing lower alkanolic solutions of the acidic
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compounds and the desired alkali metal alkoxide together, and then evaporating the resulting
solution to dryness in the same manner as before. in either case, stoichiometric quantities of
reagents are preferably employed in order to ensure completeness of reaction and maximum
product yields.

The ability of the compounds of formula | or their pharmaceutically acceptable salts
(hereinafter also referred to as the compounds of the present invention) to inhibit matrix
metalloproteinases or the pruduction 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 (MMP-1)

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

10 mM stock solutions of inhibitors are made up in dimethy! suifoxide and then diluted
using the following Scheme:

10 mM -———> 120 pM ———> 12 pM > 12 pM ~-—-> 0.12 uM

Twenty-five microliters of each concentration is then added in friplicate to appropriate
wells of a 96 well microfluor plate. The final concentration of inhibitor wili 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 (no enzyme, no nhibitors) are set in wells D7-D12.

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

Substrate (DNP-Pro-Cha-Gly-Cys(Me)-His-Ala-Lys(NMA)-NH,) is made as a S mM
stock in dimethy! sulfoxide and then diluted to 20 mM in assay buffer. The assay is initiated by
the addition of 50 ml substrate per well of the microfiuor plate to give a final concentration of 10
mM.

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 ICs, values. The zero time is used as a blank for each compound at each
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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). 1Cs,'s are determined from the concentration of inhibitor that gives a
signal that is 50% of the control.

If 1Cso's are reported to be <0.03 mM then the inhibitors are assayed at concentrations of
0.3 mM, 0.03 mM, 0.03 mM and 0.003 mM.

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 mM) under the same conditions as inhibition of human collagenase
(MMP-1).

72kD gelatinase is activated with 1 mM APMA (p-aminophenyl 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 mM, 3 mM, 0.3 mM and 0.03 mM. Each concentration is done in triplicate.

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

[Cso's are determined as per inhibition of human collagenase (MMP-1). |f ICg's are
reported to be less than 0.03 mM, then the inhibitors are assayed at final concentrations of 0.3

mM, 0.03 mM, 0.003 mM and 0.003 mM.
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-SCH[CH,CH(CHj;),]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 mi of a 10
mg/mi trypsin stock per 26 mg of stromelysin. The trypsin and stromelysin are incubated at 37°C
for 15 minutes followed by 10 ml 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 2560 mi 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 mg/ml. Ellman's reagent (3-Carboxy-4-
nitropheny! disulfide) is made as a 1M stock in dimethyl formamide and diluted to 5 mM in assay
buffer with 50 mi per well yielding at 1 mM final concentration.
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10 mM stock solutions of inhibitors are made in dimethyl sulfoxide and diluted serially in
assay buffer such that addition of 50 mL to the appropriate wells yields final concentrations of 3
mM, 0.3 mM, 0.003 mM, and 0.0003 mM. Ali conditions are completed in triplicate.

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

ICg, 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/mi in assay buffer (50 mM Tris, pH 7.5,
200 mM sodium chloride, 5mM calcium chioride, 20mM zinc chioride, 0.02% brij). Twenty-five
microliters of diluted enzyme is added per weil of a 96 well microfiuor 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/ml.

10 mM stock solutions of inhibitors are made up in dimethy! sulfoxide 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 microfiuor piate. The
final concentrations in the assay are 30 mM, 3mM, 0.3 mM, and 0.03 mM.

Substrate (Dnp-Pro-Cha-Gly-Cys(Me)-His-Ala-Lys(NMA)-NH,) is prepared as for
inhibition of human coliagenase (MMP-1) and 50 mi is added to each well to give a final assay
concentration of 10 mM. 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.

ICs's are determined as per inhibition of human collagenase (MMP-1). If ICq's are
reported to be less than 0.03 mM, inhibitors are then assayed at final concentrations of 0.3 mM,
0.03 mM, 0.003 mM and 0.0003 mM.

All of the compounds of the invention that were tested in the Inhibition of MMP-13 assay
had ICg's of less than 50nm.

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:
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Human mononuclear cells were isolated from anti-coagulated human blood using a one-
step Ficoll-hypaque separation technique. (2) The mononuciear 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.

180m of the cell suspension was aliquoted into flat bottom 96 well plates (Costar).
Additions of compounds and LPS (100ng/ml final concentration) gave a final volume of 200mi.
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 supernatants removed and assayed for TNF« using the R&D ELISA Kit®.

For administration to mammals, including humans, for the inhibition of matrix
metalloproteinases or the production of tumor necrosis factor (TNF), a variety of conventional
routes may be used including oral, parenteral (e.g., intravenous, intramuscular or
subcutaneous), buccal, anal and topical. In general, the active compound will be administered at
dosages between about 0.1 and 25 ma/kg body weight of the subject to be treated per day,
preferably from about 0.3 to 5 mg/kg. Preferably the active compound will be administered orally
or parenterally. However, some variation in dosage will necessarily occur depending on the
condition of the subject being treated. The person responsible for administration will, in any
event, determine the appropriate dose for the individuat 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
celiulose, sodium citrate, calcium carbonate, dicaicium 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 talc 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,
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together with such diluents as water, ethanol, propylene glycol, glycerin and various like
combinations thereof. In the case of animals, they are advantageously contained in an animal
feed or drinking water in a concentration of 5-5000 ppm, preferably 25 to 500 ppm.

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. In the case of
animals, compounds can be administered intramuscularly or subcutaneously at dosage levels of
about 0.1 to 50 mg/kg/day, advantageously 0.2 to 10 mg/kg/day given in a single dose or up to 3
divided doses.

The active compounds of the invention may also be formulated in rectal compositions
such as suppositories or retention enemas, e.g., containing conventional suppository bases
such as cocoa butter or other glycerides.

For intranasal administration or administration by inhalation, the active compounds of
the invention are conveniently delivered in the form of a solution or suspension from a pump
spray container that is squeezed or pumped by the patient or as an aerosol spray presentation
from a pressurized container or a nebulizer, with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichiorotetrafiucroethane, carbon dioxide or
other suitable gas. In the case of a pressurized aerosol, the dosage unit may be determined
by providing a valve to deliver a metered amount. The pressurized container or nebulizer may
contain a solution or suspension of the active compound. Capsules and cartridges (made, for
example, from gelatin) for use in an inhaler or insufflator may be formulated containing a
powder mix of a compound of the invention and a suitable powder base such as lactose or
starch.

The following Examples illustrate the preparation of the compounds of the present
invention. Melting points are uncorrected. NMR data are reported in parts per million (d) and
are referenced to the deuterium lock signal from the sample solvent (deuteriochloroform
unless otherwise specified). Commercial reagents were utilized without further purification.
THF refers to tetrahydrofuran. DMF refers to N,N-dimethylformamide. Chromatography

refers to column chromatography performed using 32-63 mm silica gel and executed under
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nitrogen pressure (flash chromatography) conditions. Room or ambient temperature refers to
20-25°C. All non-aqueous reactions were run under a nitrogen atmosphere for convenience

and to maximize yields. Concentration at reduced pressure means that a rotary evaporator
was used.

Example 1

(285)-2.N-DIHYDROXY-3-(4-METHOXYBENZENESULFONYL)PROPIONAMIDE
(A)

(2S)-2-Hydroxy-3-(4-methoxyphenylsulfanyl)propionic acid benzyl ester

A solution of 1 M ethylmagnesium bromide in diethyl ether (16.6 mL, 16.7 mmole) was

diluted with tetrahydrofuran (32 mL) and cooled in an ice bath. A solution of

4-methoxybenzenethiol (2.3 grams, 16.7 mmole) in anhydrous tetrahydrofuran (5 mL) was
added dropwise. The resulting mixture was allowed to stir at 0°C for 1 hour and then a solution
of benzyl (2S)-glycidate (2.3 grams, 12.9 mmole) in tetrahydrofuran (5 mL) was added. The
mixture was stirred at room temperature for 3 hours. After quenching with water, the mixture
was extracted with ether. The aqueous layer was acidified to pH 5 and again extracted with
diethy! ether. The combined diethyi ether extracts were washed with water and brine, dried over
magnesium sulfate and concentrated to an oil. The product,
(25)-2-hydroxy-3-(4-methoxyphenylsuifanyl)propionic acid benzyl ester (3.6 grams, 88%) was
isolated as a light yellow oil by chromatography on silica gel using 1:1 diethyl ether/hexane as
eluant.

{B) (2S)-2-Hydroxy-3-(4-methoxybenzenesulfonyl)propionic acid benzy| ester

A solution of (28)-2-hydroxy-3-(4-methoxyphenylsulfanyl)propionic acid benzyl ester (3.6
grams, 11 mmole) in methylene chioride (25 mL) was cooled in an ice bath and a solution of 50%
m-chloroperbenzoic acid (8.4 grams, 24 mmole) in methylene chloride (75 mlL) was added
dropwise. The resulting mixture was stirred at room temperature for 4 hours. After quenching
with saturated aqueous sodium bisulfite solution, the mixture was extracted with diethyl ether.
The extract was washed with saturated aqueous sodium bicarbonate solution and brine, dried
over magnesium sulfate and concentrated to a white solid. Recrystallization from 1:1
hexane/ethyl acetate afforded (23)-2-hydroxy-3-(4-methoxybenzenesuifonyl)propionic acid
benzy! ester (3.2 grams, 84%) as a white crystalline solid.

©) (28)-2-Hydroxy-3-(4-methoxybenzenesulfonyt)propionic acid

A solution of (2S)-2-hydroxy-3-(4-methoxybenzenesulfonyl)propionic acid benzy! ester
(1.0 grams, 2.8 mmole) in methanol (70 mL) was treated with 10% palladium on activated carbon
(100 mg) and hydrogenated at 3 atmospheres pressure for 3 hours in a Parr shaker. The

catalyst was removed by filtration through diatomaceous earth and the filtrate was concentrated
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to afford (25)-2-hydroxy-3-(4-methoxybenzenesulfonyl)propionic acid as a white foam (729 mg,
100%).

(D) (25)-N-Benzyloxy-2-hydroxy-3-(4-methoxybenzenesulfonyl)propionamide

To a solution of (25)-2-hydroxy-3-(4-methoxybenzenesulfonyl)propionic acid (800 mg,
3.0 mmote), O-benzylhydroxylamine hydrochioride (526 mg, 3.3 mmole) and triethylamine (1.2
mL, 9.0 mmole) in methylene chloride (80 mL.) was added
(benzotriazol-1-yloxy)tris(dimethylamino)phosphonium hexaflucrophosphate (1.4 grams, 3.3
mmole). The reaction mixture was stirred at room temperature for 16 hours and was then diluted
with methylene chloride. The solution was washed successively with saturated aqueous sodium
bicarbonate solution, water, 0.5 M aqueous hydrochloric acid solution and saturated brine. After
drying over magnesium sulfate, the solvent was evaporated to afford an oil. The desired
product, (2S)-N-benzyloxy-2-hydroxy-3-(4-methoxybenzenesulfonyi)propionamide (400 mg,
36%), was isolated by flash chromatography on silica gel eluting successively with chicroform,
1% methanol in chloroform and 2% methanol in chioroform.

(E) (25)-2.N-Dihydroxy-3-(4-methoxybenzenesulfonyl)propionamide

A solution of (2S)-N-benzyloxy-2-hydroxy-3-(4-methoxybenzenesuifonyl) propionamide
(400 mg, 1.0 mmole) in methanol (30 mL) was treated with 5% palladium on barium sulfate (200
mg) and hydrogenated at 3 atmospheres pressure for 4 hours in a Parr shaker. The catalyst
was removed by passage through a 0.45 pm nylon filter and the filtrate was concentrated. The
desired product, (2S)-2,N-dihydroxy-3-(4-methoxybenzenesulfonyl) propionamide(180 mg, 65%),
was isolated by flash chromatography on silica gel eluting with 5% methanol in chioroform
foliowed by recrystallization from chloroform/methanol.

Melting point 138-144°C; MS m/z 276 (M+1);, analysis caiculated for C,oH13NOgS: C,
43.63; H, 4.76; N, 5.09. Found: C, 43.51; H, 4.68; N, 4.95.

Example 2
3.[4-(4-FLUOROPHENOXY)PHENYL SULFONYL]-2, N-DIHYDROXYPROPIONAMIDE

3-[4-(4-Fluorophenoxy)phenylsulfonyl]-z,N-dihydroxypropionamide was prepared by a
method analogous to that described in Example 1 using (4-flucrophenoxy)phenylthiol as starting
material. Recrystallized from chioroform.

Melting point 129-130°C; MS m/z 356 (M+1); analysis calculated for
C.sH1,FNOGS.0.75H,0: C, 48.84; H, 4.24; N, 3.80. Found: C, 49.03; H, 4.06; N, 3.86.

Example 3
2 N-DIHYDROXY-2-[1-(4-METHOXYBENZENESULFONYL)CYCLOBUTYL]ACETAMIDE
(A) 1-Cyclobutyisulfanyl-4-methoxybenzene
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4-Methoxybenzenethiol (5.7 g, 40.7 mmole) was added to a suspension of sodium
hydride (1.17 grams, 49 mmole) in dry N,N-dimethylformamide (50 mL). After stirring for 1 hour,
cyclobutylbromide (6.0 grams, 44.4 mmole) was added. The reaction mixture was stirred for 16
hours and was quenched by addition of saturated aqueous ammonium chloride solution. The
solvents were evaporated. The residue was taken up in diethyl ether and washed successively
with 0.5 N aqueous hydrochloric acid solution, water and brine. After drying over magnesium
sulfate, the diethyl ether was evaporated to afford 1-cyclobutylsulfanyi-4-methoxybenzene as an
oil (7.9 grams, 100%).

(B) 1-Cyclobutylsulfonyi-4-methoxybenzene

A solution of 1-cyclobutylsulfanyl-4-methoxybenzene (7.9 grams, 40.7 mmole) in
methylene chloride (50 mL) was cooled in an ice bath and a solution of 57% m-chloroperbenzoic
acid (28 grams, 92 mmole) in methylene chloride (100 mL) was added dropwise. The resuiting
mixture was stirred at room temperature for 7 days. After quenching with saturated aqueous
sodium bisuifite solution, the mixture was filtered to remove a white precipitate and extracted with
methylene chloride. The extract was washed successively with saturated aqueous sodium
bicarbonate solution, water and brine. After drying over magnesium sulfate, the soiution was
concentrated to a white solid. Recrystallization from ethyl acetate afforded
1-cyciobutylsulfonyl-4-methoxyhenzene (7.28 grams, 79%) as a white crystalline solid.

(9] Furan-2-yi-[1-(4-methoxybenzenesulfonyl)cyclobutyiimethanol

A solution of 1-cyclobutylsulfonyl-4-methoxybenzene (4.0 grams, 17.7 mmole) in dry
tetrahydrofuran (80 mL) was cooled to -78°C and a 2.5 M solution of n-butyllithium in hexane
was added. The mixture was allowed to warm to -50°C and was again cooled to -78°C.
2-Furaildehyde (4 mL, 48 mmole) was then added. After stirring for 20 minutes at -78°C, the
reaction was quenched by addition of saturated aqueous ammonium chloride solution. The
resulting mixture was extracted with ethyl acetate. The organic extract was washed with water
and brine and was dried over magnesium suifate. Evaporation of the solvent gave an oil from
which furan-2-y-{1-(4-methoxybenzenesulfonyl)cyclobutyll-methanol (4.3 grams, 75%) was
isolated by flash chromatography on silica gel eluting with 1:3 ethyl acetate/hexane.

(D) 2.2-Dimethylpropionic acid furan-2-yl[1-(4-methoxybenzenesuifonyl)cyclo-
butyll-methy| ester
A solution of furan-2-yl-[1-(4-methoxybenzenesulfonyl)cyclobutyllmethano! (1.57

grams, 4.9 mmole) and 4-dimethylaminopyridine (0.89 grams, 7.3 mmole) in methylene
chloride (50 mL) was cooled in an ice bath. Pivaloyl chloride (0.66 mL, 5.4 mmole) was

added. The mixture was stiired at 0°C for 2 hours, diluted with methylene chloride and

extracted successively with 0.5 N aqueous hydrochloric acid and brine. After drying over

MgSOy4, the solvent was evaporated to leave an oil from which the desired product, 2,2-
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dimethylpropionic acid furan-2-yI[1-(4-methoxybenzenesulfonyl)cyclobutyljmethyl ester (1.60
grams, 81%), was isolated by flash chromatography eluting with 16% ethyl acetate in hexane.

(E) 2.2-Dimethylpropionic acid carboxy{1-(4-methoxybenzenesulfonyl)cyclobutyl]
methyl ester

To a solution of 2,2-dimethylpropionic acid furan-2-yl[1-(4-methoxybenzenesulfonyl)-
cyclobutyl]methyl ester (1.6 grams, 3.94 mmol) in acetonitrile (12 mL), carbon tetrachloride (12
mL) and water (22 mL) at room temperature were added, sequentially, sodium periodate (6.73
grams, 31 mmole) and ruthenium (1) chioride hydrate (21 mg). The mixture was stirred at
rocom temperature for 1.25 hours and was then diluted with water and ethy! acetate. The

aqueous layer was separated and extracted with ethyl acetate. The combined organic

fractions were dried over magnesium sulfate to yield the crude product, 2,2-dimethylpropionic
acid carboxy[1-(4-methoxybenzenesulfonyl)cyclobutyl}-methyl ester, as an oil.
(F) 2.2-Dimethyipropionic acid benzyloxycarbamoyl-[1-(4-methoxybenzene
sulfonyl)-cyclobutyllmethy! ester

The entire crude sample of 2,2-dimethylpropionic acid carboxy[1-(4-methoxybenzene-
sulfonyi)cyclobutylimethyt ester obtained in Step E was dissolved in methylene chloride (60
mL). O-Benzylhydroxylamine hydrochloride (0.69 grams, 4.3 mmol), triethylamine (1.6 mL,
11.5 mmole) and (benzotriazol-1-yloxy)tris(dimethylamino)phosphonium hexafluorophosphate
(1.91 grams, 4.3 mmole) were then added sequentially. The mixture was stirred at room
temperature for 16 hours and was then concentrated under vacuum. The residue was taken
up in ethyl acetate and the resulting solution was washed successively with 0.5 M aqueous
hydrochioric acid solution, saturated agueous sodium bicarbonate solution and brine. After
drying over magnesium sulfate, the solvent was evaporated to afford an oil. The desired
product, 2,2-dimethyipropionic acid benzyloxycarbamoyi-[1-(4-
methoxybenzenesulfonyl)cyclobutyljmethyl ester (0.87 grams, 46%), was isolated by flash
chromatography on silica gel eluting with 30% ethyl acetate in hexane.

(G) N-Benzyloxy-2-hydroxy-2[1-(4-methoxybenzenesuifonyl)cyclobutyl]
acetamide

To a soluton of 22-dimethylpropionic acid benzyloxycarbamoyl-[1-(4-
methoxybenzenesulfonyl)cyclobutyilmethyl ester (0.87 grams, 1.78 mmol) in methanol (10
mL), tetrahydrofuran (5 mL) and water (5 mL) was added lithium hydroxide hydrate (0.37
grams, 8.8 mmol). The mixture was stirred at room temperature for 24 hours. Methanol-
washed Amberlite IR-120 ion exchange resin (6 grams) was then added. After stirring for 15
minutes, the mixture was filtered. The filtrate was concentrated and the residue was taken up

in ethyl acetate. The resulting solution was washed with saturated sodium bicarbonate
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solution and brine, dried over magnesium sulfate and concentrated to afford the desired
product, N-benzyloxy-2-hydrory-2{1-(4-methoxybenzenesuifonyl)-cyclobutyljacetamide, as an
oil (0.72 grams, 100%).

(H) 2.N-Dihydroxy-2-[1-(4-methoxybenzenesulfonyl)cyclobutyllacetamide
A solution of

N-benzyloxy-2-hydroxy-2[1-(4-methoxybenzenesutfonyi)-
cyclobutyllacetamide (0.13 grams, 0.32 mmole) in methanol (30 mL) was treated with 5%
palladium on barium sulfate (0.07 grams) and hydrogenated at 3 atmospheres pressure for 4
hours in a Parr shaker. The catalyst was removed by passage through a 0.45 pym nylon filter
and the filtrate was concentrated. The desired product, 2 ,N-dihydroxy-2-[1-(4-
methoxybenzenesulfonyl)cyclobutyllacetamide (0.061 grams, 65%), was isolated as a foam
by flash chromatography on silica gel eluting successively with chloroform, 1% methanol in
chloroform and 2% methanol in chloroform. MS m/z 314 (M-1).

Example 4
2.N-DIHYDROXY-2-[1-(4-METHOXYBENZENESULFONYL)CYCLOPENTYLJACETAMIDE
2,N-Dihydroxy-2-[1-(4-methoxybenzenesulfonyl)cyclopentyllacetamide was prepared by a

method analogous to that described in Example 3 using 4-methoxybenzenethiol and
cyclopentyi bromide as starting materials. MS m/z 328 (M-1).

Example 5
2-{1-[4-(4-FLUOROPHENOXY)BENZENESULFONYL]JCYCLOBUTYL}-2,N-
DIHYDROXYACETAMIDE

2-{1-[4-(4-Fluorophenoxy)benzenesuifonyljcyclobutyl}-2,N-dihydroxyacetamide =~ was
prepared by a method analogous to that described in Example 3 using 4-(4-

fluorophenoxy)benzenethiol and cyclobutyl bromide as starting materials. MS m/z 394 (M-1).

4-(4-Fluorophenoxy)benzenethiol was obtained as foliows. Chlorosulfonic acid (26
mL, 0.392 mole) was added dropwise to ice-cooled 4-fluorophenoxybenzene (36.9 grams,
0.196 mole) with mechanical stirring. When addition was complete, the mixture was stirred at
room temperature for 4 hours. The mixture was then poured into ice water. The product, 4-
(4-fluorophenoxy)benzenesulfonyichloride (18.6 grams, 33%) was collected by filtration and
was dried in the air.

4-(4-Fluorophenoxy)benzene-sulfonyichloride (5.1 grams, 17.7 mmole) was added to
an ice-cooled mixture of concentrated sulifuric acid (7 mL) and water (37 mL) with mechanical
stirring.  Zinc dust (6.2 grams, 95 mmole) was then added in portions. The cooling bath was
removed and the mixture was allowed to stir at room temperature for 2 hours and at reflux for
3 hours. After cooling to room temperature, the mixture was quenched by addition of ice. The

resulting mixture was extracted with toluene. The organic layer was washed with water and
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saturated brine, dried over magnesium sulfate and evaporated to afford 4-(4-

fluorophenoxy)benzenethiol as a white solid (3.3 grams, 84%).
Example 6
2-{1-[4-(4-FLUOROPHENOXY)BENZENESUL FONYL]CYCL OPENTYL}-2 N-
DIHYDROXYACETAMIDE
2-{1-[4-(4-Fluorophenoxy)benzenesulfonyljcyclopentyl}-2,N-dihydroxyacetamide was
prepared by a method analogous to that described in

Example 3 using (4-
fluorophenoxy)benzenethiol and cyclopentyl bromide as starting materials. MS m/z 408 (M-1).

Example 7
2-[1-(4-CYCLOBUTOXYBENZENESULFONYL)CYCLOBUTY1}-2.N-

DIHYDROXYACETAMIDE

2-]1-(4-Cyclobutoxybenzenesulfonyl)cyclobutyl]-2,N-dihydroxyacetamide was
prepared by a method analogous to that described in Example 3 using 1-cyclobutoxy-4-
cyclobutylsulfanylbenzene as starting material in step B. MS: 354 (M-1).

Example 8
2-[1-(4-BUTOXYBENZENESULFONYLICYCLOBUTYL]-2 N-DIHYDROXYACETAMIDE

2-[1-(4-Butoxybenzenesulfonyl)cyclobutyl}-2,N-dihydroxyacetamide was prepared by

a method analogous to that described in Example 3 using 1-butoxy-4-

cyclobutylsulfanylbenzene as starting material as starting material in step B. MS: 356 (M-1).
Preparation A
4-(4-FLUOROPHENOXY)BENZENESULFONYLCHLORIDE

Chlorosulfonic acid (26 mlL, 0.392 mole) was added dropwise to ice-cooled 4-
fluorophenoxybenzene (36.9 grams, 0.196 mole) with mechanical stirring. When addition was

complete, the mixture was stirred at room temperature for 4 hours. The mixture was then

poured into ice water. The titled compound (18.6 grams, 33%) was collected by filtration and
was dried in the air.

Preparation B
4-(4-FLUOROPHENOXYYBENZENETHIOL

4-(4-Fluorophenoxy)benzene-sulfonylchloride (5.1 grams, 17.7 mmole) was added to

an ice-cooled mixture of concentrated suifuric acid (7 mL) and water (37 mL) with mechanical
stirring.  Zinc dust (6.2 grams, 95 mmole) was then added in portions. The cooling bath was
removed and the mixture was allowed to stir at room temperature for 2 hours and at reflux for
3 hours. After cooling to room temperature, the mixture was quenched by addition of ice. The

resulting mixture was extracted with toluene. The organic layer was washed with water and
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saturated brine, dried over megnesium suifate and evaporated to afford the titled compound
as a white solid (3.3 grams, 84%).
Preparation C
4-CYCLOBUTYLSUL FANYLPHENOL
4-Hydroxybenzenethiol ( 10.0 grams, 79.3 mmole) was added to a suspension of

sodium hydride (1.9 grams, 79.2 mmole) in N,N-dimethylformamide (50 mL). When evolution
of hydrogen was compiete and the mixture had cooled to

room temperature,
cyclobutylbromide (11.4 grams, 84.4 mmole) was added. The reaction mixture was stirred at

room temperature for 2.5 hours and was then quenched by addition of water and 6 N aqueous
hydrochloric acid solution. The mixture was extracted with diethyi ether. The organic extract
was washed with brine, dried over magnesium sulfate and concentrated to afford a yellow oil.
Roughly half of this material was chromatographed on silica gei eluting with 9:1:1 hexane/ethy!
acetate/methylene chloride to afford the titled compound as a clear oil (8.85 grams).
Preparation D
1-CYCLOBUTOXY-4-CYCLOBUTYLSULFANYLBENZENE

A 60% suspension of sodium hydride in oil (1.97 grams, 48 mmole) was added to a

solution of 4-cyclobutylsulfanylphenol(7.2 grams, 40 mmole) in N,N-dimethylformamide (25

mL). After hydrogen evolution was complete, cyclobutyibromide (6.4 grams, 47 mmole) was

added. The reaction mixture was stirred at room temperature for 4 hours and then at 70°C in
an oil bath for 16 hours. After cooling and quenching with water, the mixture was extracted
with diethy! ether. The organic extract was washed with water and brine, dried over
magnesium sulfate and concentrated to give an impure sample of the titled compound, an oil.
This was used without without purification.
Preparation E
1-BUTOXY-4-CYCLOBUTYLSUL FANY!L BENZENE
A 60% suspension of sodium hydride in oil (2.2 grams, 55 mole) was added to an ice-

cooled solution of 4-cyclobutylsuifanyiphenol(8.85 grams, 49.1 mmoie) in N, N-

dimethylformamide (35 mL). After hydrogen evolution was complete, 1-bromobutane (6.7 mi,
58.9 mmole) was added. The reaction mixture was then stirred at room temperature for 16
hours. After cooling and quenching with water, the mixture was extracted with diethyl ether.
The organic extract was washed with water and brine, dried over magnesium sulfate and

concentrated to give an impure sample of the titled compound, an oil (11.2 grams). This was
used without without purification.
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CLAIMS
1. A compound of the formula

@) R3 R4

HOHN/L%SOZ—Q

R R2

wherein R' is hydrogen, hydroxy, (Ce-Cio)aryl(C,-Cglalkoxy, (C-Ce)alkoxy,
(C4-Cg)alkyl(C=0)0O-, (C4-Cg)alkoxy(C=0)0-, (CgCioaryl(C=0)0-, (Cg-Cjolaryloxy(C=0)0O-,
(Ce-Cro)aryl(C,-Cg)alkyl{C=0)0- or (Cs-Cyg)aryl(C,-Cglalkoxy(C=0)O-; wherein said aryl moiety
of said (Ce-Co)aryl(C4-Ceg)alkoxy, (Cg-Cyplaryl(C=0)0-, (Cg-C1p)aryloxy(C=0)0O-,
(Ce-Cro)aryl(C,-Ce)alkyl(C=0)O- or (Cg-Cyparyl(Cy-Ce)alkoxy(C=0)O- groups is optionally
substituted by one or more substituents independently selected from fiuoro, chioro, bromo, (Cq-
Cs)alkyl, (C,-Cg)alkoxy, perfluoro(C,-Ca)alkyl, perfluoro(C,-Cg)alkoxy and (Ce-Cio)aryloxy:

R? is hydrogen or (C,-Cg)alkyl;

R® and R* are independently selected from the group consisting of hydrogen,
(C4-Cg)alkyl, trifluoromethyl, trifluoromethyl(C,-Cq)alkyl, (C4-Coalkyl(difluoromethylene),
(C4-Ca)alkyl(difluoromethylene)(C4-Cs)alkyl, (Cg-Cqp)aryl, (C,-Cgo)heteroaryl,
(Cs-Cro)aryl(C4-Celalkyl, (C,-Co)heteroaryl(C4-Cg)alkyl, (Ce-Cio)aryi{(Ce-Cro)aryl,
(Ca-Cro)aryl(Cs-Cio)aryl(C,-Ce)alkyl, hydroxy(C;-Cg)alkyl, (C4-Cg)alkyl(C=0)O~(C,-Cg)alky!,
(C4-Ce)alkoxy(C=0)O-(Cs-Ce)alkyl, (Ce-Co)aryl(C=0)O-(C4-Ce)alkyl, (C4-Cjg)aryloxy(C=0)O-
(C-Coalkyl , (Cg-Cqp)aryl(C4-Ce)alkyl(C=0)O-(C4-Cq)alkyl, (Ce-Cyp)aryl(C4-Ce)alkoxy (C=0)O-

(C4-Cgalkyi, (C4-Cg)alkoxy(C;-Cg)alkyl, (Cs-Co)aryloxy(C4-Cglalky!,
(Cs-Cio)aryl(C4-Ce)atkoxy(C,-Cg)alkyl, (C,-Co)heteroaryl(C,-Cg)alkoxy(C4-Cg)alkyl,
amino{C,-Cg)alkyl, {C,-Cg)alkylamino(C-Cg)alkyl, [(C,-Ce)alkyll;amino(C4-Ce)alkyl,
(C4-Cg)alkyl(C=0)NH(C,-Cg)alkyl, (C4-Cg)alkoxy(C=0)NH(C,-Cg)alkyl,
(Ce-C1o)aryl{C=0)NH(C,-C¢)alkyl, (Ce-C1o)aryloxy(C=0)NH(C-Cg)alkyl,

(C¢-Cro)aryl(C4-Cgalkyl(C=0)NH(C,-Cg)atkyl, (C4-Cg)aryl(C,-Cg)alkoxy (C=0)NH(C,-Ce)alkyl,
(C,-Cg)alkylsulfonyl(C,-Ce)alkyl, (Ce-Co)arylsulfonyl(C4-Ce)alkyl, R°CO(C,-Cg)alkyl or
R®(C,-Ce)alkyl; or R® and R* may be taken together with the carbon atom to which they are

attached to form a (Cs-Cg)cycloalkyl or benzo-fused(C,-Ce)cycloalkyl ring or a group of the
formula
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(CHy)n  (CHy)n
X

wherein the carbon atom bearing the asterisk is the carbon to which R® and R* are atttached, “n”
and “m” are independently selected from the integers one and two, and X is CF,, O, SO, or NR®,
wherein R® is hydrogen, (C,-Cg)alkyl, (Cs-Cip)aryl, (C,-Co)heteroaryl, (Cg-Cqo)aryl(C,-Ce)alkyl,
(Co-Cg)heteroaryl(C4-Cgalkyl, (C,-Celalkylsulfonyl, (Ce-Cyp)arylsulfonyl, (C,-Ce)alkyl(C=0)-,
(C4-Ce)alkoxy(C=0)-, (Cs-Cyp)aryl(C=0)-, (Ce-Cyparyloxy(C=0)-, (Ce-Cig)aryl(C4-Ce)alkyl(C=0)-
or (Ce-Cigaryl(C,-Cg)alkoxy(C=0)-; wherein each of said (Cg-Cyp)aryl, (C,-Cg)heteroaryl or
(Cs-Ce)cycloalkyl moieties of said (Cg-Cyp)aryl, (C,-Colheteroaryl, (Cg-Cyp)aryl(C,-Cglalkyl,
(C,-Co)heteroaryl(C-Celalkyl,  (Ce-Cyp)aryl(Ce-Cyp)aryt,
(Ce-Cro)aryl(C=0)0-(C4-Ce)alkyl,

(Ce-C10)aryl(C,-Co)alkoxy(C=0)0-(C,-Celalkyl,

(Ce-Cro)aryl(Cq-Cop)aryl(C,-Ce)alkyl,
(Ce-Co)aryl(C,-Ceg)alkyl(C=0)O-(C,-Cg)alkyl,
(Ce-C1o)aryloxy(C4-Ce)alkyl,

(Ce-Cro)ary(C;-Cg)alkoxy(C,-Cg)alkyl, (C,-Cy)hetercaryi(C,-Cg)alkoxy(C;-Cg)alky!,
{C4-C,p)aryl{C=0)NH(C,-C¢)alkyl, (Ce-Cro)aryl(C4-Cg)alkyl(C=0)NH(C,-Cg)alkyi,
(Cs-Cro)aryl(C4-Ce)alkoxy(C=0)NH(C;-Cg)alkyl, (Ce-Cp)arylsulfonyl,

(Ce-Cyprarylsulfonyl(C4-Cg)atkyl, (Cg-Cg)aryl(C=0)-, (Ce-C1o)ary(C4-Cg)alkyl(C=0)-,
(Ce-Cro)aryl(C,-Ce)alkoxy(C=0)-, (C3-Ce)cycioalkyl, or benzo-fused(C5-Cg)cycloalkyi ring may be
optionally substituted on any ring atom capable of forming an additional bond by a substituent
independently selected from the group consisting of fluoro, chioro, bromo, (C,-Cg)alkyl, (Cs-
Ce)alkoxy, perfluoro(C,-Cj)alkyl, perfiuoro(C,-Cs)alkoxy and (C4-Cqp)aryloxy;

or when R® and R* are taken together with the carbon atom to which they are attached
to form a group of the formula

(CHy),  (CHam
X

then any of the carbon atoms of said ring, capable of forming an additional bond, may be
optionally substituted by a substituent independently selected from the group consisting of fluoro,
chloro, bromo, (C,-Ce)alkyl, (C4-Cg)alkoxy, perfluoro(C,-Cs)alkyl, perfiuoro(C,-Cs)alkoxy and (Ce-
Cip)aryloxy;
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R® is R°0 or R°R’N wherein R® and R are each independently selected from the group
consisting of hydrogen, (C;-Cgalkyl, (Cg-Cyolaryl(C-Ce)alkyl or (C,-Co)heteroaryl(C,-Ce)alkyl;
wherein each of said (C¢-Cyp)aryl and (C,-Ce)heteroaryl moieties of said (Cg-C,g)aryl(C4-Cg)alky!
or (C,-Ce)heteroaryl(C,-Cg)alkyl groups may be optionally substituted by one or more
substituents independently selected from fluoro, chioro, bromo, (C,-Cg)alkyl, (C,-Cg)alkoxy,
perfluoro(C,-Cj)alkyl, perfluoro(C;-Cj)alkoxy and (Cs-C,g)aryloxy;

or R® and R’ taken together with the nitrogen atom to which they are attached form an
optionally substituted heterocycle selected from piperazinyl,

(Cs-Cp)arylpiperazinyi, (C,-Cg)heteroarylipiperazinyl,

(C,-Cg)alkylipiperazinyl,
(Cs-Cqg)aryl(C4-Cg)alkylpiperazinyl,
(C,-Co)heteroaryl(C4-Cq) alkylpiperazinyl, (C4-Cg)alkyl(C=0)-piperazinyl, (C,-Cg)alkoxy(C=0)-
piperazinyl, (Ce-Cqp)aryl(C=0)-piperazinyl, (Ce-Cqo)aryl(C4-Cg)alkyl(C=0)-piperaziny!,
(Cs-Cio)aryl(C4-Cg)alkoxy(C=0)-piperazinyl, morpholinyl, piperidinyl, pyrrolidinyli or azetidinyl;
wherein each of said piperazinyl, (C,-Cg)alkylpiperaziny!l, (Cg-Cip)arylpiperazinyl,
(C,-Co)heteroarylpiperazinyi, (Cg-Ciplaryl(C,-Cg)alkyipiperazinyl, (C,-Cg)heteroaryl{C,-Cg)
alkylpiperazinyl, (C4-Cgalkyl(C=0)-piperazinyl, (C4-Cp)alkoxy(C=0)-piperazinyl,
(Cs-Crolaryl(C=0)-piperazinyl, (Ce-C1o)aryl(C4-Ce)alkyl(C=0)-piperazinyl,
(Ce-Cho)aryl(C,-Cg)alkoxy(C=0)-piperazinyl, morpholinyl, piperidinyl, pyrrolidinyl or azetidinyl may
be optionally substituted on any ring carbon atom capable of forming an additional bond with a
substituent (preferably one to three substituents per ring) independently selected from fluoro,
chloro, bromo, (C,-Cglalkyl, (C4-Cg)alkoxy, perfluoro{C,-Cs)alkyl, or perfluoro(C,-Cj)alkoxy and
(Ce-Cyo)aryloxy;

R® is piperazinyl, (C4-Ce)alkylpiperazinyl, (Cs-Co)arylpiperazinyl,
(C,-Co)heteroarylpiperazinyl, (Cs-Co)aryl(C,-Cg)alkylpiperazinyl, (C,-Co)heteroaryl(C;-Ce)
alkylpiperazinyl, (C4-Cglalkyl(C=0)-piperazinyl, (C,-Cg)alkoxy(C=0)-piperazinyl,
(C¢-Crp)ary(C=0)-piperazinyl, (Co-C1o)aryl(C,-Cg)alkyl(C=0)-piperazinyl,
(Ce-Cro)aryl(C,-Ce)alkoxy(C=0)-piperazinyl, morpholinyl, piperidinyl, pyrrolidinyl, azetidinyl,
piperidyl, (C4-Ce)alkylpiperidyl, (Ce-Cqo)arylpiperidyl, (C,-Cg)heteroaryipiperidyt,
(Ce-C1o)aryl(C,-Ce)alkylpiperidyl, (C,-Co)heteroaryl(C4-Ce)alkylpiperidyl, (C4-Ce)alkyl(C=0)-
piperidyl, (C4-Cg)alkoxy(C=0)-piperidyl, (Cs-C1p)ary(C=0)-piperidyl,
(Cs-C1o)aryl(C,-Ce)alky(C=0)-piperidyl, or (Ce-Cio)aryl(C,-Ce)alkoxy(C=0)-piperidyl, wherein
each of said piperazinyl, (C4-Ce)alkylpiperazinyl, (Cs-Cyo)arylpiperazinyi,
(C,-Co)heteroarylipiperazinyl, (Ce-Cro)aryl(C4-Ce)alkyipiperazinyl, (C,-Co)heteroaryl(C;-Cg)
alkylpiperazinyl, (C,-Ce)alkyl(C=0)-piperazinyl, (C4-Cg)alkoxy(C=0)-piperazinyl,
(Cs-C1o)aryl(C=0)-piperazinyl|, (Ce-C1o)aryl(C,-Ceg)alkyl(C=0)-piperazinyl,
(Ce-C1o)aryl(C,-Ce)alkoxy(C=0)-piperazinyl, morpholinyl, piperidinyl, pyrrolidinyl, azetidiny|,
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piperidy!, (C-Celalkylpiperidyl, (Ce-Cho)arylpiperidyl, (C,-Co)heteroaryipiperidyl,

(Ce-Caoaryl(C,-Celalkylpiperidyl,  (Cy-Co)heteroaryl(C,-Ce)alkylpiperidyl  (C,-Cg)alkyl(C=0)-

piperidyl, (C4-Co)alkoxy(C=0)-piperidyi, (Cs-Co)aryl(C=0)-piperidyl,

(Ce-Cio)aryl(C4-Ceg)alkyl(C=0)-piperidyl, and (Cg-Cyo)aryl(C4-Cq)alkoxy(C=0)-piperidyl may be
optionally substituted on any ring carbon atom capable of forming an additional bond with a
substituent independently seiected from fluoro, chioro, bromo, (C;-Cg)alkyl, (C,-Cg)alkoxy,
perfluoro(C,-Cs)alkyl, or perfluoro(C,-Cs)alkoxy and (Cg¢-Co)aryloxy;

Q is (C4-Celalkyl, (Ce-Crp)aryl, (Ce-Cyo)aryloxy(Ce-Cyp)aryl, (Ce-Cio)aryl(Ce-Cio)aryl, (Ce-
Ci0)aryl(Ce-Cqp)aryl(C4-Cglalkyl,  (Cg-Cyp)aryloxy(C,-Colheteroaryl,  (Co,-Colheteroaryl,  (Ca-
Cg)heteroaryl(C,-Cg)heteroaryl, (C4-Cg)alkyl(Ce-Cyp)aryl, (C4-Cg)alkoxy(Cg-Cop)arvl, (Cs-
Cio)aryl(C,-Cg)atkoxy(Ce-Cyo)aryl, (Ce-Cio)aryl{C,-Cg)alkoxy(C,-Cg)alkyl, (Cor
Co)heteroaryloxy(Cs-Cio)aryl, (C4-Celalkyl(C,-Co)hetercaryl, (C;-Cg)alkoxy(C,-Cyiheteroaryl, (Ce-
C10)arnyl(C,-Ce)alkoxy(C,-Co)heteroaryt, (C,-Cy)heteroaryloxy(C,-Cg)heteroaryl, (Ce-
Cyo)aryloxy(C4-Cg)alkyl, (C,-Cg)heteroaryloxy(C,-Cg)alky!, (C4-Cp)alkyl(Cg-Cyg)arytoxy(Cs-
Co)aryl, (C4-Cg)alkyl(C-Co)heteroaryloxy(Cg-Cg)aryl, (C,—Cs)alkyl(Ce-C1o)aryloxy(Cz-
Co)heteroaryl, (C;-Ce)alkoxy(Cs-Cig)aryloxy(Ce-Cyglaryl, (C4-Ce)alkoxy(C,-Cg)heteroaryloxy(Ce-
Cqo)aryl or (C,-Cg)alkoxy(Ce-Cyo)aryloxy(Co-Co)heteroaryl wherein each (Cg-Cq)aryl or (Cx-
Cgo)heteroaryt moieties of said (Cg-Cio)aryl, (Ce-Cyg)aryloxy(Ce-Co)aryl, (Cs-Co)aryl(Ce-Cho)aryl,
(Ce-Cro)aryl(Ce-Cyo)aryl(C4-Celalkyl, (Ce-Cio)aryloxy(C,-Cg)heteroaryl, (C,-Colheteroaryi, (C;-
Ce)alkyl(Ce-Cio)aryl,  (Cy-Celalkoxy(Ce-Cro)aryl,  (Ce-Cro)aryl(Cy-Ce)alkoxy(Ce-Cro)aryl,  (Ce-
C.o)aryl(C4-Ce)alkoxy(C,-Ce)alkyl, (C,-Co)heteroaryloxy(Ce-C,o)aryl, (C4-Ce)alkyl(C5-
Cy)heteroaryl, (C4-Cg)alkoxy(C,-Co)heteroaryl, (Ce-Coaryl(C4-Cg)alkoxy(C,-Co)heteroaryl, (Co-
Co)heteroaryloxy(C,-Co)heteroaryl, (Cg-Cyp)aryloxy(C,-Ce)alky!, (C,-Co)neteroaryloxy(C4-Cg)alkyl,
(C4-Cg)alkyl(Cg-Cyp)aryloxy(Ce-Cro)aryl, (C,-Cg)alkyl(C,-Co)heteroaryloxy(Cg-Co)aryl, (Cq-
Ce)alkyl(Ce-Cqo)aryloxy(C,-Ce)heteroaryl, (C4-Ce)alkoxy(Cs-Cqo)aryloxy(Cs-Cyo)aryl, (Cs-
Cg)alkoxy(Co-Co)heteroaryioxy(Ce-Cqo)aryl or (C,-Cg)alkoxy(Cs-Co)aryloxy(Co-Co)heteroaryl is
optionally substituted on any of the ring carbon atoms capable of forming an additional bond by
one or more substituents independently selected from fluoro, chioro, bromo, (C,-Ce)alkyl, (Cs-
Ce)alkoxy, perfluoro(C4-Ca)alkyl. perfluoro(C,-Cj)atkoxy and (C4-C,p)aryloxy,

with the proviso that if either R® or R* is hydrogen, or if both R® and R* are hydrogen,
then R' and R? can not both be hydrogen or R' must be hydroxy, (C;-Ce)alkoxy,
(Ce-Cro)aryl(C,-Coalkoxy, (C4-Ce)alkyl(C=0)0-(C4-Ce)alkyl, (C4-Cg)alkoxy(C=0)O-(C,-Cg)alkyl,
(Ce-C1o)aryl(C=0)0-(C;-Cg)alkyl, (Ce-Cyo)aryloxy(C=0)O- (Ce-Co)arylalkyl(C=0)O-(C,-Cg)alkyl
or (Ce-Cyo)arylaikoxy(C=0)O-(C,-Ce)alkyl;

and the pharmaceutically acceptable salts thereof.
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2.

- A compound according to claim 1, wherein R' is OH and R? is hydrogen.
3.

A compound according to claim 1, wherein both R® and R* are (C,-Cg)alkyl or R®
and R* are taken together with the carbon atom to which they are attached to form an optionally
substituted (C5-Cg)cycloalkyl ring or benzo-fused(Cs-Ce)cycloalkyl ring or a group of the formula

X

wherein “n" and “m” are independently selected from the integers one and two, and X is
CF,, O, SO, or NR®, wherein R® is hydrogen, (C;-Cg)alkyl, (Ce-Cio)aryl, (Co-Co)heteroalkyl, (Ce-
Cro)aryl(C4-Colalkyl, (Cy-Co)heteroaryl(C;-Ce)alkyl, (C,-Ce)alkylsulfonyl, (Ce-Cyo)aryisulfonyl,
(C4-Ce)alkyl(C=0)~, (C4-Ce)alkoxy(C=0)-, (Ce-C4o)ary(C=0O)-, (Ce-Cro)aryl(C4-Cg)alkyC=0)-, or
(Ce-C1o)aryl{C,-Ce)alkoxy(C=0)-; wherein each of said (Cs-Cio)aryl and (C,-Cgheteroaryl
moieties of said (Ce-Cio)aryl, (Ca-Co)heteroalkyt, (Cs-Co)aryl(C4-Cealkyl, (C,-Cg)heteroaryl(C;-
Celalkyl, (Ce-Cyo)aryisulfonyl, (Ce-Cio)aryl(C=0)-,  (Cg-C1o)ary(C;-Ce)alky(C=0)-, and
(Ce-Cro)aryl(C4-Ce)alkoxy(C=0)- groups may be optionally independently substituted with one or
more substituents independently selected from the group consisting of fiuoro, chloro, bromo, (Cq-
Ce)alkyl, (C4-Cg)aikoxy, perfluoro(C,-Ca)alkyl, perfluoro(C,-Cg)alkoxy and (Cg-Cqp)aryloxy.

4. A compound according to claim 2, wherein both R® and R* are (C,-Cg)alkyl or R®
and R* are taken together with the carbon atom to which they are attached to form a
(C5-Cg)cycloalkyl ring or benzo-fused(C,-Cg)cycloalkyl ring or a group of the formula

X

wherein “n" and “m” are independently selected from the integers one and two, and X is
CF,, O, SO, or NR®, wherein R® is hydrogen, (C,-Cg)alkyl, (Ce-Croaryl, (C,-Co)heteroalkyl, (Ce-
Co)aryl{C4-Ce)alkyl, (C,-Co)heteroaryl(C,-Cg)alkyl, (C4-Ce)alkylsulfonyl, (Ce-Cyo)arylsuifonyt, (Ce-
Cqo)aryisulfonyl, (C,-Cg)alkyl(C=0)-, (C,4-Ce)alkoxy(C=0)-, (Cg-Cqo)ary(C=0)-,
(Ce-Cro)aryl(C4-Ce)alkyl(C=0)-, or (Ce-Cro)aryl(C,-Cg)alkoxy(C=0)-; wherein each of said (Cs-
Cio)aryl and (C,-Co)heteroaryl moieties of said (Cs-Cyoaryl, (C,-Co)heteroalkyl, (Cg-Cyp)aryi(Cy-
Ce)alkyl, {C,-Co)heteroaryl(C4-Ce)alkyi, (Ce-Cp)arylsuifonyl, (Ce-Cro)ary(C=0)-,
(Ce-Cro)aryl(C-Ce)alkyl(C=0)-, and (Ce-Co)ary(C4-Cg)alkoxy(C=0O)- groups may be optionally

independently substituted with one or more substituents independently selected from the group
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consisting of fluoro, chloro, bromo, (C,-Cg)alkyl, (C,-Cg)alkoxy,
perfluoro(C,-Cs)alkoxy and (Cs-C,g)aryloxy.
5.

perfluoro(C,-Cj)alkyl,

A compound according to claim 1, wherein R® and R* are taken together to form
an optionally substituted (Cs-Cg)cycloalkyl ring.

6. A compound according to claim 2, wherein R® and R* are taken together to form

an optionaily substituted (C5-Cg)cycloaikyt ring.

7. A compound according to claim 1, wherein Q is (Cs-Cyp)aryl or (Ce-

Cp)aryloxy(Cg-C,o)aryi, wherein each (Cg-Ciplaryl moiety of said (Cg-Cigaryl or (Cs-
Coyaryloxy(Ce-Co)aryl group may be optionally substituted with one or more substituents

independently selected from fluoro, chloro, bromo, (C;-Cg)alkyl, (C,-Cg)alkoxy or perfluoro(C;-
Ca)alkyl.

8. A compound according to claim 2, wherein Q is (Cg-Cyparyl or (Ce-

Cio)aryloxy(Cg-Cyp)aryl, wherein each (Ce-Colaryl moiety of said (Ce-Cigaryl or (Ce-
Cio)aryloxy(Cg-Cqo)aryl group may be optionally substituted with one or more substituents
independently selected from fluoro, chloro, bromo, (C4-Cg)alkyl, (C4-Cg)alkoxy or perfluoro(C,-
Cj)alkyl.

9. A compound according to claim 3, wherein Q is (CeCyplaryl or (Ce
Cio)aryloxy(Cg-Cro)aryt, wherein each (Cg-Cio)aryl moiety of said (Ce-Ciplary! or (Ce-
C,p)aryloxy(Ce-Cqo)aryl group may be optionally substituted with one or more substituents
independently selected from fluoro, chioro, bromo, (C,-Cg)alkyl, (C4-Ce)alkoxy or perfluoro(Cs-
Cy)alkyl.

10. A compound according to claim 4, wherein Q is (Cg-Cyparyl or (Ce-
Cio)aryloxy(Cg-Cro)aryl, wherein each (Cg-Cyp)aryl moiety of said (Cg-Cqoaryl or (Ce-
Cio)aryloxy(Ce-Cro)aryl group may be optionally substituted with one or more substituents
independently selected from fiuoro, chloro, bromo, (C4-Ce)alkyl, (C4-Ce)atkoxy or perfluoro(C,-
C,)alkyl.

11. A compound according to claim 5, wherein Q is (Cg-Cyo)aryl or (Ce-
Cio)aryloxy(Ce-Cio)aryl, wherein each (Cg-Cig)aryl moiety of said (Cg-Ciolaryl or (Ce
Cyo)aryloxy(Ce-Cyo)aryl group may be optionally substituted with one or more substituents
independently selected from fluoro, chloro, bromo, (C,-Cg)alkyl, (C4-Cg)alkoxy or perfluoro(C-
C)alky!.

12. A compound according to claim 1, wherein Q is phenyl or phenoxyphenyl
optionally substituted with one or more substituents independently selected from fluoro, chloro,
bromo, (C4-Ce)alkyl, (C;-Ce)alkoxy or perfluoro(C,-C)alky!.
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13. A compound according to claim 2, wherein Q is phenyi or phenoxyphenyi

opticnally substituted with one or more substituents independently selected from fluoro, chloro,
bromo, (C,-Cg)alkyl, (C4-Cg)aikoxy or perfluoro(C,-Cj)alkyl.

14. A compound according to claim 3, wherein Q is phenyl or phenoxyphenyl
optionally substituted with one or more substituents independently selected from fluoro, chloro,
bromo, (C4-Cg¢)alkyl, (C1-Cs)alkoxy or perfluoro(C,-C,)alkyl.

15. A compound according to claim 4, wherein Q is phenyl or phenoxyphenyl
optionally substituted with one or more substituents independently selected from fluoro, chloro,
bromo, (C4-Cs)alkyl, (C4-Cg)alkoxy or perfluoro(C,-Cz)aikyl.

16. A compound according to claim 5, wherein Q is phenyl or phenoxyphenyl
optionally substituted with one or more substituents independently selected from fluoro, chloro,
bromo, (C4-Ce)alkyl, (C4-Cg)alkoxy or perfluoro(C,-Ca)alkyl.

17. A compound according to claim 8, wherein Q is pheny! or phenoxyphenyl
optionally substituted with one or more substituents independently selected from fiuoro, chloro,
bromo, (C,-Ce)alkyl, (C1-Ce)alkoxy or perfluoro(C,-Ca)alkyl.

18. A compound according to claim 1, wherein Q is phenyl or phenoxypheny!
optionally substituted with one or more substituents independently selected from fluoro, chloro,
(C,-Cg)alkoxy or (C4-Ce)alkyl.

19. A compound according to claim 2, wherein Q is phenyl or phenoxyphenyl
optionally substituted with one or more substituents independently selected from fluoro, chloro,
(C4-Cg)alkoxy or (C4-Ce)alkyl.

20. A compound according to claim 5, wherein Q is phenyl or phenoxyphenyl
optionally substituted with one or more substituents independently selected from fluoro, chloro,
(C,-Cg)alkoxy or (C4-Cg)alkyl.

21. A compound according to claim 8, wherein Q is phenyl or phenoxypheny!
optionally substituted with one or more substituents independently selected from fluoro, chloro,
(C4-Cg)alkoxy or (C4-Cg)alkyl.

22. A compound according to claim 1, wherein Q is phenyl or phenoxyphenyl
optionally substituted with one or more substituents independently selected from fluoro, chloro,
(C4-Ce)alkoxy or (C4-Cg)alkyl and wherein the substituent is in the 4-position.

23. A compound according to claim 2, wherein Q is phenyl or phenoxyphenyl
optionally substituted with one or more substituents independently selected from fluoro, chloro,
(C4-Cg)alkoxy or (C4-Ce)alkyl and wherein the substituent is in the 4-position.
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24, A compound according to claim 5, wherein Q is phenyl or phenoxyphenyl

optionally substituted with one or more substituents independently selected from fluoro, chioro,
(C4-Cg)alkoxy or (C4-Cg)alkyl and wherein the substituent is in the 4-position.

25. A compound according to claim 8, wherein Q is phenyl or phenoxyphenyl

optionally substituted with one or more substituents independently selected from fluore, chloro,

(C4+-Cg)alkoxy or (C4-Cg)alkyl and wherein the substituent is in the 4-position.

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

(2S)-2,N-dihydroxy-3-(4-methoxybenzenesulfonyl)propionamide,

3-[4-(4-fluorophenoxy)phenylsuifonyl}l-2,N-dihydroxypropionamide,

2,N-dihydroxy-2-[1-(4-methoxybenzenesulfonyl)cyclobutyijacetamide;
2,N-dihydroxy-2-[1-(4-methoxybenzenesulfonyl)cyclopentyilacetamide,
2-[1-(4-cyclobutoxybenzenesulfonyljcyclobutyi]-2,N-dinydroxyacetamide,
2-[1-(4-butoxybenzenesuifonyli)cyclobutyl]-2,N-dihydroxyacetamide,
2-{1-[4-(4-fluorophenoxy)benzenesulfonyljcyclobutyl}-2,N-dihydroxyacetamide, and
2-{1-[4-(4-f|uorophenoxy)benzenesulfonyl]cyclopentyl}-2,N-dihydroxyacetamide.

27. A pharmaceutical composition for (a) the treatment of a condition selected from
the group consisting of arthritis, osteoporosis, cancer, tissue ulceration, muscular degeneration,
restenosis, periodontal disease, epidermolysis bullosa, scleritis, in combination with standard
NSAID'S and analgesics and in combination with cytotoxic anticancer agents, 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 effective in such treatment
and a pharmaceutically acceptable carrier.

28. A method for the inhibition of (a) matrix metalloproteinases or (b) the production
of tumor necrosis factor (TNF) in @ mammal, including a human, comprising administering to said
mammal an effective amount of a compound of claim 1.

29. A method for treating a condition selected from the group consisting of arthritis,
osteoporosis, cancer, tissue ulceration, macular degeneration, restenosis, periodontal disease,
epidermolysis bullosa, scleritis, compounds of formula | may be used in combination with
standard NSAID'S and analgesics and in combination with cytotoxic anticancer agents, 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

AQUESTIVE EXHIBIT 1004 page 1091



WO 98/34915 : PCT/IB98/00101

-44-

5 human, comprising administering to said mammat an amount of a compound of claim 1, effective

in treating such a condition.
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ARYLSULFONYL HYDROXAMIC ACID DERIVATIVES
Background of the invention
The present invention relates to arylsuifonyl hydroxamic acid derivatives which

are inhibitors of matrix metalloproteinases or the production of tumor necrosis factor

- (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, AIDS, sepsis, septic shock and other diseases involving the
production of TNF. In addition, the compounds of the present invention may be used
in combination therapy with standard non-steroidai anti-inflammatory drugs (hereinafter
NSAID'S) and analgesics for the treatment of arthritis, and in combination with cytotoxic
drugs such as adriamycin, daunomycin, cis-platinum, etoposide, taxo!, taxotere and
alkaloids, such as vincristine, in the treatment of cancer.

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

There are a number of enzymes which effect the breakdown of structural
proteins and which are structurally related metalloproteases. Matrix-degrading
metalloproteinases, such as gelatinase, stromelysin and coliagenase, are involved in
tissue matrix degradation (e.g. collagen coliapse) 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. comeal, epidermal and gastric ulceration), abnormal wound healing,
periodontal 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. Fiers, 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 Immunoiogy and immunopathology, 1892,
62 S11).
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Summeary of the Invention

The present invention relates to a compound of the formula

00 inumunih it

or the pharmaceutically acceptable sait thereof, wherein the broken line represents an
optional double bond;

X is carbon, oxygen or sulfur;

Y is carbon, oxygen, sulfur, SO, SO, or nitrogen;

R', R R, R* R%, R®, R’, R® and R® are selected from the group consisting of
hydrogen, (C,-C,)alkyl optionally substituted by one or two groups selected from (C,-
C,)alkyithio, (C,-C,)alkoxy, trifluoromethyl, halo, {C4-C,,)arvl, (C4-Co)heteroaryl, (Cq-
C,oarylamino, (C,4-C,,)aryithio, (C4o-Cio)aryloxy, (Cs-Cy)heteroarylamino, (Ce-
C,)heteroaryithio, (C,-C,)heteroaryloxy, (C4-C,o)aryl(Cq4-C,p)arvi, (C,-C,4)cycloalkyl,
hydroxy, piperazinyi, (C4-Cyo)aryl(C,-C,y)alkoxy, (Ce-Cg)heteroaryl(C,-C,)alkoxy, (C,-
Ce)acylamino, (C,-C4)acyithio, (C,-Ce)acyloxy, (C,-Cq)alkyisulfinyl, (C4-C,o)aryisutfinyi,
(C,-Colalkylsulfonyl, (C4-C,o)arylsulfonyi, amino, (C,-Coalkylamino or ((C,-
Colalkylamino),; (C,-C,)alkenyl, (Ce-C,o)aryl(C,-C,)alkenyl, (Cs-Cg)heteroaryl(C,-
Celalkenyl, (C,-Cqalkynyl, (Co-Cio)aryl(C,-Colalkynyi, (Cs-Co)heteroaryl(C,-Ce)alkynyl,
(C,-Ce)alkylamino,(C1-Cc)alkytthio,(C,-C,)alkoxy,perﬂuoro(C,-C,)alkyl,(CG-C,O)aryI,(Cs-
C,)heteroaryl, (C,4-C,,)arylamino, (Cq-Cyo)arylthio,  (C4-Co)aryloxy, (Cs-
C,)heteroarytamino, (Cs-C,)heteroaryithio, (C4-C,)heteroaryloxy, (C,-Cq)cycloalkyl, (C;-
C,)alkyl(hydroxymethylene), piperidyl, (C,-C,)alkyipiperidyl, (C,-Cq)acylamino, (C,-
C,)acylthio, (C,-C,)acyloxy, R'®(C,-Cs)alkyl wherein R' is (C,-C,)acylipiperazino, (C,-
C, )aryipiperazino, {C,-C,)heteroaryipiperazino, (C,-C,)alkylpiperazino, (C,-C,o)aryl(C,-
Cc)alkylpiperazino,(Cs-Cg)heteroaryi(C‘-C,)alkylpiperazino.morpholino,thiomorpholino.
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pyrrolidino, piperidyl, (C,-Cy)alkylpiperidyl, (C,-C,,)arylpiperidyl, (C,.-
Cg)heteroarylpiperidyl,(C,-Ce)alkylpiperidyI(C,-Ce)alkyl,(Cs-C1o)arylpiperidyl(C1-Cs)alkyl,
(Cs-Cy)heteroaryipiperidyl(C,-Cg)alkyl or (C,-Cq)acyipiperidyl;

or a group of the formula

S 0 Z

10

15

20

25

30

Y .

(

O—

wherein n is 0 to 6;

yis Oor 1;

W is oxygen or NR** wherein R* is hydrogen or (C,-C,)alkyl;

Z is OR'" or NR**R'' wherein R?** is as defined above and R'' is as defined
below; azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl,
indolinyl, isoindolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl or a bridged

diazabicycloalkyl ring selected from the group consisting of

N N

\\\(CH )

= (CHzoy (CHp)
(CH,) . 2y
//,(CHa)m
N T N
H H
a b C

SUBSTITUTE SHEET '(%QLQ
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N\\‘(CHa)p N\\\(CHQ),
(CHp) |
| N
N
d e

whereinris 1, 2 or 3;
mis 1 or2;
pisOor1; and

wherein each heterocyclic group may optionally be substituted by one or two groups
selected from hydroxy, (C,-C,)alkyl, (C,-Cs)alkoxy, (C,-C,c)acyl, (C,-C,c)acyioxy, (Ce-
C,o)aryl, (Cs-Co)heteroaryl, (Co-Cp)aryl(C,-Cylalkyl, (Cy-Co)heteroaryl(C,-Cp)alkyl,
hydroxy(C,-Cy)alkyl,  (C,-C,)alkoxy(C,-Clalkyl, (C,-C,lacyloxy(C,-Cealkyl,  (C,-
C,)alkylthio, (C,-C,)alkyithio(C,-Cyalkyl, (C,-C,o)aryithio, (C4-C,o)aryithio(C,-Coalkyl,
R'?R"N, R'?R'*NSO,, R'?R'*NCO, R'?R'*NCO(C,-C,)alkyl wherein R'* and R'* are each
independently hydrogen, (C,-Cy)alkyl, (C4-C,o)aryl, (C5-Co)heteroaryl, (C4-C,o)aryl (C,-
Co)alkyl or (C,-Co)heteroaryl (C,-C4)alkyl or R'? and R'* may be taken together with the
nitrogen to which they are attached to form an azetidinyl, pyrrolidinyl, piperidinyl,
morpholinyl or thiomorpholinyl ring; R'*S0,, R'*SO,NH wherein R'* is trifluoromethyl,
(C,-C,)alkyl, (C,-C,o)aryl, (Cs-Cy)heteroaryl, (C4-C,o)aryl{C,-Cq)alkyl or (C5-Cg)heteroaryl
(C,-Co)alkyl; R'*CONR'2 wherein R'? is as defined above and R'® is hydrogen, (C,-
Coalkyl, (C,-Coalkoxy, (Cs-Cioaryl, (Cs-Co)heteroaryl, (C,-Co)aryl(C,-Cs)alkyl(Cy-
C,o)aryl(C,-C,)alkoxy or (Cs-Co)heteroaryl(C,-Cy)alkyl; R'*OOC, R'®OOC(C,-Cj)alkyl
wherein R'® is (C,-Ce)alkyl, (C4-Cyo)aryl, (Cs-Cq)heteroaryi, (C4-C,o)aryl (C,-Cqlalkyl, 5-
indanyl, CHR'’OCOR'® wherein R'’ is hydrogen or (C,-C,)alkyl and R'® is (C,-C,)alkyl,
(C,-Colalkoxy or (C,-C,o)aryl, CH,CONR™R* wherein R'® and R are each
independently hydrogen or (C,-C,)alkyl or may be taken together with the nitrogen to
which they are attached to form an azetidinyl, pyrrolidinyl, piperidinyl, morpholinyl or
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thiomopholinyl ring; or R?'O (C,Cg)alkyl wherein R?' is H,N(CHR?*?)CO wherein R* is
the side chain of a natural D- or L-amino acid;

R'! is hydrogen, (C¢-Ciolaryl, (Cs-Co)heteroaryl, (Cq-C,o)aryl(C,-Colalkyl, (Cs-
C,)heteroaryl(C,-Cg)alkyl, (C,-Co)alkyl(C4-C,o)aryi(C,-Cqlalkyl,  (C,-Cqlalkyl(Cs-
C,)heteroaryl(C,-C,)alkyl, 5-indanyl, CHR'?OCOR'® or CH,CONR'°R* wherein R'’, R'®,
R'® and R?° are as defined above;

or R' and R?, or R® and R*, or R® and R® may be taken together to form a
carbonyi,

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,)cycioalkyl, oxacyclohexyl, thiocyclohexyl, indanyl or tetralinyt ring or

a group of the formula
Q

R23

wherein R2® is hydrogen, (C,-Celacyl, (C,-Cj)alkyl, (Ce-C,o)aryl(C,-Cylalkyl, (C,-
C,)heteroaryl(C,-Cg)alkyl or (C,-C4)alkyisulfonyt; and

Q is (C,-Cio)alkyl, (Cqe-Cyolaryl, (Ce-Ciolaryloxy(Ce-Cio)aryl, (C-Cyo)aryl(C,-
C,o)aryl, (C4-C,o)aryl(C,-C,o)aryl(C,-Coalkyl, (Ce-Co)aryl(C,-Cq)alkoxy(C,-Cq)alkyl, (Ce-
C,o)aryloxy(Cy-Cy)heteroaryl, (Cs-Cq)heteroaryl, (C,-Cq)alkyl(C4-Cp)aryl,  (C,-
Co)alkoxy(Co-Cro)aryl, (Co-Cyoaryl(C,-Colalkoxy(Co-Cyolaryl, (Cs-Coheteroaryloxy(Ce-
C,o)aryl, (C,-Cq)alkyl(Cy-Co)heteroaryl, (C,-C,)alkoxy(C,-Cg)heteroaryl, (C,-C,,)aryl(C,-
Cg)alkoxy(Cg-Cg)heteroaryl, (C4-C,)heteroaryloxy(Cs-Cy)heteroaryl, (C4-C,o)aryioxy(C,-
C,)alkyl, (C,-Cq)heteroaryloxy(C,-Cy)alkyl, (C,-Ce)alkyl(Cq-Co)aryloxy(Ce-Cyolaryl, (Ci-
C,)alkyl(C,-Cgy)heteroaryloxy(C,-C,c)arvl, (C,-Cq)alkyl(C4-C, p)aryioxy(C,-Cy)heteroaryl,
(C,-Cq)alkoxy(Ce-C,o)aryloxy(C,-C,o)aryl, (C,-C,)alkoxy(C,-Cq)heteroaryloxy(C,-C,,)aryl
or (C,-C,)alkoxy(C,-C, )aryloxy(Cs-Co)heteroaryl optionally substituted by fluoro, chloro,
(C,-Cy)alkyl, (C,-C4)alkoxy or perfiuoro(C,-C,)alkyl;

with the proviso that Z must be substituted when defined as azetidinyl,
pyrrolidinyl, morpholinyi, thiomorpholinyl, indolinyl, isoindolinyl, tetrahydroquinoliny,
tetrahydroisoquinolinyl, piperazinyl, (C,-C,.)acylpiperazinyl, (C,-C,)alkyipiperazinyl, (Cqo-
C,o)arylpiperazinyl, (C,-Co)heteroaryipiperazinyt or a bridged diazabicycloalkyl ring;
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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, SO, SO, 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, SO, SO, or nitrogen and when
one or more of the group consisting of R®, R*, R’ and R®, are independently a
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, SO or S0O,, R* and R* are not
present;

with the proviso that whenyis 1 and Wis NR2?* or oxygen, Z cannot be hydroxy;

with the proviso that when Y is oxygen, sulfur, SO or SO,, 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, SO, SO,

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;
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with the proviso that at least one of R', R?, R?, R*, R®%, R®% R’, R® and R® must be
defined as the group of formula Il.

The term *alkyl", as used herein, unless otherwise indicated, includes saturated
monovalent hydrocarbon radicals having 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,-C,)alkoxy,
(Ce-C,o)aryloxy, trifluoromethoxy, difluoromethoxy and (C,-Cg)alkyl.

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, isothiazoiyi, imidazolyl, benzimidazoiyl,
tetrazolyl, pyrazinyl, pyrimidyl, quinolyl, isoquinolyl, benzofuryl, isobenzofuryl,
benzothienyl, pyrazolyl, indolyl, isoindolyl, purinyl, carbazolyl, isoxazolyl, thiazolyl,
oxazolyl, benzthiazolyl or benzoxazolyl, optionally substituted by 1 to 2 substituents
independently seiected from the group consisting of fluoro, chloro, trifluoromethwvl, (C,-
C.)alkoxy, (C4-C, )aryloxy, trifluoromethoxy, difiucromethoxy and (C,-C)alkyl.

The term "acyl®, as used herein, uniess otherwise indicated, includes a radical
of the general formula RCO wherein R is alkyl, alkoxy (such as methyloxy carbonyl),
aryl, arylalkyl 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 term "D- or L-amino acid*, as used herein, unless otherwise indicated,
includes glycine, alanine, valine, leucine, isoleucine, phenyialanine, asparagine,
glutamine, tryptophan, proline, serine, threonine, tyrosine, hydroxyproline, cysteine,
cystine, methionine, aspartic acid, glutamic acid, lysine, arginine or histidine.

The positions on the ring of formula 1, as used herein, are defined as follows:
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The preferred conformation of the compound of formula | includes hydroxamic
acid axially disposed in the 2-position.

The compound of formuia | 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 | include those wherein Y is carbon.

Other preferred compounds of formula | include those wherein Q is (C,-
Ce)alkoxy(Cqs-Colaryl,  (Cq-Cyo)aryl(C,-Colalkoxy(Cq-Cyo)aryl,  or (Ce-Cyo)arvi(C,-
C,)alkoxy(C,-C4)alkyl wherein each terminal aryl group is optionally substituted by

fluoro.

Other preferred compounds of formula | inciude those wherein R? R3 R® R’and
R® are hydrogen.

More preferred compounds of formula | include those wherein Y is carbon; Q
is (C,-Cg)alkoxy(Cy-C,)aryl, (Cs-Cio)aryl(C,-Ce)alkoxy(Cq-C,o)aryl, or (Cq-Cioaryl(C,-
C,)alkoxy(C,-Cg)alkyl.

Specific preferred compounds of formula | include the following:

(2R,4R)-1 -[4-(4-Fluorobenzyloxy)-benzenesulfonyli]-2-hydroxycarbamoyi-
piperidine-4-carboxylic acid;

(2R.,4R)-1 -[4-(4-F|uorobenzyloxy)-benzenesulfonyl]-2-hydroxycarbamoyl-
piperidine-4-carboxylic acid methyl ester;

(25,45_).1-[3-(4-Fluorophenoxy)-propane-1-sulfonyl]-2-hydroxycarbamoyl-
piperidine-4-carboxylic acid;

(2R,4R)-1-[3-(4-Fluorophenoxy)-propane-1-sulfonyi] -2-hydroxycarbamoyl-
piperidine-4-carboxylic acid methyl ester;

(2_8_,3_3_)—{1-[4-(4-Fluorobenzyloxy)-benzenesulfonyl]-2-hydroxycarbamoy|-
piperidin-3-yl}-carbamic acid isopropyl ester;
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3-(§)-4-(4'-F|uorobipheny|-4-sutfonyl)-2,2—dimethy|-thiomorpholine-s-carboxylic
acid hydroxyamide;

3-(_S_)-4-[4—(4‘Fluorobenzyloxy)benzenesulfony|]-2,2—dimethyl-thiomorpholine-3 -
carboxylic acid hydroxyamide;

(2R,4S5)-1 -[4-(4-Fluorobenzyloxy)-benzenesulfonyl]-4-hydroxy-piperidine-2-
carboxylic acid hydroxyamide; and

(2R,4R)-1 -(4-Methoxybenzenesuifonyi)-4-(piperazine-1 -carbonyl)-piperidine-2-
carboxylic acid hydroxyamide hydrochloride.

Other compounds of the invention include:

(3§_)-4-[4-(2-Ch|oro-thiazoI-s-ylmethoxy)-benzenesulfonyl]-2,2-dimethyl-
thiomorpholine-3-carboxylic acid hydroxyamide;

(3_S_)-2,2-Dimethy|-4-[4-(thiazo|—5—ylmethoxy)-benzenesulfonyl]-thiomorpholine-s-
carboxylic acid hydroxyamide;

(3§_)-2,2-Dimethy|—4w[4-(pyridin-4-y1methoxy)-benzenesulfonyl]-thiomorpholine-s-
carboxylic acid hydroxyamide;

(3§)-4-{4-[2-(4-Fluorophenyl)-ethoxy]-benzenesulfonyt}—2.2-dimethyl-
thiomorpholine-3-carboxylic acid hydroxyamide;

(3§)-2,2-Dimethyi-4—[4—(2-pyn'din-4—y|-ethoxy)-benzenesulfonyl]-thiomorpholine-a—
carboxylic acid hydroxyamide;

(3§_)-4-[4-(Benzothiazoi-z-ylmethoxy)-benzenesulfonyl]-2,2-dimethy|-
thiomorpholine-3-carboxylic acid hydroxyamide;

(3§)-2,2-Dimethyl-4-[4-(5-trifluoromethyl-benzothiazol-2-y|methoxy)-
benzenesulfonyi]-thiomorpholine-3-carboxylic acid hydroxyamide;

(3§)-2,2-Dimethy|-4—[4—(1ﬂ-tetrazoI-5-ylmethoxy)-benzenesuh‘onyi]-thiomorpholine—
3-carboxylic acid hydroxyamide;

(2_F_1,3§)-{1-[4-(2-ChIoro-thiazol—s-ylmethoxy)-benzenesulfonyl]-2-
hydroxycarbamoyl-piperidin-3-yl}-carbamic acid methyl ester;

(2R,3S)-{2-Hydroxycarbamoyl-1- [4-(thiazol-5-ylmethoxy)-benzenesuIfonyl]-
piperidin-3-yl}-carbamic acid methyi ester;

(2R,38)-{2-Hydroxycarbamoyl-1 -[4-(pyridin-4-ylmethoxy)-benzenesulfonyl]-
piperidin-3-yl}-carbamic acid methyl ester;

(2R,38)-{1 -[4-(4-F|uorobenzyloxy)-benzenesulfonyl]-2-hyd roxycarbamoyi-
piperidin-3-yl}-carbamic acid methyl ester;
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(2R,3S)-(1 -{4~[2-(4~F|uorophenyl)-eﬂwoxy]-benzenesulfonyl}-2-hydroxycarbamoy|-
piperidin-3-yl)-carbamic acid methyl ester;

(2R,38)-{2-Hydroxycarbamoyi-1 -[4-(2-pyridin-4-yl-ethoxy)-benzenesulfonyl}-
piperidin-3-yl}-carbamic acid methyl ester;

(2R,38)-{1 -[4-(Benzothiazol-2-yimethoxy)-benzenesulfonyl] -2-hydroxycarbamoyl-
piperidin-3-yl}-carbamic acid methyl ester;

(2R,3S)-{2-Hydroxycarbamoyi-1 -[4-(5-trifluoromethyl-benzothiazol-2-ylmethoxy)-
benzenesulfonyl}-piperidin-3-yi}-carbamic acid methyl ester;

(2R,38)-{2-Hydroxycarbamoyi-1-[4-(1 H-tetrazol-5-yimethoxy)-benzenesulfonyi}-
piperidin-3-yl}-carbamic acid methyl ester;

(23,3§)-1-[4-(2-Ch|oro-thiazoI-5-ylmethoxy)-benzenesulfonyl]-3-hydroxy-
piperidine-2-carboxylic acid hydroxyamide;

(2R,38)-3-Hydroxy-1 -[4-(thiazol-s-ylmethoxy)-benzenesulfonyl]-piperidine-z-
carboxylic acid hydroxyamide;

(2R,3S)-3-Hydroxy-1 -[4-(pyridin-4-ylmethoxy)-benzenesuIfonyl]-piperidine-Z-
carboxylic acid hydroxyamide;

(2R,38)-1 -[4-(4-Fluorobenzyloxy)-benzenesuIfonyl]-3-hydroxy-piperidine-2-
carboxylic acid hydroxyamide;

{2R,3S)-1 -{4-[2-(4-Fluoropheny|)-ethoxy]-benzenesulfonyl}-S-hydroxy-piperidine-
2-carboxylic acid hydroxyamide;

(2R, 3S)-3-Hydroxy-1-[4-(2-pyridin-4-yl-ethoxy)-benzen esulfonyl]-piperidine-2-
carboxylic acid hydroxyamide,

(2R,33)-1-[4~( BenzothiazoI-2~y|memoxy)-benzenesul‘fonyi]-3-hydroxy—pipeﬁdine—2-
carboxylic acid hydroxyamide;

(2R,38)-3-Hydroxy-1 -[4-(5-trifluoromethyl-benzothiazol-2-ylmethoxy)-
benzenesulfonyi]-piperidine-2-carboxylic acid hydroxyamide;

(2R,3S)-3-Hydroxy-1-[4-(1 H-tetrazol-6-yimethoxy)-benzenesulfonyl]-piperidine-2-
carboxylic acid hydroxyamide;

(2R,38)-1 -[4-(2—ChIoro-thiazol-&ylmethoxy)-benzenesutfonyl]-a-hydroxy-s-meﬂ'\yl-
piperidine-2-carboxylic acid hydroxyamide;

(2R, 38)-3-Hydroxy-3-methyl-1-[4-(thiazol-5-yimethoxy)-benzen esulfonyl]-
piperidine-2-carboxylic acid hydroxyamide;
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(2R,38)-3-Hydroxy-3-methyl-1 -[4-(pyridin-4-y|methoxy)-benzenesulfonyl]-
piperidine-2-carboxylic acid hydroxyamide;

(2R,38)-1 -[4—(4-Fluorobenzyioxy)—benzenesutfonyl]-3—hydroxy-3—methy|—piperidine—
2-carboxylic acid hydroxyamide;

(2R,39)-1 -{4-[2-(4-Fluorophenyi)-ethoxy]-benzenesulfonyl}-3-hydroxy-3-methyl-
piperidine-2-carboxylic acid hydroxyamide;

(2R,38)-3-Hydroxy-3-methyl-1 -[4-(2-pyridin-4-yi-ethoxy)-benzenesulfonyl]-
piperidine-2-carboxylic acid hydroxyamide;

(2R,38)-1 -[4-(Benzothiazol-2-y|methoxy)-benzenesulfonyl]-3-hyd roxy-3-methyl-
piperidine-2-carboxylic acid hydroxyamide,

(2R,38)-3-Hydroxy-3-methyi-1 -[4—(5—tn‘ﬂuoromethyl-benzothiazol-2-ylmethoxy)—
benzenesulfonyl]-piperidine-2-carboxylic acid hydroxyamide;

(2R,3S)-3-Hydroxy-3-methyl-1-{4-(1 H-tetrazol-5-yimethoxy)-benzenesulfonyi]-
piperidine-2-carboxylic acid hydroxyamide;

(3&)-4-[4-(2-Chloro-thiazol-s-ylmethoxy)-benzenesulfonyl]-2,2-dimethyl-
morpholine-3-carboxylic acid hydroiyamide;

(35)-2,2-Dimethy|—4-[4-(thiazol-5-y|methoxy)-benzenesulfonyl]-morpholine-a-
carboxylic acid hydroxyamide;

(38_)-2,2-Dimethyl-4-[4-(pyridin-4-y|methoxy)-benzenesulfonyl]-morpholine-s-
carboxylic acid hydroxyamide;

(33)-4-[4-(4-FIuorobenzyloxy)-benzenesulfonyl]-2,2-dimethyi-morpholine-s-
carboxylic acid hydroxyamide;

(SB_)~4-{4-[2-(4—-Fluorophenyl)-ethoxy]-benzenasuifonyl}-2,2-dime’d1yi-morpholine—
3-carboxylic acid hydroxyamide;

(33)-2,2-Dimethyl-4~[4-(2-pyridin-4-y|-ethoxy)-benzenesulfonyl]-morpholine-s-
carboxylic acid hydroxyamide;

(33)-4-[4-(Benzothiazol-2—ylmemoxy)-benzenesukfonyi]-2,2-dimeﬁ1yl-morpholine—3—
carboxylic acid hydroxyamide;

(35_)-2,2-Dimethyl-4-[4-(5-triﬂuoromethyl-benzothiazo|-2-y|methoxy)-
benzenesulfonyl]-morpholine-3-carboxylic acid hydroxyamide;

(33)-2,2—Dimethy|-4—[4—(1_l-j-tetrazol-s-ylmethoxy)-benzenesulfonyl]-morpholine-S—
carboxylic acid hydroxyamide;
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(2R,4R)-1 -[4-(2-Chloro-thiazol-s-ylmethoxy)-benzenesuIfonyi]-z-
hydroxycarbamoyl-piperidine-4-carboxylic acid;

(2R,4R)-2-Hydroxycarbamoyi-1 -[4-(thiazol-5-yimethoxy)-benzenesuifonyi]-
piperidine-4-carboxylic acid;

(2R,4R)-2-Hydroxycarbamoyi-1 -[4-(pyridin-4-yimethoxy)-benzenesulfonyl]-
piperidine-4-carboxylic acid;

(2R,4R)-1 -{4-[2-(4-Fluorophenyi)—ethoxy]-benzenesulfonyl}—2—hydroxycarbamoyl-
piperidine-4-carboxylic acid;

(2R,4R)-2-Hydroxycarbamoyl-1 -[4-(2-pyridin-4-yl-ethoxy)-benzenesuifonyl]-
piperidine-4-carboxylic acid;

(2R,4R)-1 -[4»(Benzothiazol-2-y1methoxy)-benzenesuifonyi]-2-hydroxycarbamoyl-
piperidine-4-carboxylic acid,

(2R,4R)-2-Hydroxycarbamoyi-1 -[4-(5-triflucromethyl-benzothiazol-2-yimethoxy)-
ben7_.enesulfonyl]-piperidine—4~carboxyiic acid;

(2R,4R)-2-Hydroxycarbamoyl-1-[4-(1 H-tetrazol-5-yimethoxy)-benzenesutfonyl}-
piperidine-4-carboxylic acid;

(35_)—4-[4-(2-Chloro-thiazol-s-yimeﬁ'\oxy)-benzenesurfonyl]Ganethyl-morpholine-a-
carboxylic acid hydroxyamide;

(33)-3-Methy|-4-[Hﬁwiazolé-ylmemoxy)—benzenesulfonyi]-morpholine-a-carboxyiic
acid hydroxyamide,

(33)-3-Methyl-4~[4-(pyridin-4»ylmemoxy)-benzenesulfonyi]-morpholine-s-carboxylic
acid hydroxyamide;

(SB_)-Aw[4-(4AFiuorobenzyloxy)-benzenesuifonyi]-s-meﬂ'\yl-morpholine-s-carboxyﬁc
acid hydroxyamide;

(3_&)4»{4-{2-(4-Fluorophenyl)-ethoxy]-benzenesuIfonyi}-3-methy1-morpholine~3—
carboxylic acid hydroxyamide,;

(35)-3-Methyl-4~[4-(2-pyridin-4-y|-ethoxy)-benzenesulfonyi]-morpholine-S-
carboxylic acid hydroxyamide,;

(3R)-4- [4-(BenzothiazoI-2-ylmethoxy)—benzenesulfonyl]-3-methyl-morpho|ine-3-
carboxylic acid hydroxyamide;

(3_Fj)-3—Methyl-4—[4-(5-triﬂuoromethyl-benzothiazol-2-y|memoxy)-benzenesutfonyi]-
morpholine-s-carboxyiic acid hydroxyamide;
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(3R)-3-Methyi-4-{4-(1 H-tetrazol-5-yimethoxy)-benzenesuifonyl]-morpholine-3-
carboxylic acid hydroxyamide,;

(2R)-1-{4-(2-Chloro-thiazol-5-yimethoxy)-benzenesulfonyl]-2-methyi-3-oxo-
piperidine-2-carboxylic acid hydroxyamide;

(2R)-2-Methyi-3-oxo-1-[4-(thiazol-5-ylmethoxy)-benzenesulfonyi]-piperidine-2-
carboxylic acid hydroxyamide;

(2R)-2-Methyl-3-oxo-1-[4-(pyridin4-ylmethoxy)-benzenesulfonyl]-piperidine-2-
carboxylic acid hydroxyamide;

(2R)-1-[4-(4-Fluorobenzyloxy)-benzenesulfonyl]-2-methyi-3-oxo-piperidine-2-
carboxylic acid hydroxyamide;

(2R)-1-{4-[2- (4-Huorophenyi)-§ﬂ10xy]-benzenesutfony1}-2-methy1—3—oxo-piperidine-
2-carboxylic acid hydroxyamide;

(2R)-2-Methyl-3-0x0-1- [4-(2-pyridin-4-yi-ethoxy)-benzenesulfonyl]-piperidine-2-
carboxyiic acid hydroxyamide;

(2R)-1-[4-(Benzothiazol-2-yimethoxy)-benzenesulfonyl]-2-methyl-3-oxo-piperidine-
2-carboxylic acid hydroxyamide;

(2R)-2-Methy!-3-0x0-1 -[4-(5-trifluoromethyl-benzothiazol-2-ylmethoxy)-
benzenesulfonyl]-piperidine-2-carboxylic acid hydroxyamide;

(2R)-2-Methyi-3-oxo-1-[4-(1H-tetrazol-5-yimethoxy)-benzenesutfonyi]-piperidine-2-
carboxylic acid hydroxyamide;

(2R,4S)-1-(4-Benzyloxy-benzenesulfonyl)-4-butylaminomethyl-4-hydroxy-
piperidine-2-carboxylic acid hydroxyamide;

(2R,48)-4-Butylaminomethyl-1-[4-{4-fiucrobenzyloxy)-benzenesutfonyl]-4-hydroxy-
piperidine-2-carboxylic acid hydroxyamide;

(2R,4S)4-Benzylamino-1 -(4-benzyloxy-benzenesulfonyl)-piperidine-2-carboxylic
acid hydroxyamide,

(2R, 4S)-4-Benzylamino-1-[4-(4-flucrobenzyloxy)-benzenesuifonyl]-piperidine-2-
carboxylic acid hydroxyamide,;

(28)-1 -[4—-(4-Fluorobenzyloxy)—benzenesulfonyl]-4—oxo-pipeﬁdine—2-carboxyﬁc acid
hydroxyamide;

(2R,4R)-1 -(4-Benzyloxy-benzenesulfonyl)-4-hydroxy-piperidine-2-carboxylicacid
hydroxyamide;
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(2R,4R)-1-[4-(4-Fluo robenzyloxy)-benzenesulfonyl]-4-hydroxy-piperidine-2-
carboxylic acid hydroxyamide;

(2_!3)-1-[4-(4—F1uorobenzyioxy)-benzenesuh‘onyi]-4-methyl-piperazine-2—carboxy|ic
acid hydroxyamide;

(2R,58)-1-{4-(4-F luorobenzyloxy)-benzenesulfonyl]-5-hydroxy-piperidine-2-
carboxylic acid hydroxyamide;

(2R,53)-1 -(4—-Benzyloxy-benzenesulfony|)6-hydroxy~piperidine-2-carboxy|icacid
hydroxyamide;

(2R,5R)-1 -(4—Benzyloxy-benzenesulfonyl)-s-hydroxy-piperidin&z-carboxyiicacid
hydroxyamide;

(2R,5R)-1-[4-(4-F luorobenzyloxy)-benzenesulfonyl]-5-hydroxy-piperidine-2-
carboxylic acid hydroxyamide,

(2R,35)-1 -(4—Benzyloxy-benzenesurfonyl)-s-hydroxy-piperidine-Z-carboxylicacid
hydroxyamide;

(2R,45)-1 -(4—-Benzyloxy-benzenesulfonyl)-4-hydroxy-piperidine-z-carboxylicacid
hydroxyamide,

(2R,48)-1 -[4-(4-F|uorobenzyloxy)-benzenesuIfonyl]-4-hydroxy-piperidine-2-
carboxylic acid hydroxyamide;

1-(4-Butoxy-benzenesulfonyl)-3-(morpholine—d»—carbonyl)-piperidine-2-carboxylic
acid hydroxyamide;

1 -[4-(4-Fluoro-benzyioxy)-benzenesutfonyl)-3-(morpholine—4—<zrbonyi)-pipeddine—
2-carboxylic acid hydroxyamide;

1-[3-(Fluoro-benzyioxy)-propane-1 -sulfonyi]-3-(mormpholine-4-carbonyl)-piperidine-
2-carboxylic acid hydroxymide;

1-(4-Butoxy-benzenesuifonyl)-3-(pyrrolidine-1 -carbonyl)-piperidine-2-carboxylic
acid hydroxyamide;

1-[4-(4-Fluoro-benzyloxy)-benzenesutfonyl)-3-(pymolidine-1 -carbonyl)-piperidine-2-
carboxylic acid hydroxyamide;

1-[3-(4-Fluoro-benzyloxy)-propane-1 -sulfonyl)-3-(pyrrolidine-1-carbonyl)-
piperidine-2-carboxylic acid hydroxyamide; and

1-[4-(4-Fluo ro-benzytoxy)-benzenesulfonyl]-2-hydroxyca:bamoyi-piperidine—4»
carboxylic acid.
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The present invention also relates to a pharmaceutical composition for (a) the
treatment of a condition seiected from the group consisting of arthritis, cancer, synergy
with cytotoxic anticancer agents, tissue ulceration, macular degeneration, restenosis,
periodontal disease, epidermolysis bullosa, scleritis, in combination with standard
NSAID'S and analgesics 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 formula | or a pharmaceutically acceptable salt thereof
effective in such treatments and a pharmaceutically acceptable carrier.

The present invention aiso 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 formula | 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, macular degeneration,
restenosis, periodontal disease, epidermolysis bullosa, scleritis, compounds of formuia
| may be used in combination with standard NSAID'S and analgesics and in
combination with cytotoxic anticancer agents, and other diseases characterized by
matrix metalloproteinase activity, AIDS, sepsis, septic shock and other diseases
involving the production of tumor necrosis tactor (TNF) in a mammal, including a
human, comprising administering to said mammal an amount of a compound of

formula | or a pharmaceutically acceptable sait thereot effective in treating such a
condition.
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Detailed Description of the Invention

The following reaction Schemes illustrate 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

R8

RB
CH
RS CO,R2®
N)\R9
|
S0,Q
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Preparation 2
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Scheme 1
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Scheme 2
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Scheme 3
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Scheme 4
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Scheme 4 continued
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Scheme 5§ continued

XXV

x

»
e

Pt ¢
-
U\

'7””” 1, ”

x

AQUESTIVE EXHIBIT 1004

PCT/IB98/00064

page 1122



10

15

20

25

30

WO 98/34918

PCT/IB98/00064

-25-

Preparation 1 refers to the preparation of intermediates of the formula Vi.
Compounds of the formula V| are converted to compounds of the formula | according
to the methods of Scheme 1. The starting materials of formula XVI can be prepared
according to methods well known to those of ordinary skill in the art.

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 chloride, 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

R® CO,R??

Br

wherein R? is carbobenzyloxy, (C,-Ce)alkyl, benzyi, 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 formula VI.

Preparation 2 refers to an alternate method of preparing compounds of the
formula VI. The starting materials of formula XViil can be prepared according to
methods well known to those of ordinary skill In the art. in reaction 1 of Preparation
2, the amine compound of formula XVIil, wherein R?® is as defined above, is converted
to the corresponding aryisulfonyl amine compound of formula XV1i by (1) reacting XVIll
with an aryisulfonyihalide 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, (2) reacting the compound so
formed with a compound of the formula

Ao~

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-methanoli solution at a temperature between about -90°C
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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 aryisulfonyl amine compound of
formula XVIl is converted to the corresponding hydroxy ester compound of formula VI
by reacting XVII with a compound of the formula

"

R5

wherein W is lithium, magnesium, copper or chromium.

Scheme 1 refers to the preparation of compounds of the formula Ii, which are
compounds of the formula |, wherein X and Y are carbon; R*, R® and R’ are hydrogen;
and the dashed line between X and Y is absent. 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 VI. The reaction is facilitated by the removal of the R?® protecting
group from the compound of formula V1 and 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
R25 is carbobenzyioxy, (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) palladium (I 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.
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In reaction 3 of Scheme 1, the carboxylic acid compound of formula IV is
converted to the corresponding hydroxamic acid compound of formula 1l by treating
IV with 1-(3-dimathylaminopropyl)-&ethylcarbodiimide and 1-hydroxybenztriazole in a
polar solvent, such as dimethyiformamide, 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. Altemnatively, a protected derivative of hydroxylamine or its sait
form, where the hydroxyi gr‘oup is protected as a tert-butyl, benzyl or aliyl ether, may
be used in the presence of (benzotriazol-1-yloxy)tris(dimethyiamino) phosphonium
hexafluorphosphate and a base, such as N-methyimorpholine. Removal of the
hydroxylamine protecting group is camed out by hydrogenolysis for a benzyl protecting
group or treatment with a strong acid, such as 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)
palladium (}1) chioride. N,Obis(Me&owbemﬂ)hydroMmine may also be used as
the protected hydroxylamine derivative where deprotection is achieved using a mixture
of methanesutfonic acid and triflucroacetic 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 Il by
treating |1l with hydrogen and a hydrogenation catayst, such a 10% palladium on
carbon.

Scheme 2 refers to the preparation of compounds of the formula Vi, which are
compound of the formula | wherein Y is nitrogen; X is carbon: R', R?, R?, R*, R’ and R®
are hydrogen, and R°® is absent. The starting materials of formula IX can be prepared
according to methods well known to those of ordinary skill in the art. In reaction 1 of
Scheme 2, the arylsulfonyipiperazine compound of formula IX, wherein R* is
carbobenzyloxy, benzyl or carbotertbutyloxy, is converted to the compound of formula
VIl by reacting IX with a protected derivative of hydroxylamine of the formula

R¥7ONH,eHC!
wherein R? is tertbutyl, benzyl or allyi, 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?.
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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% pailadium on carbon, where R?® is carbobenzyloxy, (b) hydrogenolysis’ where
R2® 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 Vill is converted to the
corresponding hydroxamic acid compound of formula Vi, wherein R® is hydrogen or
(C,-C,)alkyl, by reacting, if desired, Vil with an alkylhalide when R® is (C,-C,)alkyl.
Subsequent removal of the R? hydroxylamine protecting group is carried out by
hydrogenolysis for a benzyi protecting group or treatment with a strong acid, such as
triflucroacetic acid, for a tert-butyi protecting group. The aliyl protecting group may be
removed by treatment with tributyitinhydride and acetic acid in the presence of catalytic
bis(triphenylphosphine) palladium (Il) chioride.

Scheme 3 refers to the preparation of compounds of the formuia X, which are
compounds of the formula | wherein Y is nitrogen; X is carbon; R?, R’, R® and R® are
hydrogen; R® and R* taken together are carbonyl; R® is hydrogen, and R® is absent.
In reaction 1 of Scheme 3, the aryisulfonylamine compound of formula Xll, wherein R™
is as defined above, is converted to the corresponding piperazine compound of formula
X! by reacting Xil 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.

Scheme 4 refers to the preparation of compounds of the formula Xill. The
starting materials of formula XVlil can be prepared according to methods well known
to those of ordinary skiil in the art. Compounds of the formula X!l are compounds of
the formuia | wherein X is carbon, and the dotted line between X and Y is absent. in
reaction 1 of Scheme 4, removal of the R?® protecting group and subsequent reductive
amination of the compound of formuia XXII, wherein Y Is oxygen, sulfur or carbon, to
give the corresponding imine compound of formula XXl is carried 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 XX1 is converted to
the corresponding piperidine compound of formuia XX by reacting XXI with a
nucleophile of the formula R*M wherein M Is lithium, magnesium halide or cerium
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halide. The reaction is carmried 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 4, the sulfonation of the piperidine compound of
formula XX to given the corresponding aryisutfonyipiperidine compound of formula XIX
is carried out by reacting XX with an aryisutfonylhalide 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.

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

Scheme 5 refers to the preparation of compounds of the formula X1V, which are
compounds of formula | wherein Y is nitrogen, X is carbon, the dotted line between X
and Y is absent, R® is hydrogen and R® is absent. In reaction 1 of Scheme 5, the
compound of formula XXVI, wherein the R?* and R®' protecting groups are each
independently selected from the group consisting of carbobenzyloxy, benzyl and
carbotertbutyloxy and R*® is carbobenzyloxy, (C,-C,)alkyl, benzyl, allyl or tert-butyl, is
converted to the corresponding imine compound of formula 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 XXV1 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% paliadium on carbon, where R?® is carbobenzyloxy
and R is tert-butyl, (b) saponification where R* is (C,-C,)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 aéid or hydrochloric acid where R? is tert-butyl
and R®' is (C,-C,)alkyl, benzyi or allyl, or (e) treatment with tributyitinhydride and acetic
acid in the presence of catalytic bis(triphenylphosphine) palladium (i) chloride where
R2 is allyl and R* is (C,-Cp)alkyl, benzyl or tert-butyl. The R3° protective group may
be selected such that it is removed in the same reaction step as the R? protecting
group.
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In reaction 2 of Scheme 5, the imine compound of formuia 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 aryisulfonyipiperidine compound of formula i1l
is carried out according to the procedure described above in reaction 3 of Scheme 4.

in reaction 4 of Scheme 5, the aryisuifonyipiperidine compound of formula XXIll
is converted to the hydroxamic acid compound of formula XIV by (1) removing the R,
if needed, and R®' protecting groups from XXIil followed by (2) reacting XXIil according
to the procedure described above in reaction 3 of Scheme 1. Removal of the R and
R®' protecting groups from the compound of formula XXill 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 RS protecting group in reaction
1 of Scheme 1.

Pharmaceutically acceptable saits of the acidic compounds of the invention are
salts formed with bases, namely cationic salts such as alkali and alkaline earth metal
salts, such as sodium, lithium, potassium, calcium, magnesium, as well as ammonium
slats, such as ammonium, trimethyl-ammonium, diethylammonium, and tris-
(hydroxymethyl)-methylammonium salts,

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 compoundé of formula | or their pharmaceuticaily acceptable
salts (the compounds of the invention) to inhibit matrix metalioproteinases 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.
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Biological Assay
inhibition of Human Collagenase (MMP-1)

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

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

10 MM ——> 120 uM ——> 12 uM —> 1.2 yM ——> 0.12 M

Twenty-five microliters of each concentration is then added in triplicate to
appropriate wells of a 96 weli microfiuor 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 (no enzyme, no inhibitors) are set in
wells D7-D12.

Collagenase is diluted to 400 ng/mi and 25 (A is then added to appropriate wells
of the microfiuor plate. Final concentration of coliagenase in the assay is 100 ng/mi.

Substrate (DNP-Pro-Cha-Gly—Cys(Me)-His-AIa-Lys(NMA)—NH ,)ismadeasasmM
stock in dimethy! sulfoxide and then diluted to 20 uM in assay buffer. The assay is
initiated by the addition of 50 ul substrate per well of the microfiuor plate to give a final
concentration of 10 uM.

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). ICyos are

determined from the concentration of inhibitor that gives a signal that is 50% of the
control.
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it IC,,s are reported to be <0.03 yM then the inhibitors are assayed at

concentrations of 0.3 M, 0.03 4M, 0.03 uM 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-aminophenyl mercuric acetate)
for 15 hours at 4°C and is diluted to give a final concentration in the assay of 100
mg/ml. Inhibitors are diluted as for inhibition of human collagenase (MMP-1) to give
final concentrations in the assay of 30 yM, 3 yM, 0.3 yM and 0.03 yM. Each
concentration is done in triplicate.

Fiuorescence 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). If ICy,'s
are reported to be less than 0.03 uM, then the inhibitors are assayed at final
concentrations of 0.3 uM, 0.03 M, 0.003 M 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-
SCH[CH,CH(CH,),]CO-Leu-Gly-OC,Hs] Yields a mercaptan fragment that can be
monitored in the presence of Eliman's reagent.

Human recombinant prostromelysin is activated with trypsin using aratio of 1 4l
of a 10 mg/ml trypsin stock per 26 ug of stromelysin. The trypsin and stromelysin are
incubated at 37°C for 15 minutes followed by 10 i 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 ui of assay buffer (200 mM
sodium chioride, 50 mM MES, and 10 mM calcium chloride, pH 6.0) in 86-well microliter
plates. Activated stromelysin is diluted in assay buffer to 25 pg/ml. Eliman's reagent
(3-Carboxy-4-nitrophenyi disulfide) is made as a 1M stock in dimethyl formamide and
diluted to 5 mM in assay buffer with 50 u1 per well yielding at 1 mM final concentration.

10 mM stock solutions of inhibitors are made in dimethyl sulfoxide and diluted
serially in assay buffer such that addition of 50 uL to the appropriate weils yieids final
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concentrations of 3 yM, 0.3 yM, 0.003 uM, and 0.0003 uM. All conditions are
completed in triplicate.

A 300 mM dimethyl sulfoxide stock solution of the peptide substrate is diluted
to 15 mM in assay buffer and the assay is initiated by addition of 50 ul 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.

IC¢, 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/mi in assay buffer (50
mM Tris, pH 7.5, 200 mM sodium chloride, 5mM caicium chloride, 20uM zinc chloride,
0.02% brij). Twenty-five microliters of diluted enzyme is added per well of a 86 waell
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/ml.

10 mM stock solutions of inhibitors are made up in dimethyi sulfoxide 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 microfiuor plate. The final concentrations in the assay are 30 yM, 3uM,
0.3 uM, and 0.03 uM.

Substrate (an-Pro-Cha—Gly-Cys(Me)-His-Ala-Lys(NMA)~NH2) is prepared as for
inhibition of human collagenase (MMP-1) and 50 4l is added to each well to give a final
assay concentration of 10 uM. Fluorescence readings (360 nM excitation; 450
emission) are taken at time O and every § minutes for 1 hour.

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

ICo's are determined as per inhibition of human collagenase (MMP-1). if IC's
are reported to be less than 0.03 yM, inhibitors are then assayed at final concentrations
of 0.3 M, 0.03 yM, 0.003 yuM and 0.0003 uM.

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:
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Human mononuciear 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 celis 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 200ut. 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 supernatants removed and
assayed for TNFa using the R&D ELISA Kit.

For administration to mammals, including humans, for the inhibition of matrix
metalloproteinases or the production of tumor necrosis factor (TNF), a variety of
conventional routes may be used including orally, parenterally and topically. Ingeneral,
the compound of the invention will be administered orally or parenterally at dosages
between about 0.1 and 25 mg/kg body weight of the subject to be treated per day,
preferably from about 0.3 to 5 mg/kg. However, some variation in dosage wil
necessarily occur depending on the condition 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 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 leveis 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 empioyed along with various disintegrants such as starch (and
preferably comn, 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 sultate and
talc 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
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polyethylene glycols. When agueous 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 like combinations thereof. In the case of animals, they are
advantageously contained in an animal feed or drinking water in a concentration of &-
5000 ppm, preferably 25 to 500 ppm.

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 intraarticuiar,
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. In the case of animals, compounds
can be administered intramuscularly or subcutaneously at dosage levels of about 0.1
to 50 mg/kg/day, advantageously 0.2 to 10 mg/kg/day given in a single dose or up to
3 divided doses.

The present invention is illustrated by the foliowing examples, but it is not limited
to the details thereof.

EXAMPLE 1
(2R, _4R)-1 -(4-Methoxy-benzenesulfonyl)-4-(piperazine-1-carbonyl)-pipe ridine-2-

carboxylic acid hydroxyamide hydrochloride

(a) To a stired, cold (-78 °C) solution of (2R)-2-benzyloxycarbonylamino-
pentanedioic acid 1-tert-butyl ester S-methyl ester (5.6g, 15.9 mmol), prepared as
described in J. Org. Chem., 85, 1711-1721 (1990) and J. Med. Chem., 39, 73-85 (1996),
in 30 mL of tetrahydrofuran was added lithium bis(trimethyisilyl)amide (40 mL, 1 M in
tetrahydrofuran, 39.8 mmol). The resulting mixture was stirred for 1 hour at-45 °C and
then recooled to -78 °C. Allyl bromide (5.2 mL, 63.7 mmol) was then added. After 2
hours the reaction was quenched by the addition of 1 M aqueous hydrogen chloride
at -78 °C. The mixture was then extracted with diethyl ether. The combined ethereal
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extracts were washed with brine and the mixture was dried over sodium sulfate. After
filtration and concentration of the filtrate, the crude product was purified by silica gel
chromatography (elution with 1:5 ethyl acetate/hexanes) to provide (2R,4R)-4-allyl-2-
benzyloxycarbonylamino-pentanedioic acid 1-tert-butyl ester 5-methyi ester.

(b) Ozone gas was bubbled through a stirred, cold (-78 °C) solution of (2R,48)4-
allyl-2-benzyloxycarbonylamino-pentanedioic acid 1-tert-butyl ester 5-methyt ester (5.0
g, 12.8 mmol) in 100 mL of 10:1 methanol/methylene chloride, and 0.73 mi of acetic
acid until a biue color persisted. Nitrogen gas was then bubbled through the solution
until the blue color dissipated. The mixture was warmed to ambient temperature and
dimethyl sulfide (2.8 mL, 3.83 mmol) was added. The mixture was stirred for 48 hours,
diluted with methylene chloride, and washed with 10% aqueous sodium carbonate,
brine, and the mixture was dried over sodium sulfate. Filtration and concentration of
the filtrate provided (2R,4S)-6-methoxy-piperidine-1 ,2,4-tricarboxylic acid 1-benzyl ester
2-tert-butyl ester 4-methyi ester as a clear oil, which was used in the subsequent step
without purification.

(e) A mixture of (2R,4S)-6-methoxy-piperidine-1 ,2,4-tricarboxylic acid 1-benzyl ester
2-tert-butyl ester 4-methyl ester (4.85 g, 11.9 mmol) and 10% palladium on carbon (500
mag) in 100 mL of ethanol was shaken under a 45 psi atmosphere of hydrogen gas for
1.5 hours. The mixture was filtered through nyion and the filtrate was concentrated to
provide (2R,4R)-piperidine-2,4-dicarboxyiic acid 2-tert-butyl ester 4-methyl ester as light
yellow oil, which was used in the subsequent step without further purification.

(d) To a stirred, cold (0 °C) solution of (2R,4R)-piperidine-2,4-dicarboxylic acid 2-
tert-buty! ester 4-methyl ester (2.7 g, 11.1 mmol) and triethylamine (4.6 mi, 33.3 mmol)
in 30 mL of methylene chioride was added 4-methoxy-benzenesutfonyl chioride (2.3 g,
11.1 mmol). The mixture was warmed to ambient temperature and stirred for 4 hours.
The reaction was quenched by the addition of aqueous ammonium chloride and the
mixture was extracted with ethyl acetate. The combined organic extracts were washed
with brine, and the organic mixture was dried over sodium sulfate. After filtration and
concentration of the filtrate, the resulting crude product was purified by silica gel
chromatography (elution with 3:8 ethyl acetate/hexanes) to provide (2R,4R)-1-(4-
methoxy-benzenesulfonyl)-piperidine-2,4-dicarboxylic acid 2-tert-butyl ester 4-methyl
ester.
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(e) To a stirred, cold (0 °C) solution of (2R,4R)-1 -(4-methoxy-benzenesutfony|)-
piperidine-2,4-dicarboxylic acid 2-tert-butyl ester 4-methyl ester (4.4 g, 10.6 mmol) in 30
mL of methyiene chloride was added 10 mL of trifluoroacetic acid dropwise. The
mixture was stirred for 1 hour at 0 °C and for 8 hours at ambient temperature.
Concentration provided (23,45_)-1-(4—methoxy-benzenesuIfonyl)-piperidine-z,4-
dicarboxylic acid 4-methyl ester, which was used in the subsequent step without
purification.

" To a stirred solution of (2R,4R)-1 -(4—methoxy—benzenesulfonyl)-piperidine-2,4-
dicarboxylic acid 4-methyl ester (4.4 g, 12.3 mmol), O-benzylhydroxylamine
hydrochloride (2.15 g, 13.5 mmol), and triethylamine (5.15 mL, 36.9 mmol) was added
benzotriazol-1 -yloxy-tris(dimethylamino)phosphonium hexafluorophosphate (6.0g, 12.3
mmol) at ambient temperature. The resulting mixture was stirred for 24 hours. The
mixture was diluted with ethyl acetate and washed with 1 M aqueous hydrogen
chioride, aqueous sodium bicarbonate, and brine. The organic mixture was dried over
magnesium suitate, filtered, and the filtrate was concentrated. The crude residue was
purified by silica gel chromatography (elution with §% methanol in methylene chloride)
to provide (2_!3_,45_)-2-benzyioxycarbamoyl-1 —(4-methoxy-benzenesulfonyl)-piperidine-

a-carboxylic acid methyl ester as a coloriess solid.

(9) To a stirred cold (0 °C) solution of (2R,4R)-2-benzyloxycarbamoyi-1 -(4-methoxy-
benzenesutfonyi)-piperidine-4-carboxyiic acid methyl ester (4.0 g, 8.6 mmol) in 10 mL
of 9:1 methanol/water was added lithium hydroxide monohydrate (1.8 g, 43 mmol). The
mixture was stirred for 2 hours before Amberiite IR-120 resin (96 g) was added. After
15 minutes, the mixture was filtered and the filtrate was concentrated to give (2R,4R)-2-
benzyloxycarbamoyi-1 -(4-methoxy-benzenesutfonyl)-piperidine—4—carboxylicacid,which
was used in the subsequent reaction without purification.

(h) To a stimed solution of (2R,4R)-2-benzyloxycarbamoyi-1 -(4-methoxy-
benzenesulfonyl)-piperidine-4-carboxylic  acid (500 mg, 1.11 mmol), tert-
butyloxycarbonyl piperazine (226 mg, 1.21 mmol), and triethylamine (0.47 mL, 3.33
mmol) was added benzotriazol-1 -yloxy-tris(dimethylamino)phosphonium
hexafluorophosphate (535 mg, 1.21 mmol) at ambient temperature. The resulting
mixture was stirred for 24 hours. The mixture was diluted with ethyl acetate and

washed with 1 M aqueous hydrogen chioride, aqueous sodium bicarbonate, and brine.
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The organic mixture was dried over magnesium sulfate, filttered, and the fitrate was
concentrated. The crude residue was purified by silica gel chromatography (elution
with 2% methanol in methylene chloride) to provide (2R,4R)-4-[2-benzyloxycarbamoyl-1-

(4—methoxy-benzenesulfonyl)-piperidine—4—carbonyI]-piperazine-1-carboxylic acid tert-
butyl ester as a coloriess solid.

(i) A mixture of (2R,4R)-4-[2-benzyloxycarbamoyi-1 -(4-methoxy-benzene- sutfonyl)-
piperidine-4—carbonyl]-piperazine—1-carboxyiic acid tert-butyl ester (500 mg, 0.81 mmol)
and 5% palladium on barium sulfate (250 mg) in 10 mL of methanol was shaken under
a 40 psi atmosphere of hydrogen gas for 1.5 hours. Filtration through nylon and
concentration of the filtrate provided (2_8,4&)-4-[2ohydroxycarbamoyl-1-(4—-methoxy-
benzenesulfonyl)-piperidine-4-carbonyli}-piperazine-1 -carboxylic acid tert-butyl ester as
a colorless solid, which was used in the subsequent step without purification.

1)) Hydrogen chioride gas was bubbled through a cold (0°C) solution of (28,4R)-4-
[2-hydroxycarbamoyi-1 -(4-methoxy-benzenesulfonw)-pipefidine-ét-carbonyl]-piperazine—1 -
carboxylic acid tert-butyl ester (420 mg, 0.8 mmol) for 10 minutes. After an additional
20 minutes the mixture was concentrated to provide (2R, 4R)-1-(4-methoxy-
benzenesulfonyl)—4-(piperazine—1-carbonyl)—piperidine—2-carboxy|ic acid hydroxyamide
hydrochioride as a coloriess solid: Mass spectrum (atmospheric pressure chemical
ionization: basic mode) m/z (M+H) 427, 366; 'H NMR (dimethyl suifoxide-d,, 400 MHz,
ppm) & 10.70 (bd, 1 H, J = 2.7 Hz), 9.06 (bs, 2 H), 8.84 (bs, 1 H), 7.70 (dd, 2 H, d =
8.9, 2.9 Hz), 7.06 (dd, 2 H, J = 8.9, 2.9 H2), 4.42 (bs, 1 H), 3.80 (s, 3 H), 3.80-3.20 (m,
6 H), 3.04 (m, 4 H), 2.76 (m, 1 H), 1.79 (bd, 1 H,J=135Hz2),1.52 (bd, 1H,J =126
Hz), 1.32 (m, 1 H) 1.14 (m 1H).

Example 2

(2R.4R)-1-[3-(4-Fluorophenoxy)-propane-1 -suifonyl |-2-hydro_)gcarbamoxl-
piperidine-4-carboxylic acid methyl ester

(a) To astirred solution of (2R,4R)-piperidine-2,4-dicarboxylic acid 2-tert-butyi
ester 4-methyl ester (920 mg, 3.78 mmol) and triethylamine (1.58ml, 11.3 mmol) in 10
mL of methylene chioride was added a solution of 3-(4-fluorophenoxy)-propane-1-
sulfonyi chloride (1.05 g, 4.16 mmol) in 2 mL of methyiene chloride under a nitrogen

atmosphere. The mixture was stirred for 16 hours at ambient temperature (22 °C), then
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diluted with 20 mL of 1 N hydrochloric acid and 20 mL of methylene chloride. The
organic layer was removed and washed with brine and dried over sodium suifate.
Filtration and concentration of the filtrate gave 2.8 g of a yellow oil, which was purified
by flash chromatography (3:2 hexanes/ethyl acetate elution) to give 1.16 g (2R,4R)-1-[3-
(4-flucro-phenoxy)-propane-1 -sulfonyl]-piperidine-2,4-dicarboxylic acid 2-tert-butylester
4-methyl ester of as a yellow oil.

(b) To a stirred, cold (0 °C) solution of (2R,4R)-1 -[3-(4-fluorophenoxy)-propane-1-
sulfonyl]-piperidine-2,4-dicarboxylic acid 2-tert-butyl ester 4-methyl ester (1.15 g, 2.5
mmol) in 10 mL of methylene chloride was added 10 mL of trifluroacetic acid. The
mixture was allowed warm to ambient temperature (22 °C) over 16 hours. The mixture
was concentrated in vacuo to give 970 mg of crude (2R,4R)-1-[3-(4-fluorophenoxy)-
propane-1-sulfonyl]-piperidine—2,4-dicarboxylic acid 4-methyl ester as a orange solid.

{c) To a stirred solution of (23,43)—1-[3—(4-ﬂuorophenoxy)-propane—1-sutfonyi]-
piperidine-2,4-dicarboxylic acid 4-methyl ester (970 mg, 2.4 mmol) in 5 mL of methylene
chioride was added triethylamine (1.0 mL, 7.2 mmol) and O-benzylhydroxylamine
hydrochloride (410 mg, 2.64 mmol) at ambient temperature (22 °C). To the resulting
solution was added benzotriazol-1 -yloxy-tris(dimethylamino)phosphonium
hexafluorophosphate (1.17 g, 2.64 mmol} and the mixture was stirred for 16 hours
under a nitrogen atmosphere. The mixture was diluted with 25 mL of 1 N hydrochloric
acid and 25 mL of ethyi acetate. The organic iayer was removed and the aqueous layer
was extracted with ethyl acetate (2 x). The combined organic layers were washed with
saturated aqueous sodium carbonate (1 x) and brine (1 x). The organic layer was dried
(sodium sulfate), fittered, and the filtrate was concentrated in vacuo. Purification of the
viscous yellow residue by flash chromatography (eluting with 1:1 ethyl acetate/hexanes)
gave 810 mg of (25,45)-2-benzyloxycarbem‘10y|-1-[3-(4—ﬂuorophenoxy)-propane-1-
sulfonyl]-piperidine-4-carboxylic acid methyl ester as a clear oil.

(d) A mixture of (2R,4R)-2-benzyloxycarbamoyi-1 -[3-(4-flucrophenoxy)-propane-1-
sulfonyl]-piperidine-4-carboxylic acid methyl ester (800 mg, 1.57 mmol) and 200 mg of
5% palladium on barium sulfate in 15 mL of methanol was shaken in a Parr apparatus
under a 40 psi hydrogen gas atmosphere for 2 hours. The catalyst was removed by
passage of the mixture through a 0.45 ym nylon fitter and the filtrate was concentrated
to give 650 mg of (2R,4B)1 -{3-(4-ﬂuorophenoxy)-propane-1-sulfonyl]-z-
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hydroxycarbamoyl-piperidine—4—carboxylic acid methyl ester as a white foam: MS
(atmospheric pressure chemical ionization) acidic mode, 417 (M-1); 'H NMR (400 MHz,
CDCl,) & 6.94-6.97 (m, 2 H), 6.80-6.83 (m, 2 H), 4.56 (s, 1H),4.08 (t,2H, J = 5.3 Hz),
3.83(d, 1 H, J = 12.9 Hz), 3.68 (s, 3 H), 3.16-3.28 (m, 3 H),2.76 (t, 1 H, J = 11.5 Hz),
254 (d, 1 H,dJ=135Hz),2.26(d,2H,J = 5.9 Hz), 2.02(m, 1 H,d = 13.0 Hz), 1.73-
1.78 (m, 1 H), 1.56-1.62 (m, 1 H).

Example 3

(2R, 4R)-1 -13-(4-Fluorophenoxy)-propane-1 -sulfonyil-2-hydroxycarbamoyl-
piperidine-4-carboxylic acid

To a stirred, cold (0 °C) solution of (2R,4R)-1-[3-(4-flucrophenoxy)-propane-1-
sulfonyl]-2-hydroxycarbamoyl-pipeﬁdine—@carboxylic acid methyl ester (400 mg, 0.96
mmol) in 5 mL of a methanol/water mixture (10:1) was added lithium hydroxide
monohydrate (120 mg, 2.88 mmol). After 3 hours at 0 °C, prerinsed (methanol)
Amberlite resin (4.1g) was added. The mixture was filtered and the filtrate was
concentrated to give 370 mg of (25,45)-1-[3-(4-ﬂuorophenoxy)-propane-1-suifonyi]-z-
hydroxycarbamoyl-piperidine—fl—carboxylic acid as a white foam: MS (atmospheric
pressure chemical ionization) acidic mode, 403 (M-1).

Exampie 4

(2R.4R)-1-[4-(4-Fluorobenzyloxy)-benzenesuifony! ]-2-hydroxycarbamoyl-

piperidine-4-carboxylic acid methyl ester
4-(4-Fluoro-benzyloxy)-benzenesulfonyl chloride. MS: 485 (M-1).

The titled compound of example 4 was prepared by a method analogous to
that described in example 2 using the reagents.

Example §

(2R,4R)-1 -[4-(4-F|uorobegglog)—benzene_sgIfonvl'l-z-hvdroxvcarbamovl-
piperidine-4-carboxylic acid. MS: 451 (M-1).

The titled compound of example 5 was prepared by a method analogous to
that described in example 3 starting with 1-[4o(4-Fluoro—benzy10xy)-benzenesurfonyl]—
2-hydroxycarbamoyl-piperidine—4—carboxylic acid methyl ester.
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Example 6

2R.35-{1-[4-(4-Fluorobe loxv)-benzenesulfonyl]l-2-hydroxycarbamoyi-

gigeridin-s-yl]:c_grbamic acid isopropyl ester

(a) To a stirred, cold (0 °C) solution of the known (Agami, C.; Hamon, L.;
Kadouri-Puchot, C.; Le Guen, V J. Org. Chem. 1996, 61, 5736-5742) [4S-4a,9qa,9aqa]-
1-oxo-4-phenyl-octahydro-pyrido[2,1-¢][1 ,4loxazine-g-carboxylic acid methyl ester
(8.28 g, 2.86 mmol) in 100 mL of tetrahydrofuran was added 2.39 mL of
concentrated hydrochloric acid. After 5 minutes the mixture was concentrated to
dryness. The resulting solid was suspended in ethyl acetate and the mixture was
stirred for an hour. The solids were collected by filtration, rinsed with ethyl acetate,
and dried to give 9.04 g of a white solid.

Two grams of this solid was dissolved in 26 mbL of 6 N hydrochloric acid and
heated at reflux for 6 hours. The mixture was cooled to 0 °C and neutralized with 3
N sodium hydroxide and concentrated in vacuo. The resulting solids were
suspended in chloroform and passed through a 45 ym nylon filter. The filtrate was
concentrated to a yellow oil which was purified by flash chromatography (eluting
with 2:1 hexanes/ethyl acetate with 1% acetic acid) to give 802 mg of [4S-

44,90,9aal] 1-oxo-4-phenyi-octahydro-pyrido(2,1-¢] [1,4]oxazine-9-carboxylic acid as
white solid.

(b) To a stirred solution of [4S-4a,9a,9aa]1-oxo-4-phenyl-octahydro-
pyrido{2,1-¢][1,4]oxazine-8-carboxylic acid (568 mg, 2.06 mmol) in 15 mL of
benzene was added triethylamine (0.28 mL, 2.06 mmol) and diphenylphosphoryl
azide (0.44 mL, 2.06 mmol) at 22 °C under a nitrogen atmosphere. The mixture was
stirred at 22 °C for 45 minutes and at refiux for 50 minutes before 2-propanol (3.2
mL, 41.2 mmol) was added. After an additional 20 hours at reflux the mixture was
cooled to 22 °C and concentrated in vacuo. The residue was taken up in ethyl
acetate and the resulting solution was washed with §% citric acid, water, saturated
aqueous sodium bicarbonate, and brine. The organic layer was dried (sodium
sulfate), filtered, and the filtrate was concentrated in vacuo. The yellow residue was
purified by flash chromatrography (eluting with 3:1 hexanes/ethyl acetate) to give
402 mg of [4§-4a.9a,9aa](1-oxo-4—pheny|-octahydro-pyrido[2,1—QU ,4]oxazin-9-yl)-
carbamic acid isopropy! ester as white solid.
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(c) A mixture of [4S-4a,9a,9aa](1 -oxo-4-phenyi-octahydro-pyrido(2,1-
c][1,4]oxazin-g-yi)-carbamic acid isopropyl ester (800 mg , 2.71 mmol) and 20%
palladium hydroxide on carbon (920 mg) in 77 mL. of ethanol/water (10:1) was
shaken in a Parr apparatus under a 45 psi hydrogen gas atmosphere for 72 hours.
The catalyst was removed by passage of the mixture through a 0.45 ym nylon filter
and the filtrate was concentrated to give 610 mg of 2R,35-3-

isopropoxycarbonylamino-piperidine-2-carboxylic acid as white solid. MS: 229 (M-1).

(d) To a stirred solution 6f 2R,3S-3-Isopropoxycarbonylamino-piperidine-2-
carboxylic acid (320 mg, 1.39 mmol) in 5 mL of methylene chloride was added
triethylamine (0.58 mL, 4.17 mmol) followed by 4-(4-fluorobenzyloxy)-
benzenesulfonyl chloride (460 mg, 1.63 mmol). After 16 hours at 22 °C the mixture
was partioned between 1 N hydrochloric acid and ethyl acetate. The organic layer
was removed and washed with brine and dried over sodium sulfate. Filtration and
concentration of the filtrate gave 480 mg of crude 2R,3S-1-[4-(4-fluorobenzyloxy)-
benzenesulfonyl]-3-isopropoxycarbonyiamino~piperidine—2—carboxyﬁc acid as a light
yellow solid.

(o) To a stirred, cold (0 °C) soiution of crude 2R,3S-1-{4-(4-
ﬂuorobenzyloxy)-benzenesulfonyl]-3—isopropoxycarbonyiamino-piperidine-z-
carboxylic acid (380 mg, 0.77 mmol) in 5§ mL of methylene chloride was added
triethylamine (0.32 mL, 2.31 mmol) followed by benzotriazol-1-yloxy-
tris(dimethylamino)phosphonium hexaflucrophosphate (510 mg, 1.15 mmol). The
resulting solution was stirred for 2 minutes at 0 °C under a nitrogen atmosphere
before O-(trimethylsilylethyl)hydroxylamine hydrochloride (195 mg, 1.15 mmol) was
added. The mixture was allowed to warm slowly to 22 °C over 14 hours. The
mixture was concentrated in vacuo and the residue was diluted with water and
extracted with ethyl acetate/diethyl ether (1:1; 3 X). The combined organic extracts
were washed with saturated aqueous carbonate (2 x), water (2 x), and brine (1 x).
The organic layer was dried (magnesium sulfate), filtered, and the fiitrate was
concentrated in vacuo. The yellow residue was purified by flash chromatography
(eluting with 65:35 hexanes/ethyl acetate) to give 300 mg of 2R,3S-[1-[4-(4-
ﬂuorobenzyloxy)-benzenesulfonyll-2-(2-trimethylsilanyl-ethoxycarbamoyl)-piperidin-3-
yl]-carbamic acid isopropyl ester as a white foam. MS: 610 (M+1).
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\9) To a stirred, cold (0 °C) solution of 2R,3S-[1-[4-(4-fluorobenzyloxy)-
benzenesuIfonyl]-2-(2-tn‘methyIsilanyi-ethoxycarbamoy!)-pipefidin-3-yl]-carbamic acid
isopropyl ester (265 mg, 0.44 mmol) in 4 mL of methylene chloride was added 3 mL
of triflucroacstic acid. The resulting coloriess solution was allowed to warm to 23 °C
over 2 hours and was stirred for an additional 28 hours. The mixture was
concentrated in vacuo to a solid/ffoam, which was suspended in ethyl acetate
hexanes (1:6) and stirred for 10 hours. The white solids were collected by filtration,
rinsed with hexanes, and purified further by flash chromatography (eluting with 7:3
ethyl acetate/hexanes with 1% acetic acid) to give 130 mg of 2R,3S-1-[4-(4-
ﬂuorobenzyloxy)benzenesutfonyi]-2-hydroxycarbamoyi-piperidin-(&-yl}-carbamic acid
isopropyl ester as a white solid/foam. MS: 510 (M+1).

"Example 7

3-(5)—4—(4'-FIuorobk_Lhenvl-4-sulfonvl)-2.2-dlmethv|-thiomorpholine-a-

carboxylic acid hydroxyamide

(a) To a stirred solution of the known (PCT Publication WO 97/20824) 3-
(§)—dimethylthexylsily|-2,2—dimethyi-tetrahydro-2t_—1_-1 ,4-thiazine-3-carboxylate (1.17 g,
3.70 mmol) in 6 mL of methylene chioride was added triethylamine (1.02 mL, 7.40
mmol) followed by 4'-fluorobiphenylsulfonyl chloride (1.0 g, 3.70 mmol). The
resulting solution was stirred for 56 hours at 23 oC. The reaction mixture was diluted
with methylene chloride and washed with water. The organic layer was concentrated
in vacuo: the residue was dissoived in methanol, and the mixture was heated at
reflux for 6 hours. The mixture was cooled to 23 °C and concentrated in vacuo. The
residue was purified by flash chromatography (eluting with 3:7 ethyl acetate/hexanes
with 0.1% acetic acid) to give 670 mg of 3-(§)-4o(4'-ﬂuorobiphenyl-d»-sulfonyi)-z,z-
dimethyl-thiomorpholine-3-carboxylic acid as a white foam/solid. MS: 427 (M+NH,).

{b) To a stirred, cold (0 °C) solution of 3-(S)-4-(4"-fluorobiphenyl-4-
sulfonyl)-2,2-dimethyl-thiomorpholine-s-carboxylic acid (605 mg, 1.48 mmol) in 5 mbL
of methylene chloride was added triethylamine (0.62 mL, 4.43 mmol) under a
nitrogen atmosphere. Benzotriazoi-1 -yioxy-tris(dimethyiamino)phosphonium
hexafluorophosphate (980 mg, 2.22 mmol) was added and the resulting solution
was stirred for 5 minutes before O-(trimethyisilylethyl)hydroxylamine hydrochloride
(376 mg, 2.22 mmol) was added. The ice bath was removed and the mixture was
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stirred for 20 hours at 23 °C. The mixture was diluted with aqueous ammonium
chioride and extracted with 1:1 ethyl acetate/disthyl ether (3 x). The combined
organic extracts were washed with saturated aqueous sodium carbonate (2 x), water
(1 x), and brine (1 x). The organic layer was dried (magnesium sulfate), fitered, and
the filtrate was concentrated in vacuo. The residual yellow oil was purified by flash
chromatography (eluting with 3:7 ethyl acetate/hexanes) to give 650 mg of 3-(S)-4-
(4‘-ﬂuorobiphenyl-A—sulfonyi)-Z,2-dimethyl-thicmorpholine-3-carboxylic acid (2-
trimethyisilanyl-ethoxy)-amide as a white foam. MS: 523 (M-1).

{(c) A solution of 3-(§)—4—(4‘-ﬂuorobiphenyt-4—sulfony|)—2,2—dimethyl-
thiomorpholine-3-carboxylic acid (2-trimethyisilany1-ethoxy)-amide (650 mg, 1.24
mmol) in 8 mL of triflucroacstic acid was stirred for at 22 °C for 16 hours. The
mixture was concentrated in vacuo and the residue was triturated with methylene
chloride and diethyl ether. The solvent was removed to give 550 mg of a tan solid.
The solid was suspended in 1:1 diethyl ether/hexanes and stirred gently for 20
hours. The solids were collected by filtration (1:1 diethyl ether/hexanes rinsing) and
dried to give 470 mg of 3—(§)-4~(4‘-ﬂuorobipheny1-4—sulfony|)-2,2-dimethy|-
thiomorpholine-3-carboxylic acid hydroxyamide as white solid. MS: 423 (M-1).

Example 8

3-(S)-4-( 4-(4-FIuorobenzvloxv)benzenesulfonyl ]-2,2-dimethyl-

thiomorpholine-3 -carboxylic acid hydroxyamide

(a) To a stirred, cold (0 °C) solution of the known (Belgian Patent
Publication BE 893025) 2,2-dimethyi-thiomorpholine-a-carboxylic acid (600 mg, 3.42
mmol) in 10 mL of 1:1 water/dioxane was added 6 N sodium hydroxide (1.2 mL, 7.1
mmol). To the resuiting solution 4-(4—ﬂuorobenzyioxy)benzenesulfonyi chloride (1.08
g, 3.77 mmol) was added. After 30 and 60 minutes an additional 1 gram of 4-(4-
fluorobenzytoxy)benzenesulfonyl chloride and 1.2 mL of 6 N sodium hydroxide was
added. The mixture (pH ca. 12) was diluted with water and extracted with diethyl
ether (1 x). The ethereal layer was washed with 1 N sodium hydroxide; the
combined basic aqueous layers wefe acidified to pH 3 using concentrated
hydrochioric acid, and the acidic mixture was extracted with ethyl acetate (3 x). The
combined organic extracts were dried (sodium sulfate), fitered, and the filtrate was
concentrated in vacuo to give 820 mg of 3-(8)4-[4-(4-
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fluorobenzy‘oxy)benzenesulfonyl]-z,2-dimethyl-thiomorphoﬁne—S-carboxylic acid as a
white solid. MS: 438 (M-1).

(b) To a stirred, cold (0 °C) solution of 3-(_§)-4-{4-(4—ﬂuorobenzyloxy)-
benzenesulfonyl]-z,2-dimethw-thiomorpholina-a-carboxyiic acid (820 mg, 1.87 mmol)
in 5 mL of methylene chioride was added triethylamine (0.52 mL, 3.74 mmol) under
a nitrogen atmosphere. Benzotriazol-1 -yioxy-tris(dimethy1arnino)phosphonium
hexafluorophosphate (1.24 g, 2.81 mmol) was added and the resulting soiution was
stirred for 5 minutes before Q_-(t_gg—butyldimethylsilyl)hydroxylamine (550 mg, 3.74
mmol) was added.The ice bath was removed and the mixture was stirred for 16
hours at 23 °C. The mixture was diluted with aqueous ammonium chloride and
extracted with ethyl acetate (3 x). The combined organic extracts were washed with
water, brine, and dried over sodium sulfate. Filtration and concentration of the filtrate
gave a viscous Yyellow oil, which was purified by flash chromatography (eluting with
1:3 ethyl acetate/hexanes) to give 270 mg of 3-(S)4-{4-(4-
ﬂuorobenzyioxy)benzenesulfonyl]-2,2-dimethyl-thiomorpholineﬁ'B-carboxylic acid (tert-
butyldimethyisiloxy)-amide as a white foam. MS: 569 (M+1).

(c) To a stirred, cold (0 °C) solution of 3-(S)-4-[4-(4-fluorobenzyloxy)-
benzenesuifonyl]-z,2-dimethy|-thiomorpholine-s-carboxylic acid (tert-
butyldimethyisiloxy)-amide (270 mg, 0.47 mmol) in 10 mL of tetrahydrofuran was
added two drops of concentrated hydrochloric acid. After 30 minutes the mixture
was diluted with 15 mL of tetrahydrofuran and the mixture was concentrated in
vacuo to a volume of ca. 5 mL. The volume was adjusted to ca. 25 mL with
tetrahyrofuran and the mixture was concentrated again to ca. 5 mL. This process
was repeated twice more before the midure was finally concentrated to dryness.
The resuiting solids were suspended in a mixture of hexanes and diethyl ether and
the mixture was stirred for 16 hours. The solid were collected by filtration, rinsed with
diethyl ether,and dried to give 180 mg of 3-(8)4-[4-(4-
ﬂuorobenzyioxy)benzenesuﬁonyl]-2,2-dimethy|—ﬁ1iomorpholine—3 —carboxylic acid
hydroxyamide as a white solid. MS: 453 (M-1). '"H NMR (400 MHz, dmso-d,) § 10.63
(s. 1 H), 8.80 (bs, 1 H) 7.59-7.61 (m, 2 H), 7.46-7.50 (m, 2 H), 7.17-7.21 {(m, 2 H),
7.09-7.12 (m, 2 H), 5.12 (s, 2 H), 3.99 (s, 1 H), 3.87-3.93 (m, 1 H), 3.69 (d, 1 HJ=
12.7 Hz), 2.78-2.86 (m, 1 H), 2.44-2.50 (m, 1 H), 1.35 (s, 3 H), 1.12 (s, 3H).
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Preparation 1

4-(4-F|uorobenglog)benzenesulfonyl chloride

To a stirred solution of 4-hydroxybenzenesutfonic acid sodium salt dihydrate
(5.13 g, 22.1 mmol) in23 mLof 1 N sodium hydroxide was added a solution of 4-
fluorobenzyl bromide (3.3 mL, 26.5 mmol) in 20 mL of ethanol. The mixture was
heated at reflux for two days, then cooled to ambient temperature (22 °C),
whereupon a white precipitate formed. The flaky \;vhite solids were collected by
fiitration, rinsed with ethyl acetate and disthyl ether, and dried to give 4. 95 g of 4-(4-
fluoro-benzyloxy)-benzenesulfonic acid sodium salt. A stirred solution of 4-(4-fluoro-
benzyloxy)-benzenesulfonic acid sodium salt (13.0 g, 42.7 mmol) in 50 mL of thionyl
chioride and two drops of dimethylformamide was heated at a gentle reflux for 8
hours. The mixture was concentrated to a yellow solid which was suspended in ethyl
acetate and filtered. The filtrate was concentrated to 11.2 g of 4-(4-
fluorobenzyloxy)benzenesulfonyi chloride as a light yellow solid: 'H NMR (400 MHz,
CDCl,) § 7.95-7.98 (m, 2 H), 7.38-7.41 (m, 2 H), 7.08-7.12 (m, 4 H), 5.12 (s, 2 H).

Preparation 2

3-14-Fluoroghenog):groganeﬂ -sulfonyi chioride

To a stirred solution of 4-flucrophenci (5.0 g, 44.6 mmol) in 50 mL of toluene
was added sodium hydride (60% dispersion in mineral oil, 1.78 g, 44.6 mmoil) at
ambient temperature (22 °C). After 20 minutes, a solution of 1,3-propane sutfone
(3.9 mL, 44.6 mmol) in toluene was added slowly and the mixture was stirred for 16
hours. The reaction was quenched by the addition of methanol and the mixture was
concentrated in vacuo to an off-white solid. This solid was suspended in ethyl
acetate, filtered, and the solids were collected and dried to give 10.9 g of 3-(4-
fluorophenoxy)-propane-1-sulfonic acid sodium salt as an off-white powder. A stirred
solution of 3-(4—ﬂuorophenoxy)-propane—1-sulfonic acid sodium salt (2.0 g, 7.8 mmol)
in 10 mL of thionyl chloride and one drops of dimethytformamide was heated at
reflux for 16 hours. The mixture was then cooled to 0 °C, diluted with 25 mL of
diethy! ether, and the reaction was quenched by the slow addition of water. The
organic layer was removed and the aqueous layer was extracted with 25 mL of

diethyl ether. The combined organic layers were washed with brine and dried over
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sodium sulfate. Filtration and concentration gave 1.75 g of 3-(4-fluoro-phenoxy)-
propane-1-sulfonyl chioride as a yellow oil: 'H NMR (400 MHz, CDCl,) § 6.96-7.00
(m, 2 H), 6.80-6.84 (m, 2 H), 4.10 (t, 2H, J = 6.5 Hz), 8.91 (t, 2 H, J = 7.5 Hz) 2.47-
2.54 (m, 2 H).

Preparation 3
4'-Fluorobiphenylisuifonyil chloride

Chiorosulfonic acid (8.7 mL, 0.13 mole) was added dropwise to stirred cold
(0 °C) 4-fluocrobiphenyl (10.2 g, 59 mmol). After 30 minutes at 0 °C the reaction
mixture was poured onto ice. The resulting white precipitate was collected by
filtration and dissolved in chioroform. The chloroform solution was washed with
water, brine, dried over magnesium sulfate, and concentrated to afford a white solid.
The desired 4-flucrobiphenyisuifonyl chioride (4.3 g), was separated from 4'-
fluorobiphenylsulfonic acid by crystallization of the latter from ethyl acetate and

crystallization of the remaining material from hexanes.
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CLAIMS
1. A compound of the formula

R 4
)
2

2
R Suw—" A
[

pw T

or the pharmaceutically acceptable salt thereof, wherein the broken line represents
an optional double bond;

X is carbon, oxygen or sultur;
Y is carbon, oxygen, sulfur, SO, SO, or nitrogen;

R', R2 R®, R*R® R®% R’, R® and R’ are selected from the group consisting of
hydrogen, (C,-Cs)alky! optionally substituted by one or two groups selected from
(C,-Ce)alkytthio, (C,-Cs)alkoxy, trifluoromethyl, halo, (Ce-C;o)aryl, (C,-Cy)heteroaryi,
(Ce-C,o)arylamino, (C4-C,p)aryithio, (Ce-C,p)aryloxy, (C,-Cg)heteroarylamino, (C,-
C,)heteroarylthio, (C,-C,)heteroaryloxy, (C4s-C,c)aryl(C,-C,o)aryl, (C;-Cq)cycloalkyl,
hydroxy, piperazinyl, (C-C,o)aryl(C,-Cg)alkoxy, (C,-Cy)heteroaryl(C,-C,)alkoxy, (C,-
Ce)acylamino, (C,-Cglacylthio, (C,-Cg)acyloxy, (C,-Ce)alkylsulfinyl, (C.-C, )arylsulfinyl,
(C,-Cg)alkylsulfonyl, (C4-C,,)aryisulfonyl, amino, (C,-Cg)alkylamino or ((C,-
Ce)alkyl),amino; (C,-C,)alkenyl, (C4-C, )aryl(C,-Cq)alkenyl, (C,-Cg)heteroaryl(C,-
Ce)alkenyl, (C,-Cg)alkynyl, (Co-C,)aryl(C,-Co)alkynyl, (C,-Cy)heteroaryl(C,-Co)alkynyi,
(C,-Ce)alkylamino, {C,-Cg)alkyithio, (C,-Cglalkoxy, perfluoro(C,-Cg)alkyl, (Cq-C,o)arvl,
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(C,-Cy)heteroaryl, (C4-C,p)arylamino, (C4-C,p)arylthio, (C4-C,)aryloxy, (C,-
Co)heteroarylamino, (C,-Cg)heteroaryithio, (C,-C,)heteroaryloxy, (C,-C,)cycloalkyl,
(C,-C)alkyl(hydroxymethylene), piperidyl, (C,-C,)alkylpiperidyl, (C,-C,)acylamino,
(C,-Cy)acylthio, (C,-Cg)acyloxy, R'(C,-Cg)alkyl or a group of the formula

Y.

]

10 wherein nis 0 to 6;
yisOor1;

W is oxygen or >NR?**;

Zis -OR"', -NR**R"", azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, indolinyl, isoindolinyl, tetrahydroquinolinyl,
15  tetrahydroisoquinolinyl or a bridged diazabicycloalkyl ring selected from the group
consisting of

N N N
\(CH )
2’m (CH») .
(CH,) (CHz2r
2’r (CH,)
20 / 2m
N N N
v V v
a b C

25
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(CHp) .

E,L) ,L

wherein ris 1, 2 or 3;
mis 1 or2;

pis Oor1; and

V is hydrogen, (C,-C,)alkyl, (C,-C,)alkyl(C=0)-, (C,-C,) alkoxy(C=0)-, (C,-
C,o)aryl(C=0)-, (Ce-C,o)aryloxy(C=0)-, (C,-C,o)aryl(C,-Ce)alkyi(C=O)-. (Ce-Cho)aryl-
(C,-Cq)alkoxy(C=0)-, or (C,-C¢)alkoxy(C=0)-0-;

wherein each heterocyclic group (i.e., each Z cyclic group containing one or
more heteroatoms) may optionally be independently substituted by one or two
groups selected from hydroxy, (C,-Ce)alkyl, (C,-C,)alkoxy, (C,-C,s)acyl, (C,-
C,o)acyloxy, (C4-Cio)aryl, (C,-C,)heteroaryl, (C,-C,,)aryl(C,-Cy)alkyi, (C,-
C,)heteroaryl(C,-C,)alkyl, hydroxy(C,-C,)alkyl, (C,-C,)alkoxy(C,-Cs)alkyl, (C,-
Ce)acyloxy(C,-Cglalkyl, (C,-Cq)alkyithio, (C,-C,)alkylthio(C,-Cg)alkyl, (C4-C,o)aryithio,
(Co-C,o)arytthio(C,-Cg)alkyl, R'2R'*N-, R'?R'*NSO,-, R'’R"*N(C=0)-, R"?R"*N(C=0)-
(C,-Cg)alkyt, R'*S0O,-, R'SO,NH-, R'3(C=0)-[N(R'?)]-, R'*O(C=0)-, or R'*O(C=0)-
(C,-Celalkyl;

wherein R'? is (C,-C,)acylpiperazinyl, (C4-C,)arylpiperazinyi, (C,-
C,)heteroarylpiperazinyl, (C,-C,)alkylpiperazinyl, (C4-C,,)aryl(C,-C,)alkylpiperazinyl,
(C,-Cy)heteroaryl(C,-C,)alkylpiperazinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl,
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piperidyl, (C,-C,)alkylpiperidyl, (C,-C,,)aryipiperidyl, (C,-C,)heteroaryipiperidyl, (C,-
C,.)alkyipiperidyl(C,-C,)alkyl, (C,-C, )arylpiperidyi(C,-C,)alkyl, (C,-C,)heteroaryi-
piperidyl-(C,-C,)alkyl or (C,-C,)acylpiperidyl;

R"' is hydrogen, (C4-C,o)aryl, (C,-C,)heteroaryl, (C,-C,c)aryl(C,-Ce)alkyl, (C,-
C,)heteroaryl(C,-Ce)alkyl, (C,-C,)alkyl(C,-C,)aryl(C,-Co)alkyl, (C,-Celalkyl(C,-
C,)hetercaryl(C,-C,)alkyl, 5-indanyl, -CHR'’O-(C=0)-R'® or -CH,(C=0)-NR'*R®;

R'? and R'? are each independently hydrogen, (C,-C,)alkyl, (C,-C,.)aryl, (C,-
C,)heteroaryl, (C4-C, )aryl(C,-C4)alkyl or (C,-Ci)heteroaryl(C,-C,)alkyl or R'Z and R
may be taken together with the nitrogen to which they are attached to form an

azetidinyl, pyrrolidinyl, piperidinyt, morpholinyl or thiomorpholinyl ring;

R'* is trifluoromethyl, (C,-C,)alkyl, (C.-C,c)aryl, (C,-Cg)heteroaryl, (C,-
C,o)aryl(C,-Cyalkyi or (C,-Cg)heteroaryl(C,-C,)alkyl;

R'S is hydrogen, (C,-C,)alkyl, (C,-C,)alkoxy, (C,-C,.)aryl, (C,-Cy)heteroaryl,
(C,-Co)aryl(C,-C,)alkyl(C4-C, )aryl(C,-Cq)alkoxy or (C,-Cy)heteroaryl(C,-Cy)alkyl;

R'® is (C,-C,)alkyl, (C4-C,o)aryl, (C,-Cq)heteroaryl, (C4-C,o)aryl(C,-Cq)alkyl, 5-
indanyl, -[CH(R'")]O-(C=0)-R'®, -CH,(C=0)-NR"R?, or R*'O(C,-C,)alkyl;

R is hydrogen or (C,-C,)alkyl;
R'® is (C,-Cq)alkyl, (C,-Cg)alkoxy or (C4-C,o)aryl;

R'® and R? are each independently hydrogen or (C,-C,)alkyl or may be
taken together with the nitrogen to which they are attached to form an azetidinyl,

pyrrolidinyl, piperidinyl, morpholinyl or thiomopholinyl ring;
R% is H,N(CHR?*?)(C=0)-,
R?? is the side chain of a natural D- or L-amino acid;

R?? is hydrogen, (C,-Cy)acyl, (C,-Cg)alkyl, (C4-C,o)aryl(C,-Cq)alkyl, (C,-
Cy)heteroaryl(C,-C,)alkyl or (C,-Cg)alkyisulfonyi;

R?* wherever it occurs is independently hydrogen or (C,-C,)alkyi;

or R' and R?, or R® and R*, or R® and R® may be taken together to form a
carbonyi;
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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 tetralinyl ring or

a group of the formula

L

m-——

Q is (C,-Cyp)alkyl, (Co-Cip)aryl, (Cq-Cio)aryloxy(Ce-Co)aryl, (Ca-C,o)aryi(Ce-
Ciolaryl, (Cq4-C,o)aryl(Cy-C,o)aryl(C,-Cy)atkyl, (Cq-C,,)aryl(C,-Ce)alkoxy(C,-Cg)alkyl,
(Ce-Cio)aryloxy(C,-C;)heteroaryl, (C,-Co)heteroaryl, (C,-C,)alkyl(C4-C,)aryl, (C,-
Ce)alkoxy(Cq-Cyo)aryl, (Cq-C,)aryl(C,-Cg)alkoxy(C,-C,o)aryl, (C,-Co)heteroaryloxy(Ce-
C,o)aryl, (C,-C,)alkyl(C,-Cy)heteroaryl, (C,-C,)alkoxy(C,-C,)heteroaryl, (C,-
C,o)aryl(C,-Cq)alkoxy(C,-Cy)heteroaryl, (C,-C,)heteroaryloxy(C,-C,)heteroaryl, (C,-
Cio)aryloxy(C,-Ce)alkyl, (C,-Cs)heteroaryloxy(C,-Cq)alkyl, (C,-C,)alkyl(C,-
Co)aryloxy(Cq-Cyo)aryl, (C,-Cq)alkyl(C,-Co)heteroaryloxy(Ce-Cio)aryl, (Cy-Ce)alkyl(C,-
Cio)aryloxy(C,-Co)heteroaryl, (C,-C,)alkoxy(C4-C,o)aryloxy(Cy-C,o)aryl, (C,-
Ce)alkoxy(C,-Cs)heteroaryioxy(Ce-C;o)aryt or (C,-Ce)alkoxy(Cq-C,o)aryloxy(C,-
Cy)heteroaryl optionally substituted by fluoro, chloro, (C,-Cg)alkyl, (C,-Ce)alkoxy or

perfluoro(C,-C,)alkyi;

with the proviso that when y is zero, Q is other than (C,-C,)aryl(C,-C,,)aryl,
(Cqe-Ci)aryl(C,-Cq)alkoxy(Cq-C,p)aryt or (C,4-C,o)aryl(C,-C,)alkoxy(C,-Cy)heteroaryl,
and anyone of R'-R® is a group of formuia Il then Z must be substituted when

defined as azetidinyl, pyrrolidinyl, morpholinyl, thiomorpholinyl, indolinyl, isoindolinyl,

tetrahydroquinolinyl, tetrahydroisoquinolinyl, piperazinyl, (C,-C,,)acylpiperazinyl, (C,-
Ce)alkylpiperazinyl, (C,-C, )arylpiperazinyl, (C,-C,)heteroaryipiperazinyl or a bridged

diazabicycloalkyl ring;

with the proviso that when y is zero, Q is other than (C,-C,)aryl(C,-C,,)aryi,
(Ce-Co)aryl(C,-Cq)alkoxy(Cq-Cso)aryt or (C4-C,o)aryl(C,-Cqlalkoxy(C,-Cg)heteroaryl,
then at least one of R', R?, R?, R*, R®, R® R’, R® and R® must be defined as the

group of formula Il;
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with the proviso that when Q is (C,-C, )aryi(C,-C,,)aryl, (C,-C,.)aryl(C,-
Ce)alkoxy(C,-C,)aryt or (C,-C,,)aryl(C,-C,)alkoxy(C,-C,)heteroaryl, then R'-R® may
be other than formula Il but when R', R?, R?, R*, R®, R®, R’, R®, and R® are all
defined by hydrogen or (C,-C,)alkyl, either X or Y is oxygen, suifur, SO, -SO,- or

5 nitrogen, or the broken line represents a double bond;

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

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

10 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
186 heteroatom, the heteroatom cannot be directly bonded to the 2- or 6- positions of
the ring;

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

with the proviso that when X is oxygen, sulfur, SO, SO, or nitrogen and when
one or more of the group consisting of R', R?, R® and R®, is a substituent comprising

20 a heteroatom, the heteroatom cannot be directly bonded to the 4- or 6- positions;

with the proviso that when Y is oxygen, sutfur, SO, SO, or nitrogen and when
one or more of the group consisting of R®, R*, R’ and R®, are independently a

substituent comprising a heteroatom, the heteroatom cannot be directly bonded to
the 3- or &- positions;

25 with the proviso that when X is oxygen, sutfur, SO or SO,, R* and R* are not
present;

with the proviso that when y is 1 and W is NR?* or oxygen, Z cannot be
hydroxy;
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with the proviso that when Y is oxygen, sulfur, SO or SO,, 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, SO,
SO, 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.

2. A compound according to claim 1, wherein Y is carbon, SO, SO,, or
oxygen.

3. A compound according to claim 1, wherein Q is (C,-C,c)aryl-(C,-
C,o)amyl, (Ce-C,o)aryl(C,-Cq)alkoxy(C,-Cg)heteroaryl(C,-C,)alkoxy(Cq-C, o)aryl, (C,-
Cio)aryl(C,-C,)alkoxy(C,-C,o)aryl, or (C4-Cyo)aryl(C,-Co)alkoxy(C,-Co)alkyl wherein
each terminal aryl group is optionally substituted by fiuoro.

4. A compound according to claim 1, wherein R?, R®, R®, R’ and R® are
hydrogen.
5. A compound according to claim 1, wherein Y is carbon; Q is (C,-

Co)alkoxy(Cq-C,o)aryl, (C4-Cyo)aryl(C,-Co)alkoxy(Cq-Cyo)aryl, or (Cq-C,o)aryl(C,-
C¢)alkoxy(C,-Cg)alkyl.

6. A compound according to claim 1, wherein Y is oxygen, sulfur, SO, or
302-

7. A compound according to claim 3, wherein Y is oxygen, suifur, SO or
SO,.
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A compound according to claim 1, wherein at least one of R’-R® is

other than hydrogen.

9.

A compound according to claim 3, wherein at least one of R’-R? is

other than hydrogen.

10.

A compound according to claim 6, wherein at least one of R’-R? is

other than hydrogen.

11.

A compound according to claim 7, wherein at least one of R’-R? is

other than hydrogen.

12.

(C,-C,)alkyl.

13.

(C,-Cy)alkyl.

14,

(C,-C,)alkyl.

15.

(C,-Cg)alkyl.

16.
methyi.

17.
methyl.

18.
methyl.

19.
methyl,

20.

A compound according to claim 1, wherein at ieast one of R’-R® is

A compound according to claim 3, wherein at least one of R’-R® is

A compound according to claim 6, wherein at least one of R’-R? is

A compound according to claim 7, wherein at least one of R’-R® is

A compound according to claim 1, wherein at least one of R’-R? is

A compound according to claim 3, wherein at least one of R’-R% is

A compound according to claim 6, wherein at least one of R7-R? is

A compound according to claim 7, wherein at least one of R’-R® is

A compound according to claim 1, wherein R” and R® are taken

together to form a carbonyl and R?® is (C,-C,)alkyl.

21,

A compound according to claim 3, wherein R’ and R® are taken

together to form a carbonyl and R? is (C,-C,)alkyl.
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A compound according to claim 6, wherein R’ and R® are taken

together to form a carbonyi and R?® is (C,-C,)alkyl.

23.

A compound according to claim 7, wherein R’ and R® are taken

together to form a carbonyi and R® is (C,-C¢)alkyl.

24.

25.

26.

27.

28.

A compound according to claim 1 wherein R’ and R® are each methyl.
A compound according to claim 3 wherein R’ and R® are each methyl.
A compound according to claim 6 wherein R’ and R® are each methyl.
A compound according to claim 7 wherein R’ and R® are each methyl.

A compound according to claim 1 wherein R’ and R® are taken

together to form a (C,-C,)cycloalkyl group.

29.

A compound according to claim 3 wherein R’ and R® are taken

together to form a (C,-C,)cycloalkyl group.

30.

A compound according to claim 6 wherein R’ and R® are taken

together to form a (C,-C,)cycloalkyl group.

31.

A compound according to claim 8 wherein R’ and R® are taken

together to form a (C,-Cg)cycloalkyl group.

32.

A compound according to claim 1, wherein said compound is

selected from the group consisting of:

(2R,4R)-1-[4-(4-Fluorobenzyloxy)-benzenesulfonyi}-2-hydroxycarbamoyi-
piperidine-4-carboxylic acid;

(2R,4R)-1-{4-(4-Fluorobenzyloxy)-benzenesulfonyl]-2-hydroxycarbamoyl-
piperidine-4-carboxylic acid methyl ester;

(2R,4RB)-1-[3-(4-Fluorophenoxy)-propane-1-sulfonyi]-2-hydroxycarbamoyi-
piperidine-4-carboxylic acid;

(2R,4R)-1-[3-(4-Fiuorophenoxy)-propane-1-sulfonyl]-2-hydroxycarbamoyi-
piperidine4-carboxylic acid methyl ester;
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(2R,3S)-{ 1-[4-(4-Fiuorobenzyloxy)-benzenesulfonyl]-2-hydroxycarbamoyi-
piperidin-3-yi}-carbamic acid isopropyl ester;

3-(8)-4-(4'-Fiuorobiphenyl-4-suifonyl)-2,2-dimethyl-thiomorpholine-3-carboxylic
acid hydroxyamide;

3-(S)-4-[4-(4-Fluorobenzyloxy)benzenesulfonyl]-2,2-dimethyl-thiomorpholine-3
-carboxylic acid hydroxyamide;

(2R,4S)-1-[4-(4-Fiucrobenzyloxy)-benzenesulfonyl]l 4-hydroxy-piperidine-2-
carboxylic acid hydroxyamide; and

(2R,4R)-1-(4-Methoxybenzenesulfonyl)-4-(piperazine- 1 -carbonyi)-piperidine-2-
carboxylic acid hydroxyamide hydrochloride.

33. A pharmaceutical composition for (a) the treatment of a condition
selected from the group consisting of arthritis, cancer, tissue ulceration, mucular
degeneration, restenosis, periodontal disease, epidermolysis bullosa, scleritis, in
combination with standard NSAID'S and analgesics and in combination with
cytotoxic anticancer agents, and other diseases characterized by matrix
metalloproteinase activity, AlIDS, sepsis, septic shock and other diseases invoiving
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 effective in
such treatment and a pharmaceutically acceptable carrier.

34, 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.

36. A method for treating a condition selected from the group consisting
of arthritis, cancer, tissue uiceration, macular degeneration, restenosis, periodontal
disease, epidermolysis bullosa, scleritis, compounds of formula | may be used in
combination with standard NSAID'S and analgesics and in combination with
cytotoxic anticancer agents, 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,
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comprising administering to said mammal an amount of a compound of claim 1,

effective in treating such a condition.
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preferably from 1 to 2 substituents (more preferably one substituent, most preferably one substituent in the 4-—position) on the phenyl ring,
independently selected from hydrogen, fluoro, chloro, trifluoromethyl, (C1—Cg)alkoxy, trifluoromethoxy, difluoromethoxy and (C1—Cg)alkyl.

AQUESTIVE EXHIBIT 1004 page 1160




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CuU
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Céote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Isracl

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ
™
TR
TT
UA
UG
us
UzZ
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe

AQUESTIVE EXHIBIT 1004 page 1161




10

15

20

25

30

WO 99/07675 PCT/IB98/01113

ARYLOXYARYLSULFONYLAMINO HYDROXAMIC ACID DERIVATIVES

Background of the Invention

The present invention relates to aryloxyarylsulfonylamino hydroxamic acid
derivatives. These compounds are selective inhibitors of matrix metalloproteinase-13 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, bone
resorption, loosening of artificial joint implants, atherosclerosis, multiple sclerosis, occular
angiogenisis (for example macular degeneration) and other diseases characterized by matrix
metalloproteinase activity.

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 structural proteins and
which are structurally related metalioproteases. Matrix-degrading metalloproteinases, such as '
gelatinase, stromelysin and collagenase, are involved in tissue matrix degradation (e.g. collagen
collapse) and have been implicated in many pathological conditions involving abnormal
connective tssue and basement membrane matrix metabolism, such as arthrtis (e.g.
osteoarthritis and rheumatoid arthritis), tissue ulceration (e.g. comeal, 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, 1892, 62 S11).

Summary of the Invention

The present invention relates to a compound of the formula
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or the pharmaceutically acceptable salts thereof, wherein

R’ is (C,-Cg)alky!:

R? is (C,-Cglaikyt;

or R' and R? taken together with the carbon atom to which they are attached form a ring
selected from (Cs-C,)cycloalkyl . 4-tetrahydropyrany! and 4-piperidiny!;

R® is hydrogen or (C,-Cg)alky!; and

Y is a substituent on any of the carbon atoms of the pheny! ring capable of supporting
an additional bond, preferably from 1 to 2 substituents (more preferably one substituent, most
preferably one substituent in the 4-position) on the phenyl ring, independently selected from
hydrogen, fluoro, chloro, trifiuoromethyl, (C;-Ce)alkoxy. triflucromethoxy, diftuoromethoxy and
(C,-Cgalkyl.

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

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

The present invention also relates to the pharmaceutically acceptable acid addition salts
of compounds of the formula I. The acids which are used to prepare the pharmaceutically
acceptable acid addition salts of the aforementioned base compounds of this invention are those
which form non-toxic acid addition salts, i.e., salts containing pharmacologically acceptable
anions, such as the hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, acetate, lactate, citrate, acid citrate, tartrate, bitartrate, succinate,
maleate, fumarate, gluconate, saccharate, benzoate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and pamoate [ie., 1,1'-methylene-bis-(2-hydroxy-3-
naphthoate)]salts.

The invention aiso relates to base addition salts of formula |. The chemical bases that

may be used as reagents to prepare pharmaceutically acceptable base salts of those
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5 compounds of formula | that are acidic in nature are those that form non-toxic base salts with
such compounds. Such non-toxic base saits include, but are not limited to those derived from
such pharmmacologically acceptable cations such as alkali metal cations (e_g_ potassium and
sodium) and alkaline earth metal cations (e.g., calcium and magnesium), ammonium or water-
soluble amine addition salts such as N-methylglucamine-{meglumine), and the lower

10  alkanolammonium and other base salts of pharmaceutically acceptable 6rganic amines.

The compound of formula I 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.

This invention also encompasses pharmaceutical compositions containing and methods

15 of treating or preventing comprising administening prodrugs of compounds of the formuta 1.
Compounds of formula | having free amino, amido, hydroxy or carboxylic groups can be
converted into prodrugs. Prodrugs include compounds wherein an amino acid residue, or a
polypeptide chain of two or more (e.g., two, three or four) amino acid residues which are
covalently joined through peptide bonds to free amino, hydroxy or carboxylic acid groups of

20 compounds of formula |. The amino acid residues include the 20 naturally occurring amino acids
commonly designated by three letter symbols and also include, 4-hydroxyproline, hydroxylysine,
demosine, isodemosine, 3-methylhistidine, norvalin, beta-alanine, gamma-aminobutyric acid,
citrulline homocysteine, homoserine, ornithine and methionine sulfone. Prodrugs also include
compounds wherein carbonates, carbamates, amides and alkyl esters which are covatlently

25 bonded to the above substituents of formula | through the carbony! carbon prodrug sidechain.
Prodrugs also include compounds of formuta | in which the hydroxamic acid and carbonyl moiety

when taken together form a group of the formuia

(CHa)o~y o
~ ~0

Ul
7
HN
I
N
R'" R2

30
[]
wherein R'. R?> and Y are as defined in formula | and U and V are independently
carbony!, methylene, SO, or SO, and b is an integer from one to three wherein each

methylene group is optionally substituted with hydroxy.
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Preferred compounds of formula I include those wherein Y is hydrogen, fiuoro or chicro,
preferably 4-fiuoro or 4-chloro.
Other preferred compounds of formula 1 include those wherein R' and R? taken together
with the carbon atom to which they are attached form a cyclopenty! or 4-tetrahydropyrany! ring.
Other preferred compounds of formula 1 include those wherein R' and R? are both
methyl. '
Other preferred compounds of formuta | include those wherein R* is hydrogen.
Specific preferred compounds of formula | include the following:
3-{[4-(4-flucrophenoxy)benzenesulfonyl}-( 1-hydroxy-carbamoylcyclopentyl)amino}-
propionic acid ethyl ester,
3-[[4-(4-fluorophenoxy)benzenesulfonyl]l-(1-hydroxy-carbamoylcyclopentyl)
aminojpropionic acid,
3-[[4-(4-fluorophenoxy)benzenesutfonyl]-(1-hydroxycarbamoy!-1-
methylethyl)aminolpropionic acid ethyi ester, and
3-{[4-(4-fluorophenoxy)benzenesulfonyl]-(1-hydroxy-carbamoyi-1-
methylethyl)amino}propionic acid.
Other compounds of formula 1 include the following:
3-[[4-(4-fiuorophenoxy)benzenesulfonyl]-(4-hydroxycarbamoyltetrahydropyran-4-yl)-
amino]propionic acid,
3-[[{4-(4-fluorophenoxy)benzenesulfonyl]l-(4-hydroxycarbamoyltetrahydropyran-4-y!)-
aminolpropionic acid ethyi ester,
3-[[4-{4-chiorophenoxy)benzenesulfonyl]-(4-hydroxycarbamoyltetrahydropyran-4-yi)-
amino]propionic acid,
3-[[4-(4-chlorophenoxy)benzenesulfonyl]-(4-hydroxycarbamoyitetrahydropyran-4-yl)-
amino]propicnic acid ethyl ester,
3-[(4-hydroxycarbamoyitetrahydropyran-4-yl)-(4-phenoxybenzenesulfonyl)amino}-
propionic acid.
3-[{4-hydroxycarbamoyltetrahydropyran-4-yl)-(4-phenoxybenzenesulfonyl)amino}-
propionic acid ethyi ester,
3-{[4-(4-flucrophenoxy)benzenesulfonyi}-(4-hydroxycarbamoy Ipiperidin-4-yl)-
amino]propionic acid ethyl ester,
3-[[4-(4-chlorophenoxy)benzenesulfonyl]-(1-hydroxycarbamoyi-1-methylethyl)amino}-
propionic acid,
3-[[4-(4-chlorophenoxy)benzenesulfonyl]-(1-hydroxycarbamoyl-1-methylethyl)amino}-
propionic acid ethyl ester,
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3-{[4-(4-fluorophenoxy)benzenesulfonyl}-(1-hydroxycarbamoyicyclohexyl)yamino}-
propionic acid,

3-[(1-hydroxycarbamoylcyclopentyi)-(4-phenoxybenzenesulfonyl)amino]propionic
acid, and .

3-[[4-(4-chlorophenoxy)benzenesulfonyi]-( 1-hydroxycarbamoyicyclopentyl)amino}-
propionic acid.

The present invention also relates to 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, bone resorption, loosening of artificial
joint implants, atherosclerosis, multiple sclerosis, occular angiogenisis (for example macular
degeneration) and other diseases characterized by matrix metalloproteinase activity, or (b) the
selective inhibition of matrix metalioproteinase-13 in 2 mammal, including a human, comprising
an amount of a compound of claim 1 or a pharmmaceutically acceptable salt thereof, effective in
such treatments and a pharmaceutically acceptabile carrier.

The present invention also relates to a method for the selective inhibition of matrix
metalloproteinase-13 or in a mammal, including a human, comprising administering to said
mammal an effective amount of a compound of claim 1 or a pharmaceutically acceptabie salt
thereof.

The present invention also relates to a method for treating a condition setected from the
group consisting of arthritis, cancer, tissue ulceration, restenosis, periodontal disease,
epidermolysis bullosa, bone resorption, loosening of artificial joint implants, atherosclerosis,
multiple sclerosis, occular angiogenisis (for example macular degeneration) and other
diseases characterized by matrix metalioproteinase-13 activity in a mammal, including a human,
comprising administering to said mammal an amount of a compound of claim 1 or a
pharmaceutically acceptable satt thereof, effective in treating such a condition.

Detailed Description of the invention

The following reaction Schemes illustrate the preparation of the compounds of the
present invention. Unless otherwise indicated Y, R, R? and R’ in the reaction Schemes and the

discussion that follow are defined as above.
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Scheme 1 refers to the preparation of compounds of the formula | from compounds of
the formula Vil. Referring to Scheme 1, the amino acid compound of formula VHi, wherein R'®
ts benzyl, is converted to the corresponding compound of formula VI by reaction with a

reactive functional derivative of an arylsulfonic acid compound of the formula

Y
Cl—-soz_@_

Vill

in the presence of a base, such as triethylamine, and a polar solvent, such as
tetrahydrofuran, 1,2-dimethoxyethane, dioxane, water or acetonitrile, preferably 1.2-
dimethoxyethane. The reaction mixture is stirred, at room temperature, for a time period
between about 10 minutes to about 24 hours, preferably about 60 minutes.

The ary!suifonylamino compound of formuta V1, wherein R'® is benzyl, is converted to
the corresponding compound of formula V, wherein R' is the group 3-tert-butyl-
dimethylsilanyloxypropanyl by reaction with tert-butyl-(3-halo-propoxy)dimethylsilane, preferably
the iodide derivative, in the presence of a base, such as potassium carbonate, cesium
carbonate, potassium hexamethyidisilazide, or sodium hydride, preferably potassium
hexamethyldisilazide. The reaction is stired in a polar solvent, such as dimethylforrnamide or N-
methyipyrrolidin-2-one. at room temperature, for 2 time period between about 2 hours to about
48 hours, preferably about 18 hours.

The compound of formula V is converted to a carboxylic acid derivative of formula IV by
reaction with boron trifluoride-etherate complex to form an intermediate alcohol, followed by
oxidation and protection by esterification. Specifically, the reaction with boron trifiuoride-etherate
complex is performed in an inert solvent such as methylene chioride, chioroform, preferabiy
methylene chloride, at room temperature for about 15 minutes to about 4 hours, preferably about
one hour. Oxidation of the alcohol is facilitated by using chromium trioxide in aqueous sulfuric
acid (Jones Reagent) at about 0°C for about one to about 6 hours, preferably about 2 hours.
Protection of the carboxyiic acid is facilitated by treatment of the free acid with an alkyiating
agent such as R>L, wherein L is a leaving group such as icdo, bromo, mesylate, or tosylate,
preferably iodo, with a base, such potassium carbonate or cesium carbonate, preferably
potassium carbonate, in a polar solvent such as dimethylformamide, N-methylpyrrolidin-2-one or
tetrahydrofuran, preferably dimethyl formamide, for about 1 to about 24 hours, preferably 16

hours, at about room temperature.
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The compound of formuta IV is converted to a compound of formula Il by removal of the
R'® protecting group by hydrogenoclysis using palladium on carbon in a solvent such as methanol
or ethanol, for a period from about 30 minutes to about 48 hours, preferably 16 hours, at a
temperature of about 20°C to about 25°C, i.e. room temperature.

The carboxylic acid compound of formula Wl is converted to the hydroxamic acid
derivative of formula Il, wherein R'® is benzyl, by activation of the compound of formula I
followed by reaction with benzylhydroxylamine. The compound of formula Il is activated by
treatment with (benzotriazol-1-yloxy)tris(dimethylamino) phosphonium hexafluorophosphate in
the presence of a base, at room temperature, in a polar solvent. The aforesaid reaction is
conducted for a period of about 15 minutes to about 4 hours, preferably about 1 hour, The
activated compound derived from formula il is converted in situ to the compound of formuia If by
reaction with benzylhydroxylamine hydrochloride. The reaction with benzylhydroxylamine
hydrochloride is conducted for about 1 hour to about 5 days, preferably for about 16 hours, at a
temperature of about 40°C to about 80°C, preferably about 60°C. Suitable bases include N-
methylmorpholine or diisopropylethylamine, preferably diisopropylethylamine. Suitabie sotvents
inciude N,N-dimethylformamide or N-methyipyrrolidin-2-one, preferably N,N-dimethytformamide.

The compound of formula 1l is converted into a compound | by removal of the hydroxy!
amine protecting group. Removal of the hydroxylamine protecting group is carried out by
hydrogenolysis of the benzyl protecting group using catalytic palladium on barium sutfate in a
polar solvent at a temperature from about 20°C to about 25°C, i.e. room temperature, for a
period of about ! hour to about 5 hours, preferably about 3 hours.

Compounds of formula VII and VIl are commercially available or can be made by
methods well known to those of ordinary skill in the art

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 salts, such as
sodium, lithium, potassium, calcium, magnesium, as well as ammonium saits, such as
ammonium, trimethyl-ammonium, diethylammonium, and tris-(hydroxy methyl)-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 compounds of the formula | which are basic in nature are capable of forming a
wide variety of different salts with various inorganic and organic acids. Although such salts
must be pharmaceutically acceptable for administration to animals, it is often desirable in
practice to initially isolate a compound of the formula | from the reaction mixture as a
pharmaceutically unacceptable sait and then simply convert the latter back to the free base
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compound by treatment with an alkaline reagent, and subsequently convert the free base to a
pharmaceutically acceptable acid addition salt. The acid addition salts of the base
compounds of this invention are readily prepared by treating the base compound with a
substantially equivalent amount of the chosen mineral or organic acid in an aqueous soivent
medium or in a suitable organic solvent such as methanol or ethanol. Upon careful
evaporation of the solvent, the desired solid salt is obtained.

The acids which are used to prepare the pharmaceutically acceptable acid addition
salts of the base compounds of this invention are those which form non-toxic acid addition
salts, i.e., salts containing pharmacologically acceptable anions, such as hydrochloride,
hydrobromide, hydroiodide, nitrate, sulfate or bisulfate, phosphate or acid phosphate, acetate,
lactate, citrate or acid citrate, tartrate or bitartrate, succinate, maleate, fumarate, giuconate,
saccharate, benzoate, methanesulfonate and pamoate [i.e., 1,1’-methylene-bis-(2-hydroxy-3-
naphthoate)] salts.

Those compounds of the formula | which are also acidic in nature, e.g., where R® is
hydrogen, are capable of forming base salts with various pharmacologically acceptable
cations. Examples of such saits include the alkali metal or alkaline-earth metal salts and
particularly, the sodium and potassium saits. These salts are all prepared by conventional
techniques. The chemical bases which are used as reagents to prepare the pharmaceutically
acceptable base salts of this invention are those which form non-toxic base salts with the
herein described acidic compounds of formula i. These non-toxic base salts include those
derived from such pharmacologically acceptable cations as sodium, potassium, calcium and
magnesium, etc. These salts can easily be prepared by treating the corresponding acidic
compounds with an aqueous solution containing the desired pharmacologically acceptabie
cations, and then evaporating the resulting solution to dryness, preferably under reduced
pressure. Alternatively, they may also be prepared by mixing lower alkanolic solutions of the
acidic compounds and the desired alkali metal alkoxide together, and then evapbrating the
resulting solution to dryness in the same manner as before. In either case, stoichiometric
quantities of reagents are preferably employed in order to ensure compieteness of reaction
and maximum product yieids.

The ability of the compounds of formula | or their pharmaceutically acceptable salts
(hereinafter also referred to as the MMP-13 selective compounds of the present invention) to
inhibit matrix metalloproteinase-13 (collagenase 3) and, consequently, demonstrate their
effectiveness for treating diseases characterized by matrix metalloproteinase-13 is shown by the

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

Human recombinant collagenase is activated with trypsin using the following ratio: 10

mg trypsin per 100 mg of collagenase. The trypsin and collagenase are incubated at room
temperature for 10 minutes then a five fold excess (50 mg/10 mg trypsin) of soybean trypsin
inhibitor is added.

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

10 mM > 120 uM —> 12 uM ——> 1.2 uM >0.12 uM

Twenty-five microliters of each concentration is then added in triplicate to appropriate

wells of a 96 well microfiuor 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 (no enzyme, no inhibitors) are set in welis D7-D12.

Collagenase is diluted to 400 ng/ml and 25 mil 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 as a 5 mM
stock in dimethy! sulfoxide and then diluted to 20 mM in assay buffer. The assay is initiated by
the addition of 50 mi substrate per welt of the microfiuor piate to give a final concentration of 10
mM.

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 friplicate 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 concentraton vs % control (inhibitor fluorescence divided by fluorescence of
collagenase alone x 100). ICg's are determined from the concentration of inhibitor that gives a
signal that is 50% of the control.

If ICs's are reported to be <0.03 mM then the inhibitors are assayed at concentrations of
0.3 mM, 0.03 mM, 0.03 mM and 0.003 mM.

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/mi in assay buffer (50 mM Tris, pH 7.5,
200 mM sodium chioride, 5SmM calcium chioride, 20mM zinc chioride, 0.02% brij). Twenty-five
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microliters of diluted enzyme is added per well of a 86 well microfiuor 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 dimethyl sulfoxide 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 thé microfiuor plate. The
final concentrations in the assay are 30 mM, 3mM, 0.3 mM, and 0.03 mM.

Substrate (Dnp-Pro-Cha-Gly-Cys(Me)-His-Ala-Lys(NMA)-NH,) is prepared as for
inhibition of human collagenase (MMP-1) and 50 ml is added to each well to give a final assay
concentration of 10 mM. Fiuorescence 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.

ICs's are determined as per inhibition of human collagenase (MMP-1). If ICg's are
reported to be less than 0.03 mM, inhibitors are then assayed at final concentrations of 0.3 mM,
0.03 mM, 0.003 mM and 0.0003 mM.

The compounds of the present invention possess surprisingly selective activity against
matrix metailoproteinase-13 (coliagenase 3) as compared to matrix metalloproteinase-1
(collagenase 1). Specifically, the compounds of the formula | are 100 times more selective for
matrix metalloproteinase-13 (collagenase 3) than matrix metalloproteinase-1 (collagenase 1)
and have ICqy's of less than 10nM against matrix metalloproteinase-13 (collagenase 3). Table 1
lists several compounds that demonstrate the unexpected selectivity of the compounds of the

invention.
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TABLE 1
(@) OR3

O .
N.
HO.—-”/U>< SO.z@—R
R' R2

Ex. |R' R* R’ R MMP-1 MMP-13
1C5(NM) 1C50(nM}
1 cyclopenty! - ethy! 4-fluorophenoxy 100 08
1 cyclopentyl - ethyl 4-fluorophenoxy 100 09
2 cyclopentyl - hydrogen 4-fluorophenoxy | 360 1.2
2 cyclopentyi - hydrogen 4-fluorophenoxy | 200 06
3 methyi methy! ethyl 4-fluorophenoxy 1200 1.6
3 methyl methy! ethyl 4-fluorophenoxy 1800 23
4 methyl methyl hydrogen 4-fluorophenoxy | 3500 5.7
4 methyi methyl hydrogen 4-fluorophenoxy | 2000 23
4 methyl methyl hydrogen 4-fluorophenoxy | 4800 8
cyclopenty! - hydrogen methoxy 800 21
cyciopenty! - hydrogen methoxy 700 25
methyl methyl hydrogen methoxy 12000 590
methyl methyl hydrogen methoxy 12000 730
cyciohexy! hydrogen | hydrogen methoxy 18 4
cyclohexyl hydrogen | hydrogen methoxy 22 2

For administration to humans for the inhibition of matrix metalioproteinase-13 or the
production of tumor 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 mg/kg 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 of the subject being treated. The person
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responsibie 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 empioyed
along with various disintegrants such as starch (and preferably comn, potato or tapioca starch),
alginic acid and certain complex silicates, together with granulaton binders like
polyvinyipyrrolidone. sucrose, gelation and acacia. Additionally, lubricating égents such as
magnesium stearate, sodium laury! sulfate and talc 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. VWhen 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, propyiene glycol, giycerin and
various like combinations thereof.

For parenteral administration (intramuscular, intraperitoneal, subcutanecus and
intravenous use) s sterile injectabie solution of the active ingradient 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 intraarticutar, 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.

The foliowing Examples illustrate the preparation of the compounds of the present
invention. Melting points are uncorrected. NMR data are reported in parts per million () and
are referenced to the deuterium lock signal from the sample soivent
(deuteriodimethyisulfoxide unless otherwise specified). Commercial reagents were utilized
without further purification. THF refers to tetrahydrofuran. DMF refers to
N, N-dimethylformamide. Chromatography refers to column chromatography performed using
32-63 mm silica gel and executed under nitrogen pressure (flash chromatography) conditions.

Room or ambient temperature refers to 20 to 25°C. All non-aqueous reactions were run under
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a nitrogen atmosphere for convenience and to maximize yields. Concentration at reduced

pressure means that a rotary evaporator was used.

Example 1
3-[[4-(4-FLUOROCPHENOXY)BENZENESULFONYL}-(1-HYDROXY-CARBAMOYL

CYCLOPENTYL)AMINO}-PROPIONIC ACID ETHYL ESTER

(A) To a soiution of 1-aminocyclopentanecarboxylic acid benzyl ester p-

toluenesulfonic acid salt (200 grams, 0.51 mole) and triethylamine (177 mL, 1.27 mole) in
water (1 L) and 1,2-dimethoxyethane (1 L) was added 4-(4-fluorophenoxy)benzenesuifonyl-
chloride (161 grams, 0.56 moles). The mixture was stired at room temperature for 16 hours
and then most of the solvent was removed by evaporation under vacuum. The mixture was
diluted with ethy! acetate and was washed successively with dilute hydrochloric acid solution,
water, and brine. The solution was dried over magnesium sulfate and concentrated to leave a
brown solid. Trituraticn with diethy! ether to afforded 1-{4-(4-
fluorophenoxy)benzenesulfonylamino]-cyclopentanecarboxylic acid benzyl ester as a tan
solid, 167 grams (70%). '

(B) To a solution of 1-{4-(4-fluorophenoxy }benzenesulfonylamino]-
cyclopentanecarboxylic acid benzyl ester (199 grams, 042 mole) in dry N,N-
dimethyiformamide (2.5 L) at room temperature was added potassium hexamethyidisilazide
(100 grams, 0.50 mole) and, after 3 hours, tert-butyl-(3-iodopropoxy)dimethylisilane (150
grams, 0.50 mole). The resulting mixture was stirred at room temperature for 16 hours.
Additional tert-butyl-(3-iodopropoxy)-dimethylsilane (20 grams, 0.067 mole) was then added.
Stirring at room temperature was continued for a further 3.5 hours. The mixture was
guenched by addition of saturated ammonium chioride sofution. The N, N-dimethylformamide
was removed by evaporation under vacuum. The residue was taken up in diethyl ether and
washed with water and brine. After drying over magnesium sulfate, the diethyl ether was
evaporated to afford crude 1-{[3-(tert-butyl-dimethylisilanyloxy)-propyi}-[4-(4-
fluorophenoxy)benzenesulfonyl}-amino}cyclopentanecarboxylic acid benzy! ester as an amber
oil (279.6 grams).

(C) To a solution of the crude 1{[3-(tert-butyi-dimethyisilanyloxy)-propyl}-{4-(4-
fluorophenoxy)benzenesulfonyl}-aminojcyciopentanecarboxylic acid benzyl ester (279 grams)
in methylene chioride (1 L) at room temperature was added boron trifluoride etherate (103 mL,
0.84 mole). After 1 hour, the reaction was quenched by sequential addition of saturated
ammonium chloride solution and water. The organic phase was separated, washed with

water and brine and dried over magnesium sulfate. Evaporation of the soivent under vacuum
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provided crude 1-{{4-(4-fluorophenoxy benzenesulfonyl]-(3-hydroxypropyl)amino]
cyclopentanecarboxylic acid benzyl ester as an amber oil (235 grams).

(D) A solution of the crude 1-[[4-(4-fluorophenoxy)benzenesulfonyl]-(3-
hydroxypropyl)amino]cyclopentanecarboxylic acid benzyl ester (235 grams) in acetone (2 L)
was cooled in an ice bath and treated with Jones reagent (about 200 mL) until an orange color
persisted. The mixture was stirred from 0°C to room temperature over 1 hour. After
quenching excess oxidant with isopropanol (10 mL), the mixture was filtered and the filtrate
was concentrated under vacuum. The residue was taken up in ethyl acetate, washed with
water and brine, dried over magnesium sulfate and concentrated to afford a soiid which was
triturated with a mixture of diethyl ether and hexane to provide 1-{(2-carboxyethyl)-[4-(4-
fluorophenoxy)benzenesulfonyilaminojcyclopentane carboxylic acid benzyl ester as a white
solid (147 grams).

(E) To a solution of 1-{(2-carboxyethy!)-[4-(4-flucrophenoxy)benzenesulfonyl} amino}-
cyclopentanecarboxylic acid benzyl ester (147 grams) in N,N-dimethyl formamide (3 L) at
room temperature was added potassium carbonate (150 grams, 1.08 mole) and ethyi iodide
(32.4 mL, 0.405 mole). The mixture was stirred for 16 hours at room temperature. After
filtration, most of the soivent was removed under vacuum. The residue was taken up in water
and acidified using 6N aqueous hydrogen chioride solution. The resulting mixture was
extracted with diethy! ether. The organic extract was washed with water and brine, dried over
magnesium  sulfate, and concentrated to yield 1-{(2-ethoxycarbonylethyl)-[4-(4-
fluorophenoxy)benzenesulfonyl] amino)cyclopentane carboxylic acid benzyl ester as a yeliow
semi-solid (149.1 grams, 96%). ’

(F) A solution of 1-{(2-ethoxycarbonylethyl)-[4-(4-flucrophenoxy)benzene sulfonyl]-
amino}cyclopentanecarboxylic acid benzy! ester (74.5 grams, 0.13 mole) in ethanol (1.8 L)

was treated with 10% palladium on activated carbon (7.4 grams) and hydrogenated in a

Parr! M shaker at 3 atmospheres pressure for 16 hours. After filtration through nylon (pore
size 0.45 pm) tc remove the catalyst, the.soivent was evaporated to afford 1-{(2-
ethoxycarbonylethy!)-{4-(4-fluorophenoxy)benzenesulfonyllamino} cyclopentanecarboxylic
acid as a white foam. The reaction was repeated on the same scale to provide, in total, 125.2
grams of the desired product.

(G) Diisopropylethylamine (50 mL, 0.286 mole) and (benzotriazol-1-yloxy)tris-
(dimethylamino)phosphonium hexafluorophosphate (126.5 grams, 0.286 mole) were added
sequentially to a solution of 1-{(2-ethoxycarbonylethyl)-{4-(4-flucrophenoxy)benzene-
sulfonyllamino}cyclopentanecarboxylic  acid (1252 grams, 0.26 mole) in NN-
dimethylformamide (2 L). The mixture was stimed for 1 hour. Additional

diisopropylethyiamine (81 mi, 0.52 mole) and O-benzylhydroxylamine hydrochloride (53.8
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grams, 0.338 mole) were then added and the resulting mixture was stirred at 60°C‘ for 96
hours. After concentration under vacuum, the residue was taken up in water and acidified
with 1N aqueous hydrogen chloride solution. The mixture was extracted with ethyl acetate
and the extract was washed sequentially with water, saturated aqueous sodium bicarbonate
solution and brine. The solution was dried over magnesium suifate and concentrated to give
crude 3-{(1-benzyloxycarbamoyicyclopentyl)-{4-(4-flucrophenoxy )benzenesuifonyi}-
amino}propionic acid ethyl ester as a yellow oil (164 grams).

F) A solution of crude 3-{(1-benzyloxycarbamoylcyciopentyl)-[4-(4-fluorophenoxy)-

benzenesulfonyljamino}propionic acid ethy! ester (164 grams) in ethanol (2.4 L) was treated

with 5% palladium on barium sulfate (50 grams) and hydrogenated in a ParrT™™ shaker at 3
atmospheres pressure for 3 hours. After filtration through nylon (pore size 0.45 um) to
remove the catalyst, the solvent was evaporated to afford an oil. After addition of ethyl
acetate and hexane, 3-{[4-(4-fiuorophenoxy)benzenesulfonyl]-(1-hydroxy-
carbamoylcyclopentylyaminoj-propionic acid ethyl ester, a white crystalline solid (73.5 grams)
was collected by filtration. The filtrate was concentrated and the residue was
chromatographed on silica gel eluting with 40% ethyl acetate hexane to provide more of the

desired product (32.5 grams).
Mp: 79-83°C. 1H NMR (DMSO-dg): 6§ 10.40 (brs, 1 H), 8.78 (brs, 1 H), 7.80-7.77 (m,
2 H), 7.31-7.03 (m, 6 H), 4.02 (g, 4 = 7.3 Hz, 2 H), 3.48-3.45 (m, 2 H), 2.70-2.67 (m, 2 H),

2.24-2.21 (m, 2 H), 1.86-1.83 (m, 2 H), 1.53-1.50 (m, 4 H), 1.16 (t, J = 7.3 Hz, 3 H). MS 483
(M-1). Analysis calculated for C23H27FN2078.H,0: C, 53.90; H, 5.70; N, 5.47. Found: C,

5452, H, 5.63; N, 5.27.
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Example 2
3-[[4-(4-FLUOROPHENOXY)BENZENESULFONYL]-(1-HYDROXY-

CARBAMOYLCYCLOPENTYL) AMINO]JPROPIONIC ACID
A solution of 3-[[4-(4-fluorophenoxy)benzenesulfonyl}{1-hydroxycarbamoy!

cyclopentyl)-amino_]propionic acid ethyl ester (106 grams, 0.214 mole) in ethanol (2.5 L) was
treated with aqueous 1 N sodium hydroxide solution (856 mL, 0.856 mole) and stirred at room
temperature for 2 hours. The mixture was concentrated to remove ethanol, diluted with water,
acidified with 6 N aqueous hydrochioric acid solution and extracted with ethyl acetate. After
washing with water and brine, the organic extract was dried over magnesium suifate and
concentrated to a foam. Crystallization from 30% ethyl acetate in hexane gave 3-[[4-(4-
fluorophenoxy)benzenesuifonyl}-(1-hydroxy carbamoyicyclopenty!)-amino}propionic acid as a
white crystalline solid (81.5 grams, 81%).

Mp: 170-172°C. ' H NMR (DMSO-dg): 8 12.25 (br s, 1 H), 10.40 (br s, 1 H), 8.74 (br
s, 1 H), 7.79-7.77 (m, 2 H), 7.29-7.03 (m, 6 H), 3.45-3.41 (m, 2 H), 2.61-2.57 {m, 2 H), 2.24-
2.21 (m, 2 H), 1.88-1.82 (m, 2 H), 1.53-1.50 (m, 4 H). MS 4865 (M-1). Analysis calculated for
C21H23FN207S: C, 54.07; H, 4.97. N, 6.00. Found: C, 54.17; H, 5.02; N, 6.05.

Example 3
3-[[4-(4-FLUOROPHENOXY)BENZENESULFONYL]H{1-HYDROXYCARBAMOYL-1-

METHYLETHYL)AMINO]JPROPIONIC ACID ETHYL ESTER

The title compound was prepared according to a procedure analogous to that outiined

in Example 1 starting with 2-amino-2-methyl-propionic acid benzy! ester p-toluenesuifonic acid

salt.

Mp: 124.8-125° C. 'H NMR (DMSO-dg) & 10.37 (s, 1 H), 8.74 (5,1 H), 7.86 (d, 2 H, J

= 8.9 Hz), 7.16-7.30 (m, 4 H), 7.04 (d, 2H, J = 8.7 hz), 3.98 (q, 2 H, J = 7.1 Hz), 3.33-3.37 (m,
2 H), 2.62-2.66 (m, 2 H), 1.40 (s, 6 H), 1.13 (t, 3 H, J = 7.1 Hz). MS: 467 (M-1). Analysis
calculated for C21H25FN207S: C, 53.84; H, 5.38; N, 5.98. Found: C, 54.00; H, 5.12; N, 5.87.
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5 Example 4
3-[[4-(4-FLUOROPHENOXY)BENZENESULFONYL]-{1-HYDROXY-

CARBAMOYL-1-METHYLETHYL)AMINOIPROPIONIC ACID
The title compound was prepared from 3-{[4-(4-fluorophenoxy)benzenesulfonyl}-(1-

hydroxycarbamoyi-1-methyiethyl)amino]propionic acid ethy! ester according to a procedure
10  analogous to that described in Example 2.
Mp: 162-162.5°C. MS: 439 (M-1). gy NMR (DMSO-dg) 5 12.26 (s, 1 H) 10.10.38 (s, 1

H), 8.75 (s,1 H), 7.86-7.88 (m, 2 H), 7.16-7.7.30 (m, 4 H), 7.03-7.06 (m, 2 H), 3.29-3.35 (m, 2
H), 2.47-2.59 (m, 2 H), 1.40 (s, 6 H).
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CLAIMS

1. A compound of the formula
e OR3

O
N_
erhochiod e
R1? R2

l

or the pharmaceutically acceptabie salts thereof, wherein

R' is (C,-Ce)alkyt:

R? is (C,-Cg)alkyl;

or R' and R? taken together with the carbon atom to which they are attached form a ring
selected from (Cs-C;)cycloalkyl , 4-tetrahydropyrany! and 4-piperidinyl;

R? is hydrogen or (C,-Cg)alkyl; and

Y is a substituent on any of the carbon atoms of the phenyl! ring capable of supporting
an additional bond, independently selected from fluoro, chloro, trifluoromethyt, (C ,-Cglalkoxy,
trifiuoromethoxy, difiucromethoxy and (C,-C¢)alkyl.

2. A compound according to claim 1, wherein Y is hydrogen, fluoro or chioro.

3. A compound according to claim 1, wherein Y is 4-fluoro or 4-chioro.

4. A compound according to claim 1, wherein R' and R? taken together with the
carbon atom to which they are attached form a cyclopenty! ring.

5. A compound according to claim 3, wherein R' and R? taken together with the
carbon atom to which they are attached form a cyclopentyi ring.

6. A compound according to claim 1, wherein R' and R? taken together with the
carbon atom to which they are attached form a 4-tetrahydropyranyl ring.

7. A compound according to claim 1, wherein R’ and R? are both methyl.

8. A compound according to claim 3, wherein R’ and R? are both methyl.

9. A compound according to claim 1, wherein R is hydrogen.

10. A compound according to claim 3, wherein R is hydrogen.

11. A compound according to claim 4, wherein R* is hydrogen.

12. A compound according to claim 1, wherein said compound is selected from the

group consisting of:
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3-{[4-(4-fluorophenoxy)benzenesulfonyl}-(1-hydroxy-carbamoylcyclopentyl)amino]-
propionic acid ethyl ester,

3-[[4-(4-fluorophenoxy)benzenesulfonyl]-(1-hydroxy-carbamoylcyclopentyl)
amino}propionic acid,

3-[[4-(4-fiuorophenoxy)benzenesulfonyl]-(1-hydroxycarbamoyi-1-
methylethyl)aminojpropionic acid ethyl ester, and

3-{[4-(4-flucrophenoxy)benzenesulfonyi]-(1-hydroxy-carbamoyl-1-
methylethyhamino]propionic acid.

13. A pharmaceutical composition for (a) the treatment of arthritis or cancer and
other diseases characterized by matrix metalloproteinase-13 activity or (b) the selective
inhibition of matrix metalloproteinase-13 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.

14. A method for the selective inhibition of matrix metalloproteinases-13 in a
mammal, including 2 human, comprising administering to said mammal an effective amount of a
compound of claim 1 or a pharmaceutically acceptable salt thereof.

15. A method for treating arthritis or cancer and other diseases characterized by
matrix metalloproteinase-13 activity in a mammal, including a human, comprising administering
to said mammal an amount of a compound of claim 1 or a phamaceutically acceptable salt

thereof, effective in treating such a condition.
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HYDROXAMIC ACID DERIVATIVES AS MATRIX METALLOPROTEASE
(MMP) INHIBITORS

This invention relates to a series of substituted a-aminosulphonyl-
acetohydroxamic acids which are inhibitors of zinc-dependent metalioprotease
enzymes. In particular, the compounds are inhibitors of certain members of the
matrix metalloprotease (MMP) family.

Matrix metalloproteases (MMPs) constitute a family of structurally similar
zinc-containing metalloproteases, which are involved in the remodelling and
degradation of extracellular matrix proteins, both as part of normal physiological
processes and in pathological conditions. Since they have high destructive
potential, MMPs are usually under close regulation and failure to maintain MMP
reguiation may be a component of a number of diseases and pathological
conditions, including atherosclerotic plaque rupture, heart failure, restenosis,
periodontal disease, tissue ulceration, wound repair, cancer metastasis, tumour
angiogenesis, age-related macular degeneration, fibrotic disease, rheumatoid
arthritis, osteoarthritis and inflammatory diseases dependent on migratory
inflammatory cells.

Another important function of certain MMPs is to activate various
enzymes, including other MMPs, by cleaving the pro-domains from their
protease domains. Thus some MMPs act to regulate the activities of other
MMPs, so that over-production of one MMP may lead to excessive proteolysis
of extracellular matrix by another. Moreover, MMPs have different substrate
preferences (shown in the following Table for selected family members) and
different functions within normal and pathological conditions. For recent
reviews of MMPs, see Current Pharmaceutical Design, 1996, 2, 624 and Exp.
Opin. Ther. Patents, 1996, 6, 1305.

LR
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TABLE
Enzyme | Other Names Preferred Substrates
MMP-1 collagenase-1; interstitial collagens |, II, lll, VI, X;
collagenase gelatins
MMP-2 gelatinase A; 72kDa gelatinase gelatins; collagens IV, V, VII,
X; elastin; fibronectin;
activates pro-MMP-13
MMP-3 stromelysin-1 proteogiycans; laminin;
fibronectin; gelatins
MMP-8 collagenase-2; neutrophil collagens |, II, Il
collagenase
MMP-9 gelatinase B; 92kDa gelatinase gelatins; collagens IV, V;
elastin
MMP-13 | collagenase-3 collagens [, Il, lli; gelatins
MMP-14 | MT-MMP-1 activates pro-MMP-2 & 13;
gelatins

Excessive production of MMP-3 is thought to be responsible for

pathological tissue breakdown which underlies a number of diseases and

conditions. For example, MMP-3 has been found in the synovium and cartilage

of osteoarthritis and rheumatoid arthritis patients, thus implicating MMP-3 in the

joint damage caused by these diseases: see Biochemistry, 1989, 28, 8691 and

Biochem. J., 1989, 258, 115. MMP-13 is also thought to play an important role

in the pathology of osteoarthritis and rheumatoid arthritis: see Lab. Invest,,
1997, 76, 717 and Arthritis Rheum., 1997, 40, 1391. The compounds of the
present invention inhibit both MMP-3 and MMP-13 and thus may be of utility in

treating these diseases.

AQUESTIVE EXHIBIT 1004 page 1189




10

15

20

25

30

WO 99/29667 PCT/EP98/06640

-3-

The over-expression of MMP-3 is also thought to be responsible for
much of the tissue damage and chronicity of chronic wounds, such as venous
ulcers, diabetic ulcers and pressure sores: see Brit. J. Dermatology, 1996, 135,
52.

Furthermore, the production of MMP-3 may also cause tissue damage in
conditions where there is ulceration of the colon (as in ulcerative colitis and
Crohn’s disease: see J. Immunol., 1997 158, 1582 and J. Clin. Pathol., 1994,
47, 113) or of the duodenum (see Am. J. Pathol., 1996, 148, 519).

Moreover, MMP-3 may also be involved in skin diseases such as
dystrophic epidermolysis bullosa (see Arch. Dermatol. Res., 1995, 287, 428)
and dermatitis herpetiformis (see J. Invest. Dermatology, 1995, 105, 184).

Finally, rupture of atherosclerotic plaques by MMP-3 may lead to cardiac
or cerebral infarction: see Circulation, 1997, 96, 396. Thus, MMP-3 inhibitors
may find utility in the prevention of heart attack and stroke.

Studies of human cancers have shown that MMP-2 is activated on the
invasive tumour cell surface (see J. Biol. Chem., 1993, 268, 14033) and BB-94,
a non-selective peptidic hydroxamate MMP inhibitor, has been reported to
decrease the tumour burden and prolong the survival of mice carrying human
ovarian carcinoma xenografts (see Cancer Res., 1993, 53, 2087). Certain
compounds of the present invention inhibit MMP-2 and therefore may be useful
in the treatment of cancer metastasis and tumour angiogenesis.

Various series of MMP inhibitors have appeared in the patent literature.
For example, a-arylsulphonamido-substituted acetohydroxamic acids are
disclosed in EP-A-0606046, WO-A-9627583 and WO-A-9719068, whilst EP-A-
0780386 discloses certain related sulphone-substituted hydroxamic acids.

The compounds of the present invention are inhibitors of some of the
members of the MMP family. In particular, they are potent inhibitors of MMP-3
and MMP-13, with certain compounds exhibiting varying degrees of selectivity
over other MMPs, such as MMP-1, MMP-2 and MMP-9. Certain of the

compounds are potent MMP-2 inhibitors.
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Thus, according to the present invention, there is provided a compound

of formula (I):

R3
P
N
{CH,}, A ("
R R | l
N N—-(CHZ)m
Ve
HO S
02

or a pharmaceutically or veterinarily acceptable salt thereof, or a
pharmaceutically or veterinarily acceptable solvate (including hydrate) of either
entity,
wherein the broken line represents an optional bond;
A'is C or CH;
B is CH,, O or absent;
R' and R? are each independently selected from hydrogen, C, to
Cs alkyl optionally substituted with C, to C, alkoxy or phenyl, and
C, to Cq alkenyl; or, together with the carbon atom to which they
are attached, form a C; to Cg4 cycloalkyl group which optionally
incorporates a heteroatom linkage selected from O, SO, SO, and
NR® or which is optionally benzo-fused;
R® is hydrogen, halo, R’ or OR;
R*is hydrogen, C, to C, alkyl, C, to C,4 alkoxy, trifluoromethyi or
halo;
R® is hydrogen or C, to C, alkyl;
R’ is a monocyclic or bicyclic ring system selected from phenyl,
thienyl, furyl, pyridinyl, pyrimidinyl, naphthyl, indanyl, benzothienyl,
benzofuranyl, 2,3-dihydrobenzofuranyl, indolyl, quinolinyl,
isoquinolinyl, benzodioxolyl, benzimidazolyl, benzoxazolyl,

benzothiazolyl and benzodioxanyl, any of which ring systems
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is optionally substituted with one or two substituents selected from
C, to C, alkyl optionally substituted with C,; to C, alkoxy or
hydroxy, C,-C, alkoxy optionally substituted with C, to C, alkoxy
or hydroxy, C, to C, alkylthio, trifluoromethyl, trifluoromethoxy,
halo and cyano;
mis 1 or 2;

and nis 0, 1 or2;

with the proviso that B is not O when A is C.

In the above definition, unless otherwise indicated, alkyl, alkoxy, alkylthio
and alkenyl groups having three or more carbon atoms may be straight chain or
branched chain. Halo means fluoro, chloro, bromo or iodo.

The compounds of formula () may contain one or more chiral centres
and therefore can exist as sterecisomers, i.e. as enantiomers or
diastereoisomers, as well as mixtures thereof. The invention includes both the
individual stereoisomers of the compounds of formula (l) and any mixture
thereof. Separation of diastereocisomers may be achieved by conventional
techniques, e.g. by fractional crystallisation or chromatography (including
HPLC) of a diastereoisomeric mixture of a compound of formula (1) or a suitable
salt or derivative thereof. An individual enantiomer of a compound of formula (I)
may be prepared from a corresponding optically pure intermediate or by
resolution, either by HPLC of the racemate using a suitable chiral support or,
where appropriate, by fractional crystallisation of the diastereoisomeric salts
formed by reaction of the racemate with a suitable optically active base or acid.

Furthermore, compound of formula (I) which contain alkenyl groups can
exist as cis-stereoisomers or trans-stereoisomers. Again, the invention
includes both the separated individual stereoisomers as well as mixtures

thereof.

AQUESTIVE EXHIBIT 1004 page 1192



10

15

20

25

WO 99/29667 PCT/EP98/06640

-6-

Also included in the invention are radiolabelled derivatives of compounds
of formula (1) which are suitable for biological studies.

Compounds of formulae () may provide pharmaceutically or veterinarily
acceptable base salts, in particular non-toxic alkali metal salts, with bases.
Examples include the sodium and potassium salts. The pharmaceutically or
veterinarily acceptable salts of the compounds of formula (l) which contain a
basic centre are, for example, non toxic acid addition salts formed with
inorganic acids such as hydrochloric, hydrobromic, sulphuric and phosphoric
acid, with organo-carboxylic acids, or with organo-sulphonic acids.

A preferred group of compounds of formula (1) is that wherein B is
absent; R' is hydrogen, C, to C, alkyl optionally substituted with methoxy or
phenyl, or C, to C5 alkenyl, R? is hydrogen or C, to C, alkyl; or R' and R?,
together with the carbon atom to which they are attached, form a C, to C;
cycloalkyl group which optionally incorporates a heteroatom linkage selected
from O and NR® or which is optionally benzo-fused; R® is selected from 4-
phenyl, 4-pyridinyl, 4-(indan-5-yl), 4-(2,3-dihydrobenzofuran-5-yl), 4-(quinolin-3-
yl), 4-(benzodioxol-5-yl) and 4-(benzimidazol-5-yl), any of which is optionally
substituted with one or two substituents selected from C, to C; alkyl optionally
substituted with methoxy or hydroxy, C, to C5 alkoxy optionally substituted with
methoxy or hydroxy, methylthio, trifluoromethyl, trifluoromethoxy, fluoro, chloro
and cyano; R* is hydrogen, methyl, ethyl, methoxy, trifluoromethyl, fluoro or
chloro; R®is methyl; mis 2; and nis 1.

A more preferred group of compounds of formula (1) is that wherein R'is
hydrogen, methyl, ethyl, 2-methylprop-1-yl, but-1-yl, 2-methoxyethyl, benzyl, 3-
phenylprop-1-yl, allyl, 2-methylallyl, 3,3-dimethylallyl; R? is hydrogen, methyl or
ethyl; or R' and R?, together with the carbon atom to which they are attached,
form a cyclobutyl, cyclopentyl, tetrahydropyran-4,4-diyl, 1-methylpiperidin-4,4-
diyl or indan-2,2-diy! group,; R? is 4-phenyl, 4-(2-methylphenyl), 4-(3-
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methylphenyl), 4-(3-ethylphenyl), 4-[3-(prop-2-yl}phenyl], 4-(3,5-
dimethylphenyl), 4-(3-methoxymethylphenyl), 4-(3-hydroxymethylphenyl), 4-(2-
methoxyphenyl), 4-(3-methoxyphenyl), 4-(3-ethoxyphenyl), 4-(4-ethoxyphenyl),
4-[3-(prop-1-oxy)phenyl], 4-[3-(prop-2-oxy)phenyl], 4-[4-(prop-2-oxy)phenyl], 4-
(3,4-dimethoxyphenyl), 4-[3-(2-methoxyethoxy)phenyl], 4-[3-(2-
hydroxyethoxy)phenyl], 4-(3-methylthiophenyl), 4-(3-trifluoromethylphenyl), 4-
(3-trifluoromethoxyphenyl), 4-(2-fluorophenyl), 4-(3-chloro-4-fluorophenyl), 4-(3-
cyanophenyl), 4-(pyridin-2-yl), 4-(pyridin-3-yl), 4-(pyridin-4-yl), 4-(6-
ethoxypyridin-2-yl), 4-(5-ethoxypyridin-3-yl), 4-(indan-5-yl), 4-(2,3-
dihydrobenzofuran-5-yl), 4-(quinolin-3-yl), 4-(benzodioxol-5-yl), 4-(2,2-
dimethylbenzodioxol-5-yl) and 4-(1,2-dimethylbenzimidazol-5-yl); and R%is
hydrogen, 2-methyl, 3-methyl, 3-ethyl, 3-methoxy, 3-trifluoromethyl, 3-fluoro or
3-chloro.

A particularly preferred group of compounds of formula () is that wherein
R' and R? are both hydrogen or methyl or, together with the carbon atom to
which they are attached, form a cyclobutyl, cyclopentyl, tetrahydropyran-4,4-diy!
or 1-methylpiperidin-4,4-diyl group; R? is 4-phenyl, 4-(3-methoxyphenyl), 4-(3-
ethoxyphenyl), 4-[3-(2-methoxyethoxy)phenyl], 4-[3-(2-hydroxyethoxy)phenyl]
or 4-(6-ethoxypyridin-2-yl); and R* is 3-methyl or 3-methoxy.

Especially preferred individual compounds of the invention include

N-hydroxy-2-{4-[4-(3-ethoxyphenyl)-3-methylphenyi]-1,2,3,6-
tetrahydropyridin-1-ylsulphonyl}acetamide;

N-hydroxy-2-{4-[4-(3-ethoxyphenyl)-3-methyiphenyl]-1,2,3,6-
tetrahydropyridin-1-ylsulphonyl}-2-methylpropanamide;

N-hydroxy-2-{4-[4-(3-ethoxyphenyl)-3-methylphenyl]piperidin-1-
yisulphonyl}-2-methylpropanamide;

N-hydroxy-1-{4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin-1-

ylsulphonyl}cyclopentanecarboxamide;
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N-hydroxy-1-{4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin-1-
yisulphonyl}cyclobutanecarboxamide;
N-hydroxy-2-{4-[4-(3-ethoxyphenyl)-3-methoxyphenyl]piperidin-1-
yisulphonyl}-2-methylpropanamide;
N-hydroxy-2-{4-[4-(6-ethoxypyridin-2-yl)-3-methylphenyl]piperidin-1-
ylsulphonyl}-2-methylpropanamide;
N-hydroxy-2-{4-[4-(3-[2-methoxyethoxy]phenyl)-3-methylphenyl]-
piperidin-1-ylsulphonyl}-2-methylpropanamide; and
N-hydroxy-2-{4-[4-(3-[2-hydroxyethoxy]phenyl)-3-methylphenyl]piperidine
-1-ylsulphonyl}-2-methylpropanamide.

In a further aspect, the present invention provides processes for the
preparation of a compound of formula (I), or a pharmaceutically or veterinarily |
acceptable salt thereof, or a pharmaceutically or veterinarily acceptable solvate
(including hydrate) of either entity, as illustrated below.

it will be appreciated by persons skilled in the art that, within certain of
the processes described, the order of the synthetic steps employed may be
varied and will depend inter alia on factors such as the nature of other
functional groups present in a particular substrate, the availability of key
intermediates and the protecting group strategy (if any) to be adopted. Clearly,
such factors will also influence the choice of reagent for use in the said
synthetic steps.

lllustrative of protecting group strategies are the synthetic routes to
Example 64, in which an O-benzyl protected hydroxamate is formed prior to the
required Suzuki reaction step, and to Example 66, in which alcohol protection

using a t-butyldiphenylsilyl group is employed.
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It will also be appreciated that various standard substituent or functional
group interconversions and transformations within certain compounds of
formula (1) will provide other compounds of formula (I). An example is the
conversion of the tetrahydropyridine derivative (Example 28) to the piperidine
derivative (Example 29) by hydrogenation.

The following processes are illustrative of the general synthetic
procedures which may be adopted in order to obtain the compounds of the
invention.

A compound of formula (I) may be prepared directly from an ester of

formula (I1):

wherein R® is C, to C, alkyl, and the broken line, A,B, R', R, R®>, R*, mand n
are as previously defined for formula (1), or via the intermediacy of the
corresponding carboxylic acid of formula (i) wherein R® is hydrogen.

When prepared directly from an ester of formula (l1), the reaction may be
carried out by treatment of the ester with up to a 3-fold excess of hydroxylamine
in a suitable solvent at from about room temperature to about 85°C. The
hydroxylamine is conveniently generated in situ from its hydrochloride salt by
conducting the reaction in the presence of a molar equivalent amount of a
suitable base such as an alkali metal carbonate or bicarbonate, e.g. potassium
carbonate. Preferably the solvent is methanol , optionally combined with
tetrahydrofuran or dichloromethane as co-solvent, and the reaction temperature

is from about 65 to 70°C.
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Alternatively, the ester may be converted by conventional hydrolysis to
the corresponding carboxylic acid which is then transformed to the required
hydroxamic acid of formula (l).

Preferably the hydrolysis is effected under basic conditions using up to
about a 6-fold excess of an alkali metal hydroxide in aqueous solution,
optionally in the presence of a co-solvent, at from about room temperature to
about 85°C. Typically the co-solvent is selected from methanol, 1,4-dioxan, a
mixture of methanol and tetrahydrofuran and a mixture of methanol and 1,4-
dioxan and the reaction temperature is from about 40 to about 70°C.

The subsequent coupling step may be achieved using conventional
amide-bond forming techniques, e.g. via the acyl chloride derivative and
hydroxylamine hydrochloride in the presence of an excess of a tertiary amine
such as triethylamine or pyridine to act as acid-scavenger, optionally in the
presence of a catalyst such as 4-dimethylaminopyridine, in a suitable solvent
such as dichloromethane, at from about 0°C to about room temperature. For
convenience, pyridine may also be used as the solvent.

in particular, any one of a host of amino acid coupling variations may be
used. For example, the acid of formula (Il) wherein R® is hydrogen may be
activated using a carbodiimide such as 1,3-dicyclohexylcarbodiimide or 1-ethyl-
3-(3-dimethylaminoprop-1-yl)carbodiimide optionally in the presence of 1-
hydroxybenzotriazole and/or a catalyst such as 4-dimethylaminopyridine, or by
using a halotrisaminophosphonium salt such as bromotris(pyrrolidino)-
phosphonium hexafluorophosphate. Either type of coupling is conducted in a
suitable solvent such as dichloromethane or dimethylformamide, optionally in
the presence of a tertiary amine such as N-methylmorpholine or N-

ethyldiisopropylamine (for example when either the hydroxylamine or the
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activating reagent is presented in the form of an acid addition salt), at from
about 0°C to about room temperature. Typically, from 1.1 to 2.0 molecular
equivalents of the activating reagent and from 1.0 to 4.0 molecular equivalents
of any tertiary amine present are employed.

A preferred reagent for mediating the coupling reaction is O-(7-
azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HATU).

Preferably a solution of the acid and from 1.0 to 1.2 molecular
equivalents of N-ethyldiisopropylamine in a suitable solvent such as anhydrous
dimethylformamide or anhydrous 1-methylpyrrolidin-2-one, under nitrogen, is
treated with up to a 50% excess of HATU at about room temperature followed,
after about 15 to 30 minutes, with up to about a 3-fold excess of hyerxylamine
hydrochloride and up to about a 4-fold excess of N-ethyldiisopropylamine,
optionally in the same solvent, at the same temperature.

An ester of formula (ll) may be prepared from an amine of formula (ll1):

R3

Py

wherein the broken line, A,B, R3, R* m and n are as previously defined for

N,

(CH,J, “<A (1)

HN——(CH,),,

formula (ll), by sulphonylation with a compound of formula (IV):

wherein Z is halo, R® is C, to C; alkyl and R' and R? are as previously defined

for formula (Il). Preferably, Z is chloro.
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When R® is hydrogen, it will normally be advantageous to protect this
secondary amino linkage with a conventional amine protecting group.

The reaction may be effected in the presence of up to a 50% excess of
an appropriate base in a suitable solvent at from about 0°C to about room
temperature. For example, when both R' and R? are hydrogen, an appropriate
base is 1,8-diazabicyclo[5.4.0]Jundec-7-ene and a suitable solvent is
dichloromethane.

Alternatively, the anion of (Ilf) may be generated initially using up to a
20% excess of a strong base in a suitable solvent, under nitrogen, and then the
sulphonylation with from 1.0 to 1.2 molecular equivalents of (IV) effected.

Conveniently, such a coupling may be carried out at room temperature
with N,O-bis(trimethylsilyl)acetamide as base and anhydrous tetrahydrofuran as
solvent. |

Further routes to the preparation of an ester of formula (il), wherein R’ is
R, rely on exploitation of either a Suzuki reaction or a Stille reaction with an
ester of formula (I1) wherein R® (but not R*) is either bromo or iodo.

Thus, in the Suzuki reaction, the latter ester is treated with from 1.0 to
1.5 molecular equivalents of a boronic acid of formula R7B(OH)2, in the
presence of from 2.0 to 3.0 molecular equivalents of an alkali metal fluoride,
about 0.1 molecular equivalents of a triarylphosphine and about 0.05 molecular
equivalents of a palladium catalyst in a suitable solvent, under nitrogen, at from
about 65 to about 100°C. Typically, the fluoride is cesium fluoride, the
phosphine is tri-o-tolylphosphine, the catalyst is tris(dibenzylideneacetone)-
dipalladium(0) and the solvent is degassed 1,2-dimethoxyethane optionally with

1-methylpyrrolidin-2-one as co-solvent.
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In the Stille reaction, the aforementioned ester starting material of
formula (l1) is treated with from 1.0 to 2.0 molecular equivalents of a suitable
triatkylstannane derivative of formula R’Sn(alkyl); wherein alkyl is, for example,
n-butyl, in the presence of from 2.0 to 3.0 molecular equivalents of a tertiary
base, from 0.3 to 0.6 molecular equivalents of a triarylphosphine and from 0.05
to 0.2 molecular equivalents of a palladium catalyst in a suitable solvent, under
nitrogen, at from about 65 to about 100°C. Typically, the base is triethylamine,
the phosphine is tri-o-tolylphosphine, the catalyst is palladium(il) acetate
optionally in the presence of tetrakis(triphenylphosphine)palladium(0) and the
solvent is anhydrous acetonitrile.

Certain esters of formula (1) wherein at least one of R' and R? is other
than hydrogen may be conveniently obtained from the a-carbanion of an ester
of formula (il) wherein at least one of R" and R is hydrogen by conventional C-

alkylation procedures using an alkylating agent of formula (VA) or (VB):

RX X-W-Y
(VA) (VB)

wherein R is as previously defined for R' or R? but is not hydrogen, X and Y
may be the same or different and are suitable leaving groups, and Wis a C, to
C5 alkylene group which optionally incorporates a heteroatom linkage selected
from O, SO, SO, and NR® or which is optionally benzo-fused. When R® is to be
hydrogen in a compound of formula (l), then a conventional amine protecting
group strategy may be of advantage during this alkylation procedure.

A suitable leaving group may be selected from halo (e.g. chloro, bromo
or iodo), C4-C, alkanesulphonyloxy, trifluoromethanesulphonyloxy and

arylsulphonyloxy (e.g. benzenesulphonyloxy or p-toluenesulphonyloxy).
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Preferably, X and Y are selected from bromo, iodo and p-
toluenesulphonyloxy.

The carbanion may be generated using an appropriate base in a suitable
solvent. Typical base-solvent combinations may be selected from lithium,
sodium or potassium hydride, lithium, sodium or potassium
bis(trimethyisityl)amide, lithium diisopropylamide and butyllithium, together with
toluene, ether, 1,2-dimethoxyethane, tetrahydrofuran, 1,4-dioxan,
dimethylformamide, N,N-dimethylacetamide, 1-methylpyrrolidin-2-one and any
mixture thereof.

Preferably the base is sodium hydride and the solvent is anhydrous
dimethylformamide, optionally with anhydrous tetrahydrofuran as co-solvent, or
anhydrous 1-methylpyrrolidin-2-one. For monoalkylation, up to abouta 10%
excess of base is employed whilst, for dialkylation, from about 2 to about 3
molar equivalents are generally appropriate.

Typically, the carbanion is generated at about room temperature, under
nitrogen, and subsequently treated with up to about a 30% excess of the
required alkylating agent at the same temperature.

Clearly, when dialkylation is required and R' and R? are different, the
substituents may be introduced in tandem in a “one-pot reaction” or in separate
steps.

A particularly convenient, alternative alkylation method involves
treatment of the substrate with the required alkylating agent in the presence of
from 3.0 to 3.5 molecular equivalents of anhydrous potassium carbonate in
anhydrous dimethyl sulphoxide or anhydrous 1,2-dimethoxyethane, under

nitrogen, at about room temperature.
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Clearly, an alternative variation for preparing a compound of formula (I1)

is to introduce R' and/or R? into a suitable bromo or iodo intermediate before

further elaboration via, for example, a Suzuki or Stille reaction.
An amine of formula (lll) may be obtained by standard chemical
procedures. For example, when B is absent, mis 2 and n is 1, a suitably N-

protected piperidin-4-one of formula (Vl):

o
P"(:/[/ Vi)

wherein P is a conventional amine protecting group, is reacted with a carbanion

derivative of a compound of formula (VIl):
R3

7 » (Vi)
wherein Z is as previously defined for formula (IV) and R® and R* are as
previously defined for formula (lll), to provide a compound of formula (VIil):
R
H (Vi)
-
PN
Preferably, Z is chloro, bromo or iodo.
Conveniently (VII) is converted to an aryllithium or aryl Grignard
derivative whilst, of the plethora of amine protecting groups available, P is

typically t-butoxycarbony! (Boc) or benzyl.
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When P is Boc, (Vill) may be transformed directly to a compound of
formula (i), wherein the broken line represents a bond, A is C, B is absent, m
is 2, nis 1 and R®> and R* are as previously defined for formula (lll), using
trifluoroacetic acid optionally in a suitable solvent such as dichloromethane at
about room temperature. Alternatively, when P is benzyl, (VIIl) may be
converted in two steps to the same compound of formula (lll). For example, in
the first step, dehydration may be effected in refluxing toluene using p-
toluenesulphonic acid and a Dean-Stark apparatus. N-Deprotection of the
resulting alkene (1,2,3,6-tetrahydropyridine derivative), in the second step, may
be achieved using 1-chloroethy! chioroformate in refluxing toluene followed by
treatment of the reaction mixture, at room temperature, with either methanol or
ethanol.

This unsaturated piperidine may be converted to a compound of formula
(i) wherein the broken line does not represent a bond, A is CH, B is absent, m
is 2, nis 1 and R®> and R* are as previously defined for formula (lil) under
conventional catalytic, or catalytic transfer, hydrogenation conditions.
Alternatively, these hydrogenation conditions may be employed to convert the
previously described N-benzyl alkene (1,2,3,6-tetrahydropyridine derivative) to
the same piperidine derivative, directly in one step. Furthermore, this fully
saturated piperidine is also available in one step from (VIII) when P is Boc by
standard ionic hydrogenation using, for example, triethylsilane and
trifluoroacetic acid in dichloromethane.

Other amines of formula (l1l), when neither commercially available nor
subsequently described, can be obtained either by analogy with the processes
described in the Preparations section or by conventional synthetic procedures,
in accordance with standard textbooks on organic chemistry or literature
precedent, from readily accessible starting materials using appropriate reagents

and reaction conditions.
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Moreover, persons skilled in the art will be aware of variations of, and
alternatives to, those processes described hereinafter in the Examples and
Preparations sections which allow the compounds defined by formula (1) to be
obtained.

The pharmaceutically and veterinarily acceptable base salts of the
compounds of formula (I) may also be prepared in a conventional manner. For
example a solution of the hydroxamic acid is treated with the appropriate base,
either neat or in a suitable solvent, and the resulting salt isolated either by
filtration or by evaporation under vacuum of the reaction solvent.
Pharmaceutically and veterinarily acceptable acid addition salts can be
obtained in an analogous manner by treating a solution of a basic compound of
formula (1) with the appropriate acid. Both types of salt may be formed or

interconverted using ion-exchange resin techniques.

The biological activities of the compounds of the present invention were
determined by the following test methods, which are based on the ability of the
compounds to inhibit the cleavage of various fluorogenic peptides by MMPs 1,
2,3,9, 13 and 14.

The assays for MMPs 2, 3, 9 and 14 are based upon the original
protoco! described in FEBS, 1992, 296, 263, with the minor modifications
described below.

Inhibition of MMP-1

Enzyme Preparation
Catalytic domain MMP-1 was prepared in Pfizer Central Research

laboratories. A stock solution of MMP-1 (1uM) was activiated by the addition

of aminophenyimercuric acetate (APMA), at a final concentration of 1mM, for 20
minutes at 37°C. MMP-1 was then diluted in Tris-HCI| assay buffer (60mM Tris,
200mM NacCl, 5mM CaCl,, 20uM ZnSO, and 0.05% Brij 35, pH 7.5) to a
concentration of 10nM. The final concentration of enzyme used in the assay

was 1nM.
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Substrate
The fluorogenic substrate used in this assay was Dnp-Pro-g-cyclohexyi-
Ala-Gly-Cys(Me)-His-Ala-Lys-(N-Me-Ala)-NH, as originally described in Anal.
Biochem., 1993, 212, 58. The final substrate concentration used in the assay
was 10uM.

Determination of Enzyme Inhibition

The test compound was dissolved in dimethyl sulphoxide and diluted
with assay buffer so that no more than 1% dimethyl sulphoxide was present.
Test compound and enzyme were added fo each well of a 96 well plate and
aliowed to equilibrate for 15 minutes at 37°C in an orbital shaker prior to the
addition of substrate. Plates were then incubated for 1 hour at 37°C prior to
determination of fluorescence (substrate cleavage) using a fluorimeter
(Fluostar; BMG LabTechnologies, Aylesbury, UK) at an excitation wavelength
of 355 nm and emission wavelength of 440 nm. The potency of inhibition was
measured from the amount of substrate cleavage obtained using a range of test
compound concentrations and, from the resulting dose-response curve, an ICy
value (the concentration of inhibitor required to inhibit 50% of the enzyme
activity) was calculated.

Inhibition of MMP-2, MMP-3 and MMP-9

Enzyme Preparation
Catalytic domains MMP-2, MMP-3 and MMP-9 were prepared in Pfizer

Central Research laboratories. A stock solution of MMP-2, MMP-3 or MMP-9
(1uM) was activated by the addition of APMA. For MMP-2 and MMP-9, a final
concentration of 1mM APMA was added, followed by incubation for 1 hour at
37°C. MMP-3 was activated by the addition of 2mM APMA, followed by
incubation for 3 hours at 37°C. The enzymes were then diluted in Tris-HCI
assay buffer (100mM Tris, 100mM NaCl, 10mM CacCl, and 0.16% Brij 35, pH
7.5) to a concentration of 10nM. The final concentration of enzyme used in the

assays was 1nM.
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Substrate

The fluorogenic substrate used in this screen was Mca-Arg-Pro-Lys-Pro-
Tyr-Ala-Nva-Trp-Met-Lys(Dnp)-NH, (Bachem Ltd., Essex, UK) as originally
described in J.Biol.Chem., 1994, 269, 20952. This substrate was selected
because it has a balanced hydrolysis rate against MMPs 2, 3 and 9 (k.,/k,, of
54 000, 59,400 and 55,300 s M respectively). The final substrate
concentration used in the assay was 5uM.

Determination of Enzyme Inhibition

The test compound was dissolved in dimethyl sulphoxide and diluted
with assay buffer so that no more than 1% dimethyl sulphoxide was present.
Test compound and enzyme were added to each well of a 96 well plate and
allowed to equilibrate for 15 minutes at 37°C in an orbital shaker prior to the
addition of substrate. Plates were then incubated for 1 hour at 37°C, prior to
determination of fluorescence using a fluorimeter (Fluostar; BMG
LabTechnologies, Aylesbury, UK) at an excitation wavelength of 328nm and
emission wavelength of 393nm. The potency of inhibition was measured from
the amount of substrate cleavage obtained using a range of test compound
concentrations and, from the resulting dose-response curve, an ICx, value (the
concentration of inhibitor required to inhibit 50% of the enzyme activity) was

calculated.

Inhibition of MMP-13

Enzyme Preparation
Human recombinant MMP-13 was prepared by PanVera Corporation

(Madison, Wisconsin) and characterised at Pfizer Central Research
laboratories. A 1.9 mg/ml stock solution was activated with 2mM APMA for 2
hours at 37°C. MMP-13 was then diluted in assay buffer (50mM Tris, 200mM
NaCl, 5mM CacCl,, 20uM ZnCl, and 0.02% Brij 35, pH 7.5) to a concentration of

5.3nM. The final concentration of enzyme used in the assay was 1.3nM.
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Substrate
The fluorogenic substrate used in this screen was Dnp-Pro-Cha-Gly-
Cys(Me)-His-Ala-Lys(NMA)-NH,. The final substrate concentration used in the
assay was 10uM.

Determination of Enzyme Inhibition

The test compound was dissolved in dimethyl sulphoxide and diluted
with assay buffer so that no more than 1% dimethyl sulphoxide was present.
Test compound and enzyme were added to each well of a 96 well plate. The
addition of substrate to each well initiated the reaction. Fluorescence intensity
was determined using a 96 well plate fluorimeter (Cytofluor ll; PerSeptive
Biosystems, Inc., Framingham, MA) at an excitation wavelength of 360nm and
emission wavelength of 460nm. The potency of inhibition was measured from
the amount of substrate cleavage obtained using a range of test compound |
concentrations and, from the resulting dose-response curve, an 1Cgy value (the
concentration of inhibitor required to inhibit 50% of the enzyme activity) was
calculated.

Inhibition_of MMP-14

Enzyme Preparation
Catalytic domain MMP-14 was prepared in Pfizer Central Research

laboratories. A 10uM enzyme stock solution was activated for 20 minutes at
25°C following the addition of 5ug/mil of trypsin (Sigma, Dorset, UK). The
trypsin activity was then neutralised by the addition of 50ug/ml of soyabean
trypsin inhibitor (Sigma, Dorset, UK), prior to dilution of this enzyme stock
solution in Tris-HCI assay buffer (100mM Tris, 100nM NaCl, 10mM CacCl,,
0.16% Brij 35, pH 7.5) to a concentration of 10nM. The final concentration of

enzyme used in the assay was 1nM.
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Substrate
The fluorogenic substrate used in this screen was Mca-Pro-Leu-Gly-Leu-
Dpa-Ala-Arg-NH, (Bachem Ltd., Essex, UK) as described in J.Biol.Chem.,
1996, 271, 17119.

Determination of enzyme inhibition
This was performed as described for MMPs 2, 3 and 9.

In human therapy, the compounds of formula (1), their pharmaceutically
acceptable salts, and pharmaceutically acceptable solvates of either entity, can
be administered alone, but will generally be administered in admixture with a
pharmaceutical carrier selected with regard to the intended route of
administration and standard pharmaceutical practice.

They may be administered orally in the form of tablets containing such
excipients as starch or lactose, or in capsules or ovules either alone or in
admixture with excipients, or in the form of elixirs, solution or suspensions
containing flavouring or colouring agents. They can also be injected, for
example intravenously, intramuscularly or subcutaneously, and are best used in
the form of a sterile aqueous solution which may contain other substances, for
example enough salts or monosaccarides to make the solution isotonic with
blood. For other routes of parenteral administration, such as buccal or
sublingual, they may be administered in the form of tablets or lozenges which
can be formulated in a conventional manner.

In addition, the compounds and their salts may be administered topically
in the form of sterile creams, gels, suspensions, lotions, ointments, dusting
powders, sprays, drug-incorporated dressings or via a skin patch. For example,
they can be incorporated into a cream consisting of an aqueous or oily
emulsion of polyethylene glycols or liquid paraffin, or they can be incorporated

into an ointment consisting of a white wax soft paraffin base, or as a hydrogel
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with cellulose or polyacrylate derivatives or other viscosity modifiers, or as a dry
powder or liquid spray or aerosol with butane/propane, HFA or CFC
propellants, or as a drug-incorporated dressing either as a tulle dressing, with
white soft paraffin or polyethylene glycol impregnated gauze dressings or with
hydrogel, hydrocolloid, alginate or film dressings. Moreover, the compounds
and salts may be administered intraocularly as an eye drop with appropriate
buffers, viscosity modifiers (e.g. cellulose derivatives), preservatives (e.q.
benzalkonium chlorides (BZK)) and agents to adjust tonicity (e.g. sodium
chloride).

All such formulations may also contain stabilisers and preservatives.

Depending on the route of administration to human patients, the daily
dosage level of the compounds of formula (I) and their salts may be from 0.001
to 20 mg/kg, in single or divided doses. Thus, for example, tablets or capsules
could contain from 0.02 to 500 mg of active compound for administration singly
or two or more at a time as appropriate.

The physician in any event will determine the actual dosage which will be
most suitable for an individual patient and it will vary with the age, weight and
response of the particular patient. The above dosages are exemplary of the
average case; there can of course be individual instances where higher or
lower dosage ranges are merited and such are within the scope of this
invention.

For veterinary use, a compound of formula (I), or a veterinarily
acceptable salt thereof, or a veterinarily acceptable solvate of either entity, is
administered as a suitably acceptable formulation in accordance with normal
veterinary practice and the veterinary surgeon will determine the dosing
regimen and route of administration which will be most appropriate for a

particular animal.
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Thus the invention provides a pharmaceutical composition comprising a
compound of formula (), or a pharmaceutically acceptabie salt thereof, or a
pharmaceutically acceptable solvate of either entity, together with a
pharmaceutically acceptable diluent or carrier.

it further provides a veterinary formulation comprising a compound of
formula (), or a veterinarily acceptable salt thereof, or a veterinarily acceptable
solvate of either entity, together with a veterinarily acceptable diluent or carrier.

The invention also provides a compound of formula (1), or a
pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable
solvate of either entity, or a pharmaceutical composition containing any of the
foregoing, for use as a human medicament.

In addition, it provides a compound of formula (l), or a veterinarily
acceptable salt thereof, or a veterinarily acceptable solvate of either entity, or a
veterinary formulation containing any of the foregoing, for use as an animal
medicament.

In yet another aspect, the invention provides the use of a compound of
formula (1), or a pharmaceutically acceptable salt thereof, or a
pharmaceutically acceptable solvate of either entity, for the manufacture of a
human medicament for the curative or prophylactic treatment of a medical
condition for which a MMP inhibitor is indicated.

It also provides the use of a compound of formula (l), or a veterinarily
acceptable salt thereof, or a veterinarily acceptable solvate of either entity, for
the manufacture of an animal medicament for the curative or prophylactic
treatment of a medical condition for which a MMP inhibitor is indicated.

Moreover, the invention provides the use of a compound of formula (1),
or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable
solvate containing either entity, for the manufacture of a human medicament for

the curative or prophylactic treatment of atherosclerotic plaque rupture,
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myocardial infarction, heart failure, restenosis, stroke, periodontal disease,
tissue ulceration, wound repair, skin diseases, cancer metastasis, tumour
angiogenesis, age-related macular degeneration, fibrotic disease, rheumatoid
arthritis, osteoarthritis and inflammatory diseases dependent on migratory
inflammatory cells.

It also provides the use of a compound of formula (), or a veterinarily
acceptable salt thereof, or a veterinarily acceptable solvate containing either
entity, for the manufacture of an animal medicament for the curative or
prophylactic treatment of atherosclerotic plaque rupture, myocardial infarction,
heart failure, restenosis, stroke, periodontal disease, tissue ulceration, wound
repair, skin diseases, cancer metastasis, tumour angiogenesis, age-related
macular degeneration, fibrotic disease, rheumatoid arthritis, osteoarthritis and
inflammatory diseases dependent on migratory inflammatory cells.

Additionally, the invention provides a method of treating or preventing a
medical condition for which a MMP inhibitor is indicated, in a mammal
(including a human being), which comprises administering to said mammal a
therapeutically effective amount of a compound of formula (1), or a
pharmaceutically or veterinarily acceptable salt thereof, or a pharmaceutically
or veterinarily acceptable solvate of either entity, or a pharmaceutical
composition or veterinary formulation containing any of the foregoing.

Stili further, the invention provides a method of treating or preventing
atherosclerotic plaque rupture, myocardial infarction, heart failure, restenosis,
stroke, periodontal disease, tissue ulceration, wound repair, skin diseases,
cancer metastasis, tumour angiogenesis, age-related macular degeneration,
fibrotic disease, rheumatoid arthritis, osteoarthritis and inflammatory diseases
dependent on migratory inflammatory cells, in a mammal (including a human
being), which comprises administering to said mammal a therapeutically

effective amount of a compound of formula (I), or a pharmaceutically or
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veterinarily acceptable salt thereof, or a pharmaceutically or veterinarily
acceptable solvate of either entity, or a pharmaceutical composition or
veterinary formulation containing any of the foregoing.

The invention also includes any novel intermediates described herein, for
example those of formula (l1).

The syntheses of the compound of the invention and of the
intermediates for use therein are illustrated by the following Examples and
Preparations.

Room temperature means 20 to 25°C.

Flash chromatography refers to column chromatography on silica gel
(Kieselgel 60, 230-400 mesh).

Melting points are uncorrected.

'H Nuclear magnetic resonance (NMR) spectra were recorded using a
Bruker AC300, a Varian Unity Inova-300 or a Varian Unity inova-400
spectrometer and were in all cases consistent with the proposed structures.
Characteristic chemical shifts (8) are given in parts-per-million downfield from
tetramethylsilane using conventional abbreviations for designation of major
peaks: e.g. s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad.

Mass spectra were recorded using a Finnigan Mat. TSQ 7000 or a
Fisons Intruments Trio 1000 mass spectrometer. LRMS means low resolution
mass spectrum and the calculated and observed ions quoted refer to the

isotopic composition of lowest mass.

AQUESTIVE EXHIBIT 1004 page 1212



10

15

20

25

WO 99/29667 k PCT/EP98/06640

-26-
EXAMPLE 1
N-Hydroxv-2-[4-(4-phenvyilpheny)-1.2.3 6-tetrahvdropyridin-1-

visulphonyl]acetamide

Potassium carbonate (207mg, 1.5 mmol) was added to a stirred mixture
of the title compound of Preparation 8 (186 mg, 0.5 mmol), hydroxylamine
hydrochloride (104 mg, 1.5 mmol), tetrahydrofuran (2 ml) and methanol (3 ml).
The reaction mixture was heated under reflux for 20 hours, allowed to cool,
diluted with water (15 ml) and ethyl acetate (10 ml) and acidified with
concentrated hydrochloric acid. This mixture was then briefly heated at 100°C,
allowed to cool and filtered. The material thus obtained was washed
sequentially with water and ethyl acetate, then dried under vacuum to provide
the title compound (125 mg, 67%) as a colourless solid, m.p. 216-218°C.
Found: C,61.05; H, 5.35; N, 7.41. C,gH;N,O,S requires C, 61.27; H, 5.41; N,
7.52%. & (DMSOQOg): 2.62 (m,2H), 3.50 (m,2H), 3.92 (s,2H), 3.98 (m,2H), 6.24
(brs, 1H), 7.35 (m,1H), 7.41-7.48 (m,2H), 7.52-7.58 (m,2H), 7.62-7.73 (m,4H),
9.22 (s,1H), 10.82 (s,1H).

LRMS (APCI): 373 (M+H)".

EXAMPLE 2
N-Hydroxvy-2-[4-(3-methyl-4-phenvyipheny-1.2.3.6-tetrahydropyridin-1-

ylsulphonyllacetamide

Obtained as a colourless solid (58%), m.p. 190-191°C, from the title

compound of Preparation 9, using the procedure of Example 1. Found:
C,62.05; H,5.74; N,7.12. C,oH,5N,0,S requires C,62.16; H,5.74; N,7.25%.
8(DMSOy): 2.23 (s,3H), 2.60 (m,2H), 3.47 (t,2H), 3.90 (s,2H), 3.95 (m,2H),
6.20 (brs, 1H), 7.17 (d,1H), 7.30-7.48 (m,7H), 9.20 (s,1H), 10.80 (s,1H).
LRMS (Thermospray): 388(M+H)".
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EXAMPLE 3
N-Hydroxy-2-[4-(4-phenylphenyl)piperidin-1-ylsulphonyl]acetamide
Obtained as a colourless solid (62%), m.p. 200-201°C, from the title

compound of Preparation 10, using the procedure of Example 1. Found:
C,60.96; H,5.86; N,6.97. C,9H,N,0,S requires C,60.94; H,5.92; N,7.48%.
8(DMSOyq): 1.63 (m,2H), 1.83 (m,2H), 2.66 (m,1H), 2.98 (1,2H), 3.70 (m,2H),
3.83 (s,2H), 7.30 (m,3H), 7.40 (t,2H), 7.54-7.60 (m,4H), 9.18 (s,1H), 10.75
(s,1H).

LRMS (Theimospray): 375 (M+H)".

EXAMPLE 4
N-Hvdroxy-2-(4-phenyl-1,2.3.6-tetrahydropyridin-1-ylsulphonyl)acetamide
Obtained as a colourless solid (76%), m.p. 175-176°C, from the title

compound of Preparation 11, using the procedure of Example 1. Found:
C,52.41; H,5.39; N,9.35. C,3H;gN,0,S requries C,52.69; H,5.44; N,9.45%.
§(DMSOy): 2.58 (m,2H), 3.46 (t,2H), 3.90 (s,2H), 3.95 (m,2H), 6.18 (brs, 1H),
7.23-7.48 (m,5H), 9.20 (s,1H), 10.80 (s,1H).

EXAMPLE 5
N-Hvdroxy-2-(4-phenyipiperidin-1-visulphonyl)acetamide
Obtained as a colourless solid (44%), m.p. 185-187°C, from the title

compound of Preparation 12, using the procedure of Example 1. Found:
C,52.08; H,6.04; N,9.23. C;5H,gN,0,S requires C,52.33; H,6.08; N,9.39%.
8(DMSOye): 1.62 (m,2H), 1.82 (m,2H), 2.62 (m,1H), 2.98 (t,2H), 3.70 (m,2H),
3.84 (s,2H), 7.15-7.33 (m,5H), 9.20 (s,1H), 10.78 (s,1H).

AQUESTIVE EXHIBIT 1004 page 1214



10

15

20

25

WO 99/29667 PCT/EP98/06640

-28-
EXAMPLE 6
N-Hydroxy-2-(4-benzylpiperidin-1-ylsulphonyl)acetamide
Obtained as a colourless solid (35%), m.p. 132-135°C, from the title

compound of Preparation 13, using the procedure of Example 1. Found:
C,53.66; H,6.43; N,8.82. C,,H,,N,0,S requires C,53.83; H,6.45; N,8.97%.
8(DMSOg): 1.13 (m,2H), 1.58 (m,3H), 2.49 (d,2H), 2.75 (t,2H), 3.50 (d,2H),
3.73 (s,2H), 7.10 (m,3H), 7.22 (m,2H), 9.10 (s,1H), 10.70 (s,1H).

EXAMPLE 7
N-Hvdroxy-2(R.S)-[4-(4-phenylphenyl)-1.2 3 6-tetrahydropyridin-1-

visulphonyvllpent-4-enamide

O-(7-Azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (100 mg, 0.26 mmol) was added to a stirred solution of
the title compound of Preparation 15 (70 mg, 0.18 mmol) and N-
ethyldiisopropylamine (0.03 ml, 0.18 mmol) in anhydrous dimethylformamide
(1 ml), under nitrogen, at room temperature. After 15 minutes, a solution of
hydroxylamine hydrochloride (37 mg, 0.53 mmol) and N-ethyldiisopropylamine
(0.12 ml, 0.7 mmol) in anhydrous dimethylformamide (0.5 ml) was added and
the reaction mixture stirred for 20 hours, then partitioned between ethyl acetate
and aqueous phosphate buffer (pH 7). The organic phase was separated,
washed with water, dried (MgSO,) and evaporated under reduced pressure,
then the residue purified by flash chromatography, using
dichloromethane:methanol (97:3) as eluant, fo give the title compound (55 mg)
as a colourless, amorphous solid. §(DMSOge): 2.50-2.80 (m,4H), 3.50 (m,2H),
3.80 (dd,1H), 4.00 (m,2H), 5.03-5.18 (m,2H), 5.62 (m,1H), 6.23 (brs, 1H), 7.37
(m,1H), 7.45 (m,2H), 7.53 (m,2H), 7.67 (m,4H), 9.22 (s,1H), 10.85 (s,1H).
LRMS (Thermospray): 413 (M+H)".
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EXAMPLE 8
N-Hvdroxv-2(R.S)-[4-(3-methyl-4-phenylphenyl)-1.2.3.6-tetrahydropyridin-1-

visulphonyllpent-4-enamide

Obtained as a solid (13%) from the title compound of Preparation 17,
using the procedure of Example 7, but with an elution gradient of

dichloromethane:methanol (100:0 to 90:10) for the chromatographic purification

. step. 8(CDCly): 2.25 (s,3H), 2.62 (m,2H), 2.82 (m,2H), 3.62 (m,2H), 3.80

(dd,1H), 4.10 (m,2H), 5.10-5.22 (m,2H), 5.75 (m,1H), 6.03 (brs, 1H), 7.20-7.43
(m,8H).
LRMS (APCI): 427 (M+H)".

EXAMPLE 9
N-Hvdroxv-5-phenvl-2(R.S)-[4-(4-phenylphenyl)-1.2.3 6-tetrahydropyridin-1-

ylsulphonyllpentanamide

Obtained as a colourless solid (35%), m.p. 150°C (decomp.), from the
titte compound of Preparation 18, using the procedure of Example 1.
§(DMSOy): 1.50 (m,2H), 1.80 (m,1H), 2.00 (m,1H), 2.54 (m,4H), 3.45 (m,2H),
3.75 (dd,1H), 3.98 (m,2H), 6.10 (brs,1H), 7.10-7.54 (m,10H), 7.63 (m,4H), 9.10
(s,1H), 10.88 (s,1H).
LRMS (Thermospray): 492 (M+H)".

EXAMPLE 10
N-Hvdroxy-2-methv!-2-[4-(4-phenyiphenyl-1,2,3 6-tetrahydropyridin-1-

visulphonyllpropanamide

Obtained as an amorphous solid (41%) from the title compound of
Preparation 19, using the procedure of Example 7. 3(DMSOgg): 1.50 (s,6H),
2.66 (m,2H), 3.50 (m,2H), 4.00 (m,2H), 6.10 (brs,1H), 7.30-7.70 (m,9H), 9.00
(s,1H), 10.78 (s,1H).
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EXAMPLE 11
N-Hydroxy-1-[4-(3-methyl-4-phenyiphenyl)-1.2.3.6-tetrahydropyridin-1-

visulphonyllcyclopentanecarboxamide

Obtained as a solid (44%) from the title compound of Preparation 21,
using the procedure of Example 7, but with dichloromethane:methanol (99:1) as
eluant for the chfomatographic purification step. §(CDCI3): 1.70 (m,2H), 1.86
(m,2H), 2.27 (s,3H), 2.37 (m,2H), 2.48 (m,2H), 2.62 (m,2H), 3.60 (t,2H), 4.05
(m,2H), 6.02 (brs,1H), 7.20-7.43 (m,8H).

EXAMPLE 12
N-Hydroxy-2-ethyl-2-[4-(4-phenylphenyl)-1,2, 3 ,6-tetrahydropyridin-1-
sulphonyllbutanamide

Obtained as a solid (56%) from the title compound of Preparation 23,
using the procedure of Example 7. 8(DMSOg): 0.90 (m,6H), 1.95-2.13 (m,4H),
2.52 (m,2H), 3.48 (m,2H), 3.98 (m,2H), 6.10 (brs,1H), 7.35 (m,1H), 7.44 (m,2H),
7.52 (m,2H), 7.64 (m,4H), 9.03 (brs,1H), 10.70 (brs,1H).

EXAMPLE 13
N-Hydroxy-2(R.S)-[4-(4-phenylphenyl)-1.2.3.6-tetrahydropyridin-1-

yisulphonyllhexanamide
Obtained as a colourless solid (72%), m.p. 186-189°C, from the title

compound of Preparation 25, using the procedure of Example 7, but with 1-
methylpyrrolidin-2-one as reaction solvent and with crystallisation from
diisopropyl ether:ethyl acetate, rather than flash chromatography, as the
purification technique. Found: C,63.03; H,6.60; N,6.43. C,;H,3N,0,S; 0.50
H,0 requires C,63.13; H,6.68; N,6.40%. 8(DMSOy): 0.83 (t,3H), 1.10-1.35
(m,4H), 1.78 (m,1H), 1.98 (m,1H), 2.55 (m,2H), 3.50 (m,2H), 3.70 (dd,1H), 3.98
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(m,2H), 6.12 (brs, 1H), 7.32 (m,1H), 7.44 (m,2H), 7.52 (m,2H), 7.64 (m,4H),
9.20 (brs, 1H), 10.85 (brs,1H).
LRMS (APCI): 429 (M+H)".

EXAMPLE 14
N-Hydroxy-4-methyl-2(R.S)-[4-(4-phenylphenyl)-1,2,.3.6-tetrahydropyridin-1-

visulphonvllpent-4-enamide

Obtained as a colourless solid (33%), m.p. 170-171°C, from the title

compound of Preparation 27, using the procedure of Example 7, but with an
elution gradient of dichloromethane:methanol (100:0 to 98:2) for the
chromatographic purification step. §(DMSOgs): 1.65 (s,3H), 2.40-2.80 (m,4H),
3.52 (m,2H), 3.90 (dd,1H), 4.00 (m,2H), 4.70 (s,1H), 4.78 (s,1H), 6.23 (brs,1H),
7.35 (m,1H), 7.44 (m,2H), 7.52 (d,2H), 7.65 (m,4H), 9.22 (s,1H), 10.85 (s,1H).
LRMS (APCI): 427 (M+H)".

EXAMPLE 15
N-Hvdroxv-2(R.S)-methyl-2-[4-(3-methyl-4-phenylphenyl!)-1,2.3.6-

tetrahvdropyridin-1-ylsulphonyllpent-4-enamide

Obtained as a colourless gum (20%) from the title compound of
Preparation 29, using the procedure of Example 7, but with an elution gradient
of dichloromethane:methanol (100:0 to 98:2 to 95:5) for the chromatographic
purification step. & (CDCl;): 1.60 (s,3H), 2.28 (s,3H), 2.64 (m,3H), 3.00 (m,1H),
3.62 (m,2H), 4.10 (m,2H), 5.21 (m,2H), 5.70 (m,1H), 6.03 (brs,1H), 7.20-7.44
(m,8H).

LRMS (APCI): 441 (M+H)".
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EXAMPLE 16

N-Hydroxy-2-[3-(4-phenyiphenoxy)azetidin-1-yIsulphonyllacetamide

Obtained as a colourless solid (66%) from the title compound of
Preparation 32, using the procedure of EXAMPLE 1. 8(DMSOg): 4.03 (s,2H),
4.05 (dd,2H), 5.09 (m,1H), 6.94 (d,2H), 7.30 (m,1H), 7.40 (m,2H), 7.60 (m,4H),
9.25 (s,1H), 10.80 (brs,1H).

LRMS (Thermospray): 364 (M+H)".

EXAMPLE 17
N-Hvydroxy-2-{4-[4-(3-ethoxypheny])-3-methyiphenyl]-1.2.3 6-tetrahydropyridin-

1-visulphonyilacetamide

Potassium carbonate (406 mg, 3 mmol) was added to a stirred mixture of
the title compound of Preparation 41 (429 mg, 1 mmol), hydroxylamine
hydrochloride (212 mg, 3 mmol) and methano! (20 ml). The reaction mixture
was heated under reflux for about 6 hours, aliowed to cool and partitioned
between ethyl acetate and 1M hydrochloric acid. The separated organic phase
was dried (MgSO,) and evaporated under reduced pressure, then the residue
triturated with diisopropyl ether and crystallised from ethyl acetate to yield the
title compound (148 mg, 34%) as a colourless solid, m.p. 151-1563°C. Found:
C,61.01; H, 6.04; N, 6.48. C,,H,sN,05S requires C, 61.38; H, 6.09; N, 6.51%.
3 (DMSQy): 1.33 (t,3H), 2.23 (s,3H), 2.60 (m,2H), 3.46 (t,2H), 3.91 (s,2H),
3.96 (m,2H), 4.03 (q,2H), 6.10 (brs,1H), 6.80-6.95 (m,3H), 7.17 (d,1H), 7.28-
7.38 (m,3H), 9.20 (brs,1H), 10.8 (brs,1H).

LRMS (APCI): 431 (M+H)".
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EXAMPLE 18
N-Hydroxy-2-[4-(3-methoxy-4-phenylphenyl)-1,2,3 6-tetrahydropyridin-1-
ylsulphonyllacetamide

Potassium carbonate (95 mg, 0.7 mmol) was added to a stirred mixture

of the title compound of Preparation 45 (170 mg, 0.4 mmol), hydroxylamine
hydrochloride (49 mg, 0.7 mmol) and methanol (3 ml). The reaction mixture
was heated under reflux for about 2 hours, allowed to cool, diluted with
phosphate buffer (15 ml) and extracted with ethyl acetate (2 x 15 ml). The
combined organic phases were dried (MgSO,) and evaporated under reduced
pressure, then the residue was triturated with ethyl acetate to furnish the title
compound (50 mg, 30%) as a colourless solid, m.p. 175-177°C. Found:
C,58.84; H, 5.51; N, 6.70. C,oH,oN,05S; 0.10 CH,CI, requires C, 568.75; H,
5.45; N, 6.82%. & (DMSQy): 2.63 (m,2H), 3.50 (t,2H), 3.80 (s,3H), 3.93 (s,2H),
3.99 (s,2H), 6.27 (s,1H), 7.10 (d,1H), 7.16 (s,1H), 7.27 (d,1H), 7.31 (d,1H), 7.41
(t,2H), 7.47 (d,2H), 9.23 (brs,1H), 10.80 (brs,1H).

LRMS (Thermospray): 420 (M+NH,)".

EXAMPLE 19
N-Hydroxy-2-[4-(3-methoxy-4-phenviphenyl)-1.2.3.6-tetrahydropyridin-1-

visulphonyl]-2-methylpropanamide

O-(7-Azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (274 mg, 0.72 mmol) was added to a stirred solution of
the title compound of Preparation 50 (200 mg, 0.48 mmol) and N-
ethyldiisopropylamine (0.08 ml, 0.48 mmol) in anhydrous dimethylformamide
(4 ml), under nitrogen, at room temperature. After 15 minutes, hydroxylamine
hydrochloride (100 mg, 1.44 mmol) and N-ethyldiisopropylamine (0.33 ml, 1.9
mmol) were added and the reaction mixture stirred for about 3 hours, then

partitioned between ethyl acetate and aqueous phosphate buffer (pH 7). The
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organic phase was separated, washed with water, dried (MgSQO,) and
evaporated under reduced pressure, then the residue was triturated with
diisopropyl ether to give the title compound (71 mg, 36%) as a colourless,
amorphous solid, m.p. 156-158°C. Found: C,60.80; H, 6.17; N, 6.25.
C,,H6N,0sS; 0.10 H,O requires C, 61.12; H, 6.11; N, 6.48%. 3(DMSOe):

1.51 (s,6H), 2.57 (m,2H), 3.43 (t,2H), 3.80 (s,3H), 4.03 (m,2H), 6.25 (brs,1H),
7.09 (d,1H), 7.13 (s,1H), 7.26 (d,1H), 7.31 (d,1H), 7.39 (t,2H), 7.46 (d,2H), 9.24
(brs,1H), 10.79 (brs, 1H).

LRMS (APCI): 431 (M+H)".

EXAMPLE 20
N-Hvydroxv-2-[4-(3-fluoro-4-phenylphenyi)-1.2.3.6-tetrahydropyridin-1-

visulphonvllacetamide

Obtained as a colourless solid (40%), m.p. 184-188°C, from the title

compound of Preparation 47, using the procedure of Example 1. Found:
C,58.39; H,4.90; N,6.84. C,gHsFN,O,S requires C,58.45; H,4.91; N,7.17%.
S(DMSOye): 2.61 (m,2H), 3.47 (t,2H), 3.94 (s,2H), 4.00 (s,2H), 6.35 (brs,1H),
7.33-7.60 (m,8H), 9.23 (brs,1H), 10.80 (brs,1H).

LRMS (Thermospray): 408 (M+NH,)".

EXAMPLE 21
N-Hvdroxy-2-{4-[4-(3-ethoxyphenyhphenyl]-1.2.3.6-tetrahydropyridin-1-

yisulphonvi}acetamide

Obtained as a colourless solid (76%), m.p. 168-170°C, from the title

compound of Preparation 56, using the procedure of Example 1. 8(DMSOge):
1.34 (1,3H), 2.61 (m,2H), 3.49 (1,2H), 3.94 (s,2H), 3.98 (s,2H), 4.10 (q,2H), 6.25
(brs,1H), 6.91 (d,1H), 7.17 (s,1H), 7.22 (d,1H), 7.33 (t,1H), 7.52 (d,2H), 7.66
(d,2H), 9.22 (brs,1H), 10.80 (brs,1H).

LRMS (Thermospray): 434 (M+NH,)".
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EXAMPLE 22
N-Hvdroxy-2-{4-[4-(3-methoxyphenyl)-3-methylphenyl}-1,2,3.6-

tetrahydropyridin-1-yisulphonyl}acetamide
Obtained as a colourless solid (76%), m.p. 162-165°C, from the title

compound of Preparation 61, using the procedure of Example 1. Found:
C,60.26; H, 5.86; N, 6.43. C,;H,4N,0:S requires C, 60.56; H, 5.81; N, 6.73%.
S(DMSOye): 2.23 (s,3H), 2.60 (m,2H), 3.47 (t,2H), 3.77 (s,3H), 3.93 (s,2H), 3.97
(s,2H), 6.20 (brs,1H), 6.83-6.94(m,3H), 7.18 (d,1H), 7.27-7.39 (m, 3H), 9.22
(brs,1H), 10.80 (brs,1H).

LRMS (APCI): 416 (M)".

EXAMPLE 23
N-Hydroxy-2-{4-[4-(3-ethylphenyl)-3-methylpheny!]-1,2 3 .6-tetrahydropyridin-1-
ylsulphonyl}acetamide
Obtained as a colourless solid (58%), m.p. 151-154°C, from the title
compound of Preparation 63, using the procedure of Example 1. Found:
C,62.75: H, 6.24; N, 6.26. C,,H,N,0,S; 0.50 H,O requires C, 62.39; H, 6.43;
N, 6.61%. &§(DMSOQOy): 1.20 (t,3H), 2.24 (s,3H), 2.61 (m,4H), 3.47 (t,2H), 3.92
(s,2H), 3.97 (s,2H), 6.20 (brs,1H), 7.10-7.23 (m,4H), 7.27-7.38 (m,3H), 9.22
(brs,1H), 10.81 (brs,1H).
LRMS (APCI): 414 (M)".

EXAMPLE 24
N-Hydroxy-4-{4-[4-(3-Methoxyphenyl)-3-methylphenyi]-1.2.3.6-
tetrahydropyridin-1-ylsulphonylitetrahydropyran-4-carboxamide

Obtained as a pale yellow solid (47%), m.p. 160-170°C, from the title

compound of Preparation 65, using the procedure of Example 19. §(DMSOge):
1.93 (m,2H), 2.23 (s,3H), 2.39 (m,2H), 2.43 (m,2H), 3.20 (t,2H), 3.49 (m,2H),
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3.77 (s,3H), 3.86 (m,2H), 4.00 (m,2H), 6.16 (brs,1H), 6.83-6.94 (m,3H), 7.17
(d,1H), 7.36 (m,3H), 9.21 (brs,1H), 11.00 (brs,1H).
LRMS (APCI) 487 (M+H)".

EXAMPLE 25

N-Hvdroxv-4-{4-[4-(3-methoxypheny!)-3-methvIphenvlipiperidin-1-

visulphonyliMtetrahydropyran-4-carboxamide

Obtained as a white solid (82%), m.p. 200-202°C, from the title

compound of Preparation 67, using the procedure of Example 19, except that
the residue was crystallised from methanol. Found: C,60.02; H, 6.78; N, 5.45.
C,s5H3,N,06S; CH3OH requires C, 59.98; H, 6.97; N, 5.38%. 3(DMSOy): 1.60
(m,2H), 1.78 (m,2H), 1.90 (m,2H), 2.20 (s,3H), 2.38 (m,2H), 2.64 (m,1H), 3.04
(t,2H), 3.20 (t,2H), 3.70 (m,2H), 3.77 (s,3H), 3.86 (m,2H), 6.87 (m,3H), 7.13
(m,3H), 7.33 (t,1H), 9.16 (brs,1H), 10.97 (brs,1H).

LRMS (APCI) 489 (M+H)".

EXAMPLE 26

N-Hvdroxy-2-{4-[3-methoxy-4-(3-methoxyphenvphenyvllpiperidin-1-

visulphonyi}-2-methyipropanamide
Obtained as a white solid (47%), m.p. 161-163°C, from the title

compound of Preparation 74, using the procedure of Example 19, except that

the residue was purified by flash chromatography using
dichloromethane:methanol:concentrated aqueous ammonia solution (90:10:1)
as eluant. Found: C,59.39; H, 6.58; N, 6.13. Cy3H3oN,O04S requires C, 59.72;
H, 6.54; N, 6.06%. §(DMSO): 1.49 (s,6H), 1.64 (m,2H), 1.81 (m,2H), 2.70
(m,1H), 3.06 (t,2H), 3.75 (s,8H), 6.87 (m,2H), 6.98 (m,3H), 7.20 (d,1H), 7.27
(t,1H), 8.99 (brs,1H), 10.75 (brs,1H).

LRMS (Thermospray): 480 (M+NH,)".
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EXAMPLE 27

N-Hvydroxy-2-{4-[4-(3-ethoxyphenyvl)-3-methoxyphenvl]piperidin-1-ylsulphonyl}-

2-methylpropanamide

Obtained as a white solid (39%), m.p. 134-136°C, from the title
compound of Preparation 77, using the procedure of Example 26. Found:
C,60.60; H, 6.80; N, 5.82. C,,H3,N,04S requires C, 60.48; H, 6.77; N, 5.88%.
S(DMSOg): 1.32 (t,3H), 1.49 (s,6H), 1.66 (m,2H), 1.81 (m,2H), 2.70 (m,1H),
3.07 (t,2H), 3.76 (s,5H), 4.02 (q,2H), 6.85 (m,2H), 6.98 (m,3H), 7.20 (d,1H),
7.27 (t,1H), 9.00 (brs,1H), 10.76 (brs,1H).
LRMS (Thermospray): 494 (M+NH,)".

EXAMPLE 28
N-Hvdroxv-4-{4-[4-(3-ethoxyphenvl}-3-methylphenyl]l-1.2 .3 6-tetrahydropyridin-

1-yIsulphonyl{Mtetrahydropyran-4-carboxamide
Obtained as a colourless solid (87%), m.p. 152-154°C, from the title

compound of Preparation 79, using the procedure of Example 19. Found:
C,61.99; H, 6.47; N, 5.54. C,sH3,N,06S requires C, 62.38; H, 6.44; N, 5.60%.
8(DMSOys): 1.33 (t,3H), 1.93 (m,2H), 2.24 (s,3H), 2.40 (d,2H), 2.52 (m,2H),
3.21 (dd,2H), 3.50 (m,2H), 3.88 (m,2H), 3.98-4.10 (m,4H), 6.18 (brs,1H), 6.80-
6.95 (m,3H), 7.18 (d,1H), 7.26-7.37 (m,3H), 9.22 (brs,1H), 11.05 (brs,1H).
LRMS (APCI): 501 (M+H)".

EXAMPLE 29

N-Hvdroxy-4-{4-[4-(3-ethoxyphenyl)-3-methylphenyl]piperidin-1-

visulphonyvlltetrahydropyran-4-carboxamide

Palladium on barium sulfate (5%, 5 mg) was added to a stirred solution

of the title compound of Example 28 (50 mg, 0.1 mmol) in a mixture of 1,2-
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dimethoxyethane (1 ml) and methanol (3 ml), then the reaction mixture
hydrogenated at 345 kPa (50 psi) pressure for about 20 hours. A further portion
of palladium on barium sulfate (5%, 5 mg) was added and hydrogenation
continued for an additional 20 hours. The catalyst was removed by filtration,
the solvent evaporated under reduced pressure and the residue crystallised
from ether-hexane to afford the title compound (34 mg, 66%) as a colourless
solid, m.p. 165-167°C. Found: C,60.81; H, 6.76; N, 5.35. C,5H34N,0O4S; 0.50
H,O requires C, 61.03; H, 6.89; N, 5.47%. 3§ (DMSOg): 1.35 (t,3H), 1.60
(m,2H), 1.78 (m,2H), 1.92 (m,2H), 2.20 (s,3H), 2.40 (d,2H), 2.62 (m,1H), 3.03
(dd,2H), 3.20 (dd,2H), 3.73 (m,2H), 3.86 (m,2H), 4.04 (q,2H), 6.80-6.92 (m,3H),
7.07-7.17 (m,3H), 7.30 (t,1H), 9.18 (brs,1H), 11.0 (brs,1H).

LRMS (Thermospray): 520 (M+NH,)".

EXAMPLE 30
N-Hydroxy-2-{4-[4-(3-ethoxypheny!)-3-methylphenyl]-1.2,3.6-tetrahydropyridin-

1-visulphonyl}-2-methyipropanamide

Obtained as a colourless solid (33%), m.p. 116-118°C, from the title compound
of Preparation 81, using the procedure of Example 19. Found: C,62.52; H,
6.47; N, 6.00. C,,H;N,O4S requires C, 62.86; H, 6.59; N, 6.11%. 8(DMSQOg):
1.34 (t,3H), 1.52 (s,6H), 2.23 (s,3H), 2.53 (m,2H), 3.50 (m,2H), 4.00-4.10
(m,4H), 6.18 (brs,1H), 6.80-6.95 (m,3H), 7.18 (d,1H), 7.28-7.38 (m,3H), 9.03
(brs,1H), 10.8 (brs,1H).

LRMS (Thermospray): 459 (M+H)".
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EXAMPLE 31

N-Hvdroxv-2-{4-14-(3-ethoxyphenyl)-3-methylphenyi]piperidin-1-

visulphonyl}acetamide

Obtained as a colourless solid (48%), m.p. 179-180°C (crystallised from
diisopropyl ether), from the title compound of Preparation 82, using the
procedure of Example 17. Found: C,60.72; H,6.49; N,6.36. C,,H;5N,05S
requires C,61.09; H,6.53; N,6.48%. 3(DMSOg): 1.31 (t,3H), 1.68 (m,2H), 1.86
(m,2H), 2.20 (s,3H), 2.65 (m,1H), 3.00 (m,2H), 3.72 (m,2H), 3.86 (s,2H), 4.03
(g.2H), 6.80-6.90 (m,3H), 7.10 (s,2H), 7.17 (s,1H), 7.30 (t,1H), 9.20 (brs,1H),
10.8 (brs,1H).

LRMS (APCI): 433 (M+H)".

EXAMPLE 32

N-Hvdroxv-2-{4-14-(3-ethoxyphenyl)-3-methyiphenyl]piperidin-1-yisulphonyl}-2-

methyipropanamide

Obtained as a colourless solid (53%), m.p. 172-174°C (crystallised from
diisopropy! ether), from the title compound of Preparation 84, using the
procedure of Example 19. Found: C,62.20; H,6.99; N,6.02. C,,H3,N,05S
requires C,62.58; H,7.00; N,6.08%. &(DMSOg): 1.31 (t,3H), 1.50 (s,6H), 1.61
(m,2H), 1.79 (m,2H), 2.20 (s,3H), 2.65 (m,1H), 3.05 (m,2H), 3.75 (m,2H), 4.03
(9,2H), 6.80-6.90 (m,3H), 7.08-7.18 (m,3H), 7.30 (dd,1H), 8.98 (brs,1H), 10.75
(brs,1H).

LRMS (APCI): 461 (M+H)".
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EXAMPLE 33
N-Hydroxy-2-{4-[3-methyl-4-(pyridin-2-yl)phenyl]-1,2.3.6-tetrahydropyridin-1-
ylsulphonyl}acetamide

Obtained as a colourless amorphous solid (50%) from the title compound

of Preparation 85, using the procedure of Example 17. §(DMSOy): 2.33
(s,3H), 2.60 (m,2H), 3.46 (t,2H), 3.91 (s,2H), 3.97 (m,2H), 6.12 (brs,1H), 7.30-
7.40 (m,4H), 7.50 (d,1H), 7.84 (dd,1H), 8.63 (d,1H), 9.20 (brs,1H), 10.8
(brs,1H).

LRMS (APCI): 388 (M+H)".

EXAMPLE 34
N-Hydroxy-2-{4-[3-methyl-4-(pyridin-3-yl}phenyl]-1.2, 3 6-tetrahydropyridin-1-

ylsulphonyl}acetamide
Obtained as a colourless solid (57%), m.p. 132-136°C, from the title

compound of Preparation 86, using the procedure of Example 31. §(DMSQOge):
2.23 (s,3H), 2.60 (m,2H), 3.46 (t,2H), 3.91 (s,2H), 3.97 (m,2H), 6.12 (brs,1H),
7.21 (d,1H), 7.35 (d,1H), 7.40 (s,1H), 7.45 (dd,1H), 7.78 (d,1H), 8.55 (m,2H),
9.20 (brs,1H), 10.8 (brs,1H).

LRMS (APCI): 388 (M+H)".

EXAMPLE 35
N-Hydroxy-2-{4-[3-methyl-4-(pyridin-4-yl)phenyl}-1.2.3.6-tetrahydropyridin-1-

ylsulphonyl}acetamide
Obtained as a colourless solid (20%), m.p. 165-167° C, from the title

compound of Preparation 87, using the procedure of Example 31. 3(DMSOQOge):
2.26 (s,3H), 2.60 (m,2H), 3.47 (t,2H), 3.92 (s,2H), 3.97 (m,2H), 6.12 (brs,1H),
7.22 (d,1H), 7.35-7.42 (m,4H), 8.62 (d,2H), 9.20 (brs,1H), 10.8 (brs,1H).
LRMS (APCI): 388 (M+H)".
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EXAMPLE 36

N-Hvdroxy-2-{4-[4-(6-ethoxypyridin-2-y)-3-methylphenyl]piperidin-1-

visulphonyl}-2-methylpropanamide

Obtained as a colourless solid (30%), m.p. 184-187° C, from the title

compound of Preparation 91, using the procedure of Example 19, except that
the residue was purified by flash chromatography using dichloromethane:
ethanol! ( 98:2) as eluant. §(DMSOy): 1.30 (t,3H), 1.48 (s,6H), 1.63 (m,2H),
1.79 (m,2H), 2.35 (s,3H), 2.67 (m,1H), 3.05 (t,2H), 3.75 (d,2H), 4.30 (q,2H),
6.72 (d,1H), 7.05 (d,1H), 7.15 (m,2H), 7.34 (a,1H), 7.73 (t,1H), 9.00 (brs,1H),
10.75 (brs,1H).

HRMS (positive ion electrospray): 462.206 (M+H)".

EXAMPLE 37
N-Hydroxy-4-[4-(4-phenylphenyl)-1.2.3.6-tetrahydropyridin-1-

visulphonvlltetrahydropyran-4-carboxamide
Obtained as a colourless solid (68%), m.p. 191-193°C, from the title

compound of Preparation 93, using the procedure of Example 19, but with
crystallisation of the residue from methanol. §(DMSOy): 1.93 (m,2H), 2.40
(d,2H), 2.55 (m,2H), 3.20 (t,2H), 3.48 (m,2H), 3.85 (m,2H), 4.00 (m,2H), 6.11
(brs,1H), 7.35 (t,1H), 7.44 (m,2H), 7.52 (d,2H), 7.65 (m,4H), 9.22 (brs,1H),
11.05 (brs,1H).

LRMS (APCI): 443 (M+H)".

EXAMPLE 38
N-Hvdroxy-4-{4-[4-(4-ethoxyphenyl)-3-methylphenyl}-1.2,3.6-tetrahydropyridin-

1-visulphonylMtetrahydropyran-4-carboxamide
Obtained as a colourless solid (36%), m.p. 159-161°C, from the title

compound of Preparation 95, using the procedure of Example 19, but with

crystallisation of the residue from dichloromethane-diisopropy! ether.

AQUESTIVE EXHIBIT 1004 page 1228



10

15

20

25

WO 99/29667 PCT/EP98/066640

42-

3(DMSOye): 1.35 (t,3H), 1.94 (m,2H), 2.22 (s,3H), 2.38 (d,2H), 2.50 (brs,2H),
3.20 (t,2H), 3.50 (brs,2H), 3.87 (dd,2H), 3.98 (brs,2H), 4.04 (q,2H), 6.15
(brs,1H), 6.96 (d,2H), 7.13 (d,1H), 7.22 (d,2H), 7.28 (d,1H), 7.33 (s,1H), 9.20
(brs,1H), 11.05 (brs,1H).

LRMS (Thermospray): 515 (M+NH,)".

. EXAMPLE 39
N-Hvdroxy-2-{4-[4-(3-hydroxymethylphenvi)-3-methylphenyl}-1.2,3,6-

tetrahvdropyridin-1-visulphonyllacetamide

Obtained as a colourless solid (63%), m.p. 174-176°C (crystallised from
methanol-diisopropyl ether), from the title compound of Preparation 97, using
the procedure of Example 17. Found: C,60.35; H,5.75; N,6.70. C;1H4N,05S
requires C,60.56; H,5.81; N,6.73%. 8(DMSOy): 2.22 (s,3H), 2.60 (m,2H), 3.47
(t,2H), 3.93 (s,2H), 3.97 (s,2H), 4.53 (d,2H), 5.19 (t,1H exchangeable), 6.20
(brs,1H), 7.15-7.42 (m,7H), 9.20 (brs,1H), 10.80 (brs,1H).

LRMS (APCI): 417 (M+H)".

EXAMPLE 40
N-Hvdroxy-2-methyl-2-{4-[3-methyl-4-(quinolin-3-yl)phenyl]-1,2,3.6-

tetrahydropyridin-1-ylsulphonyl}propanamide
Obtained as a colourless solid (51%), m.p. 158-160°C, from the title

compound of Preparation 100, using the procedure of Example 19. §(DMSOge):
1.50 (s,6H), 2.32 (s,3H), 2.57 (m,2H), 3.563 (m,2H), 4.03 (m,2H), 6.23 (brs,1H),
7.34-7.48 (m,3H), 7.63 (t,1H), 7.79 (t,1H), 8.04 (t,2H), 8.37 (s,1H), 8.91 (s,1H),
9.04 (brs,1H), 10.8 (brs,1H).

LRMS (APCI): 466 (M+H)".
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EXAMPLE 41
N-Hvdroxy-2-{4-[3-methyl-4-(3-methylthiophenvii)phenyl]-1.2.3.6-

tetrahvdropyridin-1-visulphonyl}acetamide

Obtained as a colourless solid (17%), from the title compound of
Preparation 102, using the procedure of Example 1. 3(DMSOg): 2.23 (s,3H),
2.49 (s,3H), 2.60 (m,2H), 3.47 (t,2H), 3.91 (s,2H), 3.97 (s,2H), 6.22 (brs,1H),
7.08 (d,1H), 7.17 (m,2H), 7.24 (d,1H), 7.34 (m, 3H), 9.22 (brs,1H), 10.80
(brs,1H).

LRMS (APCI): 432 (M)".

EXAMPLE 42
N-Hydroxy-2-{4-[4-(3-methoxymethylphenyl)-3-methylphenyl]-1.2.3.6-

tetrahvydropyridin-1-visulphony!lacetamide

Obtained as a colourless solid (28%), m.p. 161-153°C (crystallised from
ethyl acetate-diisopropyl ether), from the title compound of Preparation 104,
using the procedure of Example 17. Found: C,60.16; H,6.00; N,6.28.
C,2Ho6N,05S; 0.10 H,O requires C,60.11; H,6.19; N,6.37%. 8(DMSOq): 2.22
(s,3H), 2.60 (m,2H), 3.30 (s,3H), 3.47 (t,2H), 3.93 (s,2H), 3.97 (s,2H), 4.04
(s,2H), 6.20 (brs,1H), 7.17 (d,1H), 7.21-7.42 (m,6H), 9.20 (brs,1H), 10.80
(brs,1H).
LRMS (Thermospray): 432 (M+H)".

EXAMPLE 43
N-Hvdroxy-2-{4-[4-(3-[2-methoxyethoxylphenyl)-3-methylphenyl}-1.2,.3.6-

tetrahvdropyridin-1-visulphonylacetamide

Obtained as a colourless solid (64%), m.p. 158-160°C (crystallised from
ethyl acetate), from the title compound of Preparation 107, using the procedure
of Example 17. Found: C,59.78; H,6.10; N,6.01. C,3H,5N,06S requires
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C,59.98; H,6.13; N,6.08%. 8(DMSOye): 2.24 (s,3H), 2.60 (m,2H), 3.30 (s,3H),
3.47 (t,2H), 3.66 (m,2H), 3.92 (s,2H), 3.97 (m,2H), 4.12 (t,2H), 6.20 (brs,1H),
6.89 (m,3H), 7.18 (d,1H), 7.34 (m,3H), 9.20 (brs,1H), 10.80 (brs,1H).
LRMS (Thermospray): 460 (M)".

EXAMPLE 44
N-Hvdroxy-2-{4-[4-(2 .3-dihvdrobenzofuran-5-y}-3-methvlphenylil-1.2.3.6-

tetrahydropyridin-1-ylsulphonyl}acetamide
Obtained as a colourless solid (56%), m.p. 158-162°C, from the title

compound of Preparation 112, using the procedure of Example 17. Found:
C,57.01; H,5.47; N,5.26. C,,HxN,05S; 0.60 CH,CI, requires C,56.61; H,5.30;
N,5.84%. 3(DMSOy): 2.23 (s,3H), 2.58 (m,2H), 3.20 (t,2H), 3.44 (t,2H), 3.92
(s,2H), 3.96 (s,2H), 4.55 (t,2H), 6.20 (brs,1H), 6.78 (d,1H), 7.01 (d,1H), 7.12
(d,1H), 7.17 (s,1H), 7.27 (d,1H), 7.33 (s,1H), 9.20 (brs,1H), 10.80 (brs,1H).
LRMS (APCI): 428 (M+H)".

EXAMPLE 45
N-Hvdroxy-2-{4[3-methyl-4-(3-trifluoromethyiphenvyphenyll-1.2.3.6-

tetrahydropyridin-1-visulphonyllacetamide

Obtained as a colourless solid (60%), m.p. 168-170°C (crystallised from
diisopropy! ether), from the titie compound of Preparation 116, using the
procedure of Example 17, except that tetrahydrofuran was used as a co-solvent
for the reaction. Found: C,54.96; H,4.73; N,5.97. C,H,,F3N,0,S; 0.25 H,O
requires C,54.96; H,4.72; N,6.10%. 8(DMSOy): 2.24 (s,3H), 2.60 (m,2H), 3.47
(t,2H), 3.93 (s,2H), 3.97 (m,2H), 6.22 (brs,1H), 7.23 (d,1H), 7.36 (d,1H), 7.41
(s,1H), 7.68 (m,4H), 9.20 (brs,1H), 10.80 (brs,1H).

LRMS (APCI): 455 (M+H)".
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EXAMP
N-Hydroxy-2-[4-(4-phenoxyphenylpiperidin-1-ylsulphonyllacetamide
Obtained as a colourless solid (13%), m.p. 176-179°C, from the title

compound of Preparation 119, using the procedure of Example 17, except that
dichloromethane was used as a co-solvent for the reaction. Found: C,57.92;
H,5.62; N,6.97. C;gH5,N,05S; 0.20 H,O requires C,57.91; H,5.73; N,7.11%.
8(DMSOye): 1.63 (m,2H), 1.84 (m,2H), 2.63 (m,1H), 2.98 (t,2H), 3.69 (m,2H),
3.85 (s,2H), 6.96 (m,4H), 7.10 (t,1H), 7.27 (d,2H), 7.36 (t,2H), 9.20 (brs,1H),
10.80 (brs,1H).

LRMS (Thermospray): 392 (M+H)".

EXAMPLE 47
N-Hvydroxv-2-{4-[4-(3-[2-methoxyethoxylpheny|)-3-methyiphenyl]piperidin-1-

ylsulphonyl}-2-methylpropanamide
Obtained as a colourless solid (42%), m.p. 155-156°C, from the title

compound of Preparation 122, using the procedure of Example 19, except that
the residue was purified by flash chromatography, using
dichloromethane:methanol (97:3) as eluant, prior to crystallisation from
dichloromethane-diisopropy! ether. §(DMSOg): 1.50 (s,6H), 1.60 (m,2H), 1.80
(m,2H), 2.20 (s,3H), 2.65 (m,1H), 3.05 (t,2H), 3.30 (s,3H), 3.62 (t,2H), 3.74
(d,2H), 4.10 (t,2H), 6.80-6.92 (m,3H), 7.10-7.17 (m,3H), 7.30 (t,1H), 9.02
(brs,1H), 10.7 (brs,1H).

LRMS (Electrospray): 513 (M+Na)".
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EXAMPLE 48
N-Hydroxv-4-methoxy-2(R,S)-[4-(3-methvi-4-phenyiphenyi)-1.2,.3.6-

tetrahydropyridin-1-ylsulphonyllbutanamide
Obtained as a colourless solid (39%), m.p. 135-136°C, from the title

compound of Preparation 124, using the procedure of Example 19, except that
the residue was purified by flash chromatography using dichloromethane:
methanol (97:3) as eluant, prior to crystallisation from diisopropyl ether.
8(DMSOQ): 2.10 (m,2H), 2.23 (s,3H), 2.57 (m,2H),3.20 (s,4H), 3.36 (m,1H),
3.48 (m,2H), 3.87 (dd,1H), 3.98 (m,2H), 6.20 (brs,1H), 7.16 (d,1H), 7.32 (m,5H),
7.43 (m,2H), 9.22 (brs,1H), 10.95 (brs,1H).

LRMS (Thermospray): 444 (M)".

EXAMPLE 49
N-Hydroxy-4-[4-(3-methyl-4-phenyiphenyi)-1,2,3.6-tetrahydropyridin-1-

visulphonylltetrahydropyran-4-carboxamide

Obtained as a colourless solid (91%), m.p. 188-190°C, from the title

compound of Preparation 126, using the procedure of Example 38. Found:
C,61.89; H,6.15; N,5.94. C,,H,5N,05S; 0.50 H,0O requires C,61.91; H,6.28;
N,6.02%. §(DMSOe): 1.95 (m,2H), 2.22 (s,3H), 2.39 (d,2H), 2.50 (m,2H), 3.20
(t,2H), 3.48 (brs,2H), 3.87 (dd,2H), 4.00 (brs,2H), 6.17 (brs,1H), 7.16 (d,1H),
7.31 (m,5H), 7.42 (m,2H).9.22 (brs,1H), 11.05 (brs,1H).

LRMS (APCI): 457 (M+H)".
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EXAMPLE 50

N-Hydroxv-2-{4-[4-(3-methoxypheny-3-methylphenyi]piperidin-1-

visulphonyllindane-2-carboxamide

Obtained as a colourless solid (63%), m.p. 199-202°C, from the title

compound of Preparation 130, using the procedure of Example 19, but with
crystallisation of the residue from diisopropyl ether. Found: C,66.25; H,6.18;
N,5.18. CyoH3,N,05S; 0.30 H,O requires C,61.21; H,6.25; N,5.33%.
8(DMSOye): 1.55 (m,2H), 1.76 (m,2H), 2.20 (s,3H), 2.54 (m,1H), 2.89 (t,2H),
3.48 (m,2H), 3.77 (m,7H), 6.87 (m,3H), 7.07-7.35 (m,8H), 9.10 (brs,1H), 11.05
(brs,1H).

EXAMPLE 51

N-Hydroxv-1-{4-[4-(3-methoxyphenvyl)-3-methyiphenvllpiperidin-1-

yisulphonyl}cyclobutanecarboxamide

Obtained as a colourless solid (52%), m.p. 157-160°C, from the title
compound of Preparation 132, using the procedure of Example 50. Found:
C,62.79; H,6.60; N,5.93. C,,H3,N,O5S requires C,62.86; H,6.59; N,6.11%.
8(DMSOye): 1.60 (m,2H), 1.78 (m,3H), 1.93 (m,1H), 2.20 (s,3H), 2.57 (m,5H),
2.97 (t,2H), 3.72 (m,2H), 3.77 (s,3H), 6.87 (m,3H), 7.11 (s,2H), 7.15 (s,1H),
7.36 (t,1H), 9.10 (brs,1H), 10.92 (brs,1H).
LRMS (Thermospray): 459 (M+H)".

EXAMPLE 52

N-Hvdroxy-4-{4-[4-(3-methoxypheny!)-3-methyiphenyl]piperidin-1-ylsulphonyl}-

1-methylpiperidine-4-carboxamide

Obtained as a colourless solid (13%), from the title compound of
Preparation 134, using the procedure of Example 19, except that the residue

was purified by flash chromatography using dichloromethane:methanot:
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concentrated aqueous ammonia solution (90:10:1) as eluant. §(CDClI;): 1.79
(m,2H), 1.90 (m,2H), 2.16 (m,2H), 2.27 (s,3H), 2.30 (s,3H), 2.33 (m,4H), 2.64
(m,1H), 2.91 (brd,2H), 3.10 (t,2H), 3.83 (s,3H), 3.91 (m,2H), 6.88 (m,3H), 7.08
(m,2H), 7.18 (d,1H), 7.30 (t,1H).
LRMS (Thermospray): 502 (M+H)".

EXAMPLE 53
N-Hvdroxy-3-phenvl-2(R.S)-[4-(4-phenyiphenyl}-1.2.3.6-tetrahydropyridin-1-

yisulphonyl]jpropanamide

Obtained as a colourless solid (31%), m.p. 202-205°C, from the title

compound of Preparation 136, using the procedure of Example 19, except that
the residue was triturated with dichloromethane. Found: C,66.05; H,5.82;
N,6.15. C,ygH,6N-0,S; 0.50 H,O requires C,66.22; H,5.77; N,5.94%.
8(DMSO0ye): 2.60 (m,2H), 3.15 (m,2H), 3.57 (m,2H), 4.03 (m,3H), 6.07 (brs,TH),
7.16-7.36 (m,6H), 7.45 (m,2H), 7.57 (m,2H), 7.65 (m,4H), 9.17 (brs,1H), 10.70
(brs,1H).

LRMS (APCI): 463 (M+H)".

EXAMPLE 54
N-Hydroxy-2-[4-(4-phenylphenyl)-1,2,3.6-tetrahydropyridin-1-
ylsulphonyllindane-2-carboxamide
Obtained as a colourless solid (27%), m.p. 159-161°C, from the title

compound of Preparation 138, using the procedure of Example 19, except that

the residue was purified by flash chromatography using
dichloromethane:methanol (98:2) as eluant, followed by trituration with
diisopropyl! ether. §(DMSOQgg): 2.55 (m,2H), 3.41 (m,2H), 3.53 (d,2H), 3.77
(d,2H), 3.96 (m,2H), 6.18 (brs,1H), 7.16 (m,2H), 7.23 (m,2H), 7.34-7.53 (m,5H),
7.65 (m,4H), 9.15 (brs,1H), 11.10 (brs,1H).

LRMS (APCI): 463 (M+H)".
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EXAMPLE 55
N-Hydroxy-2-{4-[4-(3-chloro-4-fluorophenyl)-3-methy!phenyl!}-1.2.3.6-

tetrahvydropyridin-1-visulphonyllacetamide

Obtained as a colourless solid (60%), m.p. 181-183°C (crystallised from
ether), from the title compound of Preparation 142, using the procedure of
Example 17, except that tetrahydrofuran was used as a co-solvent for the
reaction. Found: C,54.65; H,4.61; N,6.13. C,oH,,CIFN,0O,S requires C,54.73;
H,4.59; N,6.38%. 8(DMSOy): 2.24 (s,3H), 2.60 (m,2H), 3.47 (t,2H), 3.90
(s,2H), 3.97 (m,2H), 6.22 (brs,1H), 7.20 (d,1H), 7.30-7.40 (m,3H), 7.45 (t,1H),
7.56 (m,1H), 9.20' (brs,1H), 10.80 (brs,1H).

LRMS (APCI): 439 (M+H)".

EXAMPLE 56
N-Hvdroxv-2-{4-[4-(1,3-benzodioxol-5-y|)-3-methviphenyl}-1.2.3.6-

tetrahydropyridin-1-ylsulphonyl}acetamide
Obtained as a colourless solid (69%), m.p. 165-167°C, from the title

compound of Preparation 146, using the procedure of Example 45. Found:
C,58.60; H,5.10; N,6.01. C,,H,,N,04S requires C,58.59; H,5.15; N,6.51%.
3(DMSOye): 2.22 (s,3H), 2.59 (m,2H), 3.46 (t,2H), 3.90 (s,2H), 3.96 (m,2H),
6.04 (s,2H), 6.20 (brs,1H), 6.76 (d,1H), 6.89 (s,1H), 6.95 (d,1H), 7.15 (d,1H),
7.28 (d,1H), 7.35 (s,1H), 9.20 (brs,1H), 10.80 (brs,1H).

LRMS (APCI): 431 (M+H)".
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EXAMPLE 57
N-Hydroxy-2-{4-[4-(2-fluorophenyl)-3-methyiphenyl]-1.2.3,6-tetrahydropyridin-1-

ylsulphonyl}acetamide
Obtained as a colourless solid (32%), m.p. 160-163°C, from the title

compound of Preparation 150, using the procedure of Example 17, except that
tetrahydrofuran was used as a co-solvent for the reaction. 8(DMSOyg): 2.12
(s,3H), 2.60 (m,2H), 3.48 (t,2H), 3.84 (s,2H), 3.98 (m,2H), 6.21 (brs,1H), 7.17
(d,1H), 7.23-7.35 (m,4H), 7.40 (s,1H), 7.42 (m,1H).

LRMS (APCI): 405 (M+H)".

EXAMPLE 58
N-Hvdroxy-2-{4-[4-(3.4-dimethoxyphenyl)-3-methylphenyl]-1,2.3.6-

tetrahydropyridin-1-yisuiphonyl}acetamide
Obtained as a colourless solid (61%), m.p. 172-174°C, from the title

compound of Preparation 151, using the procedure of Example 57. Found:
C,59.36; H,6.08; N,5.87. C,,H,sN,OgS requires C,59.18; H,5.87; N,6.27%.
3(DMSOy): 2.25 (s,3H), 2.60 (m,2H), 3.48 (t,2H), 3.75 (s,3H), 3.78 (s,3H), 3.90
(s,2H), 3.96 (m,2H), 6.19 (brs,1H), 6.82 (d,1H), 6.88 (s,1H), 7.00 (d,1H), 7.19
(d,1H), 7.29 (d,1H), 7.36 (s,1H), 9.20 (brs,1H), 10.80 (brs,1H).

LRMS (APCI): 447 (M+H)".

EXAMPLE 59
N-Hvdroxy-2-{4-[4-(indan-5-v1)}-3-methylphenyl]-1.2.3.6-tetrahydropyridin-1-

ylsulphonyl}acetamide
Obtained as a colourless solid (58%), m.p. 149-152°C, from the title

compound of Preparation 152, using the procedure of Example 17. 8§(DMSOe):
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2.03 (m,2H), 2.22 (s,3H), 2.59 (m,2H), 2.90 (m,4H), 3.47 (m,2H), 3.90 (s,2H),
3.96 (m,2H), 6.19 (brs,1H), 7.05 (d,1H), 7.15 (m,2H), 7.23-7.30 (m,2H), 7.36
(s,1H), 9.20 (brs,1H), 10.80 (brs,1H).
LRMS (APCI): 427 (M+H)".

EXAMPLE 60
N-Hvdroxy-2-{4-[3-methyl-4-(3-trifluoromethoxyphenvphenyl}-1.2.3.6-

tetrahydropyvridin-1-visulphonyllacetamide

Obtained as a colourless solid (13%), m.p. 154°C (crystallised from
dichloromethane-diisopropyl ether), from the title compound of Preparation 153,
using the procedure of Example 17. 3(DMSOg): 2.23 (s,3H), 2.59 (m,2H),
3.47 (,2H), 3.90 (s,2H), 3.96 (m,2H), 6.22 (brs,1H), 7.20 (d,1H), 7.30-7.40
(m,5H), 7.58 (t,1H), 9.20 (brs,1H), 10.80 (brs,1H).

LRMS (Thermospray): 488 (M+NH,)".

EXAMPLE 61
N-Hydroxy-2-[4-(4-phenyl-3-trifluoromethylphenyl)-1.2 3.6-tetrahydropyridin-1-

yisulphonyllacetamide
Obtained as a colouriess solid (43%), m.p. 143-145°C, from the title

compound of Preparation 157, using the procedure of Example 17. Found:
C,54.63; H,4.35; N,5.90. C,oH4sF3N,0,4S requires C,54.54; H,4.35; N,6.36%.
3(DMSO): 2.66 (m,2H), 3.50 (m,2H), 3.93 (s,2H), 4.00 (m,2H), 6.38 (brs,1H),
7.30 (m,2H), 7.35-7.47 (m,4H), 7.79 (d,1H), 7.82 (s,1H), 9.20 (brs,1H), 10.80
(brs,1H).

LRMS (Thermospray): 458 (M+NH,)".
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EXAMPLE 62
N-Hydroxy-2-{4-14-(2.2-dimethyl-1.3-benzodioxol-5-y)-3-methviphenvyl]}-

piperidin-1-yisulphonyl}-2-methylpropionamide
Obtained as a colourless solid (62%), m.p. 184-186°C, from the title

compound of Preparation 161, using the procedure of Example 19. §(DMSO):
1.47 (s,6H), 1.60 (m,2H), 1.65 (s,6H), 1.78 (m,2H), 2.20 (s,3H), 2.65 (m,1H),
3.04 (m,2H), 3.73 (m,2H), 6.68 (d,1H), 6.77 (s,1H), 6.83 (d,1H), 7.07 (s,2H),
7.12 (s,1H), 9.00 (brs,1H), 10.75 (brs,1H).

LRMS (APCI): 489 (M+H)".

EXAMPLE 63
N-Hydroxy-2-{4-[4-(1.2-dimethylbenzimidazol-5-yl)-3-methylphenvi]piperidin-1-

visulphonvl!l-2-methylpropionamide

Obtained as a colourless solid (22%), m.p. 213-215°C, from the title

compound of Preparation 165, using the procedure of Example 19. §(DMSOg):
1.48 (s,6H), 1.62 (m,2H), 1.80 (m,2H), 2.20 (s,3H), 2.52 (s,3H), 2.67 (m,1H),
3.08 (t,2H), 3.73 (s,3H), 3.75 (m,2H), 7.08-7.15 (m,4H), 7.39 (s,1H), 7.47
(d,1H), 9.00 (brs,1H), 11.75 (brs,1H).

LRMS (Thermospray): 485 (M+H)".

EXAMPLE 64

N-Hydroxy-2-{4-[4-(3-cvanophenyl)-3-methylphenyilpiperidin-1-yisuiphonyl}-2-

methylpropionamide

Palladium on barium sulfate (6%, 10 mg) was added to a stirred solution
of the title compound of Preparation 168 (70 mg, 0.13 mmol) in methanol (2 ml),
then the reaction mixture hydrogenated at 345 kPa (50 psi) pressure for about
20 hours. A further portion of palladium on barium sulfate (6%, 10 mg) was

added and hydrogenation continued for an additional 4 days. The catalyst was
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removed by filtration, the solvent evaporated under reduced pressure and the
residue flash chromatographed, using methanol:dichloromethane (5:95) as
eluant, to give the title compound (13 mg, 23%) as a colourless amorphous
solid. § (CDCl): 1.63 (s,6H), 1.63-1.95 (m,4H), 2.26 (s,3H), 2.67 (m,1H), 3.10
(m,2H), 3.96 (m,2H), 7.04-7.20 (m,3H), 7.50-7.70 (m,4H)
IR (KBr) 2240 cm™ for cyano.

EXAMPLE 65

N-Hydroxy-2-{4-[4-(5-ethoxypyridin-3-yl)-3-methylphenyi]piperidin-1-

visulphonyl}-2-methylpropionamide

Obtained as a colourless foam (62%), from the title compound of
Preparation 172, using the procedure of Example 19, except that the residue
was purified by flash chromatography, using dichloromethane:ethanol ( 95:5) as
eluant. 3(DMSO): 1.32 (t,3H), 1.48 (s,6H), 1.61 (m,2H), 1.79 (m,2H), 2.21
(s,3H), 2.67 (m,1H), 3.05 (t,2H), 3.75 (d,2H), 4.13 (q,2H), 7.15-7.20 (m,3H),
7.30 (s,1H), 8.10 (s,1H), 8.23 (s,1H), 8.98 (brs,1H), 10.75 (brs,1H).

LRMS (Thermospray): 462 (M+H)".

EXAMPLE 66

N-Hvdroxy-2-{4-14-(3-[2-hvdroxyethoxy]phenyl)-3-methylphenyl]piperidin-1-

visuiphonyl}-2-methylpropanamide

O-(7-Azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexaﬂuorophosphaté (510 mg, 1.15 mmol) was added to a stirred solution of
the title compound of Preparation 178 (630 mg, 0.76 mmol) and N-
ethyldiisopropylamine (0.20 ml, 0.9 mmol) in anhydrous dimethylformamide (4
ml), under nitrogen, at room temperature. After 15 minutes, hydroxylamine
hydrochloride (188 mg, 2.2 mmol) and N-ethyldiisopropylamine (0.6 ml, 2.7

mmol) were added and the reaction mixture stirred for about 16 hours, then
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partitioned between ethyl acetate and aqueous phosphate buffer (pH 7). The
organic phase was separated, washed with water, dried (MgSO,) and
evaporated under reduced pressure. The residue was dissolved in anhydrous
tetrahydrofuran (15 ml), tetra-n-butylammonium fluoride (1.4 ml of a 1.0M
solution in tetrahydrofuran; 1.4 mmol) added and the resulting solution stirred at
room temperature for 1.5 hours, then partitioned between ethyl acetate and
aqueous phosphate buffer (pH 7). The organic phase was separated, washed
with water, dried (MgSO,) and evaporated under reduced pressure.

Purification of the residue by flash chromatography, using
dichloromethane:methanol: concentrated aqueous ammonia solution (90:10:1)
as eluant, followed by crystallisation from methanol-water, provided the product
as a colourless solid (155mg, 43%), m.p. 147-150°C. Found: C,60.26; H,6.81;
N,5.76. C,,H;,N,0¢S requires C,60.48; H,6.77; N,5.88%. 3(DMSQOg): 1.49
(s,6H), 1.63 (m,2H), 1.80 (m,2H), 2.21 (s,3H), 2.67 (m,1H), 3.08 (t,2H), 3.74
(m,4H), 4.02 (t,2H), 4.83 (t,1H), 6.82-6.92 (m,3H), 7.10 (s,2H), 7.16 (s,1H), 7.30
(t,1H), 9.00 (brs,1H), 10.75 (brs,1H).
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PREPARATION 1

t-Butyl 4-hydroxy-4-(4-phenyiphenvy)piperidin-1-carboxylate

A 2.5M solution of n-butyllithium in hexane (8 ml, 20 mmol) was added
over about 10 minutes to a stirred mixture of 4-bromobiphenyl (4.66 g, 20
mmol), anhydrous ether (100 ml) and anhydrous tetrahydrofuran (10 ml), under
nitrogen, at about -75°C. After a further 1 hour, a soiution of t-butyl 4-
oxopiperidin-1-carboxylate (3.98 g, 20 mmol) in anhydrous tetrahydrofuran (10
ml) was added at such a rate that the reaction temperature was maintained
below -60°C.

The reaction mixture was stirred at about -75°C for 3 hours and
quenched with aqueous ammonium chloride solution, then the organic phase
was separated, washed with water, dried (MgSO,) and evaporated under
reduced pressure. Crystallisation of the residue from diisopropy! ether gave the
title compound (4.29 g) as a colourless solid, m.p. 144-146°C. §(CDCl;): 1.50
(s,9H), 1.78 (d,2H), 2.06 (m,2H), 3.28 (dd,2H), 4.06 (m,2H), 7.35 (t,1H), 7.43
(m,2H), 7.50-7.65 (m,6H).

LRMS (APCI): 354 (M+H)".

PREPARATION 2
4-(4-Phenylpheny!)-1.2.3.6-tetrahydropyridine

Trifluoroacetic acid (20 ml) was added to a stirred solution of the title
compound of Preparation 1 (4.2 g, 11.9 mmol) in dichloromethane (20 ml) at
room temperature. After a further 3 hours, the reaction mixture was evaporated
under reduced pressure and the residue basified with 1M aqueous sodium
hydroxide solution. The resulting mixture was extracted with dichloromethane,
then the combined extracts washed with water, dried (MgSO,) and evaporated

under reduced pressure to yield the title compound (2.79 g) as a colourless
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solid. §(CDCl;): 1.53 (s,1H), 2.50 (m,2H), 3.14 (t,2H), 3.58 (m,2H), 6.20
(brs,1H), 7.34 (t,1H), 7.45 (m,4H), 7.60 (m,4H).

LRMS (Thermospray): 236 (M+H)".

PREPARATION 3

1-Benzvl-4-hvdroxy-4-(4-phenylphenyl)piperidine

A 1.6M solution of n-butyllithium in hexane (39 ml, 63 mmol) was added
to a stirred solution of 4-bromobiphenyl (11.7 g, 50 mmol) in anhydrous
tetrahydrofuran (50 ml), under nitrogen, at about -50°C, whilst ensuring that the
reaction temperature was kept below -40°C. After a further 1 hour, a solution of
1-benzyl-4-oxopiperidine (10.4 g, 55 mmol) in anhydrous tetrahydrofuran (30
ml) was added at such a rate that the reaction temperature was maintained
below -40°C. The cooling bath was then removed and, after a further 1 hour,
the reaction mixture was partitioned between dichloromethane (400 ml) and
brine (200 ml). The organic phase was separated, washed with water, dried
(MgS0Q,) and evaporated under reduced pressure, then the residue crystallised
from ethyl acetate to provide the title compound (13.9 g) as a colourless solid.
3(DMSOy): 1.80 (d,2H), 2.52 (m,2H), 3.24 (m,4H), 4.33 (d,2H), 7.28-7.75
(m,14H), 11.30 (brs, 1H).

PREPARATION 4

1-Benzyl-4-(4-phenylphenyl)-1.2,3.6-tetrahydropyridine

A solution of the title compound of Preparation 3 (13.8 g, 40.2 mmol) and
p-toluenesulphonic acid (15.3 g, 80.4 mmol) in toluene (100 ml) was heated
under reflux in a Dean-Stark apparatus until water removal was complete (ca. 2
hours), then allowed to cool and diluted with water (200 ml). The resulting

mixture was basified with concentrated aqueous ammonia solution and
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extracted with dichloromethane (4 x 200 ml), then the combined extracts dried
(MgS0,) and evaporated under reduced pressure to furnish the title compound
(10.6 g) as an off-white solid. §(CDCl;): 2.57 (m,2H), 2.70 (m,2H), 3.18
(m,2H), 3.62 (s,2H), 6.10 (brs, 1H), 7.20-7.60 (m,14H).

PREPARATION 5
4-(4-Phenylphenypiperidine

A stirred mixture of the title compound of Preparation 4 (6.07 g, 15.6
mmol), ammonium formate (4 g, 62 mmol), palladium hydroxide on carbon (500
mg) and methanol (50 ml) was heated under reflux for 4.5 hours, allowed to
cool and filtered. The filtrate was evaporated under reduced pressure and the
residue partitioned between 2M aqueous sodium hydroxide solution and
dichloromethane. The organic phase was separated and combined with
dichloromethane extracts (3 x 100 ml) of the aqueous phase, then the
combined dichloromethane solutions dried (MgSO,) and evaporated under
pressure to afford the title compound (3.5 g) as an off-white solid, m.p. 104-
107°C. 3(CDCl;): 1.50 (brs,1H), 1.63 (m,2H), 1.83 (m,2H), 2.62 (m,1H), 2.75
(m,2H), 3.19 (d,2H), 7.25 (m,3H), 7.40 (m,2H), 7.53 (m,4H).

PREPARATION 6
t-Butyl 4-hydroxy-4-(3-methyl-4-phenylphenyl)piperidine-1-carboxylate
Obtained as a colourless solid (60%), m.p. 142-144°C, from 4-bromo-2-
methylbiphenyl (J.Amer.Chem.Soc., 1926, 48, 1372) and t-butyl 4-oxopiperidin-

1-carboxylate, using the procedure of Preparation 1. §(CDCl;): 1.48 (s,9H),
1.78 (m,2H), 2.04 (m,2H), 2.30 (s,3H), 3.28 (m,2H), 4.05 (m,2H), 7.20-7.42
(m,8H).

LRMS (Thermospray): 468 (M+H)".
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PREPARATION 7
4-(3-Methvl-4-phenylpheny!)-1.2 .3 6-tetrahydropyridine

Obtained as a colourless solid (90%) from the title compound of
Preparation 6, using the procedure of Preparation 2. 5(CDCI3): 1.85 (s,1H),
2.28 (s,3H), 2.50 (m,2H), 3.14 (t,2H), 3.57 (m,2H), 6.18 (brs, 1H), 7.20-7.42
(m,8H).

LRMS (APCI): 250 (M+H)".

PREPARATION 8

Methvl 2-14-(4-phenviphenyl)-1.2.3.6-tetrahydropyridin-1-ylsulphonyllacetate

A solution of methyl chlorosulphonylacetate (0.35 g, 2 mmol) in
dichloromethane (2 ml) was added dropwise to a stirred solution of the title
compound of Preparation 2 (470 mg, 2 mmol) and 1,8-diazabicyclo
[5.4.0Jundec-7-ene (0.3 ml, 2 mmol) in dichloromethane (8 ml) at about 0°C, the
cooling bath removed and the reaction mixture stirred at room temperature for 4
hours, then diluted with dichloromethane. The resulting mixture was washed
with 0.1 M hydrochloric acid, dried (MgSO,) and evaporated under reduced
pressure. The residue was purified by flash chromatography, using
dichloromethane as eluant, followed by crystallisation from diisopropy! ether, to
give the title compound (250 mg) as a colourless solid, m.p. 182-183°C.

Found: C,64.32; H,5.59; N,3.77. C5oH>1NO,S requires C,64.66; H,5.70;
N,3.77%. 8(CDCl3): 2.66 (m,2H), 3.62 (t,2H), 3.78 (s,3H), 3.99 (s,2H), 4.08
(m,2H), 6.08 (brs, 1H), 7.32 (m,1H), 7.38-7.44 (m,4H), 7.53-7.60 (m,4H).
LRMS (APCI): 372 (M+H)".
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PREPARATION 9
Methvl 2-[4-(3-methyl-4-phenviphenv)-1.2.3.6-tetrahydropyridin-1-

yisulphonyl]acetate
Obtained as a colourless solid (30%), m.p. 104-105°C, from the title

compound of Preparation 7 and methyl chlorosulphonylacetate, using the
procedure of Preparation 8. Found: C,65.18; H,6.03; N,3.59. C,;H;3NO,S
requires C,65.43; H,6.01; N,3.63%. &(CDCl;): 2.28 (s,3H), 2.68 (m,2H), 3.64
(t,2H), 3.81 (s,3H), 4.02 (s,2H), 4.10 (m,2H), 6.08 (brs,1H), 7.20-7.47 (m,8H).
LRMS (Thermospray): 386 (M+H)".

PREPARATION 10
Methyl 2-[4-(4-phenylphenyl)piperidin-1-ylsulphonyllacetate
Obtained as a colourless solid (27%), m.p. 169-170°C, from the title

compound of Preparation 5 and methyl chlorosulphonylacetate, using the
procedure of Preparation 8. Found: C,63.99; H,6.18; N,3.69. Cy,H;3NO,S
requires C,64.32; H, 6.21; N,3.75. §(CDCls): 1.83 (m,2H), 1.95 (m,2H), 2.68
(m,1H), 3.00 (1,2H), 3.80 (s,3H), 3.95 (s,2H), 3.97 (m,2H), 7.20-7.35 (m,3H),
7.40 (t,2H), 7.50-7.60 (m,4H).

PREPARATION 11

Methyl 2-(4-phenvl-1,2 .3 6-tetrahyvdropyridin-1-yisulphonyl)acetate

Obtained as a colourless solid (20%), m.p. 93-94°C, from 4-phenyl-
1,2,3,6-tetrahydropyridine and methyl chlorosulphonylacetate, using the
procedure of Preparation 8. Found: C,56.86; H,5.79; N,4.76, C,,H7;NO,S
requires C,56.93; H,5.80; N,4.74%. &(CDCl,): 2.62 (m,2H), 3.60 (t,2H), 3.78
(s,3H), 3.99 (s,2H), 4.05 (m,2H), 6.00 (brs,1H), 7.22-7.35 (m,5H).
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PREPARATION 12
Methyl 2-(4-phenylpiperidin-1-ylsulphonyl)acetate
Obtained as a colourless solid (35%), m.p. 98-100°C, from 4-

phenylpiperidine and methyl chlorosulphonylacetate, using the procedure of
Preparation 8. Found: C,56.43; H,6.41; N,4.64. C,,HsNO,S requires C,56.55;
H,6.44; N,4.71%. &8(CDCly): 1.80 (m,2H), 1.90 (m,2H), 2.60 (m,1H), 2.97
(m,2H), 3.80 (s,3H), 3.92 (s,2H), 3.93 (m,2H), 7.15-7.33 (m,5H).

PREPARATION 13
Methyl 2-(4-benzylipiperidin-1-ylsulphonyl)acetate

Obtained as an amorphous solid (24%) from 4-benzylpiperidine and

methyl chlorosulphonylacetate, using the procedure of Preparation 8, but with
an elution gradient of dichloromethane:methanol (100:0 to 95:5) for the
chromatographic purification step. 8(CDCl3): 1.30 (m,2H), 1.62 (m,1H), 1.70
(m,2H), 2.54 (d,2H), 2.78 (t,2H), 3.73 (s,3H), 3.76 (m,2H), 3.88 (s,2H), 7.08
(d,2H), 7.17 (,1H), 7.24 (m,2H).

LRMS (APCI): 312 (M+H)".

PREPARATION 14
Methyl 2(R.S)-[4-(4-phenviphenyl)-1.2.3.6-tetrahydropyridin-1-yilsulphonyl]lpent-

4-enoate
60% Sodium hydride in a mineral oil dispersion (21 mg, 0.53 mmol) was
added to a stirred solution of the title compound of Preparation 8 (180 mg, 0.48
mmol) in a mixture of anhydrous tetrahydrofuran (1 ml) and anhydrous
dimethylformamide (1 ml), under nitrogen, at room temperature. After 30

minutes, allyl bromide (0.05 ml, 0.53 mmol) was added and stirring continued
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for a further 2 hours, then the resulting mixture was partitioned between ethyl
acetate and aqueous phosphate buffer (pH 7). The organic phase was
separated, washed with water, dried (MgSO,) and evaporated under reduced
pressure, then the residue triturated with diisopropyl ether to yield the title
compound (170 mg) as a colourless solid. & (CDCI;): 2.60-2.85 (m,4H), 3.55-
3.77 (m,2H), 3.79 (s,3H), 4.03 (dd,1H), 4.12 (m,2H), 5.10-56.22 (m,2H), 5.74
(m,1H), 6.08 (brs, 1H), 7.36 (m,1H), 7.43 (m,4H), 7.60 (m,4H).

LRMS (APCI): 411 (M+H)".

PREPARATION 15
2(R.S)-[4-(4-Phenyiphenyi)-1.2.3.6-tetrahydropyridin-1-yilsulphonyllpent-4-

enoic acid

1M Aqueous sodium hydroxide solution (1.2 ml, 1.2 mmol) was added to
a stirred solution of the title compound of Preparation 14 (160 mg, 0.39 mmol)
in a mixture of tetrahydrofuran (5 ml) and methanol (10 ml). The resulting
solution was heated at 50°C for 3 hours, then evaporated under reduced
pressure and the residue dissolved in water. This aqueous solution was
acidified with concentrated hydrochloric acid and the resulting emulsion
extracted with ethyl acetate. The combined extracts were dried (MgSQO,) and
evaporated under reduced pressure, then the residue purified by flash
chromatography, using an elution gradient of ethyl acetate:methanol:glacial
acetic acid (100:0:0 to 97:3:0 to 96:3:1), followed by trituration with hexane, to
provide the title compound (80 mg) as a colourless, amorphous solid. 3(CDCl5):
2.60-2.87 (m,4H), 3.60-3.72 (m,2H), 4.05 (dd,1H), 4.12 (s,2H), 5.10-5.23
(m,2H), 5.79 (m,1H), 6.06 (brs,1H), 7.30-7.43 (m,5H), 7.50-7.60 (m,4H).
LRMS (Thermospray): 415 (M+NH,)".
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PREPARATION 16
Methyl 2(R.S)-[4-(3-methyl-4-phenylphenyl)-1,2,3.6-tetrahydropyridin-1-
ylsulphonyl]lpent-4-enoate

Obtained as a solid (67%) from the title compound of Preparation 9 and

allyl bromide, using the procedure of Preparation 14, but with flash
chromatography, employing an elution gradient of hexane:ethyl acetate (100:0
to 80:2)), as the purification step. 8(CDCl;): 2.30 (s,3H), 2.68 (m,2H), 2.85
(m,2H), 3.56 (m,1H), 3.70 (m,1H), 3.80 (s,3H), 4.03 (dd,1H), 4.10 (m,2H), 5.10-
5.22 (m,2H), 5.73 (m,1H), 6.06 (brs,1H), 7.20-7.45 (m,8H,.

LRMS (Thermospray): 426 (M+H)".

PREPARATION 17
2(R.S)-[4-(3-Methyl-4-phenyiphenyl)-1.2.3.6-tetrahydropyridin-1-yi-

ylsulphonyl]pent-4-enoic acid

Obtained as an amorphous solid (46%) from the title compound of

Preparation 16, using the procedure of Preparation 15. 8(CDCl;): 2.30 (s,3H),
2.66 (m,2H), 2.87 (m,2H), 3.60 (m,1H), 3.70 (m,1H), 4.03 (dd,1H), 4.12 (m,2H),
5.13-5.25 (m,2H), 5.78 (m,1H), 6.04 (brs,1H), 7.20-7.43 (m,8H).

LRMS (Thermospray): 368 (M+H-CO,)".

PREPARATION 18
Methyl 5-phenvyl-2(R,S)-[4-(4-phenyiphenvl)-1,2.3 6-tetrahydropyridin-1-

Isulphonyljpentanoate
Obtained as a colourless solid (65%), m.p. 146-148°C, from the title
compound of Preparation 8 and 1-bromo-3-phenyipropane, using the procedure
of Preparation 14. §(CDCl;): 1.70 (m,2H), 2.15 (m,2H), 2.64 (m,4H), 3.52
(m,1H), 3.63 (m,1H), 3.79 (s,3H), 3.98 (dd,1H), 4.06 (m,2H), 6.05 (m,1H), 7.10-
7.50 (m,10H), 7.60 (m,4H).
LRMS (Thermospray): 490 (M+H)".
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PREPARATION 19
2-Methyl-2-[4-(4-phenviphenyl)-1.2 3 6-tetrahydropyridin-1-

yisulphonyllpropanoic acid

60% Sodium hydride in a mineral oil dispersion (48 mg, 1.2 mmol) was
added to a stirred solution of the title compound of Preparation 8 (150 mg, 0.4
mmol) in a mixture of anhydrous tetrahydrofuran (3 ml) and anhydrous
dimethylformamide (1 ml), under nitrogen, at room temperature. After 30
minutes, methyl p-toluenesulphonate (220 mg, 1.2 mmol) was added and
stirring continued for a further 20 hours, then the resulting mixture was
partitioned between ethyl acetate and water. The aqueous phase was acidified
with 2M hydrochloric acid and extracted with dichloromethane (3 x 50 ml). The
combined extracts were dried (MgSO,) and evaporated under reduced
pressure, then the residue purified by flash chromatography, using
dichloromethane:methanol:glacial acetic acid (89:10:1) as eluant, to furnish the
title compound (60 mg) as a pale yellow, amorphous solid. 3(CDCl3): 1.70
(s,6H), 2.63 (m,2H), 3.67 (m,2H), 4.17 (m,2H), 6.08 (brs,1H), 7.25-7.70 (m,9H).

PREPARATION 20
Methyl 1-[4-(3-methyl-4-phenylpheny)-1.2.3,.6-tetrahydropyridin-1-ylsulphonyl]

cyclopentanecarboxyiate
60% Sodium hydride in a mineral oil dispersion (43 mg, 1.07 mmol) was

added to a stirred solution of the title compound of Preparation 9 (380 mg, 0.99
mmol) in anhydrous dimethylformamide (5 ml), under nitrogen, at room
temperature. After 30 minutes, 1,4-diiodobutane (0.14 mi, 1.06 mmol) was
added and stirring continued for 18 hours, then more 60% sodium hydride
dispersion (43 mg, 1.07 mmol) was added and stirring continued for a further 4
hours. The resulting mixture was partitioned between ethyl acetate and water,
then the organic phase separated, washed with water, dried (MgSO,) and
evaporated under reduced pressure. The residue was purified by flash

chromatography, using hexane:ethy! acetate (9:1) as eluant, to afford the title
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compound (340 mg) as an amorphous solid. 3(CDCl;): 1.64 (m,2H), 1.88
(m,2H), 2.28 (s,3H), 2.37 (m,2H), 2.52 (m,2H), 2.63 (m,2H), 3.60 (t,2H), 3.80
(s,3H), 4.10 (m,2H), 6.03 (brs,1H), 7.20-7.43 (m,8H).

LRMS (Thermospray): 440 (M+H)".

PREPARATION 21
1-[4-(3-Methyl-4-phenviphenyl)-1.2,3.6-tetrahydropyridin-1-yi-

visulphonyllcyclopentanecarboxylic_acid

Obtained as a solid (54%) from the title compound of Preparation 20,
using the procedure of Preparation 15, but with an elution gradient of
hexane:ethyl acetate (75:25 to 0:100) for the chromatographic purification step.
S(CDCl3): 1.65 (m,2H), 1.88 (m,2H), 2.27 (s,3H), 2.39 (m,2H), 2.50 (m,2H),
2.63 (m,2H), 3.64 (t,2H), 4.12 (m,2H), 6.03 (brs,1H), 7.20-7.43 (m,8H).

LRMS (Thermospray): 426 (M+H)".

PREPARATION 22
Methyl 2-ethyl-2-[4-(4-phenylphenyl)-1.2 3 .6-tetrahydropyridin-1-yi-

visulphonvlilbutanoate

This was conducted as for Preparation 19 and on the same molar scale,
using the title compound of Preparation 8 and ethyl iodide. However, in this
case, no concomitant ester hydrolysis was apparent and therefore the required
product was isolated from the organic phase during work-up and purified by
flash chromatography, using dichloromethane as eluant, to give the title
compound (125 mg) as a white amorphous solid. §(CDCl;): 1.04 (t,6H), 2.08-
2.26 (m,4H), 2.66 (m,2H), 3.60 (m,2H), 3.80 (s,3H), 4.10 (m,2H), 6.08 (brs,1H),
7.35 (m,1H), 7.43 (m,4H), 7.60 (m,4H).
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PREPARATION 23
2-Ethyl-2-[4-(4-phenylphenyl)-1.2.3 6-tetrahvdroyvridin-1-yisulphonvl]-

butanoic acid

1M Aqueous sodium hydroxide solution (1.5 ml, 1.5 mmol) was added to
a stirred solution of the title compound of Preparation 22 (120 mg, 0.28 mmol)
in a mixture of tetrahydrofuran (5 ml) and methanol (2 ml). The resulting
mixture was heated under reflux for 70 hours, allowed to cool to room
temperature, acidified with 2M hydrochloric acid and extracted with
dichloromethane (3 x 20 ml). The combined extracts were dried (MgSO,) and
evaporated under reduced pressure to yield the title compound (95 mg) as a
pale yellow, amorphous solid. 8(CDCl;): 1.10 (t,6H), 2.10-2.28 (m,4H), 2.64
(m,2H), 3.65 (m,2H), 4.15 (m,2H), 6.08 (brs,1H), 7.35 (m,1H), 7.43 (m,4H), 7.58
(m,4H).

PREPARATION 24
Methvi 2(R.S)-[4-(4-phenylphenyl)-1.2,3.6-tetrahydropyridin-1-

ylsulphonyilhexanoate

This was conducted essentially as for Preparation 14, using the title

compound of Preparation 8 and n-butyl iodide, but employing 1.0 mol.equiv. of
sodium hydride, 1-methylpyrrolidin-2-one as solvent and an alkylation reaction
time of 70 hours, to provide the title compound (78%) as a colourless solid, m.p.
152-154°C. Found: C, 67.09; H, 6.76; N, 3.22. C,4H,gNO,S requires C, 67.42;
H, 6.84; N, 3.28%. &(CDCI;): 0.90 (t,3H), 1.30 (m,4H), 2.05 (m,1H), 2.15
(m,1H), 2.60-2.75 (m,2H), 3.55 (m,1H), 3.70 (m,1H), 3.80 (s,3H), 3.95 (dd,1H),
4.10 (m,2H), 6.08 (brs, 1H), 7.35 (m,1H), 7.43 (m,4H), 7.58 (m,4H).

LRMS (Thermospray): 428 (M+H)".
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PREPARATION 25
2(R.S)-[4-(4-Phenviphenyi)-1,2.3.6-tetrahydropyridin-1-visulphonyli-

hexanoic acid

1M Aqueous sodium hydroxide solution (1.5 ml, 1.5 mmol) was added to
a stirred solution of the title compound of Preparation 24 (220 mg, 0.51 mmol)
in a mixture of 1,4-dioxan (3 mi) and methanol (10 ml). The resulting mixture
was heated under reflux for 45 minutes, diluted with water and acidified with
concentrated hydrochloric acid, then the precipitate collected and dried under
vacuum to furnish the title compound (200 mg) as a colourless, crystaliine solid,
m.p. 180-182°C. Found: C, 65.64; H, 6.42; N, 3.30. C,3H,;NO,S; 0.50 H,O
requires C, 65.38; H, 6.68; N, 3.32%. 3(DMSOg): 0.83 (1,3H), 1.27 (m,4H),
1.81 (m,1H), 1.93 (m,1H), 2.58 (m,2H), 3.50 (m,2H), 4.00 (m,2H), 4.05 (dd,1H),
6.22 (brs, 1H), 7.33 (m,1H), 7.43 (m,2H), 7.52 (m,2H), 7.64 (m,4H), 13.30
(brs,1H).
LRMS (Thermospray): 387 (M+NH,-CO,)".

PREPARATION 26
Methyl 4-methyl-2(R.S)-[4-(4-phenyiphenyl)-1,2.3.6-tetrahydropyridin-1-

Isulphonyljpent-4-enoate

Obtained as a solid (79%), m.p. 149-151°C after crystallisation from
diisopropyl ether, from the title compound of Preparation 8 and 3-bromo-2-
methylprop-1-ene, using the procedure of Preparation 14. 3(CDClj): 1.77
(s,3H), 2.60-2.75 (m,3H), 2.80 (dd,1H), 3.57 (m,1H), 3.70 (m,1H), 3.78 (s,3H),
4.10 (m,2H), 4.18 (dd,1H), 4.75 (s,1H), 4.82 (s,1H), 6.10 (brs,1H), 7.35 (m,1H),
7.44 (m,4H), 7.60 (m,4H).
LRMS (Thermospray): 426 (M+H)".
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PREPARATION 27
4-Methvl-2(R,S)-[4-(4-phenyiphenyl)-1.2.3.6-tetrahydropyridin-1-

Isulphonyllpent-4-enoic acid
Obtained as a colourless solid (94%), m.p. 153-155°C, from the title
compound of Preparation 26, using the procedure of Preparation 15. §(CDCI3):
1.79 (s,3H), 2.65 (m,2H), 2.75 (dd,1H), 2.90 (dd,1H), 3.60 (m,1H), 3.70 (m,1H),
4.13 (m,2H), 4.20 (dd,1H), 4.80 (s,1H), 4.88 (s,1H), 6.08 (s,1H), 7.35 (m,1H),
7.44 (m,4H), 7.60 (m,4H).
LRMS (Thermospray): 368 (M+H-CO,)".

PREPARATION 28
Methyl 2(R.S)-methyl-2-[4-(3-methvl-4-phenylphenvl)-1.2,.3.6-

tetrahvdropyridine-1-visulphonvi]pent-4-enoate

60% Sodium hydride in a mineral oil dispersion (70 mg, 1.75 mmol) was
added to a stirred solution of the title compound of Preparation 9 (600 mg, 1.56
mmol) in anhydrous dimethylformamide (5 ml), under nitrogen, at room
temperature. After 20 minutes, allyl bromide (0.145 ml, 1.72 mmol) was added
and stirring continued for 2 hours, then more 60% sodium hydride dispersion
(70 mg, 1.75 mmol) was added followed, after 20 minutes, by methyl iodide
(0.11 ml, 1.72 mmol). The reaction mixture was stirred for a further 20 hours,
then partitioned between ethyl acetate and water. The organic phase was
separated, dried (MgSO,) and evaporated under reduced pressure, then the
residue purified by flash chromatography, using hexane:ethyl acetate (92.5:7.5)
as eluant, to afford the title compound (263 mg) as a colourless gum. 8(CDCl3):
1.62 (s,3H), 2.30 (s,3H), 2.59 (m,1H), 2.66 (m,2H), 3.14 (m,1H), 3.62 (m,2H),
3.80 (s,3H), 4.10 (m,2H), 5.20 (m,2H), 6.62 (m,1H), 6.08 (brs,1H), 7.20-7.44
(m,8H).

LRMS (Thermospray): 440 (M+H)".
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PREPARATION 29
2(R.S)-Methyl-2-[4-(3-methyl-4-phenylphenyl)-1.2.3.6-tetrahydropyridin-1-

visulphonvllpent-4-enoic acid

Obtained as a colourless gum (90%) from the title compound of
Preparation 28, using the procedure of Preparation 15, but with a reaction
duration of 24 hours. §(CDCl;): 1.63 (s,3H), 2.30 (s,3H), 2.62 (m,3H), 3.13
(m,1H), 3.68 (m,2H), 4.18 (m,2H), 5.22 (m,2H), 5.70 (m,1H), 6.07 (brs,1H),
7.17-7.45 (m,8H).

LRMS (Thermospray): 382 (M+H-CO,)", 426 (M+H)".

PREPARATION 30

1-Benzhydryl-3-(4-phenylphenoxy)azetidine

Potassium carbonate (2.39 g, 17.4 mmol) was added to a stirred mixture
of 1-benzhydryl-3-methanesulphonyloxyazetidine (J.Org.Chem., 1972, 37,
3953; 5 g, 15.8 mmol), 4-phenylphenol (2.95 g, 17.4 mmol) and anhydrous
dimethylformamide (65 ml), then the resulting mixture heated under reflux for 4
hours, allowed to cool and partitioned between ethyl acetate and water. The
organic phase was separated, washed with saturated brine, dried (MgSO,) and
evaporated under reduced pressure, then the residue purified by flash
chromatography, using hexane:ethyl acetate (95:5) as eluant, to give the title
compound (1.32 g) as a colourless, amorphous solid. 8(CDCI3): 3.17 (dd,2H),
3.75 (dd,2H), 4.43 (s,2H), 4.83 (m,1H), 6.81 (d,1H), 7.16-7.55 (m,17H).
LRMS (Thermospray): 392 (M+H)".

PREPARATION 31

3-(4-Phenyviphenoxy)azetidine

A stirred mixture of the title compound of Preparation 30 (1.03 g, 2.63
mmol), 10% palladium hydroxide on activated carbon (100 mg), ethanol (100

ml), ethyl acetate (20 ml) and glacial acetic acid (10 ml) was hydrogenated at
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345 kPa (50 psi) and 50°C for 20 hours, then filtered. The filter pad was
washed with ethanol and the combined washings and filtrate evaporated under
reduced pressure, then the residue was basified with 2M aqueous sodium
hydroxide solution. This mixture was extracted with ethyl acetate and the
combined extracts dried (MgSQ,) and evaporated under reduced pressure to
yield the title compound containing 1 mol.equiv. of diphenylmethane* (456 mg)
as a colourless, amorphous solid. §(CDCl3): 1.75 (brs,1H), 3.83 (m,2H), 3.94
(m,2H), 3.98 (s,2H)*, 6.82 (d,2H), 7.20-7.55 (m,17H)*.

LRMS (Thermospray): 226 (M+H)".

PREPARATION 32

Methyl 2-[3-(4-phenylphenoxy)azetidin-1-visulphonyllacetate

Obtained as a colourless, amorphous solid (22%) from the title
compound of Preparation 31 and methyl chlorosulphonylacetate, using the
procedure of Preparation 8. §(CDCl;): 3.81 (s,3H), 4.07 (s,2H), 4.23 (dd,2H),
4.42 (dd,2H), 4.98 (m,1H), 6.80 (d,2H), 7.34 (m,1H), 7.42 (m,2H), 7.54 (m,4H).
LRMS (APCI): 362 (M+H)".

PREPARATION 33

t-Butyl 4-(4-bromo-3-methyiphenyl)-4-hydroxypiperidine-1-carboxylate

A. A 2.5M solution of n-butyllithium in hexane (3.8 ml, 9.4 mmol) was added
over about 10 minutes to a stirred mixture of 2,5-dibromotoluene (2.35 g, 9.4
mmol) in anhydrous ether (50 ml), under nitrogen, at about -75°C. After a
further 1 hour, a solution of t-butyl 4-oxopiperidine-1-carboxylate (1.7 g, 8.5
mmol) in anhydrous tetrahydrofuran (5 ml) was added at such a rate that the
reaction temperature was maintained below -60°C.

The reaction mixture was stirred at about -75°C for 1 hour, aliowed to

warm to about 0°C and quenched with aqueous ammonium chloride solution.
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The organic phase was separated, washed with water, dried (MgSO,) and
evaporated under reduced pressure. The residue was purified by flash
chromatography, using ether:hexane (50:50) as eluant, to provide two isomeric
products.

The less polar isomer (0.6 g, 20%) was isolated as a colourless foam
and identified as t-butyl 4-(4-bromo-2-methylphenyl)-4-hydroxypiperidine-1-
carboxylate. §(CDCIl;): 1.46 (s,9H), 1.55 (s,1H), 1.82-2.03 (m,4H), 2.58 (s,3H),
3.23 (m,2H), 4.01 (m,2H), 7.20-7.33 (m,3H).

LRMS (Thermospray): 369/371 (M+H)".

The more polar isomer, was collected as a 4:1 mixture of the title
compound:t-butyl 4-oxopiperidine-1-carboxylate (2.15 g), a portion of which was
crystallised from diisopropyl ether to furnish the pure title compound (5670 mg)
as a colourless solid, m.p. 102-103°C. Found: C,55.14; H,6.58; N,3.76.
C,,H,4BrNO; requires C,55.14; H,6.53; N,3.78%. 3(CDCI3): 1.48 (s,9H), 1.51
(s,1H), 1.70 (d,2H), 1.96 (m,2H), 2.40 (s,3H), 3.22 (t,2H), 4.02 (m,2H), 7.15
(dd,1H), 7.36 (d,1H), 7.50 (d,1H).

LRMS (Thermospray): 369/371 (M+H)".

B. A 2.5M solution of n-butyllithium in hexane (38 ml, 94 mmol) was added
over about 10 minutes to a stirred mixture of 2-bromo-5-iodo-toluene (28 g, 94
mmol) in anhydrous ether (500 ml), under nitrogen, at about -75°C. After a
further 15 minutes, a solution of t-butyl 4-oxopiperidine-1-carboxylate (17 g, 85
mmol) in anhydrous tetrahydrofuran (50 ml) was added at such a rate that the
reaction temperature was maintained below -60°C.

The reaction mixture was stirred at about -75°C for 1 hour, allowed to
warm to 0°C and quenched with aqgueous ammonium chloride solution. The

organic phase was separated, washed with water, dried (MgSO,) and
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evaporated under reduced pressure. The residue was dissolved in pentane and
the resulting solution cooled to 0°C, when the title compound crystallised. It
was collected and dried to afford a colourless solid (20.1 g, 64%), identical with

that obtained in Preparation 33A.

PREPARATION 34

t-Butyl 4-(4-bromophenyl)-4-hydroxypiperidine-1-carboxylate

Obtained as an amorphous solid (74%) from 1,4-dibromobenzene and t-
butyl 4-oxopiperidine-1-carboxylate, using the procedure of Przparation 33.
S(CDCly): 1.50 (s,9H), 1.69 (m,2H), 1.95 (m,2H), 3.22 (t,2H), 4.02 (m,2H), 7.34
(d,2H), 7.47 (d,2H).
LRMS (Thermospray): 357 (M+H)".

PREPARATION 35

4-(4-Bromo-3-methylphenyl-1,2,3.6-tetrahydropyridine

Trifluoroacetic acid (100 ml) was added to a stirred solution of the title
compound of Preparation 33 (20 g) in dichloromethane (100 ml) at room
temperature. After a further 18 hours, the reaction mixture was evaporated
under reduced pressure and the residue basified with 2M aqueous sodium
hydroxide solution to pH>12. The resulting mixture was extracted with ether,
then the combined extracts washed with water, dried (MgSO,) and evaporated
under reduced pressure to give the title compound (13.6 g) as a low melting
solid. 8(CDCl,;): 1.60 (brs,1H), 2.40 (m,5H), 3.10 (t,2H), 3.52 (m,2H), 6.10
(brs,1H), 7.05 (dd,1H), 7.22 (d,1H), 7.46 (d,1H).

LRMS (Thermospray): 251/253 (M+H)".
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PREPARATION 36
4-(4-Bromophenyl)-1,2 3 6-tetrahydropyridine
Obtained as a solid (87%), m.p. 76-78°C, from the title compound of

Preparation 34 and trifluoroacetic acid, using the procedure of Preparation 35.
S(CDCly): 2.43 (m,2H), 3.12 (t,2H), 3.53 (m,2H), 6.13 (s,1H), 7.25 (d,2H), 7.44
(d,2H).

LRMS (Thermospray): 239 (M+H)".

PREPARATION 37
Methy! 2-[4-(4-bromo-3-methyiphenyl)-1,2 3 6-tetrahydropyridin-1-

yvisulphonyllacetate

N,O-Bis(trimethylsilyl)acetamide (0.9 ml, 4.0 mmol) was added to a
stirred solution of the title compound of Preparation 35 (2 g, 7.9 mmol) in
anhydrous tetrahydrofuran (40 ml), under nitrogen, at room temperature. A
solution of methyl chlorosulphonylacetate (1.64 g, 9.5 mmol) in anhydrous
tetrahydrofuran (15 ml) was then added and the reaction mixture stirred at room
temperature for 18 hours. The resulting mixture was evaporated under reduced
pressure, the residue partitioned between ethyl acetate and aqueous sodium
bicarbonate solution, then the organic phase separated, washed with water,
dried (MgS0Q,) and evaporated under reduced pressure. The residue was
purified by flash chromatography, using dichloromethane as eluant, followed by
crystallisation from diisopropy! ether, to yield the title compound (1.65 g, 55%)
as a colourless solid, m.p. 110-112°C. Found: C,46.32; H,4.62; N,3.55.
C,5HsBrNO,S requires C,46.40; H,4.67; N,3.61%. 8(CDCl,): 2.40 (s,3H), 2.60
(m,2H), 3.60 (t,2H), 3.80 (s,3H), 4.01 (s,2H), 4.07 (m,2H), 6.02 (brs,1H), 7.02
(dd,1H), 7.21 (d,1H), 7.50 (d,1H).

LRMS (Thermospray): 404/406 (M+NH,)".
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PREPARATION 38

Methy! 2-[4-(4-bromophenyi)-1.2,3.6-tetrahydropyridin-1-ylsulphonyilacetate
Obtained as a colourless solid (32%), m.p. 100-102°C, from the title

compound of Preparation 36 and methyl chlorosulphonylacetate, using the
procedure of Preparation 37. Found: C,44.95; H,4.26; N,3.65. C4H{sBrNO,S
requires C,44.93; H,4.31; N,3.74%. 8(DMSOg): 2.47 (m,2H), 3.46 (t,2H), 3.70
(s,3H), 3.94 (m,2H), 4.37 (s,2H), 6.03 (s,1H), 7.40 (d,2H), 7.55 (d,2H).

LRMS (Thermospray): 393 (M+NH,)".

PREPARATION 39
Methyl 4-[4-(4-bromo-3-methylphenyl)-1.2.3 6-tetrahydropyridin-1-ylsulphonyl]-

tetrahydropyran-4-carboxylate

Bis-2-iodoethyl ether (3.9 g, 12 mmol) was added to a stirred mixture of
the title compound of Preparation 37 (3.6 g, 9.3 mmol), anhydrous potassium
carbonate (3.8 g, 27.8 mmol) and anhydrous dimethylsulfoxide (50 ml), under
nitrogen, at room temperature. After 18 hours, the reaction mixture was
partitioned between ether and water, then the organic phase washed with
water, dried (MgSO,) and evaporated under reduced pressure. The residue
was purified by flash chromatography, using dichioromethane : methanol (99:1)
as eluant, followed by crystallisation from diisopropyl ether, to provide the title
compound (3.43 g, 80%) as a colourless solid, m.p. 128-130°C. Found:
C,49.92; H,5.40; N,2.90. C,gH,,BrNOS requires C,49.78; H,5.28; N,3.06%.
8(CDCly): 2.23 (m,2H), 2.40 (s,3H), 2.42 (m,2H), 2.58 (m,2H), 3.30 (m,2H),
3.58 (m,2H), 3.87 (s,3H), 4.00-4.10 (m,4H), 6.00 (brs,1H), 7.02 (dd,1H), 7.21
(d,1H), 7.49 (d,1H).

LRMS (Thermospray): 477 (M+NH,)".
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PREPARATION 40

2-methvlpropanoate

lodomethane (2 ml, 32.1 mmol) was added to a stirred mixture of the title
compound of Preparation 37 (5 g, 12.9 mmol), anhydrous potassium carbonate
(5.4 g, 39.1 mmol) and anhydrous dimethylsulfoxide (50 ml), under nitrogen, at
room temperature. After 24 hours, the reaction mixture was partitioned between
ether and water, then the organic phase washed with water, dried (MgSQO,) and
evaporated under reduced pressure. The residue was purified by flash
chromatography, using an elution gradient of ether:pentane (40:60 to 100:0),
followed by crystallisation from diisopropyl ether, to furnish the title compound
(4.7 g, 87%) as a colourless solid, m.p. 100-101°C. Found: C,49.00; H,5.33;
N,3.28. C;;H,,BrNO,S requires C,49.04; H,5.33; N,3.36%. &(CDCl;): 1.67
(s,6H), 2.40 (s,3H), 2.58 (m,2H), 3.60 (t,2H), 3.80 (s,3H), 4.08 (m,2H), 6.00
(brs,1H), 7.03 (dd,1H), 7.21 (d,1H), 7.49 (d,1H).

PREPARATION 41
Methyl 2-{4-[4-(3-ethoxyphenvl)-3-methylphenyl]-1.2 .3 .6-tetrahydropyridin-1-

yisulphonvllacetate

To a solution of the title compound of Preparation 37 (776 mg, 2 mmol)
in degassed 1,2-dimethoxyethane (20 ml) was added 3-ethoxyphenylboronic
acid (430 mg, 2.6 mmol), cesium fluoride (790 mg, 5.2 mmol), tri-o-
tolylphosphine (61 mg, 0.2 mmol) and tris(dibenzylideneacetone)dipalladium(0)
(91 mg, 0.1 mmol), then the reaction mixture heated under reflux for about 3
hours under nitrogen. The resulting mixture was allowed to cool to room
temperature, then diluted with dichloromethane and washed with water. The
organic phase was dried (MgSO,) and evaporated under reduced pressure,

then the residue purified by flash chromatography, using dichloromethane as

AQUESTIVE EXHIBIT 1004 page 1261



10

16

20

25

WO 99/29667 PCT/EP98/06640

-75-
eluant, followed by crystallisation from diisopropyl ether, to afford the title
compound (665 mg, 78%) as a colourless solid, m.p. 79-81°C. Found:
C,64.40; H,6.37; N,3.17. C,3H,7NO;S requires C,64.31; H,6.34; N,3.26%.
S(CDCls): 1.43 (t,3H), 2.31 (s,3H), 2.70 (m,2H), 3.63 (t,2H), 3.82 (s,3H), 4.03
(s,2H), 4.10 (m,4H), 6.08 (brs,1H), 6.84-6.93 (m,3H), 7.20-7.37 (m,4H).
LRMS (Thermospray): 447 (M+NH,)".

PREPARATION 42

4-Bromo-2-methoxybiphenyl

n-Amyl nitrite (8.1 ml, 60 mmol) was slowly added to a stirred mixture of
4-bromo-2-methoxyaniline (J.Med.Chem., 1989, 32, 1936; 8.1 g, 60 mmol) and
benzene (175 ml), under nitrogen, at about 50°C. When the addition was
complete, the reaction mixture was heated under reflux for about 3 hours, then
allowed to cool to room temperature and evaporated under reduced pressure.
The residue was azeotroped with tetrahydrofuran, then with ethyl acetate, and
purified by flash chromatography, using an elution gradient of hexane:ethyl
acetate (100:0 to 95:5) to give the title compound (1.66 g) as a colourless solid,
m.p. 50-52°C. §(CDCI;): 3.77 (s,3H), 7.08 (s,1H), 7.14 (s,2H), 7.30 (m,1H),
7.36-7.41 (m,2H), 7.41-7.49 (m,2H).

PREPARATION 43

t-Butvl 4-hvdroxy-4-(3-methoxy-4-phenylphenyl)piperidine-1-carboxylate

A 2.5M solution of n-butyllithium in hexane (4.4 mi, 11 mmol) was added
over about 10 minutes to a stirred mixture of the title compound of Preparation
42 (2.6 g, 10 mmol) in anhydrous tetrahydrofuran (30 ml), under nitrogen, at
about -75°C. After a further 1 hour, a solution of t-butyl 4-oxopiperidine-1-

carboxylate (2.2 g, 11 mmol) in anhydrous tetrahydrofuran (10 ml) was added
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at such a rate that the reaction temperature was maintained beiow -60°C. The
reaction mixture was stirred at about -75°C for 1 hour, then slowly warmed to
room temperature and quenched with aqueous sodium chloride solution. The
organic phase was separated, washed with water, dried (MgSO,) and
evaporated under reduced pressure. Purification of the residue by flash
chromatography, using hexane:ethyl acetate (3:1) as eluant, yielded the title
compound (3.4 g) as a colourless semi-solid. 5(CDCl3): 1.50 (s,9H), 1.78
(m,2H), 2.04 (m,2H), 3.27 (m,2H), 3.83 (s,3H), 4.08 (m,2H), 7.09 (d,1H), 7.16
(s,1H), 7.27-7.37 (m,2H), 7.40 (m,2H), 7.52 (d, 2H).

PREPARATION 44
4-(3-Methoxvy-4-phenylphenyl)-1.2,.3,6-tetrahydropyridine

Trifluoroacetic acid (20 ml) was added to a stirred solution of the title
compound of Preparation 43 (3.4 g, 11.9 mmol) in dichloromethane (20 ml) at
room temperature. After a further 72 hours, the reaction mixture was
evaporated under reduced pressure and the residue basified with 1M aqueous
sodium hydroxide solution. The resuiting mixture was extracted with
dichloromethane, then the combined extracts washed with water, dried
(MgS0,) and evaporated under reduced pressure to provide the title compound
(2.79 g) as a pale yellow viscous oil. 3(CDCl;): 1.73 (s,1H), 2.51 (m,2H), 3.14
(t,2H), 3.57 (m,2H), 3.83 (s,3H), 6.19 (s,1H), 7.01 (s,1H), 7.05 (d,2H), 7.27-7.37
(m,2H), 7.40 (t,2H), 7.52 (d, 2H).

LRMS (Thermospray): 266 (M+H)".

PREPARATION 45
Methyl 2-[4-(3-methoxy-4-phenylpheny!)-1.2,3.6-tetrahydropyridin-1-

ylsulphonyljacetate
N, O-Bis(trimethylsilyl)acetamide (1.0 ml, 4.4 mmol) was added dropwise
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to a stirred solution of the title compound of Preparation 44 (1.95 g, 7.3 mmol)
in anhydrous tetrahydrofuran (40 ml) at room temperature. The reaction mixture
was stirred at room temperature for 1 hour, then a solution of methyl
chlorosulphonylacetate (1.5 g, 8.8 mmol) in tetrahydrofuran (10 ml) was added.
The resulting mixture was stirred at room temperature for about 1.5 hours and
then saturated aqueous sodium bicarbonate solution (50 ml) added. The
mixture was extracted with dichloromethane (3 x 100 ml), then the combined
extracts dried (MgSO,) and evaporated under reduced pressure. The residue
was purified by flash chromatography, using dichloromethane as eluant, to
furnish the title compound (1.0 g) as a pale yellow solid solid, m.p. 92-95°C.
Found: C,62.24; H,5.70; N,3.42. C,,H,3NO;S requires C,62.82; H,5.77,
N,3.49%. 8§(CDCl;): 2.73 (m,2H), 3.67 (t,2H), 3.84 (s,3H), 3.86 (s,3H), 4.06
(s,2H), 4.08 (m,2H), 6.12 (s,1H), 6.98 (s,1H), 7.04 (d,2H), 7.27-7.37 (m,2H),
7.44 (t,2H), 7.56 (d,2H).

LRMS (Thermospray): 402 (M)".

PREPARATION 46

t-Butyl 4-(3-fluoro-4-phenyiphenvl)-4-hydroxypiperidine-1-carboxylate

Obtained as a colourless oil (67%), from 4-bromo-3-fluorobiphenyl and t-
butyl 4-oxopiperidine-1-carboxylate, using the procedure of Preparation 43.
8(CDCl,): ): 1.50 (s,9H), 1.78 (m,2H), 2.03 (m,2H), 3.26 (t,2H), 4.05 (m,2H),
7.27-7.51 (m,6H), 7.57 (d, 2H).

PREPARATION 47
4-(3-Fluoro-4-phenylphenyl)-1.2.3.6-tetrahydropyridine
Obtained as a colourless solid (90%), m.p. 79-82°C, from the title

compound of Preparation 46 and trifluoroacetic acid, using the procedure of
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Preparation 44. 3(CDCly): 1.85 (s,1H), 2.49 (m,2H), 3.13 (t,2H), 3.58 (m,2H),
6.24 (brs, 1H), 7.12-7.27 (m,2H), 7.35-7.52 (m,4H), 7.59 (d,2H).

LRMS (Thermospray): 253 (M)".

PREPARATION 48
Methy! 2-[4-(3-fluoro-4-phenylphenyl)-1,2.3.6-tetrahydropyridin-1-

yvisulphonyl]acetate

Obtained as a colourless solid (38%), from the title compound of
Preparation 47 and methyl chlorosulphonylacetate, using the procedure of
Preparation 45. §(DMSOgg): 2.60 (m,2H), 3.47 (t,2H), 3.68 (s,3H), 3.96 (s,2H),
4.37 (s,2H), 6.33 (brs,1H), 7.34-7.57 (m,8H).

LRMS (Thermospray): 407 (M+NH,)".

PREPARATION 49
Methvl 2-[4-(3-methoxy-4-phenyiphenyl)-1.2.3 .6-tetrahydropyridin-1-

visulphonyl]-2-methvipropanoate

lodomethane (0.2 ml, 3.4 mmol) was added to a stirred mixture of the
titte compound of Preparation 45 (0.54 g, 1.4 mmol), anhydrous potassium
carbonate (0.56 g, 4.1 mmol) and anhydrous dimethylsulphoxide (5 mi), then
the reaction mixture stirred at room temperature for about 16 hours. The
resulting mixture was partitioned between ethyl acetate and water, then the
organic phase washed with water, dried (MgSQO,) and evaporated under
reduced pressure to afford the title compound (540 mg) as a pale yellow oil.
S(CDCly): 1.69 (s,6H), 2.67 (m,2H), 3.64 (t,2H), 3.82 (s,3H), 3.84 (s,3H), 4.14
(m,2H), 6.09 (s,1H), 6.98 (s,1H), 7.03 (d,2H), 7.27-7.37 (m,2H), 7.42 (1,2H),
7.54 (d,2H).
LRMS (Thermospray): 430 (M+H)".
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PREPARATION 50
2-[4-(3-Methoxy-4-phenylpheny!)-1,2,3 .6-tetrahydropyridin-1-yisulphonyl]-2-

methylpropanoic acid

1M Aqueous sodium hydroxide solution (1.2 ml, 1.2 mmol) was added to
a stirred solution of the title compound of Preparation 49 (250 mg, 0.58 mmol)
in methanol (5 ml). The resulting solution was heated at 50°C for about 2
hours, then allowed to cool to room temperature and poured into ethyl acetate.
This mixture was washed with 2M hydrochloric acid, then the organic phase
dried (MgSG,) and evaporated under reduced pressure to give the title
compound (210 mg) as a pale yellow , semi- solid. 8(CDCl3): 1.69 (s,6H), 2.67
(m,2H), 3.64 (t,2H), 3.83 (s,3H), 4.17 (m,2H), 6.08 (s,1H), 6.97 (s,1H), 7.03
(d,2H), 7.27-7.36 (m,2H), 7.40 (t,2H), 7.53 (d,2H).
LRMS (Thermospray): 433 (M+NH,)".

PREPARATION 51
4-Bromo-2-methoxyphenyldiazonium tetrafluoroborate

A solution of 4-bromo-2-methoxyaniline (J. Med.Chem., 1989, 32, 1936;

17.9 g, 88.6 mmol) in anhydrous ether (350 mi) was added over about 1 hour to
boron trifluoride etherate (27 ml, 212 mmol) at -15°C. The resulting solution
was stirred at -15°C for about 5 minutes and then a solution of t-butyl nitrite
(11.4 ml, 106 mmol) in anhydrous ether (100 ml) was added slowly, keeping the
internal temperature at around -15°C. The reaction mixture was stirred at -15°C
for a further 15 minutes and then at 4°C for about 4 hours. Pentane was added
and the resulting precipitate collected, washed with pentane and dried under
reduced pressure to yield the title compound (20.1 g) as a purple solid.
8(CD,CN): 4.20 (s,3H), 7.58 (d,1H), 7.80 (s,1H), 8.16 (d,1H).

LRMS (Thermospray): 301 (M)™.
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PREPARATION 52

4-(3-Ethoxyphenyl)-3-methoxybromobenzene

Anhydrous 1,4-dioxan (80 ml) was added to a mixture of the title
compound Preparation 51 (8.0 g, 26.6 mmol), 3-ethoxyphenylboronic acid (5.3
g, 31.9 mmol) and palladium(ll) acetate (0.35 g, 1.3 mmol) and the reaction
mixture stirred at room temperature for about 16 hours. The resulting mixture
was diluted with water (100 mi) and ether (100 mi), filtered and the filtrate
extracted with ether (2 x 100 ml). The combined extracts were dried (MgSQO,)
and then evaporated under reduced pressure. Purification of the residue by
flash chromatography, using pentane:ether (20:1) as eluant, provided the title
compound (6.9 g) as a colourless oil. 3(CDCl;): 1.45 (t,3H), 3.83 (s,3H), 4.10
(9,2H), 6.89 (d,1H), 7.06 (d,2H), 7.10-7.24 (m,3H), 7.27-7.38 (m,1H).

LRMS (APCI): 308 (M+H)".

PREPARATION 53

t-Butyl 4-[4-(3-ethoxyphenvl)-3-methoxyphenvyl]-4-hydroxypiperidine-1-

carboxylate
Obtained as a colourless oil (60%), from the title compound of

Preparation 52 and t-butyl 4-oxopiperidine-1-carboxylate, using the procedure
of Preparation 43. §(CDCl;): 1.44 (t,3H), 1.50 (s,9H), 1.79 (m,2H), 2.03
(m,2H), 3.27 (t,2H), 3.83 (s,3H), 4.06 (m,4H), 6.86 (d,1H), 7.08 (m,3H), 7.15 (s,
1H), 7.31 (m,2H).

PREPARATION 54

4-[4-(3-Ethoxyphenyl)-3-methoxyphenyl]-1.2.3 .6-tetrahydropyridine

Obtained as a pale yellow viscous oil (91%), from the title compound of

Preparation 53 and trifluoroacetic acid, using the procedure of Preparation 44.
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5(CDCl,): 1.44 (t,3H), 2.53 (m,2H), 3.16 (t,2H), 3.58 (s,2H), 3.83 (s,3H), 4.07
(q,2H), 6.19 (brs,1H), 6.86 (d,1H), 7.00 (s,1H), 7.07 (m,3H), 7.31 (m,2H).
LRMS (Thermospray): 310 (M+H)".

PREPARATION 55
Methyl 2-{4-[4-(3-ethoxyphenyl)-3-methoxyphenyl]-1,2,3,6-tetrahydropyridin-1-

ylsulphonyl}acetate

Obtained as a yellow semi-solid (22%), from the title compound of

Preparation 54 and methy! chlorosuphonylacetate, using the procedure of
Preparation 45. &(CDCl,): 1.43 (t,3H), 2.69 (m,2H), 3.65 (t,2H), 3.81 (s,3H),
3.84 (s,3H), 4.04 (s,2H), 4.08 (m,4H), 6.10 (brs,1H), 6.87 (d,1H), 6.96 (s,1H),
7.02 (d,1H), 7.09 (m,2H), 7.31 (m,2H).

LRMS (Thermospray): 446 (M+H)".

PREPARATION 56
Methyl 2-{4-[4-(3-ethoxyphenyl\phenyl]-1,2,3.6-tetrahydropyridin-1-

ylsulphonyl}acetate

To a solution of the title compound of Preparation 38 (250 mg, 0.7 mmol) in 1,2-

dimethoxyethane (8 ml) was added 3-ethoxyphenylboronic acid (168 mg, 1.0
mmol), cesium fluoride (226 mg, 1.5 mmol), tri-o-tolylphosphine (21 mg, 0.07
mmol) and tris(dibenzylideneacetone)dipalladium(0) (31 mg, 0.035 mmol), then
the reaction mixture heated under reflux for about 4 hours under nitrogen. The
resulting mixture was allowed to cool to room temperature, then diluted with
ethyl acetate and washed with saturated aqueous sodium bicarbonate solution.
The organic phase was dried (MgSO,) and evaporated under reduced

pressure, then the residue triturated with hexane-ether to furnish the title
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compound (222 mg) as a pale yellow solid, m.p. 120-122°C. Found: C,64.25;
H,6.01; N,2.99. C,,H,5sNO;S requires C,63.60; H,6.06; N,3.37%. 8(DMSOQO):
1.32 (t,3H), 2.62 (m,2H), 3.50 (t,2H), 3.71 (s,3H), 3.98 (d,2H), 4.10 (q,2H), 4.37
(s,2H), 6.27 (brs,1H), 6.91 (d,1H), 7.18 (s,1H), 7.22 (d,1H), 7.36 (1,1H), 7.52
(d,2H), 7.66 (d,2H).

LRMS (Thermospray): 433 (M+NH,)".

PREPARATION 57

4-Bromo-2-methylphenvldiazonium tetrafluoroborate

Obtained as a yellow solid (93%), from 4-bromo-2-methylaniline and t-
butyl nitrite, using the procedure of Preparation 561. §(CD;CN): 2.70 (s,3H),
7.93 (d,1H), 8.04 (s,1H), 8.50 (d,1H).

PREPARATION 58

4-(3-Methoxypheny!l)-3-methyibromobenzene

Obtained as a pale yellow oil (25%), from the title compound of
Preparation 57 and 3-methoxyphenylboronic acid, using the procedure of
Preparation 52. §(CDCl;): 2.15 (s,3H), 3.84 (s,3H), 6.79-6.94 (m,3H), 7.09
(s,1H), 7.33 (d,1H), 7.37 (d,1H), 7.43 (s,1H).

PREPARATION 59
t-Butvl 4-hyvdroxy-4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidine-1-

carboxylate
Obtained as a colourless oil (63%), from the title compound of

Preparation 58 and t-butyl 4-oxopiperidine-1-carboxylate, using the procedure
of Preparation 43. §(CDCI;): 1.50 (s,9H), 1.79 (m,2H), 2.04 (m,2H), 2.19
(s,3H), 3.27 (t,2H), 3.83 (s,3H), 4.06 (m,2H), 6.85 (s,1H), 6.90 (d,2H), 7.26 (m,
1H), 7.34 (t,2H), 7.38 (s,1H).

LRMS (Thermospray): 399 (M+H)".
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PREPARATION 60
4-[4-(3-Methoxyphenyl)-3-methylphenyi]-1,2,3.6-tetrahydropyridine

Obtained as a pale yellow semi-solid (93%), from the title compound of
Preparation 59 and trifluoroacetic acid, using the procedure of Preparation 44.
8(CDCly), 2.30 (s,3H), 2.42 (s,2H), 3.15 (t,2H), 3.57 (s,2H), 3.83 (s,3H), 6.18
(brs,1H), 6.90 (m,3H), 7.16-7.36 (m, 4H).

LRMS (Thermospray): 280 (M+H)".

PREPARATION 61
Methy| 2-{4-[4-(3-methoxypheny)-3-methylphenvl]-1,2,3,6-tetrahydropyridin-1-

visulphonyilacetate

A solution of methyl chlorosulphonylacetate (0.65 g, 3.7 mmol) in
dichloromethane (10 ml) was added dropwise to a stirred solution of the title
compound of Preparation 60 (0.92 g, 3.3 mmol) and 1,8-diazabicyclo
[5.4.0Jundec-7-ene (0.76 g, 4.9 mmol) in dichloromethane (20 ml) at about 0°C,
the cooling bath removed and the reaction mixture stirred at room temperature
for 4 hours, then diluted with dichloromethane. The resulting mixture was
washed with 0.1 M hydrochloric acid, dried (MgSO,) and evaporated under
reduced pressure, then the residue purified by flash chromatography, using
dichloromethane as eluant, to afford the title compound (250 mg) as a
colourless solid, m.p. 83-85°C. §(CDCl;): 2.30 (s,3H), 2.69 (m,2H), 3.66 (t,2H),
3.85 (s,3H), 3.86 (s,3H), 4.03 (s,2H), 4.11 (m,2H), 6.09 (brs,1H), 6.83-
6.97(m,3H), 7.17-7.35 (m, 4H).

LRMS (Thermospray): 416 (M+H)".
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PREPARATION 62

3-Ethylphenylboronic acid

n-Butyllithium (11 ml of a 2.5M solution in hexane, 28 mmol) was added
to a stirred solution of 3-ethylbromobenzene (Chem. Pharm. Bull., 1968, 16,
2456; 4.6 g, 25 mmol) in anhydrous tetrahydrofuran (50 ml), whilst keeping the
internal temperature below -60°C. The mixture was stirred at about -70°C for 1
hour, then trimethyiborate (4.4 mil, 38 mmol) added dropwise, again whilst
keeping the internal temperature below -60°C. The reaction mixture was stirred
at -70°C for 30 minutes, then slowly allowed to warm to room temperature. 2M
Hydrochloric acid was added, the mixture was extracted with dichloromethane
(3 x 50 ml) and the combined extracts concentrated under reduced pressure
The residue was dissolved in ether (60 ml), the solution extracted with 1M
aqueous sodium hydroxide solution (2 x 30 ml) and the aqueous phase
acidified with 2M hydrochloric acid, then extracted with ether (3 x 50 ml). The
combined extracts were dried (MgSO,) and evaporated under reduced
pressure to give the title compound as a white solid (0.9 g, 24%). &(DMSOg):
1.17 (t,3H), 2.57 (q,2H), 7.22 (t,2H), 7.57 (t,1H), 7.61 (s,1H), 7.93 (s,2H).

PREPARATION 63
Methyl 2-{4-[4-(3-ethyvipheny)-3-methyiphenyi]-1.2.3.6-tetrahydropyridin-1-

visulphonyl}acetate
Obtained as a yellow solid (75%), m.p. 58-60°C, from the title

compounds of Preparation 62 and Preparation 37, using the procedure of
Preparation 41. §(CDCI3): 1.27 (t,3H), 2.50 (s,3H), 2.68 (m,4H), 3.64 (t,2H),
3.82 (s,3H), 4.03 (s,2H), 4.10 (s,2H), 6.08 (brs,1H), 7.14-7.37 (m,7H).
LRMS (Thermospray): 431 (M+NH,)".
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PREPARATION 64
Methvl 4-{4-[4-(3-methoxyphenyl)-3-methylphenyl]-1,.2,3.6-tetrahydropyridin-1-

visulphonvlietrahydropyran-4-carboxylate

Obtained as a glassy solid (20%), from the title compound of Preparation
61 and bis-2-iodoethyl ether, using the procedure of Preparation 39. §(CDClI5):
2.20-2.34 (m,5H), 2.45 (m,2H), 2.67 (m,2H), 3.33 (t,2H), 3.62 (m,2H), 3.83
(s,3H), 3.89 (s,3H), 4.01 (m,2H), 4.10 (m,2H), 6.05 (brs,1H), 6.91 (m,3H), 7.23-
7.36 (m,4H).
LRMS (APCI): 486 (M+H)".

PREPARATION 65
4-{4-[4-(3-Methoxypheny)-3-methylphenyl]-1.2.3.6-tetrahydropyridin-1-

visulphonylitetrahydropyran-4-carboxylic acid
Obtained as a pale yellow solid (93%), m.p. 180-190°C, from the title

compound of Preparation 64, using the procedure of Preparation 50. §(CDCls):
2.20-2.33 (m,5H), 2.43 (m,2H), 2.65 (m,2H), 3.43 (t,2H), 3.67 (m,2H), 3.82
(s,3H), 4.04 (m,2H), 4.14 (m,2H), 6.04 (brs,1H), 6.88 (m,3H), 7.21-7.36 (M,4H).

PREPARATION 66

Methv! 4-{4-[4-(3-methoxypheny|)-3-methylphenyl]piperidin-1-ylsulphonyl}-

tetrahydropyran-4-carboxylate

A stirred mixture of the title compound of Preparation 64 (315 mg, 0.65
mmol), ammonium formate (200 mg, 3.2 mmol), 10% palladium on carbon (50
mg) and methanol (5 m!) was heated under reflux for 1.5 hours, then allowed to
cool and filtered. The filtrate was evaporated under reduced pressure and the
residue partitioned between ether and water. The organic phase was dried

(MgSO0,) and evaporated under reduced pressure, then the residue crystaliised
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from methanol to yield the title compound (215 mg) as a white solid, m.p. 137-
139°C. §(CDCl3): 1.75-1.94 (m,4H), 2.19 (d,1H), 2.22 (d,1H), 2.27 (s,3H), 2.43
(m,2H), 2.66 (m,1H), 3.07 (t,2H), 3.32 (t,2H), 3.83 (s,3H), 3.90 (s,3H), 3.96
(m,2H), 4.00 (d,1H), 4.02 (d,1H), 6.87 (m,3H), 7.08 (m,2H), 7.19 (d,1H), 7.32
(m,1H).

LRMS (APCI): 486 (M+H)".

PREPARATION 67
4-{4-[4-(3-Methoxyphenvl)-3-methylphenyl]piperidin-1-

visulphonyl}tetrahydropyran-4-carboxylic acid
Obtained as a white solid (84%), m.p. 225-228°C, from the title

compound of Preparation 66, using the procedure of Preparation 50, but with a
mixture of methanol (5 ml) and tetrahydrofuran (10 ml) as solvent. Found:
C,63.04; H, 6.59; N, 2.91. C,5H3;NOgS requires C, 63.40; H, 6.60; N, 2.96%.
S(DMSOy): 1.60 (m,2H), 1.80 (m,2H), 1.93 (dt,2H), 2.20 (s,3H), 2.24 (m,2H),
2.68 (m,1H), 3.05 (t,2H), 3.20 (t,2H), 3.75 (s,3H), 3.77 (m,2H), 3.88 (d,1H), 3.92
(d,1H), 6.86 (m,3H), 7.11 (m,3H), 7.31 (m,1H), 13.80 (brs,1H).

LRMS (APCI): 474 (M)".

PREPARATION 68

3-Methoxv-4-(3-methoxyphenyl)bromobenzene

Obtained as a pale yellow oil (78%), from the title compound of
Preparation 51 and 3-methoxyphenylboronic acid, using the procedure of
Preparation 52. Found: C, 57.77; H, 4.51. C,,HsBrO, requires C, 57.36; H,
4.47. 5(CDCl;): 3.82 (s,3H), 3.86 (s,3H), 6.91 (d,1H), 7.03-7.39 (m,6H).
LRMS (Thermospray): 311 (M+NH,)".
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PREPARATION 69

t-Buty!l 4-hvdroxvy-4-[3-methoxy-4-(3-methoxyphenyl)phenvi]piperidine-1-

carboxylate
Obtained as a colourless oil (67%), from the title compound of

Preparation 68 and t-butyl 4-oxopiperidine-1-carboxylate, using the procedure
of Preparation 43. §(CDCl,): 1.50 (s,9H), 1.79 (m,2H), 2.06 (m,2H), 3.28 (t,2H),
3.83 (s,6H), 4.06 (m,2H), 6.88 (d,1H), 7.08 (m,3H), 7.14 (s, 1H), 7.32 (m,2H).
LRMS (Thermospray): 436 (M+Na)".

PREPARATION 70

4-13-Methoxy-4-(3-methoxyphenylphenyl]-1,2.3 .6-tetrahydropyridine

A stirred solution of the title compound of Preparation 69 (6.7 g, 16.2
mmol) and p-toluenesulphonic acid (6.17 g, 32.5 mmol) in toluene (70 ml) was
heated under reflux in a Dean-Stark apparatus until water removal was
complete (ca. 4 hours), then allowed to cool and diluted with ethyl acetate (100
ml). The resulting mixture was washed with 1M aqueous sodium hydroxide
solution (3 x 50 ml), then the organic phase dried (MgSO,) and evaporated
under reduced pressure to provide the title compound (3.3 g) as a yellow oil.
5(CDCly): 1.80 (brs,1H), 2.50 (m,2H), 3.14 (t,2H), 3.57 (m,2H), 3.84 (s,6H), 6.20
(brs,1H), 6.88 (d,1H), 6.98-7.36 (m, 6H).

LRMS (Thermospray): 296 (M+H)".

PREPARATION 71
Methy! 2-{4-[3-methoxy-4-(3-methoxyphenyl)phenyl]-1.2,3.6-tetrahydropyridin-

1-visul nyllacetate

Obtained as a yellow semi-solid (40%), from the title compound of

Preparation 70 and methyl chlorosulphonylacetate, using the procedure of
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Preparation 45. Found: C,58.87; H, 5.65; N, 3.11. C;,H;sNO¢S; 1.00 H,O
requires C, 58.78; H, 6.05; N, 3.12%. &(CDCl;): 2.71 (m,2H), 3.64 (t,2H), 3.81
(s,3H), 3.84 (s,6H), 4.02 (s,2H), 4.11 (m,2H), 6.10 (brs,1H), 6.88 (d,1H), 6.97
(s,1H), 7.02 (d,1H), 7.12 (m,2H), 7.32 (m,2H).

LRMS (Thermospray): 449 (M+H)".

PREPARATION 72

Methyl 2-{4-[3-methoxy-4-(3-methoxyphenvhphenyl]-1.2.3.6-tetrahydropyridin-

1-visulphonvl}-2-methvipropanoate

Obtained as a colourless semi-solid (40%), from the title compound of
Preparation 71 and iodomethane, using the procedure of Preparation 49.
Found: C,62.30; H, 6.29; N, 3.00. C,;H,sNO¢S requires C, 62.73; H, 6.36; N,
3.05%. &(CDCl;): 1.68 (s,6H), 2.67 (m,2H), 3.64 (t,2H), 3.82 (s,3H), 3.84
(s,3H), 3.85 (s,3H), 4.13 (m,2H), 6.07 (brs,1H), 6.88 (d,1H), 6.97 (s,1H), 7.02
(d,1H), 7.13 (m,2H), 7.31 (m,2H).

LRMS (Thermospray): 460 (M+H)".

PREPARATION 73

Methy! 2-{4-[3-methoxy-4-(3-methoxyphenvphenyl]piperidin-1-yIsulphonyl}-2-

methyipropanoate

Obtained as a colourless solid (80%), m.p. 140-142°C, from the title
compound of Preparation 72, using the procedure of Preparation 66. Found:
C,62.31; H, 6.87; N, 2.91. C,4H3;NOgS requires C, 62.45; H, 6.77; N, 3.03%.
8(CDCIl,): 1.66 (s,6H), 1.87 (m,4H), 2.49 (m,1H), 3.09 (t,2H), 3.82 (s,6H), 3.84
(s,3H), 3.93 (m,2H), 6.81 (s,1H), 6.86 (d,2H), 7.08 (m,2H), 7.29 (m,2H).

LRMS (Thermospray): 462 (M+H)".
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PREPARATION 74

2-{4-13-Methoxy-4-(3-methoxyphenvlphenvljpiperidin-1-yisuiphonyl}-2-

methyipropanoic acid

Obtained as a colourless solid (80%), m.p. 164-165°C, from the title

compound of Preparation 73, using the procedure of Preparation 50. Found:
C,61.64; H, 6.53; N, 3.06. C,3H,gNOgS requires C, 61.73; H, 6.53; N, 3.13%.
8(CDCl3): 1.69 (s,6H), 1.87 (m,4H), 2.69 (m,1H), 3.10 (t,2H), 3.81 (s,3H), 3.82
(s,3H), 4.02 (m,2H), 6.80 (s,1H), 6.87 (m,2H), 7.07 (m,2H), 7.27 (m,2H).
LRMS (Thermospray): 465 (M+NH,)".

PREPARATION 75
Methv! 2-{4-[4-(3-ethoxyphenyl)-3-methoxyphenyi]-1.2.3.6-tetrahydropyridin-1-

visulphonyl}-2-methvlpropanoate

Obtained as a pale yellow oil (29%), from the title compound of
Preparation 55 and iodomethane, using the procedure of Preparation 49.
Found: C,62.99; H, 6.64; N, 2.88. C,5H3;NOgS requires C, 63.40; H, 6.60; N,
2.96%. &(CDCIly): 1.43 (t,3H), 1.67 (s,6H), 2.66 (m,2H), 3.63 (t,2H), 3.81 (s,3H),
3.83 (s,3H), 4.07 (q,2H), 4.13 (m,2H), 6.07 (brs,1H), 6.87 (d,1H), 6.96 (s,1H),
7.02 (d,1H), 7.10 (m,2H), 7.31 (m,2H).

LRMS (Thermospray): 474 (M+H)".

PREPARATION 76

Methvl 2-{4-[4-(3-ethoxyphenvl)-3-methoxyphenyllpiperidin-1-ylsulphonyl}-2-

methylpropanoate
Obtained as a colourless semi-solid (83%) from the title compound of

Preparation 75, using the procedure of Preparation 66. Found: C,62.86; H,
7.12;: N, 2.68. C,5H33NOgS requires C, 63.14; H, 6.99; N, 2.95%. &(CDCly):
1.43 (t,3H), 1.67 (s,6H), 1.86 (m,4H), 2.70 (m,1H), 3.09 (t,2H), 3.82 (s,6H), 3.97
(m,2H), 4.06 (q,2H), 6.80 (s,1H), 6.86 (m,2H), 7.08 (m,2H), 7.27 (m,2H).

LRMS (Thermospray): 476 (M+H)".
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PREPARATION 77

2-{4-14-(3-Ethoxyphenyl)-3-methoxyphenvllpiperidin-1-yisuiphonyl}-2-methyl-

propanoic acid

Obtained as a colourless solid (95%), from the title compound of
Preparation 76, using the procedure of Preparation 50. Found: C,61.92; H,
7.00; N, 2.72. C,,H3;NO4S requires C, 62.45; H, 6.77; N, 3.03%. 3(CDCl,):
1.42 (t,3H), 1.70 (s,6H), 1.87 (m,4H), 2.70 (m,1H), 3.11 (t,2H), 3.80 (s,3H), 4.04
(m,4H), 6.80 (s,1H), 6.85 (d,2H), 7.08 (m,2H), 7.27 (m,2H).

LRMS (Thermospray): 479 (M+NH,)".

PREPARATION 78
Methvl 4-{4-[4-(3-ethoxyphenyl}-3-methylphenyl]-1.2.3.6-tetrahydropyridin-1-

visulphonvitetrahvdropyran-4-carboxylate

Obtained as a colourless foam (86%), from the title compound of
Preparation 39 and 3-ethoxyphenylboronic acid, using the procedure of
Preparation 41, but with methanol:dichloromethane (1:99) as eluant. 3(CDCl;):
1.42 (t,3H), 2.22 (m,2H), 2.28 (s,3H), 2.44 (d,2H), 2.65 (m,2H), 3.34 (dd,2H),
3.60 (m,2H), 3.90 (s,3H), 4.00-4.15 (m,6H), 6.03 (brs,1H), 6.83-6.92 (m,3H),
7.20-7.36 (m,4H).

LRMS (Thermospray): 500 (M+H)".

PREPARATION 79
4-{4-[4-(3-Ethoxyphenyl)-3-methyiphenyl]-1.2.3.6-tetrahydropyridin-1-

visulphonylitetrahydropyran-4-carboxylic acid

1M Aqueous sodium hydroxide solution (2.3 ml, 2.3 mmol) was added to
a stirred solution of the titie compound of Preparation 78 (290 mg, 0.58 mmol)
in a mixture of methanol (10 ml) and 1,4-dioxan (2 ml). The resulting solution

was heated at 80°C for about 5 hours, then allowed to cool to room
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temperature and evaporated under reduced pressure. The residue was
partitioned between 1M hydrochloric acid and ethyl acetate, then the organic
phase dried (MgSO,) and evaporated under reduced pressure. The residue
was crystallised from diisopropy! ether to furnish the title compound (220 mg)
as a colourless solid, m.p. 203-205°C. Found: C,64.14; H, 6.47; N, 2.87.
CosH31NOgS requires C, 64.31; H, 6.44; N, 2.89%. 3(CDCl): 1.43 (t,3H), 2.27
(m,2H), 2.29 (s,3H), 2.42 (d,2H), 2.68 (m,2H), 3.42 (dd,2H), 3.67 (m,2H), 4.00-
4.18 (m,6H), 6.04 (brs,1H), 6.82-6.93 (m,3H), 7.20-7.35 (m,4H).

LRMS (Thermospray): 486 (M+H)".

PREPARATION 80

Methvl 2-{4-[4-(3-ethoxypheny)-3-methylphenyl]-1.2.3.6-tetrahydropyridin-1-

visulphonyl}-2-methyipropanoate
Obtained as a colourless solid (80%), m.p. 75-76°C, from the title

compound of Preparation 41 and iodomethane, using the procedure of
Preparation 40. Found: C,65.55; H, 6.82; N, 2.98. C,5H;3;NOsS requires C,
65.62; H, 6.83; N, 3.06%. §(CDCl3): 1.43 (t,3H), 1.68 (s,6H), 2.28 (s,3H), 2.65
(m,2H), 3.62 (m,2H), 3.81 (s,3H), 4.06 (q,2H), 4.12 (m,2H), 6.06 (brs,1H), 6.83-
6.92 (m,3H), 7.20-7.35 (m,4H).

LRMS (Thermospray): 458 (M+H)".

PREPARATION 81
2-{4-14-(3-Ethoxvphenvl)-3-methylphenyl]-1,2.3.6-tetrahydropyridin-1-

yisulphonyl}-2-methylpropanoic acid

Obtained as a colourless amorphous solid (560%), from the title

compound of Preparation 80, using the procedure of Preparation 79, but with

purification by flash chromatography using methanol:dichloromethane (2:98).
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5(CDCly): 1.43 (t,3H), 1.68 (s,6H), 2.25 (s,3H), 2.60 (m,2H), 3.62 (m,2H), 4.05
(q,2H), 4.15 (m,2H), 6.03 (brs,1H), 6.78-6.90 (m,3H), 7.20-7.35 (m,4H).

LRMS (APCI): 444 (M+H)".

PREPARATION 82

Methv! 2-{4-[4-(3-ethoxyphenyl)-3-methylphenyllpiperidin-1-ylsulphonyljacetate

Obtained as a colouriess amorphous solid (99%), from the title
compound of Preparation 41, using the procedure of Preparation 66. 5(CDCls):
1.43 (t,3H), 1.85 (m,2H), 1.97 (m,2H), 2.28 (s,3H), 2.67 (m,1H), 3.01 (m,zH),
3.84 (s,3H), 3.98 (s,2H), 4.01 (m,2H), 4.05 (q,2H), 6.80-6.90 (m,3H), 7.05-7.34
(m,4H). ‘

LRMS (Thermospray): 432 (M+H)".

PREPARATION 83
Methyl 2-{4-[4-(3-ethoxyphenyl)-3-methyiphenyllpiperidin-1-ylsulphonyl}-2-
methylpropanoate

Obtained as a colourless gum (91%), from the title compound of

Preparation 82 and iodomethane, using the procedure of Preparation 40.
5(CDCl,): 1.42 (t,3H), 1.67 (s,6H), 1.80-1.95 (m,4H), 2.29 (s,3H), 2.67 (m,1H),
3.10 (m,2H), 3.82 (s,3H), 3.97 (m,2H), 4.06 (q,2H), 6.82-6.90 (m,3H), 7.06-7.35
(m,4H).

LRMS (Thermospray): 460 (M+H)".

PREPARATION 84
2_{4-[14-(3-Ethoxyphenyl)-3-methylphenyllpiperidin-1-ylsulphony!}-2-methyl-

propanoic acid
Obtained as a colourless solid (72%), m.p. 125-128°C, from the title
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compound of Preparation 83, using the procedure of Preparation 79, except
that the crude product was flash chromatographed using methanol :
dichloromethane (3:97), before crystallisation from diisopropyl ether. Found:
C.,64.14; H, 7.01; N, 3.06. C,,H;;NOsS requires C, 64.69; H, 7.01; N, 3.14%.
8(CDCly): 1.41 (t,3H), 1.68 (s,6H), 1.77-1.97 (m,4H), 2.26 (s,3H), 2.66 (m,1H),
3.10 (m,2H), 4.00-4.10 (m,4H), 6.80-6.90 (m,3H), 7.03-7.35 (m,4H).

LRMS (APCI): 446 (M+H)".

PREPARATION 85
Methy! 2-{4-[3-methvyl-4-(pyridin-2-yl)phenvl]-1.2.3 .6-tetrahydropyridin-1-

visulphonyllacetate

A stirred solution of the title compound of Preparation37 (206 mg, 0.53
mmol), 2-(tri-n-butylstannyl)pyridine (Tetrahedron, 1997 53, 859; 295 mg, 0.80
mmol), tri-o-tolylphosphine (50 mg, 0.16 mmol), palladium(ll) acetate (12 mg,
0.05 mmol) and triethylamine (0.2 ml, 1.44 mmol) in anhydrous acetonitrile (6
ml), under nitrogen, was heated under refiux for 6 hours. Additional portions of
tri-o-tolylphosphine (50 mg, 0.16 mmol) and palladium(ll) acetate (12 mg, 0.05
mmol) were added, then reflux continued for a further 24 hours. The resulting,
cool mixture was partitioned between ethyl acetate and aqueous sodium
bicarbonate solution, then the separated organic phase washed with water,
dried (MgS0,) and evaporated under reduced pressure. The residue was
purified by flash chromatography, using an elution gradient of hexane:ethyl
acetate (100:0 to 55:45), to afford the titie compound (20 mg, 10%) as a
colourless amorphous solid. §(CDCl;): 2.39 (s,3H), 2.68 (m,2H), 3.65 (t,2H),
3.81 (s,3H), 4.02 (s,2H), 4.10 (m,2H), 6.10 (brs,1H), 7.23-7.30 (m,3H), 7.40
(m,2H), 7.75 (dd,1H), 8.70 (d,1H).

LRMS (APCI): 387 (M+H)".
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PREPARATION 86

Methy! 2-{4-[3-methyl-4-(pyridin-3-yl)phenyl]-1.2,3,6-tetrahydropyridin-1-
ylsulphonyl}acetate

Obtained as a colourless foam (78%), from the title compound of

Preparation 37 and 3-(tri-n-butylstannyl)pyridine, using the procedure of
Preparation 85, except that the reaction time was § hours at reflux followed by
72 hours at room temperature. Found: C, 62.07; H, 6.78; N, 7.09.
CoH22N,O,4S requires C, 62.16; H, 5.74; N, 7.25%. 3(CDCl;): 2.30 (s,3H), 2.70
(m,2H), 3.68 (t,2H), 3.83 (s,3H), 4.03 (s,2H), 4.14 (m,2H), 6.10 (brs,1H), 7.20-
7.40 (m,4H), 7.66 (d,1H), 8.60 (m,2H).

LRMS (APCI): 387 (M+H)".

PREPARATION 87
Methy! 2-{4-[3-methvl-4-(pyridin-4-y\phenyl]-1.2 .3 .6-tetrahydropyridin-1-

ylsulphonyl}acetate

Obtained as a colourless foam (54%), from the title compound of

Preparation 37 and 4-(tri-n-butylstannyl)pyridine, using the procedure of
Preparation 85. Found: C, 61.98; H, 5.80; N, 7.13. C,,H,,N,0,S requires C,
62.16: H, 5.74; N, 7.25%. 8(CDCI;): 2.30 (s,3H), 2.70 (m,2H), 3.64 (t,2H), 3.81
(s,3H), 4.02 (s,2H), 4.10 (m,2H), 6.10 (brs,1H), 7.20-7.30 (m,5H), 8.66 (d,2H).
LRMS (APCI): 387 (M+H)".

PREPARATION 88

6-Ethoxy-2-(tri-n-butylstannyl)-pyridine

A 2.5M solution of n-butyllithium in hexane (4.5 mi, 11.3 mmol) was
added to a stirred solution of 2-bromo-6-ethoxypyridine (Rec. Trav. chim., 1965,
84, 53; 2.1g, 11.3 mmol) in anhydrous ether (25 ml), under nitrogen, at about -
40°C. After about 20 minutes, tri-n-butyltin chloride (3.1 ml, 11.4 mmol) was
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slowly added and, after a further 15 minutes, the reaction mixture was allowed
to warm to room temperature. The resuiting mixture was quenched by the
addition of aqueous ammonium chloride solution, then the organic phase
separated, washed with water, dried (MgSO4) and evaporated under reduced
pressure. The residue was purified by flash chromatography, using an elution
gradient of pentane:dichloromethane (100:0 to 80:20), to give the title
compound (1.6 g, 34%) as a colourless oil. 3(CDCl;): 0.90 (t,9H), 1.08 (t,6H),
1.30-1.42 (m,9H), 1.58 (m,6H), 4.40 (q,2H), 6.53 (d,1H), 6.97 (d,1H), 7.39
(dd,1H).

PREPARATION 89
Methyl 2-{4-[4-(6-ethoxypyridin-2-yl)-3-methylphenyl]-1.2.3.6-tetrahydropyridin-

1-visulphonyl}-2-methyvlpropanoate

A stirred mixture of the title compounds of Preparation 40 (500 mg, 1.2
mmol) and Preparation 88 (745 mg, 1.8 mmol), tri-o-tolylphosphine (109 mg,
0.36 mmol), palladium(ll) acetate (30 mg, 0.13 mmol),
tetrakis(triphenylphosphine)palladium(0) (30 mg, 0.025mmol), triethylamine
(0.45 ml, 3.2 mmol) and anhydrous acetonitrile (15 ml), under nitrogen, was
heated under reflux for 18 hours. The cool mixture was partitioned between
ethyl acetate and aqueous sodium bicarbonate solution, then the organic
phase separated, washed with water, dried (MgSO,) and evaporated under
reduced pressure. The residue was purified by flash chromatography, using an
elution gradient of pentane:ether (95:5 to 80:20), to yield the title compound
(290 mg, 52%) as a colourless foam. §(CDCI;): 1.40 (t,3H), 1.68 (s,6H), 2.46
(s,3H), 2.66 (m,2H), 3.63 (m,2H), 3.81 (s,3H), 4.12 (m,2H), 4.40 (q,2H), 6.07
(brs,1H), 6.68 (d,1H), 6.98 (d,1H), 7.26 (m,2H), 7.40 (d,1H), 7.60 (dd,1H).
LRMS (APCI): 459 (M+H)".
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PREPARATION 90

Methy! 2-{4-[4-(6-ethoxypyridin-2-yl)-3-methylphenvllpiperidin-1-yisulphonyl}- 2-

methylpropanoate

A stirred solution of the title compound of Preparation 89 (280 mg, 0.6
mmol) in methanol (12 mi) was hydrogenated at 345 kPa (50psi) pressure over
10% palladium on carbon (50 mg) for 18 hours, then the resulting mixture
filtered. The filtrate was evaporated under reduced pressure and the residue
purified by flash chromatography, using an elution gradient of pentane:ether
(90:10 to 70:30), to provide the title compound (70 mg, 25%) as a colourless
foam. §(CDCI;): 1.40 (t,3H), 1.67 (s,6H), 1.82 (m,2H), 1.89 (m,2H), 2.43
(s,3H), 2.67 (m,1H), 3.08 (m,2H), 3.81 (s,3H), 3.95 (brd,2H), 4.38 (q,2H), 6.67
(d,1H), 6.96 (d,1H), 7.10 (m,2H), 7.38 (d,1H), 7.60 (dd,1H).

LRMS (APCI): 461 (M+H)".

PREPARATION 91
2-{4-[4-(6-Ethoxypvridin-2-v)-3-methyiphenyllpiperidin-1-ylsulphonyl}-2-methyl-

propanoic acid
A solution of the title compound of Preparation 91 (68 mg, 0.15 mmol) in

a mixture of 1,4-dioxan (2 ml) and 1M aqueous sodium hydroxide solution (0.26
ml, 0.26 mmol) was stirred at room temperature for 18 hours. The resulting
solution was diluted with water (20 ml), acidified with glacial acetic acid to pH
~4 and extracted with ethyl acetate. The extract was dried (MgSO,) and
evaporated under reduced pressure to furnish the title compound (60 mg, 87%)
as a colourless solid, m.p. 178-179°C. Found: C, 61.53; H, 6.81; N, 6.09.
C,3H3oN,O4S requires C, 61.86; H, 6.77; N, 6.27%. §(CDCl,3): 1.39 (1,3H), 1.68
(s,6H), 1.82 (m,2H), 1.90 (m,2H), 2.43 (s,3H), 2.67 (m,1H), 3.10 (m,2H), 4.00
(brd,2H), 4.38 (q,2H), 6.65 (d,1H), 6.96 (d,1H), 7.10 (m,2H), 7.38 (d,1H), 7.60
(dd,1H).
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PREPARATION 92
Methyl 4-[4-(4-phenyl )-1.2.3.6-tetrahydropyridin-1-

ylsulphonylltetrahydropyran-4-carboxylate
Obtained as a colourless solid (67%), m.p. 203-206°C, from the title

compound of Preparation 8 and bis-2-iodoethyl ether, using the procedure of
Preparation 39. 8(CDCl;): 2.25 (m,2H), 2.44 (d,2H), 2.66 (m,2H), 3.32 (t,2H),
3.61 (m,2H), 3.90 (s,3H), 4.01 (dd,2H), 4.10 (m,2H), 6.08 (brs,1H), 7.30-7.62
(m,9H).

LRMS (Thermospray): 442 (M+H)".

PREPARATION 93

4-[4-(4-Phenylphenyl)-1.2.3.6-tetrahydropyridin-1-ylsulphonyljtetrahydropyran-

4-carboxvlic acid

Obtained as a colourless solid (66%), m.p. 214°C, from the title

compound of Preparation 92, using the procedure of Preparation 79. §(CDCl;):
2.27 (m,2H), 2.42 (d,2H), 2.66 (m,2H), 3.41 (t,2H), 3.62 (m,2H), 4.04 (dd,2H),
4.15 (m,2H), 6.08 (brs,1H), 7.30-7.48 (m,5H), 7.58 (m,4H).

LRMS (APCI): 427 (M+H)".

PREPARATION 94

Methyl 4-{4-[4-(4-ethoxyphenyl)-3-methylphenyl]-1,2,3.6-tetrahydropyridin-1-

Isulphonyviftetrahydropyran-4-carboxyvlate

Obtained as a colourless solid (66%), 140-141°C, from the title

compound of Preparation 39 and 4-ethoxyphenylborenic acid, using the
procedure of Preparation 41, but with ethyl acetate:hexane (30:70) as eluant.
Found: C, 64.59; H, 6.60; N, 2.74. C,;H33NOgS requires C, 64.91; H, 6.66; N,
2.80%. 3( DMSOgg): 1.34 (t,3H), 2.00 (m,2H), 2.22 (s,3H), 2.28 (d,2H), 2.55
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(brs,2H), 3.19 (t,2H), 3.50 (brs,2H), 3.80 (s,3H), 3.90 (dd,2H), 3.99 (brs,2H),
4.06 (q,2H), 6.17 (brs,1H), 6.96 (d,2H), 7.14 (d,1H), 7.22 (d,2H), 7.28 (d,1H),
7.33 (s, 1H).

LRMS (Thermospray): 500 (M+H)".

PREPARATION 95
4-{4-[4-(4-EthoxyphenyD)-3-methyiphenyi]-1,2.3.6-tetrahydropyridin-1-

ylsulphonyl}itetrahydropyran-4-carboxylic acid
Obtained as a colourless solid (56%), m.p. 212-214°C, from the title

compound of Preparation 94, using the procedure of Preparation 79. §(CDCl5):
1.34 (t,3H), 1.98 (m,2H), 2.22 (s,3H), 2.24 (d,2H), 2.55 (brs,2H), 3.19 (t,2H),
3.52 (brs,2H), 3.90 (dd,2H), 4.01 (brs,2H), 4.04 (q,2H), 6.17 (brs,1H), 6.96
(d,2H), 7.13 (d,1H), 7.22 (d,2H), 7.28 (d,1H), 7.33 (s,1H).

LRMS (Thermospray): 486 (M+H)".

PREPARATION 96
Methyl 2-{4-14-(3-formyiphenyl)-3-methylphenyl]-1.2 .3 .6-tetrahydropyridin-1-

ylsuiphonyljacetate

Obtained as a colourless gum (86%),from the title compound of

Preparation 37 and 3-formylphenylboronic acid, using the procedure of
Preparation 41, but with methanol:dichloromethane (1:99) as eluant. 5(CDCly):
2.30 (s,3H), 2.70 (m,2H), 3.64 (t,2H), 3.82 (s,3H), 4.02 (s,2H), 4.12 (m,2H),
6.10 (brs,1H), 7.20-7.33 (m,3H), 7.60 (m,2H), 7.85 (m,2H), 10.08 (s,1H).
LRMS (APCI): 414 (M+H)".

PREPARATION 97
Methyi 2-{4-[4-(3-hydroxymethylphenyl)-3-methylphenyl}-1,2,3,6-

tetrahydropyridin-1-yisulphonvi}acetate

The title compound of Preparation 96 (303 mg, 0.73 mmol) was
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dissolved in a mixture of methanol (15 ml) and 1,2-dimethoxyethane (5 ml),
polymer-supported borohydride on Amberlite™ [RA-400 (360 mg, 0.91 mmol)
added and the reaction mixture stirred for 3 hours at room temperature. The
resin was removed by filtration and the filtrate evaporated under reduced
pressure to afford the title compound as a colourless foam (270 mg, 90%).
3(CDCly): 2.30 (s,3H), 2.70 (m,2H), 3.64 (t,2H), 3.82 (s,3H), 4.02 (s,2H), 4.12
(m,2H), 4.77 (brs,2H), 6.10 (brs,1H), 7.20-7.50 (m,7H).

LRMS (Thermospray): 416 (M+H)".

PREPARATION 98

Quinolin-3-ylboronic acid

A 2.5M solution of n-butyllithium in hexane (4.4 ml, 11 mmol) was slowly
added to a stirred solution of 3-bromoquinoline (2.08 g, 10 mmol) in anhydrous
ether (20 ml), under nitrogen, at -75°C. After a further 20 minutes at -75°C,
trimethylborate (1.46 ml, 13 mmol) was added, whereupon the red colour
changed to yellow. The reaction mixture was allowed to warm to room
temperature and quenched with water, followed by 1M aqueous sodium
hydroxide solution (10 ml). The resulting mixture was stirred for 30 minutes
and then glacial acetic acid added until a pH ~5-6 was attained, which
generated a gummy precipitate. Diisopropy! ether was added to this mixture,
stirring continued for 1 hour and then the clear aqueous and organic phases
were decanted from the solid and discarded. The solid residue was dissolved in
ethyl acetate and the solution washed with water, dried (MgSO,) and
evaporated under reduced pressure to give the titie compound as a pale yellow
solid (680 mg, 34%). Found: C, 62.74; H, 4.11; N, 7.92. CgHgBNO, requires
C,62.49; H, 466; N, 8.10%. &8 DMSOy): 7.59 (t,1H), 7.76 (t,1H), 7.98 (m,2H),
8.42 (brs,2H,exchangeable), 8.70 (s,1H), 9.18 (s,1H).
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PREPARATION 99
Methyl 2-methyl-2-{4-[3-methyl-4-(quinolin-3-yl)phenyl]-1.2.3.6-
tetrahydropyridin-1-ylsulphonyl}propanoate
Obtained as a colourless solid (82%), m.p. 149-151°C, from the title

compounds of Preparation 40 and Preparation 98, using the procedure of
Preparation 41, but using 25% 1-methylpyrrolidin-2-one in 1,2-
dimethoxyethane as the reaction solvent and ether:pentane (80:20) as eluant
for flash chromatography. Found: C, 67.02; H, 6.20; N, 5.78. C,gH,sN,0,S
requires C, 67.22; H, 6.08; N, 6.03%. 8(CDCl3): 1.67 (s,6H), 2.36 (s,3H), 2.67
(m,2H), 3.65 (m,2H), 3.82 (s,3H), 4.13 (m,2H), 6.10 (brs,1H), 7.32 (m,3H), 7.60
(t,1H), 7.75 (t,1H), 7.87 (d,1H), 8.10 (s, 1H), 8.16 (d,1H), 8.93 (s,1H).

LRMS (Thermospray): 465 (M+H)".

PREPARATION 100
2-Methyl-2-{4-[3-methyl-4-(quinolin-3-yNphenyl]-1.2.3.6-tetrahvdropyridin-1-

Isulphonyl}propionic acid

A solution of the title compound of Preparation 99 (500 mg, 1.08 mmol)
in a mixture of 1,4-dioxan (5 ml), methanol (10 ml) and 1M aqueous sodium
hydroxide solution (3.2 ml, 3.2 mmol) was stirred under refiux for 30 minutes.
The resulting solution was allowed to cool, acidified with glacial acetic acid to
pH ~4, diluted with water (15 m!) and the resulting mixture partially evaporated
under reduced pressure until crystallisation occurred. The solid was collected
and dried to yield the title compound (440 mg, 90%) as a colourless solid, m.p.
222-224°C. Found: C, 66.17; H, 5.77; N, 6.15. C,sH,sN,0,S requires C,
66.64; H, 65.82; N, 6.22%. & DMSO): 1.51 (s,6H), 2.31 (s,3H), 2.59 (m,2H),
3.58 (m,2H), 4.08 (m,2H), 6.26 (brs,1H), 7.33-7.50 (m,3H), 7.65 (t,1H), 7.78
(t,1H), 8.05 (t,2H), 8.37 (s,1H), 8.90 (s,1H), 13.4 (brs,1H).
LRMS (APCI): 451 (M+H)".
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PREPARATION 101

3-Methyvlthiophenyliboronic acid

A solution of 3-bromothioanisole (10.3 g, 50.9 mmol) in anhydrous
tetrahydrofuran (15 mi) was added dropwise to a stirred mixture of magnesium
turnings (1.86 g, 75 mmol) and a crystal of iodine under nitrogen. Once the
reaction was initiated, the remainder of the solution was added at such a rate
as to keep the reaction mixture under reflux. When the addition was complete,
the mixture was stirred under reflux for a further 1 hour, allowed to cool to room
temperature and then added to a solution of trimethyl borate (5.8 ml, 51 mmol)
in anhydrous tetrahydrofuran (25 ml), whilst keeping the internal temperature at
about -10°C. The reaction mixture was allowed to warm to about 0°C, stirred for
30 minutes and then quenched with 2M hydrochloric acid. The resulting mixture
was extracted with ether, then the combined extracts extracted, in turn, with 2M
aqueous sodium hydroxide solution. The combined aqueous extracts were
acidified with concentrated hydrochloric acid and extracted with ether. The
combined ether extracts were dried (MgSO,) and evaporated under reducted
pressure to provide the title compound (7.8 g, 100%) as a white solid.
3(DMSOy): 2.45 (s,3H), 7.27 (m,2H), 7.54 (m,1H), 7.67 (s,1H), 8.05 (brs,2H).

PREPARATION 102
Methyl 2-{4-[3-methvyl-4-(3-methvlthiophenvlphenyl]-1,2.3.6-tetrahydropyridin-1-

yisulphonyl}acetate

Obtained as a colourless solid (83%), from the title compounds of
Preparation 101 and Preparation 37, using the procedure of Preparation 41, but
using dichloromethane:hexane (3:1) as eluant. §(CDC{;): 2.28 (s,3H), 2.50
(s,3H), 2.68 (m,2H), 3.64 (t,2H), 3.81 (s,3H), 4.02 (s,2H), 4.10 (m,2H), 6.08
(brs,1H), 7.07 (d,1H), 7.20-7.36 (m, 6H).

LRMS (APCI): 432 (M+H)".
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PREPARATION 103

3-Methoxymethylphenylboronic acid
Obtained as a yellow solid (100%), from 1-bromo-3-

methoxymethylbenzene (J. Amer. Chem. Soc., 1989, 111, 6311; Tetrahedron
1985, 41, 1435) and trimethyl borate, using the procedure of Preparation 101.
S(DMSOye): 3.27 (s,3H), 4.38 (s,2H), 7.31 (m,2H), 7.68 (m,2H), 7.98 (brs,2H).

PREPARATION 104
Methvl 2-{4-[4-(3-methoxymethylphenyl)-3-miethylphenyl]-1.2.3.6-

tetrahydropyridin-1-visulphonyl}acetate

Obtained as a colourless oil (35%), from the title compounds of
Preparation 103 and Preparation 37, using the procedure of Preparation 41, but
using ether:hexane (60:40) as eluant. 3(CDCl;): 2.27 (s,3H), 2.68 (m,2H), 3.42
(s,3H), 3.64 (t,2H), 3.81 (s,3H), 4.02 (s,2H), 4.10 (m,2H), 4.51 (s,2H), 6.08
(brs,1H), 7.20-7.32 (m, 7H).

LRMS (Thermospray): 430 (M+H)".

PREPARATION 105

1-Bromo-3-(2-methoxyethoxv)benzene

Anhydrous potassium carbonate (4.2 g, 30.4 mmol) was added to a
stirred solution of 3-bromophenol (5.0 g, 28.9 mmol) in anhydrous
dimethylformamide (100 ml). After 5 minutes, 1-iodo-2-methoxyethane
(Annalen, 1967, 710, 59; 5.9 g, 31.8 mmol) was added and the reaction mixture
stirred at room temperature for about 16 hours. At this point the mixture was
heated at about 50°C for approximately 72 hours, before 1-chloro-2-
methoxyethane (1.8 ml, 19.8 mmol) was added and heating continued for a
further 24 hours. The resulting mixture was evaporated under reduced pressure

and the residue partitioned between ethyl acetate and water. The layers were
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separated and the aqueous layer was further extracted with ethyl acetate. The
combined organic phases were washed with saturated aqueous sodium
chloride solution, dried (MgSO,) and concentrated to a red oil, which was
purified by flash chromatography using hexane:ethyl acetate (3:1) as eluant, to
furnish the title compound as a colourless oil (1.7 g, 25%). 8(CDCIs): 3.43
(s,3H), 3.74 (t,2H), 4.10 (t,2H), 6.87 (d,1H), 7.10 (m,3H).

PREPARATION 106
3-(2-Methoxyethoxy)phenylboronic acid
Obtained as a colourless solid (74%), m.p. 101-103°C, from the title

compound of Preparation 105 and trimethyl borate, using the procedure of
Preparation 101. Found: C, 55.09; H, 6.70. CgH,3BO, requires C, 55.15; H,
6.69%. §(DMSO4): 3.30 (s,3H), 3.63 (t,2H), 4.06 (t,2H), 6.94 (dd,1H), 7.22
(t,1H), 7.32 (m,2H), 7.98 (brs,2H).

LRMS (Thermospray): 214 (M+NH,)".

PREPARATION 107
Methvl 2-{4-[4-(3-[2-methoxvethoxy]phenyl)-3-methyiphenyl]-1,2,3,6-

tetrahydropyridin-1-visulphonyllacetate

Obtained as a colourless oil (69%), from the title compounds of
Preparation 106 and Preparation 37, using the procedure of Preparation 41, but
using ether:hexane (1:1) as eluant. §(CDCl;): 2.28 (s,3H), 2.67 (m,2H), 3.45
(s,3H), 3.63 (t,2H), 3.77 (t,2H), 3.80 (s,3H), 4.02 (s,2H), 4.09 (s,2H), 4.15
(s,2H), 6.07 (brs,1H), 6.90 (m,3H), 7.19-7.34 (m, 4H).

PREPARATION 108

2.3-Dihydrobenzofuran-5-viboronic acid

Obtained as a colourless solid (38%), m.p. >240°C (decomp.), from 5-

AQUESTIVE EXHIBIT 1004 page 1290



10

15

20

25

WO 99/29667 PCT/EP98/06640

-104-
bromo-2,3-dihydrobenzofuran (Synthesis, 1988, 952) and trimethyl borate,
using the procedure of Preparation 101. §(DMSOy): 3.33 (t,2H), 4.48 (t,2H),
6.68 (d,1H), 7.56 (d,1H), 7.63 (s,1H), 7.70 (brs,2H).

PREPARATION 109

5-(4-Bromo-2-methyiphenyl)-2.3-dihydrobenzofuran

The title compound of Preparation 108 (2.0 g, 12.2 mmol) was added
portionwise over 5 minutes to a stirred mixture of the title compound of
Preparation 57 (3.4 g, 12.0 mmol) and palladium(ll) acetate (0.15 g, 0.6 mmol)
in anhydrous methanol (30 ml) and the reaction mixture heated under reflux for
1.5 hours. The resulting mixture was allowed to cool to room temperature,
filtered, then the filtrate diluted with water (100 ml) and extracted with ether (2 x
100 ml). The combined extracts were dried (MgSQO,) and evaporated under
reduced pressure, then the residue purified by flash chromatography, using
hexane as eluant, to afford the title compound (1.7 g) as a pale orange oil.
8(CDCI,): 2.25 (s,3H), 3.25 (t,2H), 4.62 (t,2H), 6.83 (d,1H), 7.02 (d,1H), 7.09
(m,2H), 7.34 (d, 1H), 7.60 (s,1H).

LRMS (APCI): 289 (M)".

PREPARATION 110
t-Butvl 4-[4-(2.3-dihydrobenzofuran-5-yl)-3-methyphenyl}-4-hydroxypiperidine-1-

carboxylate
Obtained as a white solid (66%), from the tittle compound of Preparation

109 and t-butyl 4-oxopiperidine-1-carboxylate, using the procedure of
Preparation 43. §(CDCl5): 1.50 (s,9H), 1.78 (m,2H), 2.06 (m,2H), 2.29 (s,3H),
3.26 (m,4H), 4.05 (m,2H), 4.62 (t,2H), 6.82 (d,1H), 7.05 (d,1H), 7.15 (s,1H),
7.21 (d, 1H), 7.30 (m,1H), 7.36 (s,1H).

LRMS (Thermospray): 432 (M+Na)".
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PREPARATION 111
4-[4-(2.3-Dihydrobenzofuran-5-yl)-3-methylphenyl]-1.2,3.6-tetrahydropyridine

Obtained as a colourless viscous oil (98%), from the title compound of
Preparation 110 and trifluoroacetic acid, using the procedure of Preparation 44.
8(CDCI5): 2.30 (s,3H), 2.49 (m,2H), 3.12 (t,2H), 3.26 (1,2H), 3.56 (s,2H), 4.62
(t,2H), 6.17 (brs,1H), 6.82 (d,1H), 7.07 (d,1H), 7.16(m,2H), 7.26 (m,2H).

LRMS (Thermospray): 292 (M+H)".

PREPARATION 112
Methvl 2-{4-[4-(2.3-dihydrobenzofuran-5-yl)-3-methyilphenyl]-1.2.3.6-

tetrahvdropyridin-1-yisulphonyllacetate

Obtained as a pale yellow, foamy solid (45%), m.p. 118-122°C, from the
title compound of Preparation 111 and methyl chlorosulphonylacetate, using
the procedure of Preparation 61. 3(CDClj): 2.30 (s,3H), 2.67 (m,2H), 3.24
(t,2H), 3.62 (t,2H), 3.79 (s,3H), 4.01 (s,2H), 4.06 (s,2H), 4.62 (1,2H), 6.08
(brs,1H), 6.82 (d,1H), 7.05 (d,1H), 7.26 (m,4H).

LRMS (Thermospray): 428 (M+H)".

PREPARATION 113

3-Methyl-4-(3-trifluoromethyliphenyl)bromobenzene

Obtained as a colourless oil (66%), from the title compound of
Preparation 57 and 3-trifluoromethylphenylboronic acid, using the procedure of
Preparation 109. §(CDCl;): 2.23 (s,3H), 7.08 (d,1H), 7.40-7.64 (m, 6H).

PREPARATION 114

t-Butvl 4-hvdroxv-4-[3-methvi-4-(3-trifluoromethylphenyphenvllpiperidine-1-

carboxylate
Obtained as a yellow oil (54%), from the title compound of Preparation
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113 and t-butyl 4-oxopiperidine-1-carboxylate, using the procedure of
Preparation 43, but with hexane:ethyl acetate (85:15) as eluant. §(CDCl;):
1.50 (s,9H), 1.77 (m,2H), 2.04 (m,2H), 2.27 (s,3H), 3.26 (m,2H), 4.05 (m,2H),
7.04 (d,1H), 7.15 (s,1H), 7.37 (m,2H), 7.55 (m,4H).
LRMS (Thermospray): 436 (M+H)".

PREPARATION 115
4-[3-Methyl-4-(3-trifluoromethyiphenyliphenyl]-1.2,.3 .6-tetrahydropyridine

Obtained as a colourless oil (98%), from the title compound of
Preparation 114 and trifluoroacetic acid, using the procedure of Preparation 44.
Found: C, 70.90; H, 5.84; N, 4.38. C,gHgF3N; 0.25 H,0 requires C, 70.90; H,
5.79; N, 4.35%. 8§(CDCI;): 2.26 (s,3H), 2.49 (brs,2H), 3.12 (brs,2H), 3.56
(brs,2H), 6.20 (brs,1H), 7.18 (d,1H), 7.26 (m,2H), 7.55 (m,4H).

LLRMS (APCI): 318 (M)".

PREPARATION 116
Methv! 2-{4-[3-methyi-4-(3-trifluoromethyilphenyliphenyi]-1,2,3.6-

tetrahvdropyridin-1-visulphonyllacetate

Obtained as a pale yellow foam (31%), from the title compound of
Preparation 115 and methy! chlorosulphonylacetate, using the procedure of
Preparation 61, but with dichloromethane:hexane (80:20) as eluant. Found: C,
56.38: H, 4.77; N, 2.96. C,,H,,FaNO,S; 0.25 CH,CI, requires C, 56.30; H, 4.78;
N, 2.95%. §(CDCl;): 2.27 (s,3H), 2.70 (m,2H), 3.64 (t,2H), 3.82 (s,3H), 4.03
(s,2H), 4.11 (s,2H), 6.10 (brs,1H), 7.24 (m,3H), 7.55 (m,4H).

LRMS (APCI): 453 (M)".

PREPARATION 117

t-Butvl 4-hydroxy-4-(4-phenoxyphenylpiperidine-1-carboxylate

Obtained as a white foam (54%), from 4-phenoxybromobenzene and t-
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butyl 4-oxopiperidine-1-carboxylate, using the procedure of Preparation 43, but
with a mixture of anhydrous ether and anhydrous tetrahydrofuran as solvent
and ether:hexane (60:40) as eluant. §(CDCl,): 1.50 (s,9H), 1.75 (m,2H), 1.99
(m,2H), 3.25 (m,2H), 4.04 (m,2H), 7.00 (m,4H), 7.12 (t,1H), 7.37 (t,2H), 7.44
(d,2H).

PREPARATION 118

4-(4-Phenoxyphenyl)piperidine

Triethylsilane (3.0 ml, 18.9 mmol) was added to a stirred solution of the
title compound of Preparation 117 (775 mg, 2.1 mmol) in anhydrous
dichloromethane (10 ml), the resulting solution was cooled to about 0°C and
then trifluoroacetic acid (10 ml) was slowly added. The reaction mixture was
allowed to warm to room temperature and then stirred for about 1.5 hours. The
resulting mixture was evaporated under reduced pressure, then the residue
dissolved in methanol and this solution basified with 2M aqueous sodium
hydroxide solution. The mixture was extracted with ethyl acetate and the
combined extracts dried (MgS0,) and evaporated under reduced pressure.

This residue was dissolved in glacial acetic acid (20 ml) and the solution
hydrogenated over palladium on carbon (60 mg) at 345 kPa (50psi) and room
temperature for 2 hours. The mixture was filtered, the filtrate evaporated under
reduced pressure and the residue dissolved in methanol. This solution was
then basified with 2M aqueous sodium hydroxide solution, extracted with ethyl
acetate and the combined extracts dried (Na,SO,) and evaporated under
reduced pressure to give the title compound as a yellow oil (660 mg, 100%).
8(CDCls): 1.63 (m,2H), 1.84 (m,2H), 2.60 (m,1H), 2.74 (t,2H), 3.20 (m,2H), 6.95
(d,2H), 7.00 (d,2H), 7.07 (t,1H), 7.18 (d,2H), 7.33 (m,2H).

LRMS (Thermospray): 254 (M+H)".
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PREPARATION 119
Methyl 2-[4-(4-phenoxyphenyl)piperidin-1-ylsulphonyli]acetate

Obtained as a colourless solid (38%), from the title compound of
Preparation 118 and methyl chlorosulphonylacetate, using the procedure of
Preparation 45. §(CDCI;): 1.80 (m,2H), 1.94 (m,2H), 2.64 (m,1H), 3.00 (t,2H),
3.83 (s,3H), 3.95 (m,4H), 6.95 (m,4H), 7.10 (t,1H), 7.16 (d,2H), 7.33 (m,2H).
LRMS (Thermospray): 407 (M+NH,)".

PREPARATION 120
Methyl 2-{4-[4-(3-[2-methoxvethoxylphenyl)-3-methylphenyl]-1.2.3.6-

tetrahvdropyridin-1-visulphonyl}-2-methylpropionate

Obtained as a pale yellow oil (97%), from the title compounds of
Preparation 106 and Preparation 40, using the procedure of Preparation 41, but
with ethyl acetate:hexane (1:3) asr eluant. 3(CDCl,): 1.67 (s,6H), 2.28 (s,3H),
2.65 (m,2H), 3.45 (s,3H), 3.62 (m,2H), 3.76 (m,2H), 3.80 (s,3H), 4.13 (m,4H),
6.06 (brs,1H), 6.90 (m,3H), 7.19-7.35 (m,4H).

PREPARATION 121
Methyl 2-{4-[4-(3-[2-methoxyvethoxy]lphenyl)-3-methylphenyl]piperidin-1-

yisulphonyl}-2-methylpropanoate

Obtained as a pale yellow oil (83%), from the title compound of
Preparation 120, using the procedure of Preparation 90. §(CDCl3): 1.66 (s,6H),
1.78-1.88 (m,4H), 2.27 (s,3H), 2.68 (m,1H), 3.09 (m,2H), 3.45 (s,3H), 3.77
(t,2H), 3.81 (s,3H), 3.96 (d,2H), 4.15 (t,2H), 6.90 (m,3H), 7.10 (m,2H), 7.18
(d,1H), 7.30 (t,1H).

LRMS (Thermospray): 490 (M+H)".
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PREPARATION 122
2_{4-[4-(3-[2-Methoxvethoxylpheny))-3-methylphenyl]piperidin-1-ylsulphonyl}-2-

methylpropionic acid
Obtained as a colourless solid (78%), m.p. 140-141°C, from the title

compound of Preparation 121, using the procedure of Preparation 79. Found:
C, 62.89; H, 7.06; N, 2.85. C,5H33NOgS requires C, 63.14; H, 6.99; N, 2.95%.
8(CDCl3): 1.68 (s,6H), 1.78-1.88 (m,4H), 2.27 (s,3H), 2.68 (m,1H), 3.11 (m,2H),
3.45 (s,3H), 3.77 (t,2H), 4.00 (d,2H), 4.15 (t,2H), 6.90 (m,3H), 7.10 (m,2H), 7.18
(d,1H), 7.30 (t,1H).

LRMS (Thermospray): 475 (M+H)™.

PREPARATION 123
Methy! 4-methoxy-2(R.S)-[4-(3-methyl-4-phenylpheny)-1.2.3.6-

tetrahvdropvridin-1-visulphonyli]lbutanoate

60% Sodium hydride dispersion in mineral oil (23 mg, 0.57 mmol) was
added to a stirred solution of the title compound of Preparation 9 (200 mg, 0.52
mmol) in anhydrous 1-methylpyrrolidin-2-one (3 ml), under nitrogen, at room
temperature. After 30 minutes, 1-iodo-2-methoxyethane (101 mg, 0.57 mmol)
was added and stirring continued for a further 16 hours, then the resulting
mixture was partitioned between ethyl acetate and water The organic phase
was separated, washed with brine, dried (MgSO,) and evaporated under
reduced pressure. The residue was purified by flash chromatography, using
dichloromethane as eluant, followed by trituration with diisopropy! ether, to yield
the title compound (148 mg) as a colourless solid, m.p. 95-96°C. & (CDCl,):
2.28 (s,3H), 2.39 (m,2H), 2.67 (m,2H), 3.30 (s,3H), 3.40 (m,1H), 3.54 (m,2H),
3.67 (m,1H), 3.80 (s,3H), 4.10 (brs,2H), 4.17 (dd,1H), 6.07 (brs, 1H), 7.22
(m,3H), 7.32 (m,3H), 7.41 (m,2H).

LRMS (APC1): 444 (M+H)".
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PREPARATION 124
4-Methoxy-2(R,S)-[4-(3-methyl-4-phenyilphenyl)-1,2,3,6-tetrahydropyridin-1-
yisulphonyllbutanoic acid

1M Aqueous sodium hydroxide solution (1.0 ml, 1.0 mmol) was added to

a stirred solution of the title compound of Preparation 123 (148 mg, 0.33 mmol)
in a mixture of methanol (5 ml) and 1,4-dioxan (2 ml). The resulting solution
was heated at 80°C for about 4 hours, then allowed to cool to room
temperature and evaporated under reduced pressure. The residue was diluted
with water, then the resulting mixture acidified with glacial acetic acid and
extracted with ethy! acetate. The combined organic phases were dried
(MgS0,) and evaporated under reduced pressure to provide the title compound
(145 mg) as a colourless solid, m.p. 108-109°C. & (CDCl;): 2.28 (s,3H), 2.39
(m,2H), 2.67 (m,2H), 3.36 (s,3H), 3.53-3.73 (m,5H), 4.12 (brs,2H), 4.20 (dd,1H),
6.07 (brs, 1H), 7.19-7.47 (m,8H).

LRMS (APCI): 429 (M+H)".

PREPARATION 125
Methvl 4-[4-(3-methvl-4-phenyiphenyl)-1.2.3.6-tetrahydropyridin-1-

visulphonvljtetrahvdropyran-4-carboxylate

60% Sodium hydride dispersion in mineral oil (34 mg, 0.86 mmol) was
added to a stirred solution of the titie compound of Preparation 9 (300 mg, 0.78
mmol) in anhydrous 1-methylpyrrolidin-2-one (3 ml), under nitrogen, at room
temperature. After 30 minutes, bis-2-iodoethyl ether (380 mg, 0.78 mmol) was
added and stirring continued for a further 4 hours, then more 60% sodium
hydride dispersion in mineral cil (34 mg, 0.86 mmol) was added and the mixture
stirred for a further 16 hours. The resulting mixture was partitioned between
ethyl acetate and water, then the organic phase separated, washed with water,

dried (MgSO,) and evaporated under reduced pressure. The residue was
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purified by crystallisation from diisopropyl ether to furnish the title compound
(188 mg) as a colourless solid, m.p. 117-119°C. Found: C,65.70; H,6.44;
N,2.98. C,5H,gNO;S requires C,65.91; H,6.42; N,3.08%. 3(CDCl3): 2.22
(m,2H), 2.29 (s,3H), 2.47 (m,2H), 2.64 (m,2H), 3.33 (t,2H), 3.60 (m,2H), 3.87
(s,3H), 4.00 (dd,2H), 4.10 (m,2H), 6.07 (brs,1H), 7.20-7.43 (m,8H).
LRMS (Thermospray): 456 (M+H)".

PREPARATION 126
4-14-(3-Methyl-4-phenyiphenyl)-1.2 3 6-tetrahydropyridin-1-

visulphonylltetrahydropyran-4-carboxyilic acid

1M Aqueous sodium hydroxide solution (1.4 ml, 1.4 mmol) was added to
a stirred solution of the title compound of Preparation 125 (160 mg, 0.35 mmol)
in a mixture of methanol (5 ml) and 1,4-dioxan (2 ml). The resulting solution
was heated at 80°C for 4 hours, then allowed to cool to room temperature,
diluted with water and concentrated under reduced pressure. The resulting
mixture was acidified with 1M hydrochloric acid and the precipitate thus
obtained was collected, washed with water and dried to afford the title
compound (135 mg) as a colourless solid, m.p. 211-213°C. Found: C,64.89;
H,6.14; N,3.07. C,4H,;NO;S requires C,65.28; H,6.14; N,3.17%. &(DMSOg):
1.96 (m,2H), 2.03 (s,3H), 2.10 (m,2H), 2.53 (m,2H), 3.23 (t,2H), 3.54 (m,2H),
3.92 (dd,2H), 4.03 (m,2H), 6.18 (brs,1H), 7.16 (d,1H), 7.28-7.43 (m,7H), 13.7
(brs,1H).
LRMS (APCI): 442 (M+H)". (

PREPARATION 127
4-14-(3-Methoxypheny)-3-methyiphenyllpiperidine

Obtained as a pink oil (74%), from the title compound of Preparation 59,
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using the procedure of Preparation 118. 3(CDCl3): 1.67 (m,2H), 1.88 (m,2H),
2.29 (s,3H), 2.63 (m,1H), 2.57 (t,2H), 3.22 (m,2H), 3.83 (s,3H), 6.89 (m,3H),
7.10 (m,2H), 7.18 (d,1H), 7.32 (t,1H).
LRMS (Thermospray): 282 (M+H)".
PREPARATION 128
Methyl 2-{4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin-1-

visulphonvlilacetate

Obtained as a colourless solid (47%), m.p. 96-98°C, from the title

compound of Preparation 127 and methyl chlorosulphonylacetate, using the
procedure of Preparation 45. §(CDCl3): 1.83 (m,2H), 1.96 (m,2H), 2.28 (s,3H),
2.63 (m,1H), 3.02 (t,2H), 3.83 (s,6H), 4.01 (m,4H), 6.89 (m,3H), 7.10 (m,2H),
7.20 (d,1H), 7.34 (t,1H).

LRMS (Thermospray): 418 (M+H)".

PREPARATION 429

Methvl 2-{4-[4-(3-methoxyphenyl)-3-methyiphenyl]piperidin-1-

yisulphonyllindane-2-carboxylate
1,2-Di(bromomethyl)benzene (409 mg, 1.55 mmol) was added to a

stirred mixture of the titie compound of Preparation 128 (500 mg, 1.2 mmol) and
anhydrous potassium carbonate (497 mg, 3.6 mmol) in anhydrous 1,2-
dimethoxyethane (5 ml) and the resulting mixture stirred at room temperature
for 17 hours. Little reaction had occurred, so the solvent was evaporated under
reduced pressure and the residue dissolved in 1-methylpyrrolidin-2-one (5 mi)
and the solution heated at 100°C for 2 hours. This mixture was allowed to cool
to room temperature, partitioned between ether and water, then the organic
phase washed with water, dried (MgSO,) and evaporated under reduced

pressure to give a yellow oil. Purification by flash chromatography, using an
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elution gradient of pentane:ethyl acetate (10:1 to 3:1), yielded the title
compound as a white crystalline solid (160 mg), m.p. 174-176°C. Found:
C,68.95; H,6.48; N,2.56. C5yH;3NO;S requires C,69.34; H,6.40; N,2.70%.
§(CDCLy): 1.74 (m,2H), 1.85 (m,2H), 2.27 (s,3H), 2.57 (m,1H), 2.89 (t,2H), 3.73-
3.86 (m,4H), 3.83 (s,6H), 3.96 (m,2H), 6.87 (m,3H), 7.06 (m,2H), 7.18-7.33
(m,6H).
LRMS (Thermospray): 520 (M+H)".

PREPARATION 130

2.-14-[4-(3-Methoxyphenyl)-3-methyiphenyl]piperidin-1-ylsulphonyl}indane-2-

carboxylic acid

Obtained as a colourless solid (83%), m.p. 204-206°C, from the title
compound of Preparation 129, using the procedure of Preparation 79. Found:
C,68.17; H,6.22; N,2.74. C,9H31NO;S; 0.30 H,O requires C,68.16; H,6.23;
N,2.74%. 8(DMSOy): 1.54 (m,2H), 1.76 (m,2H), 2.21 (s,3H), 2.57 (m,1H),
2.89 (t,2H), 3.55 (d,2H), 3.72 (d,2H), 3.77 (s,3H), 3.81 (m,2H), 6.87 (m,3H),
7.07 (m,3H), 7.19 (m,2H), 7.28 (m,3H), 13.65 (brs,TH).
LRMS (Thermospray): 520 (M+NH,)".

PREPARATION 131
Methvl 1-{4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin-1-

ylsulphonyl}cyclobutanecarboxylate
1,3-Diiodopropane (513 mg, 1.73 mmol) was added to a stirred mixture

of the title compound of Preparation 128 (557 mg, 1.33 mmol), anhydrous
potassium carbonate (553 mg, 4.0 mmol) and anhydrous 1,2-dimethoxyethane
(8 ml), then the mixture was stirred at room temperature for 17 hours and at

reflux for 72 hours. The resuiting mixture was allowed to cool to room
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temperature and partitioned between ethyl acetate and water, then the organic
phase dried (MgSO,) and evaporated under reduced pressure to give a yellow
oil. Purification by flash chromatography, using pentane:ethyl acetate (3:1) as
eluant, provided the title compound (472 mg) as a white crystalline solid, m.p.
97-101°C. §(CDCl,): 1.75-2.02 (m,5H), 2.13 (m,1H), 2.28 (s,3H), 2.59-2.75
(m,3H), 2.90 (m,2H), 3.00 (t,2H), 3.82 (s,3H), 3.87 (s,3H), 3.93 (m,2H), 6.87
(m,3H), 7.06 (m,2H), 7.18 (d,1H), 7.32 (t,1H).
LRMS (Thermospray): 458 (M+H)".

PREPARATION 132
1-{4-[4-(3-Methoxyphenyl)-3-methyiphenyl]piperidin-1-

ylsulphonyl}cyclobutanecarboxylic acid

Obtained as a colourless solid (100%), m.p. 155-160°C, from the title

compound of Preparation 131, using the procedure of Preparation 79.
§(CDCl,): 1.80 (m,2H), 1.91 (m,2H), 2.12 (m,2H), 2.27 (s,3H), 2.62 (m,1H),
2.74 (m,2H), 2.91 (m,2H), 3.04 (t,2H), 3.82 (s,3H), 3.99 (m,2H), 6.87 (m,3H),
7.06 (m,2H), 7.18 (d,1H), 7.32 (t,1H).

LRMS (Thermospray): 444 (M+H)".

PREPARATION 133
Methvl 4-{4-[4-(3-methoxyphenyl)-3-methylphenyijpiperidin-1-ylsulphonyl}-1-

methylipiperidine-4-carboxylate

The title compound of Preparation 128 (500 mg, 1.2 mmol) and
anhydrous potassium carbonate (553 mg, 4.0 mmol), followed by anhydrous
1,2-dimethoxyethane (8 mi), were added to N-methyl-bis(2-chloroethyl)amine
hydrochloride (231 mg, 1.2 mmol) and the mixture was heated under reflux for
48 hours. The resulting mixture was allowed to cool to room temperature,

diluted with ethyl acetate, washed with 5% aqueous citric acid solution, dried
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(MgS0,) and evaporated under reduced pressure to give a yellow oil. The
residual oil was dissolved in ethyl acetate and the solution washed successively
with aqueous sodium bicarbonate solution/aqueous sodium hydroxide solution
(pH 12) and aqueous sodium chloride solution, then dried (MgSO,) and
evaporated under reduced pressure to furnish the title compound as a yellow
gum (175 mg). 8(CDCly): 1.87 (m,6H), 2.20 (m,2H), 2.25 (s,3H), 2.27 (s,3H),
2.53 (m,2H), 2.66 (m,1H), 2.90 (m,2H), 3.07 (t,2H), 3.82 (s,3H), 3.88 (s,3H),
3.93 (m,2H), 6.88 (m,3H), 7.08 (m,2H), 7.20 (d,1H), 7.32 (t,1H).
LRMS (Thermospray): 501 (M+H)".

PREPARATION 134
4-{4-[4-(3-Methoxyphenyl)-3-methylphenyl]piperidin-1-ylsulphonyl}-1-

methvlpiperidine-4-carboxylic acid hydrochloride

1M Aqueous sodium hydroxide solution (1.4 ml, 1.4 mmol) was added to
a stirred solution of the title compound of Preparation 133 (172 mg, 0.34 mmol)
in a mixture of methanol (5 ml) and 1,4-dioxan (3 ml). The reaction solution
was heated at 80°C for 10 hours, then allowed to cool to room temperature and
concentrated under reduced pressure. The resulting mixture was acidified with
1M hydrochloric acid, washed with dichloromethane and evaporated under
reduced pressure, then the residue was washed with water to afford the title
compound (143 mg) as a colourless solid. §(CDCly): 1.67 (m,2H), 1.84 (m,2H),
2.20 (s,3H), 2.30 (m,2H), 2.62-2.90 (m,7H), 3.12 (t,2H), 3.48 (m,2H), 3.77
(brs,6H), 6.88 (m,3H), 7.10 (brs,2H), 7.18 (brs,1H), 7.32 (t,1H).
LRMS (Thermospray): 523 (M+HCH)".

PREPARATION 135
Methvl 3-phenyl-2(R.S)-[4-(4-phenyiphenyl)-1,2,3.6-tetrahydropyridin-1-

Isulphonyliipropanoate

60% Sodium hydride dispersion in mineral oil (34 mg, 0.77 mmol) was
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added to a stirred solution of the title compound of Preparation 8 (288 mg, 0.77
mmol) in anhydrous dimethylformamide (5 ml), under nitrogen, at room
temperature. After 30 minutes, benzy! bromide (0.1 ml, 0.82 mmol) was added
and stirring continued for a further 16 hours, then the resulting mixture was
partitioned between ethyl acetate and water The organic phase was separated
and the aqueous phase washed with ethyl acetate. The combined organic
solutions were washed sequentially with water and aqueous sodium chloride
solution, dried (MgSO,) and evaporated under reduced pressure. The resulting
residue was triturated with diisopropyl ether to give the title compound (170 mg)
as a colourless solid, m.p. 137-138°C. & (CDCl3): 2.68 (m,2H), 3.42 (m,2H),
3.59 (m,1H), 3.67 (s,3H), 3.72 (m,1H), 4.14 (brs,2H), 4.21 (dd,1H), 6.10
(brs,1H), 7.18-7.37 (m,6H), 7.44 (m,4H), 7.59 (m,4H).
LRMS (Thermospray): 462 (M+H)".

PREPARATION 136
3-Phenyl-2(R.S)-[4-(4-phenyiphenyl)-1.2.3.6-tetrahydropyridin-1-

yisulphonvyl]propanoic acid
Obtained as a colourless solid (50%), m.p. 164-165°C, from the title

compound of Preparation 135, using the procedure of Preparation 79.
(CDCly): 2.68 (m,2H), 3.41 (m,2H), 3.60 (m,1H), 3.72 (m,1H), 4.14 (brs,2H),
4.24 (dd,1H), 6.08 (brs,1H), 7.20-7.37 (m,6H), 7.43 (m,4H), 7.59 (m,4H).
LRMS (APCI): 447 (M+H)".

PREPARATION 137
Methy! 2-[4-(4-phenviphenvi)-1,2.3 6-tetrahvdropyridin-1-yisulphonyllindane-2-

carboxylate
60% Sodium hydride dispersion in mineral oil (30 mg, 0.73 mmol) was

added to a stirred solution of the title compound of Preparation 8 (250 mg, 0.67

AQUESTIVE EXHIBIT 1004 page 1303



10

15

20

25

WO 99/29667 PCT/EP98/06640

-117-
mmol) in anhydrous dimethylformamide (5 ml), under nitrogen, at room
temperature. After 30 minutes, 1,2-di(bromomethyl)benzene (267 mg, 1.0
mmol) was added and stirring continued for a further 16 hours. Next, an
additional quantity of sodium hydride dispersion in mineral oil (30 mg, 0.73
mmol) was added and the reaction mixture stirred at room temperature for a
further 2 hours. The resulting mixture was partitioned between ethyl acetate
and water, the organic phase was separated and the aqueous phase was
extracted with ethyl acetate. The combined organic solutions were washed
successively with water and aqueous sodium chloride solution, dried (MgSO,)
and evaporated under reduced pressure, then the residue purified by flash
chromatography, using pentane:ether (3:1) as eluant, followed by trituration
with diisopropy! ether, to yield the title compound (154 mg) as a colourless
solid, m.p. 186-188°C. & (CDCl;): 2.60 (m,2H), 3.56 (m,2H), 3.75-3.88 (m,4H),
3.82 (s,3H), 4.07 (brs,2H), 6.05 (brs,1H), 7.19-7.28 (m,4H), 7.34-7.45 (m,5H),
7.59 (m,4H).
LRMS (APCI): 474 (M+H)".

PREPARATION 138
2-[4-(4-Phenylphenyl)-1,2.3.6-tetrahydropyridin-1-ylsulphonyllindane-2-

carboxylic acid
Obtained as a colourless solid (67%), from the title compound of

Preparation 137, using the procedure of Preparation 50, except that the residue
was triturated with diisopropyl ether. & (CDCl3): 2.60 (m,2H), 3.56-3.84 (m,6H),
4.07 (brs,2H), 6.05 (brs,1H), 7.19-7.60(m,13H).

PREPARATION 139

4-(3-Chloro-4-fluorophenyl)-3-methylbromobenzene

Obtained as a colourless oil (20%), from the title compound of
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Preparation 57 and 3-chloro-4-fluorophenylboronic acid, using the procedure of
Preparation 109. §(CDCls): 2.22 (s,3H), 7.04 (d,1H), 7.10-7.20 (m,2H), 7.28-
7.39 (m,2H), 7.42 (s,1H).

PREPARATION 140
t-Butyl 4-[4-(3-chloro-4-fluorophenyl)-3-methylphenyl}-4-hydroxypiperidine-1-

carboxylate
Obtained as a colourless gum (39%), from the title compound of

Preparation 139 and t-butyl 4-oxopiperidine-1-carboxylate, using the procedure
of Preparation 43. Found: C, 65.96; H, 6.64; N, 3.36. C,3H,;CIFNO; requires
C, 65.79; H, 6.48; N, 3.34%. &(CDCI;): 1.50 (s,9H), 1.76 (m,2H), 2.04 (m,2H),
2.28 (s,3H). 3.28 (t,2H), 4.07 (m,2H), 7.16-7.20 (m,3H), 7.30-7.40 (m,3H).
LRMS (APCI): 420 (M+H)".

PREPARATION 141
4-14-(3-Chloro-4-fluorophenyl)-3-methylphenyl]-1,2,3,6-tetrahydropyridine

Obtained as a pale yellow oil (99%), from the title compound of
Preparation 140 and trifluoroacetic acid, using the procedure of Preparation 35.
S(CDCl,): 2.26 (s,3H), 2.50 (m,2H), 3.12 (t,2H), 3.56 (m,2H), 6.16 (brs,1H),
7.15 (m,3H), 7.27 (m,2H), 7.35 (d,1H).

LRMS (APCI): 302 (M+H)™.

PREPARATION 142
Methv! 2-{4-[4-(3-chloro-4-fluorophenyl)-3-methylphenyl]-1,2,3.6-

tetrahydropyridin-1-yilsulphonyl}lacetate
Obtained as a colourless solid (37%), m.p. 125-126°C, from the title
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compound of Preparation 141 and methyl chlorosulphonylacetate, using the
procedure of Preparation 61. Found: C, 57.46; H, 4.83; N, 3.14.
C,;H,CIFNO,S requires C, 57.60; H, 4.83; N, 3.20%. 8(CDCls): 2.28 (s,3H),
2.67 (m,2H), 3.62 (t,2H), 3.80 (s,3H), 4.01 (s,2H), 4.06 (s,2H), 6.08 (brs,1H),
7.17 (m,3H), 7.23 (m,2H), 7.36 (d,1H).
LRMS (Thermospray): 438 (M+H)".

PREPARATION 143

4-(1.3-Benzodioxol-5-yl)-3-methylbromobenzene

Obtained as a colourless oil (34%), from the title compound of
Preparation 57 and 1,3-benzodioxol-5-ylboronic acid, using the procedure of
Preparation 109. 8(CDCly): 2.22 (s,3H), 6.00 (s,2H), 6.70 (d,1H), 6.75 (s,1H),
6.85 (d,1H), 7.06 (d,1H), 7.33 (d,1H), 7.40 (s,1H).

PREPARATION 144
t-Butvl 4-[4-(1.3-benzodioxol-5-y|)-3-methyiphenyl]-4-hydroxypiperidine-1-

carboxylate

Obtained as a colourless solid (39%), m.p. 135-138°C, from the title
compound of Preparation 143 and t-butyl 4-oxopiperidine-1-carboxylate, using
the procedure of Preparation 43. Found: C, 69.82; H, 7.15; N, 3.44.
C,4H,oNO; requires C, 70.05; H, 7.10; N, 3.40%. 8(CDCls): 1.50 (s,9H), 1.76
(m,2H), 2.04 (m,2H), 2.29 (s,3H). 3.28 (t,2H), 4.04 (m,2H), 6.00 (s,2H), 6.76
(d,1H), 6.79 (s,1H), 6.87 (d,1H), 7.20 (d,1H), 7.30 (d,1H), 7.37 (s,1H).
LRMS (APCI): 412 (M+H)".

PREPARATION 145
4-[4-(1.3-Benzodioxol-5-yl)-3-methyiphenyl]-1.2.3 6-tetrahydropyridine
Obtained as a pale yellow solid (96%), m.p. 105-108°C, from the title

compound of Preparation 144 and trifluoroacetic acid, using the procedure of
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Preparation 35. 8(CDCls): 2.28 (s,3H), 2.50 (m,2H), 3.12 (t,2H), 3.56 (m,2H),
6.00 (s,2H), 6.17 (brs,1H), 6.75-6.82 (m,2H), 6.87 (d,1H), 7.17 (d,1H), 7.22-
7.30 (m,2H).
LRMS (APCI): 294 (M+H)".

PREPARATION 146
Methv! 2-{4-[4-(1.3-benzodioxol-5-yl)-3-methylphenyl]-1.2.3 6-tetrahydropyridin-

1-yisulphonyl}acetate
Obtained as a colourless solid (57%), m.p. 133-134°C, from the title

compound of Preparation 145 and methyl chlorosulphonylacetate, using the
procedure of Preparation 61. Found: C, 61.15; H, 5.41; N, 3.15. C,,H,3NOgS
requires C, 61.52; H, 5.40; N, 3.26%. 8(CDCly): 2.28 (s,3H), 2.67 (m,2H), 3.62
(t,2H), 3.80 (s,3H), 4.01 (s,2H), 4.06 (s,2H), 6.00 (s,2H), 6.08 (brs,1H), 6.78
(m,2H), 6.87 (d,1H), 7.20 (m,2H), 7.26 (m,1H).

LRMS (APCl): 430 (M+H)".

PREPARATION 147

4-(2-Fluorophenyh-3-methylbromobenzene

Obtained as a colourless oil (33%), from the title compound of
Preparation 57 and 3-fluorophenylboronic acid, using the procedure of
Preparation 109. §(CDCl3): 2.20 (s,3H), 7.06-7.25 (m,4H), 7.30-7.40 (m,2H),
7.43 (s,1H).

PREPARATION 148

t-Butyl 4-[4-(2-fluorophenyl)-3-methylphenyl]-4-hydroxypiperidine-1 -carboxylate

Obtained as a pale yellow, amorphous solid (563%), from the title

compound of Preparation 147 and t-butyl 4-oxopiperidine-1-carboxylate, using
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the procedure of Preparation 43. Found: C, 71.39; H, 7.37; N, 3.69.
Co3HogFNO; requires C, 71.67; H, 7.32; N, 3.63%. 8(CDCl3): 1.50 (s,9H), 1.78
(d,2H), 2.04 (m,2H), 2.22 (s,3H). 3.28 (1,2H), 4.04 (m,2H), 7.12 (t,1H), 7.16-7.26
(m,3H), 7.35 (m,2H), 7.40 (s,1H).
LRMS (APCI): 386 (M+H)".

PREPARATION 149
4-[4-(2-Fluorophenyl-3-methylphenyl]-1,2.3.6-tetrahydropyridine

Obtained as a pale yellow oil (93%), from the title compound of
Preparation 148 and trifluoroacetic acid, using the procedure of Preparation 35.
8(CDCI;): 1.80 (brs,1H), 2.21 (s,3H), 2.50 (m,2H), 3.12 (t,2H), 3.57 (m,2H),
6.19 (brs,1H), 7.10-7.38 (m,7H).

LRMS (APCI): 268 (M+H)".

PREPARATION 150
Methy! 2-{4-[4-(2-fluorophenyl)-3-methyipheny!]-1.2.3.6-tetrahydropyridin-1-

ylsulphonyljacetate

Obtained as a colourless solid (30%), m.p. 128-130°C, from the title
compound of Preparation 149 and methyl chiorosulphonylacetate, using the
procedure of Preparation 61. Found: C, 62.57; H, 5.71; N, 3.32. C,H;,FNO,S
requires C, 62.52; H, 5.50; N, 3.47%. &(CDCl,): 2.21 (s,3H), 2.69 (m,2H), 3.63
(t,2H), 3.81 (s,3H), 4.01 (s,2H), 4.10 (m,2H), 6.09 (brs,1H), 7.14 (t,1H), 7.17-
7.30 (m,5H), 7.35 (m,1H).
LRMS (APCI): 404 (M+H)".

PREPARATION 151
Methyl 2-{4-[4-(3.4-dimethaxyphenyl)-3-methylphenyl]-1.2,3 .6-tetrahydropyridin-

1-visuiphonyllacetate

Obtained as a colouriess gum (76%), from the title compound of
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Preparation 37 and 3,4-dimethoxyphenylboronic acid, using the procedure of
Preparation 41. Found: C, 61.71; H, 6.10; N, 2.91. C,3H,;NO¢S requires C,
62.01; H, 6.11; N, 3.14%. &(CDCI3): 2.30 (s,3H), 2.67 (m,2H), 3.62 (t,2H), 3.82
(s,3H), 3.87 (s,3H), 3.92 (s,3H), 4.02 (s,2H), 4.10 (m,2H), 6.08 (brs,1H), 6.83-
6.97 (m,3H), 7.20-7.30 (m,3H).
LRMS (APCI): 446 (M+H)".

PREPARATION 152
Methyl 2-{4-[4-(indan-5-y!)-3-methylphenyl]-1.2 3 6-tetrahydropyridin-1-
ylsulphonyl}acetate
Obtained as a pale yellow solid (75%), from the title compound of
Preparation 37 and indan-5-ylboronic acid (WO-A-97/32853), using the
procedure of Preparation 41. §(CDCl3): 2.10 (m,2H), 2.30 (s,3H), 2.69 (m,2H),
2.98 (m,4H), 3.62 (t,2H), 3.82 (s,3H), 4.02 (s,2H), 4.10 (m,2H), 6.08 (brs,1H),
7.09 (d,1H), 7.18-7.35 (m,5H).
LRMS (Thermospray): 443 (M+NH,)".

PREPARATION 153
Methyl 2-{4-[3-methyl-4-(3-trifluoromethoxyphenyl)phenyl]-1.2,.3.6-

etrahydropyridin-1-ylsulphonyl}acetate
Obtained as an amorphous solid (28%), from the title compound of
Preparation 37 and 3-trifluoromethoxyphenyiboronic acid (WO-A-96/13500),
using the procedure of Preparation 41. §(CDCls): 2.30 (s,3H), 2.69 (m,2H),
3.64 (t,2H), 3.81 (s,3H), 4.02 (s,2H), 4.10 (m,2H), 6.10 (brs,1H), 7.15-7.30
(m,6H), 7.43 (t,1H).
LRMS (APCI): 471 (M+H)".
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PREPARATION 154

4-Phenyl-3-trifluoromethylbromobenzene

Obtained as an orange oil (37%), from 4-bromo-2-trifluoromethylaniline,
using the procedure of Preparation 42. Found: C, 51.70; H, 2.61. C13HeBrF3'
requires C, 51.86; H, 2.68%. 3(CDClj): 7.19 (d,1H), 7.26 (m,2H), 7.38 (m,3H),
7.65 (d,1H), 7.86 (s,1H).

PREPARATION 155
t-Butyl 4-hydroxy-4-(4-phenyl-3-trifluoromethylphenyl)piperidine-1-carboxylate
Obtained as a colourless solid (63%), m.p. 153-155°C (from hexane),

from the title compound of Preparation 154 and t-butyl 4-oxopiperidine-1-
carboxylate, using the procedure of Preparation 43. Found: C, 65.34; H, 6.22;
N, 3.26. C,3H,sF3NO5 requires C, 65.55; H, 6.22; N, 3.32%. 5(CDCl;): 1.50
(s,9H), 1.78 (d,2H), 2.04 (m,2H), 3.28 (t,2H), 4.10 (m,2H), 7.28-7.42 (m,6H),
7.66 (d,1H), 7.88 (s,1H).

LRMS (Thermospray): 422 (M+H)".

PREPARATION 156

4-(4-Phenyl-3-trifluoromethylphenyl)-1.2.3 6-tetrahydropyridine

Obtained as a pale brown oil (90%), from the title compound of
Preparation 155 and p-toluenesulphonic acid, using the procedure of
Preparation 70. §(CDCls): 2.50 (m,2H), 3.17 (t,2H), 3.58 (m,2H), 6.27 (brs,1H),
7.25-7.42 (m,6H), 7.56 (d,1H), 7.75 (s,1H).

LRMS (Thermospray): 304 (M+H)".
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PREPARATION 157
Methyl 2-[4-(4-phenyl-3-trifluoromethyiphenyl)-1.2.3.6-tetrahydropyridin-1-
yisulphonyllacetate

Obtained as a pale yellow oil (69%), from the title compound of

Preparation 156 and methyl chlorosulphonylacetate, using the procedure of
Preparation 37. §(CDCl;): 2.71 (m,2H), 3.66 (t,2H), 3.82 (s,3H), 4.02 (s,2H),
4.12 (m,2H), 6.18 (brs,1H), 7.28-7.42 (m,6H), 7.55 (d,1H), 7.72 (s,1H).
LRMS (APCI): 440 (M+H)".

PREPARATION 158

2.2-Dimethyl-1,3-benzodioxol-5-ylboronic acid
Obtained as a green solid (47%), m.p. 174-176°C, from 5-bromo-2,2-
dimethyl-1,3-benzodioxole (GB-A-2187452) and trimethyl borate, using the
procedure of Preparation 101. §(DMSOg): 1.60 (s,6H), 6.77 (d,1H), 7.17
(s,1H), 7.28 (d,1H), 7.80 (s,2H).

PREPARATION 159
Methyl 2-{4-[14-(2.2-dimethyl-1.3-benzodioxol-5-yl)-3-methylphenyl]-1,2,3.6-

tetrahvdropvridin-1-ylsulphonyl}-2-methylpropanoate

Obtained as a colourless, amorphous solid (33%), from the title
compounds of Preparation 158 and Preparation 40, using the procedure of
Preparation 41, but with ether:hexane (1:4) as eluant. 5(CDCl;): 1.67 (s,6H),
1.73 (s,6H), 2.30 (s,3H), 2.65 (m,2H), 3.62 (t,2H), 3.80 (s,3H), 4.13 (m,2H),
6.05 (brs,1H), 6.70-6.78 (m,3H), 7.19-7.30 (m,3H).

LRMS (Thermospray): 486 (M+H)".
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PREPARATION 160
Methy! 2-{4-[4-(2.2-dimethyl-1.3-benzodioxol-5-yl)-3-methylphenyijpiperidin-1-
ylsulphonyl}-2-methylpropanoate

Obtained as a colourless, amorphous solid (96%), from the title

compound of Preparation 159, using the procedure of Preparation 90.
S(CDCI;): 1.64 (s,6H), 1.72 (s,6H), 1.78-1.88 (m,4H), 2.27 (s,3H), 2.63 (m,1H),
3.09 (m,2H), 3.81 (s,3H), 3.98 (d,2H), 6.68-6.77 (m,3H), 7.07 (m,2H), 7.17
(d,1H).

LRMS (Thermospray): 488 (M+H)".

PREPARATION 161
2-{4-[4-(2 .2-Dimethyl-1,3-benzodioxol-5-y1)-3-methylphenyl]piperidin-1-

visulphonyi}-2-methylpropanoic acid

Obtained as a colourless, amorphous solid (47%) from the title
compound of Preparation 160, using the procedure of Preparation 79.
3(CDCly): 1.67 (s,6H), 1.72 (s,6H), 1.78-1.88 (m,4H), 2.27 (s,3H), 2.63 (m,1H),
3.10 (m,2H), 4.00 (d,2H), 6.68-6.77 (m,3H), 7.05 (m,2H), 7.16 (d,1H).

LRMS (Thermospray): 474 (M+H)".

PREPARATION 162
1.2-Dimethyl-5-(4.4 .5 5-tetramethyi-1.3.2-dioxaborolan-2-yl)benzimidazole

A mixture of 5-bromo-1,2-dimethylbenzimidazole (J. Chem. Soc., 1931,
1143; 2 g, 8.88 mmol), 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.06 ml, 14
mmol), triethylamine (3.9 ml, 28 mmol), [1,1'-
bis(diphenylphosphino)ferrocene]dichioro palladium(ll) (224 mg, 0.27 mmo})
and anhydrous 1,4-dioxan (35ml), under nitrogen, was stirred under reflux for

44 hours, then allowed to cool and partitioned between ethyl acetate and water.
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This mixture was filtered to remove palladium residues, the layers separated
and the aqueous phase washed with ethyl acetate. The combined organic
solutions were dried (MgSO,) and evaporated under reduced pressure, then
the residue was purified by flash chromatography, using
methanol:dichloromethane (1:3) as eluant, followed by trituration with
diisopropyl ether, to provide the title compound (356 mg, 15%) as a colourless,
amorphous solid. §(CDCl,): 1.37 (s,12H), 2.60 (s,3H), 3.72 (s,3H), 7.27 (d,1H),
7.70 (d,1H), 8.15 (s,1H).
LRMS (Thermospray): 273 (M+H)".

PREPARATION 163
Methyl 2-{4-[4-(1,2-dimethvlbenzimidazol-5-yI)-3-methviphenvli]-1,2.3.6-

tetrahvydropyridin-1-visulphonvi}-2-methvipropanoate

To a stirred solution of the title compound of Preparation 40 (400 mg, 0.96
mmol) in degassed 1,2-dimethoxyethane (20 ml) was added the title compound
of Preparation 162 (351 mg, 1.29 mmol), cesium fluoride (380 mg, 2.5 mmol),
tri-o-tolylphosphine (31 mg, 0.1 mmol) and
tris(dibenzylideneacetone)dipaliadium(0) (47 mg, 0.05 mmol), then the reaction
mixture heated under reflux for about 3 hours, under nitrogen. Because of
limited solubility, a portion of 1-methylpyrrolidin-2-one (4 ml) was added and the
resulting mixture refluxed for 9 hours, then allowed to cool to room temperature,
diluted with ethyl acetate, washed with water, dried (MgSO,) and evaporated
under reduced pressure. The residue was purified by flash chromatography,
using an elution gradient of methanol:dichloromethane (0:100 to 2:98), followed
by crystallisation from diisopropyl ether, to furnish the title compound (261 mg,
56%) as a colourless solid, m.p. 148-151°C. &(CDCl): 1.67 (s,6H), 2.30 (s,3H),
2.63 (s,3H), 2.67 (m,2H), 3.63 (m,2H), 3.77 (s,3H), 3.81 (s,3H), 4.13 (m,2H),
6.07 (brs,1H), 7.19-7.32 (m,5H), 7.62 (s,1H).

LRMS (Thermospray): 482 (M+H)".
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PREPARATION 164
Methvi 2-{4-[4-(1.2-dimethylbenzimidazol-5-yl)-3-methylphenyl]piperidin-1-

visulphony!}-2-methylpropanoate

Obtained as a pale yellow gum (32%), from the title compound of
Preparation 163, using the procedure of Preparation 90, except that the
hydrogenation was conducted at 414 kPa (60 psi) and 70°C for 24 hours and
methanol:dichloromethane (3:97) was used as chromatography eluant.
5(CDCly): 1.65 (s,6H), 1.78-1.88 (m,4H), 2.27 (s,3H), 2.62 (s,3H), 2.65 (m,1H),
3.09 (m,2H), 3.75 (s,3H), 3.81 (s,3H), 3.97 (m,2H), 7.05-7.32 (m,5H), 7.61
(s,1H).

LRMS (Thermospray): 484 (M+H)".

PREPARATION 165
2-{4-[4-(1.2-Dimethylbenzimidazol-5-yl)-3-methyiphenyl]piperidin-1-ylsulphonyl}-

2-methvlpropanoic acid

Obtained as a colourless solid (88%), m.p. 125-127°C, from the title

compound of Preparation 164, using the procedure of Preparation 91.
8(DMSOy): 1.50 (s,6H), 1.62 (m,2H), 1.82 (m,2H), 2.20 (s,3H), 2.70 (m,1H),
2.78 (s,3H), 3.08 (t,2H), 3.81 (d,2H), 3.92 (s,3H), 7.10-7.20 (m,3H), 7.46 (d,1H),
7.65 (s,1H), 7.88 (d,1H).

LRMS (Thermospray): 471 (M+H)".

PREPARATION 166
2-[4-(4-Bromo-3-methyiphenyl-1.2.3 6-tetrahydropyridin-1-ylsulphonyl]-2-

methylpropanoic acid

1M Aqueous sodium hydroxide solution (4.2 ml, 4.2 mmol) was added to
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a stirred solution of the title compound of Preparation 40 (500 mg, 1.2 mmol) in
a mixture of methanol (3 mi) and 1,4-dioxan (3 ml). The resulting solution was
heated at 50°C for 2 hours, then allowed to cool to room temperature and
poured into ethyl acetate. The mixture was washed with 2M hydrochloric acid,
then the organic phase dried (MgSO,) and evaporated under reduced pressure
to afford the title compound (439 mg, 91%) as a colourless, amorphous solid.
8(CDCly): 1.67 (s,6H), 2.40 (s,3H), 2.58 (m,2H), 3.64 (t,2H), 4.11 (m,2H), 6.00
(brs,1H), 7.03 (d,1H), 7.21 (d,1H), 7.48 (d,1H).
LRMS (Elec*rospray): 425 (M+Na)".

PREPARATION 167
N-Benzvloxy 2-[4-(4-bromo-3-methyiphenyl)-1.2.3.6-tetrahydropyridin-1-

ylsulphonyl]-2-methyipropionamide

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (274 mg,
1.43 mmol) was added to a stirred mixture of the title compound of Preparation
166 (439 mg, 1.19 mmol), N-hydroxybenzotriazole (176 mg, 1.3 mmol), O-
benzylhydroxylamine hydrochloride (200 mg, 1.25 mmol), N-methylmorpholine
(0.29 mi, 2.62 mmol) and anhydrous dichloromethane (8 ml). The reaction
mixture was stirred at room temperature for 18 hours, diluted with
dichloromethane, washed sequentially with dilute aqueous citric acid, water and
aqueous sodium bicarbonate solution, dried (MgSO,) and evaporated under
reduced pressure. The residue was flash chromatographed, using an elution
gradient of methanol:dichloromethane (1:99 to 2:98), to give the title compound
(553 mg, 91%) as a colourless oil. §(CDCl;): 1.60 (s,6H), 2.40 (s,3H), 2.53
(m,2H), 3.58 (t,2H), 4.04 (m,2H), 4.93 (s,2H), 5.95 (brs,1H), 7.00 (d,1H), 7.20
(s,1H), 7.36-7.50 (m,6H), 9.20 (brs,1H).
LRMS (Electrospray): 531 (M+Na)".
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PREPARATION 168

N-Benzvioxy 2-{4-14-(3-cyanophenyl)-3-methylphenyl]-1.2,3 .6-tetrahydropyridin-

1-visulphonyl}-2-methyipropionamide

Obtained as an amorphous solid (30%), from the title compound of
Preparation 167 and 3-cyanophenylboronic acid (Arch. Pharm. 1996, 329, 73),
using the procedure of Preparation 41, but using an elution gradient of ethyl
acetate:pentane (10:90 to 50:50) for the flash chromatographic purification
step. §(CDCl;): 1.60 (s,6H), 2.24 (s,3H), 2.61 (m,2H), 3.60 (t,2H), 4.08 (m,2H),
4.95 (s,2H), 6.03 (brs,1H), 7.15 (d,1H), 7.25 (m,2H), 7.40 (m,5H), 7.55 (m,2H),
7.62 (m,2H), 9.20 (s,1H).

LRMS (Thermospray): 530 (M+H)".

PREPARATION 169

3-Ethoxy-5-(tri-n-butylstannyl)pyridine

A stirred mixture of 3-bromo-5-ethoxypyridine (Rec. Trav. chim., 1948,
67, 377; 930 mg, 4.6 mmol), bis(tri-n-butyltin) (3.46 ml, 6.9 mmol), tri-o-
tolylphosphine (420 mg, 1.37 mmol), palladium(ll) acetate (78 mg, 0.35 mmol),
triethylamine (1.23 ml, 8.84 mmol) and acetonitrile (15 ml), under nitrogen, was
heated under reflux for 18 hours, then allowed to cool. The solution was
decanted from the black, tarry residue and evaporated under reduced pressure,
then the resulting residue flash chromatographed, using an elution gradient of
ethyl acetate:pentane (0:100 to 5:95), to yield the title compound (600 mg,
32%) as a colourless oil. 5(CDCls): 0.90 (t,9H), 1.08 (t,6H), 1.30-1.42 (m,6H),
1.42 (t,3H), 1.58 (m,6H), 4.08 (q,2H), 7.25 (s,1H), 8.17 (s,1H), 8.19 (s,1H).
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PREPARATION 170
Methvl 2-{4-[4-(3-ethoxypyridin-5-vl)-3-methylphenyl]-1.2.3.6-tetrahydropyridin-

1-visulphonyl}-2-methylpropanoate

Obtained as a gum (30%), from the title compounds of Preparation 169
and Preparation 40, using the procedure of Preparation 89. 5(CDCl;): 1.46
(t,3H), 1.68 (s,6H), 2.28 (s,3H), 2.65 (m,2H), 3.63 (m,2H), 3.81 (s,3H), 4.10
(m,4H), 6.08 (brs,1H), 7.12 (s,1H), 7.20 (d,1H), 7.28 (m,2H), 8.18 (s,1H), 8.28
(s,1H).
LRMS (APCI): 459 (M+H)".

PREPARATION 171
Methvl 2-{4-[4-(3-ethoxypyridin-5-y|)-3-methylphenyl]piperidin-1-yisulphonyl}-2-

methylpropanoate
Obtained as a colourless solid (88%), m.p. 110-112°C, from the title

compound of Preparation 170, using the procedure of Preparation 66. Found:
C, 62.24: H, 6.96; N, 5.97. C,,H3,N,O5S requires C, 62.59; H, 7.00; N, 6.08%.
8(CDCl,): 1.44 (t,3H), 1.67 (s,6H), 1.82 (m,2H), 1.89 (m,2H), 2.28 (s,3H), 2.67
(m,1H), 3.08 (m,2H), 3.81 (s,3H), 3.96 (m,2H), 4.12 (q,2H), 7.10-7.20 (m,4H),
8.17 (s,1H), 8.27 (s,1H).

LRMS (Electrospray): 461 (M+H)".

PREPARATION 172
2-{4-[4-(3-Ethoxypyridin-5-yN-3-methylphenyl]piperidin-1-yisulphonyl}-2-methyl-

propanoic acid
Obtained as a colourless solid (98%), m.p. 202-203°C, from the title

compound of Preparation 171, using the procedure of Preparation 91.
S5(CDCly): 1.44 (t,3H), 1.70 (s,6H), 1.80 (m,4H), 2.18 (s,3H), 2.60 (m,1H), 3.08
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(m,2H), 3.96 (m,2H), 4.13 (q,2H), 7.05-7.15 (m,3H), 7.26 (obscured by CHCl,
1H), 8.22 (s,1H), 8.33 (s,1H).
LRMS (Thermospray): 447 (M+H)".

PREPARATION 173

3-(2-Hvdroxyethoxylbromobenzene

Anhydrous potassium carbonate (18.0 g, 130 mmol) was added to a
stirred solution of 3-bromophenol (6.0 ml, 52 mmol) in anhydrous
dimethylformamide (120 ml) and the mixture was heated under refiux for 45
minutes, then allowed to cool to about 50°C. 2-Bromoethanol (3.1 ml, 43 mmol)
was added and the reaction mixture heated under reflux for a further 2 hours,
before being allowed to slowly cool to room temperature. The resulting mixture
was poured into ether, the mixture washed with water and the organic phase
dried (MgSO,) and evaporated under reduced pressure. The residue was
purified by flash chromatography, using an elution gradient of pentane:ethyl
acetate (10:1 to 5:1), to provide the title compound as a colourless oil (6.4 g,
57%). 8(CDCIly): 1.98 (t,1H), 3.95 (t,2H), 4.07 (m,2H), 6.87 (d,1H), 7.08-7.17
(m,3H).

PREPARATION 174

3-(2-t-Butyldiphenylisilyloxyethoxyv)bromobenzene

Triethylamine (1.7 ml, 9.2 mmol) was added to a stirred solution of the
title compound of Preparation 173 (1.8 g, 8.2 mmol) in anhydrous
dimethylformamide (30 ml) and the mixture was cooled to about 0°C. t-
Butyldiphenylsilyl chloride (2.4 mi, 9.2 mmol) was added and the reaction
mixture stirred at 0°C for 1 hour and at room temperature for about 16 hours,
then poured into ether. The resulting mixture was washed with 0.5M

hydrochloric acid, then the aqueous washings back-washed with ether. The
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combined organic solutions were washed with water, dried (MgSO,) and
evaporated under reduced pressure, then the residue purified by flash
chromatography, using an elution gradient of pentane:dichloromethane (3:1 to
2:1 to 1:1), to furnish the title compound as a colourless oil (2.2 g, 62%).
8(CDCly): 1.10 (s,9H), 4.00 (t,2H), 4.08 (t,2H), 6.82 (m,1H), 7.03-7.28 (m,4H),
7.38-7.48 (m,5H), 7.71 (m,4H).
LRMS (Thermospray): 474 (M+NH,)".

PREPARATION 175

3-(2-t-Butvldiphenvylsilyloxyethoxy)phenylboronic acid

n-Butylfithium (2.3ml of a 2.5M solution in hexane, 5.9 mmol) was added
to a stirred solution of the title compound of Preparation 174 (2.5 g, 5.6 mmol)
in anhydrous tetrahydrofuran (25 ml), keeping the internal temperature below
-60°C. The reaction mixture was stirred at about -70°C for 1 hour, then
trimethylborate (4.4 ml, 38 mmol) was added dropwise, again keeping the
internal temperature below -60°C . The reaction mixture was stirred at -70°C
for 30 min, aliowed to slowly warm to room temperature, quenched with a
mixture of concentrated hydrochloric acid (12.5 ml) and water (30 ml), then
ether (30 ml) added. The layers were separated and the aqueous layer was
washed with ether. The combined organic solutions were dried (MgSQO,) and
evaporated under reduced pressure, then the residue purified by flash
chromatography, using ether as eluant, to afford the title compound as a
colourless oil (1.14 g, 50%). 8(CDCls): 1.08 (s,9H), 4.06 (t,2H), 4.19 (1,2H),
7.12 (m,1H), 7.36-7.45 (m,8H), 7.74 (m,6H), 7.82 (m,1H).
LRMS (Thermospray): 438 (M+NH,)".
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PREPARATION 176
Methyl 2-{4-[4-(3-[2-t-butyldiphenyisilyloxyethoxy]phenyl)-3-methylphenyl]-

1.2.3.6-tetrahvdropyridin-1-visulphonyl}-2-methylipropionate

Obtained as an oil (73%), from the title compounds of Preparation 175
and Preparation 40, using the procedure of Preparation 41, except that
purification by flash chromatography involved an elution gradient of
pentane:ethyl acetate (10:1 to 5:1). 3(CDCl;): 1.07 (s,9H), 1.67 (s,6H), 2.28
(s,3H), 2.65 (m,2H), 3.62 (m,2H), 3.81 (s,3H), 4.02 (m,2H), 4.08-4.16 (m,4H),
6.08 (brs,1H), 6.90 (m,3H), 7.19-7.42 (m,10H), 7.71 (d,4H).

LRMS (Thermospray): 438 (M+NH,)".

PREPARATION 177
Methvl 2-{4-[4-(3-[2-t-butyildiphenvlsilvloxyethoxy]phenyl)-3-

methylphenvllpiperidin-1-visulphonyl}-2-methylpropanoate

Obtained as a colourless oil (88%), from the titie compound of
Preparation 176, using the procedure of Preparation 66. 8(CDCl3): 1.07 (s,9H),
1.67 (s,6H), 1.80-1.95 (m,4H), 2.28 (s,3H), 2.65 (m,1H), 3.10 (t,2H), 3.81
(s,3H), 3.95 (m,2H), 3.97 (t,2H), 4.11 (1,2H), 6.86 (m,3H), 7.10 (m,2H), 7.19
(d,1H), 7.34-7.47 (m,6H), 7.71 (d,4H).

LRMS: (Thermospray): 438 (M+NH,)".

PREPARATION 178
2-{4-[4-(3-[2-t-Butvldiphenylsilyloxyethoxylphenyl)-3-methylphenyl]piperidin-1-

visulphonvi}-2-methvlpropanoic acid

Obtained as a colourless foam (88%), from the title compound of
Preparation 177, using the procedure of Preparation 79, but with the reaction
being carried out at room temperature. §(CDCl,): 1.07 (s,9H), 1.67 (s,6H),
1.78-1.95 (m,4H), 2.27 (s,3H), 2.65 (m,1H), 3.11 (t,2H), 3.97 (t,2H), 4.02
(m,2H), 4.11 (t,2H), 6.86 (m,3H), 7.10 (m,2H), 7.18 (d,1H), 7.30 (d,1H), 7.34-
7.43 (m,6H), 7.71 (d,4H).
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The following Table illustrates the in vitro activities for a range of the

compounds of the invention as MMP inhibitors.

TABLE
EXAMPLE IC5o(NM)
NO.
MMP-3 MMP-2 MMP-13
2 16 315 28
3 26 38 25
15 20 173 NR
28 24 432 NR
40 18 525 NR
50 23 1907 NR
56 15 387 NR

10

NR = no result
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CLAIMS

1. A compound of formula (l):

or a pharmaceutically or veterinarily acceptable salt thereof, or a
pharmaceutically or veterinarily acceptable solvate of either entity,
wherein the broken line represents an optional bond;
10 Ais C or CH;
B is CH,, O or absent;
R' and R? are each independently selected from hydrogen, C, to
C; alky! optionally substituted with C, to C, alkoxy or phenyl, and
C, to Cg4 alkenyl; or, together with the carbon atom to which they
15 are attached, form a C,; to Cq4 cycloalkyl group which optionally
incorporates a heteroatom linkage selected from O, SO, SO, and
NR® or which is optionally benzo-fused;
R3is hydrogen, halo, R or OR7;
R*is hydrogen, C, to C, alkyl, C, to C,4 alkoxy, trifluoromethyl or
20 halo;
R® is hydrogen or C, to C, alkyl;

R’ is a monocyclic or bicyclic ring system selected from phenyl,
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thienyl, furyl, pyridinyl, pyrimidinyl, naphthyl, indanyl, benzothienyl,
benzofuranyl, 2,3-dihydrobenzofuranyl, indolyl, quinolinyl,
isoquinolinyl, benzodioxolyl, benzimidazolyl, benzoxazolyl,
benzothiazolyl and benzodioxanyl, any of which ring systems
is optionally substituted with one or two substituents selected from
C, to C, alkyl optionally substituted with C, to C, alkoxy or
hydroxy, C,-C, alkoxy optionally substituted with C, to C, alkoxy
or hydroxy, C; to C, alkylthio, trifluoromethyl, trifftuoromethoxy,
halo and cyano;
mis 1 or 2,

and nis 0, 1 or2;

with the proviso that B is not O when A is C.

2. A compound according to claim 1 wherein B is absent; R is hydrogen,
C, to C, alkyl optionally substituted with methoxy or phenyl, or C; to C; alkenyl;
R?is hydrogen or C; to C, alkyl; or R' and R?, together with the carbon atom to
which they are attached, form a C, to C; cycloalkyl group which optionally
incorporates a heteroatom linkage selected from O and NR® or which is
optionally benzo-fused; R® is selected from 4-phenyl, 4-pyridinyl, 4-(indan-5-yl),
4-(2,3-dihydrobenzofuran-5-yl), 4-(quinolin-3-yl), 4-(benzodioxol-5-yl) and 4-
(benzimidazol-5-yl), any of which is optionally substituted with one or two
substituents selected from C, to C5 alkyl optionally substituted with methoxy or
hydroxy, C, to C alkoxy optionally substituted with methoxy or hydroxy,
methylthio, trifluoromethyl, trifluoromethoxy, fluoro, chloro and cyano; R*is
hydrogen, methyl, ethyl, methoxy, trifluoromethyl, filuoro or chloro; R®is methyl;

mis2;andnis 1.

3. A compound according to claim 2 wherein R'is hydrogen, methyl, ethyil,
y
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2-methylprop-1-yl, but-1-yl, 2-methoxyethyl, benzyl, 3-phenylprop-1-yl, allyl, 2-
methylallyl, 3,3-dimethylallyl; R? is hydrogen, methyl or ethyl; or R' and R?,
together with the carbon atom to which they are attached, form a cyclobutyl,
cyclopentyl, tetrahydropyran-4,4-diyl, 1-methylpiperidin-4,4-diyl or indan-2,2-diyl
group; R%is 4-phenyl, 4-(2-methylphenyl), 4-(3-methylphenyl), 4-(3-
ethylphenyl), 4-[3-(prop-2-yl)phenyl], 4-(3,5-dimethylphenyl), 4-(3-
methoxymethylphenyl), 4-(3-hydroxymethylphenyl), 4-(2-methoxyphenyl), 4-(3-
methoxyphenyl), 4-(3-ethoxyphenyl), 4-(4-ethoxyphenyl), 4-[3-(prop-1-
oxy)phenyl], 4-[3-(prop-2-oxy)phenyl], 4-[4-(prop-2-oxy)phenyl], 4-(3,4-
dimethoxyphenyl), 4-[3-(2-methoxyethoxy)phenyl], 4-[3-(2-
hydroxyethoxy)phenyl], 4-(3-methylthiophenyl), 4-(3-trifluoromethylphenyl), 4-
(3-trifluoromethoxyphenyl), 4-(2-fluorophenyl), 4-(3-chloro-4-fluorophenyl), 4-(3-
cyanophenyl), 4-(pyridin-2-yl), 4-(pyridin-3-yl), 4-(pyridin-4-yl), 4-(6-
ethoxypyridin-2-yl), 4-(5-ethoxypyridin-3-yl), 4-(indan-5-yl), 4-(2,3-
dihydrobenzofuran-5-yl), 4-(quinolin-3-yl), 4-(benzodioxol-5-yl), 4-(2,2-
dimethylbenzodioxol-5-yl) and 4-(1,2-dimethylbenzimidazol-5-yl); and R*is
hydrogen, 2-methyl, 3-methyl, 3-ethyl, 3-methoxy, 3-trifluoromethyl, 3-fluoro or

3-chloro.

4. A compound according to claim 3 wherein R' and R? are both hydrogen
or methyl or, together with the carbon atom to which they are attached, form a
cyclobutyl, cyclopentyl, tetrahydropyran-4,4-diyl or 1-methylpiperidin-4,4-diy!
group; R® is 4-phenyl, 4-(3-methoxyphenyl), 4-(3-ethoxyphenyl), 4-[3-(2-
methoxyethoxy)phenyl}, 4-[3-(2-hydroxyethoxy)phenyl] or 4-(6-ethoxypyridin-2-
y!); and R* is 3-methyl or 3-methoxy.

5. A compound according to claim 4 wherein the compound of formula (l) is
selected from

N-hydroxy-2-{4-[4-(3-ethoxyphenyl)-3-methylphenyl}-1,2,3,6-
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tetrahydropyridin-1-ylsulphonyl}acetamide;
N-hydroxy-2-{4-[4-(3-ethoxyphenyl)-3-methylphenyl]-1,2,3,6-
tetrahydropyridin-1-ylsulphonyl}-2-methyipropanamide;
N-hydroxy-2-{4-[4-(3-ethoxyphenyl)-3-methylphenyl]piperidin-1-
ylsulphonyl}-2-methylpropanamide;
N-hydroxy-1-{4-[4-(3-methoxyphenyl)-3-methylphenyl]piperidin-1-
ylsulphonyl}cyclopentanecarboxamide;
N-hydroxy-1-{4-[4-(3-methoxyphenyl)-3-methylphenyi]piperidin-1-
ylsulphonyl}cyclobutanecarboxamide;
N-hydroxy-2-{4-[4-(3-ethoxyphenyl)-3-methoxyphenyl]piperidin-1-
ylsulphonyl}-2-methylpropanamide;
N-hydroxy-2-{4-[4-(6-ethoxypyridin-2-yl)-3-methylphenyl]piperidin-1-
yisulphonyl}-2-methylpropanamide;
N-hydroxy-2-{4-[4-(3-[2-methoxyethoxy]phenyl)-3-methylphenyl]-
piperidin-1-ylsulphonyl}-2-methylpropanamide; and
N-hydroxy-2-{4-[4-(3-[2-hydroxyethoxy]phenyl)-3-methylphenyl]piperidine
-1-ylsulphonyl}-2-methylpropanamide.

6. A pharmaceutical composition comprising a compound of formula (l), or
a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable
solvate of either entity, according to any one of claims 1 to 5, together with a

pharmaceutically acceptable diluent or carrier.

7. A veterinary formulation comprising a compound of formuta (1), or a
veterinarily acceptable salt thereof, or a veterinarily acceptable solvate of either
entity, according to any one of claims 1 to 5, together with a veterinarily

acceptable diluent or carrier.
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8. A compound of formula (I), or a pharmaceutically acceptable salt thereof,
or a pharmaceutically acceptable solvate of either entity, according to any one
of claims 1 to 5, or a pharmaceutical composition containing any of the

foregoing according to claim 6, for use as a human medicament.

9. A compound of formula (1), or a veterinarily acceptable salt thereof, or a
veterinarily acceptable solvate of either entity, according to any one of claims 1
to 5, or a veterinary formulation containing any of the foregoing according to

claim 7, for use as an animal medicament.

10. The use of a compound of formula (1), or a pharmaceutically acceptable
salt thereof, or a pharmaceutically accceptable solvate of either entity,
according to any one of claims 1 to 5, for the manufacture of a human
medicament for the curative or prophylactic treatment of a medical condition for
which a MMP inhibitor is indicated.

11.  The use of a compound of formula (1), or a veterinarily acceptable salt
thereof, or a veterinarily acceptable solvate of either entity, according to any
one of claims 1 to 5, for the manufacture of an animal medicament for the
curative or prophylactic treatment of a medical condition for which a MMP

inhibitor is indicated.

12.  The use according to claim 10 or claim 11 wherein the inhibitor is a
MMP-3 inhibitor.

13.  The use of a compound of formula (i), or a pharmaceutically acceptable
salt thereof, or a pharmaceutically acceptable solvate of either entity, according

to any one of claims 1 to 5, for the manufacture of a human medicament for the
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curative or prophylactic treatment of atherosclerotic plaque rupture, myocardial
infarction, heart failure, restenosis, stroke, periodontal disease, tissue
ulceration, wound repair, skin diseases, cancer metastasis, tumour
angiogenesis, age-related macular degeneration, fibrotic disease, rheumatoid
arthritis, osteoarthritis and inflammatory diseases dependent on migratory

inflammatory cells.

14. The use of a compound of formula (1), or a veterinarily acceptable salt
thereof, or a veterinarily acceptable solvate of either entity, according to any
one of claims 1 to 5, for the manufacture of an animal medicament for the
curative or prophylactic treatment of atherosclerotic plaque rupture, myocardial
infarction, heart failure, restenosis, stroke, periodontal disease, tissue
ulceration, wound repair, skin diseases, cancer metastasis, tumour
angiogenesis, age-related macular degeneration, fibrotic disease, rheumatoid
arthritis, osteoarthritis and inflammatory diseases dependent on migratory

inflammatory cells.

15. A compound of formula (ll):

R3
/\ / B I?4
) ACH,J, "=A (i
R rR> | |
R°O /N—(CHz)m
S
o

wherein R is hydrogen or C, to C, alkyl, and the broken line, A,B, R', R? R®,

R* mand n are as previously defined for formula (1) in claim 1.
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16. A method of treating or preventing a medical condition for which a MMP
inhibitor is indicated, in a mammal (including a human being), which comprises
administering to said mammal a therapeutically effective amount of a
compound of formula (I), or a pharmaceutically or veterinarily acceptable salt
thereof, or a pharmaceutically or veterinarily acceptable solvate of either entity,
according to any of one claims 1 to 5, or a pharmaceutical composition or
veterinary formulation containing any of the foregoing according to claim 6 or

claim 7 respectively.

17. A method according to claim 16 wherein the inhibitor is a MMP-3
inhibitor.

18. A method of treating or preventing atherosclerotic plaque rupture,
myocardial infarction, heart failure, restenosis, stroke, periodontal disease,
tissue ulceration, wound repair, skin diseases, cancer metastasis, tumour
angiogenesis, age-related macular degeneration, fibrotic disease, rheumatoid
arthritis, osteoarthritis and inflammatory diseases dependent on migratory
inflammatory cells, in a mammal (including a human being), which comprises
administering to said mammal a therapeutically effective amount of a
compound of formula (l), or a pharmaceutically or veterinarily acceptable salt
thereof, or a pharmaceutically or veterinarily acceptable solvate of either entity,
according to any one of claim 1 to 5, or a pharmaceutical composition or
veterinary formulation containing any of the foregoing according to claim 6 or

claim 7 respectively.
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19. A process for the preparation of a compound of formula (1):

or a pharmaceutically or veterinarily acceptable salt thereof, or a
pharmaceutically or veterinarily acceptable solvate of either entity,
wherein the broken line represents an optional bond;
Ais C or CH;
10 B is CH,, O or absent;
R' and R? are each independently selected from hydrogen, C, to
Cs alkyl optionally substituted with C, to C, alkoxy or phenyl, and
C, to Cg alkenyl; or, together with the carbon atom to which they
are attached, form a C; to Cg cycloalky! group which optionally
15 incorporates a heteroatom linkage selected from 0, SO, SO, and
NR® or which is optionally benzo-fused;
R3is hydrogen, halo, R’ or OR7;
R* is hydrogen, C, to C, alkyl, C; to C, alkoxy, trifluoromethy! or
halo;
20 R® is hydrogen or C, to C, alkyl;
R’ is a monocyclic or bicyclic ring system selected from phenyl,
thienyl, furyl, pyridiny!, pyrimidinyl, naphthyl, indanyl, benzothienyl,

benzofuranyl, 2,3-dihydrobenzofuranyl, indolyl, quinolinyl,
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isoquinolinyl, benzodioxolyl, benzimidazolyl, benzoxazolyl,
benzothiazolyl and benzodioxanyl, any of which ring systems
is optionally substituted with one or two substituents selected from
C, to C, alky! optionally substituted with C, to C, alkoxy or
hydroxy, C4-C, alkoxy optionally substituted with C, to C, alkoxy
or hydroxy, C; to C, alkylthio, trifluoromethyl, trifluoromethoxy,
halo and cyano;
mis 1 or2;

and nis 0, 1 or 2;

with the proviso that B is not O when A is C,;

which comprises reacting a compound of formula (Il):

wherein R® is hydrogen or C, to Cs alkyl, and the broken line, A,B, R', R?, R®,
R*, m and n are as previously defined for formula (I), with hydroxylamine,
optionally followed by formation of a pharmaceutically or veterinarily acceptable
salt of the required product or a pharmaceuticallly or veterinarily acceptable

solvate of either entity.

20. A process according to claim 19 wherein, when R®is C, to C5 alkyl, the
ester of formula (l1) is treated with up to a 3-fold excess of hydroxylamine
hydrochloride in the presence of a molar equivalent amount of a suitable base

in a suitable solvent at from about room temperature to about 85°C .
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21. A process according to claim 20 wherein the base is an alkali metal
carbonate or bicarbonate, the solvent is methanol, optionally combined with
tetrahydrofuran or dichloromethane as co-solvent, and the reaction temperature

is from about 65 to about 70°C .

22. A process according to claim 19 wherein, when R°® is hydrogen, the acid
of formula (ll) in the presence of from 1.1 to 2.0 molecuiar equivalents of an
activating agent and from1.0 to 4.0 molecular equivalents of a tertiary amine, in
a suitable solvent, is treated with up to about a 3-fold excess of hydroxylamine
hydrochloride, optionally in the same solvent, at from about 0°C  to about room

temperature.

23. A process according to claim 22 wherein the activating agent is O-(7-
azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HATU),
the tertiary amine is N-ethyldiisopropylamine, the solvent is anhydrous
dimethylformamide or anhydrous 1-methylpyrrolidin-2-one and the reaction

temperature is about room temperature.
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(4-ARYLSULFONYLAMINO)-TETRAHYDROPYRAN-4-CARBOXYLIC ACID
HYDROXAMIDES

Background of the Invention

The present invention relates to (4-arylsulfonylamino)-tetrahydropyran-4-carboxylic acid
hydroxamide derivatives , and to pharmaceutical compositions and methods of treatment.

The compounds of the present invention are inhibitors of zinc metalloendopeptidases,
especially those belonging to the matrix metalioproteinase (also called MMP or matrixin) and
reprolysin (also known as adamylsin) subfamilies of the metzincins (Rawlings, et al., Methods
in Enzymology, 248, 183-228 (1995) and Stocker, et al., Protein Science, 4, 823-840 (1995)).

The MMP subfamily of enzymes, currently contains seventeen members (MMP-1,
MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, MMP-10, MMP-11, MMP-12, MMP-13, MMP-14,
MMP-15, MMP-16, MMP-17, MMP-18, MMP-19, MMP-20). The MMP’s are most well known
for their role in regulating the tum-over of extracellular matrix proteins and as such play
important roles in normal physiological processes such as reproduction, development and
differentiation. |n addition, the MMP's are expressed in many pathological situations in which
abnormal connective tissue tumover is occurring. For example, MMP-13 an enzyme with
potent activity at degrading type i collagen (the principal collagen in cartilage), has been
demonstrated to be overexpressed in osteoarthritic cartilage (Mitchell, et al., J. Clin. Invest,,
97, 761 (1996)). Other MMPs (MMP-2, MMP-3, MMP-8, MMP-9, MMP-12) are also
overexpressed in osteoarthritic cartilage and inhibition of some or all of these MMP’s is
expected to slow or block the accelerated loss of cartilage typical of joint diseases such as
osteoarthritis or rheumatoid arthritis.

The mammalian reprolysins are known as ADAMs (A Disintegrin And
Metalloproteinase) (Wolfberg, et al., J. Cell Biol, 131, 275-278 (1995)) and contain a
disintegrin domain in addition to a metalloproteinase-like domain. To date twenty three
distinct ADAM's have been identified.

ADAM-17, also known as tumor necrosis factor-alpha converting enzyme (TACE), is

the most well known ADAM. ADAM-17 (TACE) is responsible for cleavage of cell bound
tumor necrosis factor-alpha (TNF-a, also known as cachectin). TNF-a is recognized to be
involved in many infectious and auto-immune diseases (W. Friers, FEBS Letters, 285, 199
(1991)).  Furthermore, it has been shown that TNF-a is the prime mediator of the

inflammatory response seen in sepsis and septic shock (Spooner, et al., Clinical immunology

and !mmunopathology, 62 S11 (1992)). There are two forms of TNF-a, a type Il membrane

protein of relative molecular mass 26,000 (26 kD) and a soluble 17 kD form generated from
the cell bound protein by specific proteolytic cleavage. The soluble 17 kD form of TNF-a is

released by the cell and is associated with the deleterious effects of TNF-a. This form of
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TNF-« is also capable of acting at sites distant from the site of synthesis. Thus, inhibitors of
TACE prevent the formation of soluble TNF-a and prevent the deleterious effects of the
solucie factor.

Select compounds of the invention are potent inhibitors of aggrecanase, an enzyme
impcrtant in the degradation of cartilage aggrecan. Aggrecanase is also believed to be an
ADAM. The loss of aggrecan from the cartilage matrix is an important factor in the
progression of joint diseases such as osteoarthritis and rheumatoid arthritis and inhibition of
aggrecanase is expected to slow or block the loss of cartilage in these diseases.

Other ADAMSs that have shown expression in pathological situations include ADAM
TS-1 (Kuno, et al., J. Biol. Chem., 272, §56-562 (1997)), and ADAM's 10, 12 and 15 (Wu, et
al., Biochem. Biophys. Res. Comm,, 235, 437-442, (1997)). As knowledge of the expression,

physiological substrates and disease association of the ADAM's increases the full significance

of the role of inhibition of this class of enzymes will be appreciated.

Diseases in which inhibition of MMP's and or ADAM's will provide therapeutic benefit
include: arthritis (including osteoarthritis and rheumatoid arthritis), inflammatory bowel
disease, Crohn's disease, emphysema, acute respiratory distress syndrome, asthma chronic
obstructive pulmonary disease, Alzheimer's disease, organ transplant toxicity, cachexia,
allergic reactions, allergic contact hypersensitivity, cancer, tissue ulceration, restenosis,
periodontal disease, epidermolysis bullosa, osteoporosis, loosening of artificial joint implants,
atherosclerosis (including atherosclerotic plaque rupture), aortic aneurysm (including
abdominal aortic aneurysm and brain aortic aneurysm), congestive heart failure, myocardial
infarction, stroke, cerebral ischemia, head trauma, spinal cord injury, neuro-degenerative
disorders (acute and chronic), autoimmune disorders, Huntington's disease, Parkinson's
disease, migraine, depression, peripheral neuropathy, pain, cerebral amyloid angiopathy,
nootropic or cognition enhancement, amyotrophic lateral sclerosis, muitiple sclerosis, ocular
angiogenesis, comeal injury, macular degeneration, abnormal wound healing, bums,
diabetes, tumor invasion, tumor growth, tumor metastasis, corneal scarring, scleritis, AIDS,
sepsis, septic shock and other diseases characterized by metalloproteinase or ADAM
expression.

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

It is recognized that different combinations of MMP's and ADAM's are expressed in
different pathological situations. As such inhibitors with specific selectivities for individual
ADAM's and/or MMP's may be preferred for individual diseases. For example, rheumatoid

arthritis is an inflammatory joint disease characterized by excessive TNF levels and the loss
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of joint matrix constituents. In this case, a compound that inhibits TACE and aggrecanase as
well as MMP's such as MMP-13 may be the preferred therapy. In contrast, in a less
inflammatory joint disease such as osteoarthritis, compounds that inhibit matrix degrading
MMP’s such as MMP-13 but not TACE may be preferred.

The present inventors have also discovered that it is possible to design inhibitors with
differential metalloprotease activity. Specifically, for example, the inventors have been able to
design molecules which selectively inhibit matrix metalioprotease-13 (MMP-13) preferentially
over MMP-1.

Matrix metalloproteinase and reprolysin inhibitors are well known in the literature.
Specifically, PCT Publication WO 96/33172, published October 24, 1996, refers to cyclic
aryisulfonylamino hydroxamic acids that are useful as MMP inhibitors. United States Patent
5,672,615, PCT Publication WO 87/20824, PCT Publication WO 98/08825, PCT publication
WO 98/27069, and PCT Publication WO 98/34918, published August 13, 1998, entitled
“Arylsulfonyl Hydroxamic Acid Derivatives” all refer to cyclic hydroxamic acids that are useful
as MMP inhibitors. PCT Publications WO 96/27583 and WO 98/07697, published March 7,
1996 and February 26, 1998, respectively, refer to arylsulfonyl hydroxamic acids. PCT
Publication WO 98/03516, published January 29, 1998 refers to phosphinates with MMP
activity. PCT Publication 98/34915, published August 13, 1998, entitied "N-Hydroxy-b-
Sulfonyl Propionamide Derivatives,” refers to propionylhydroxamides as useful MMP
inhibitors. PCT Publication WO 98/33768, published August 6, 1998, entitled
“Arylsulfonylamino Hydroxamic Acid Derivatives,” refers to N-unsubstituted arylsulfonylamino
hydroxamic acids. PCT Publication WO 98/30566, published July 16, 1998, entitled "Cyclic
Sulfone Derivatives,” refers to cyclic sulfone hydroxamic acids as MMP inhibitors. United
States Provisional Patent Application 60/55208, filed August 8, 1997, refers to biaryl
hydroxamic acids as MMP inhibitors. United States Provisional Patent Application Serial No.
60/55207, filed August 8, 1997, entitled "“Aryloxyarylsulfonylamino Hydroxamic Acid
Derivatives," refers to aryloxyarylsuifonyl hydroxamic acids as MMP inhibitors. United States
Provisional Patent Application 60/62766, filed October 24, 1997, entitied "The Use of MMP-13
Selective Inhibitors For The Treatment of Osteoarthritis and Other MMP Mediated Disorders,”
refers to the use of MMP-13 selective inhibitors to treat inflammation and other disorders.
United States Provisional Patent Application Serial No. 60/68261, filed December 19, 1997,
refers to the use of MMP inhibitors to treat angiogenesis and other disorders. Each of the
above referenced publications and applications is hereby incorporated by reference in its

entirety.
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Summary of the Invention

The present invention relates to a compound of the formula

O

HO—N ~so;Q |

O

or the pharmaceutically acceptable salts thereof, wherein

Q is (Cy-Celalkyl, (Ce-Cyolaryl, (Cy-Coheteroaryl, (Ce-Ciolaryloxy(C,-Celalkyl, (Ce-
Cio)aryloxy(Ce-Cip)aryl, (Ce-Co)aryloxy(C,-Co)heteroaryl, (Ce-Cro)aryl(C4-Ce)alky!, (Ce-
Cio)anyl(Ce-Cio)aryl, (Ce-Cio)aryl(C,-Co)heteroaryl,  (Ce-Cio)aryl(Cs-Cio)aryl(Cy-Celalkyl, (Ce-
C10)aryl(Ce-C10)aryl(Ce-Cro)aryl, (Ce-Cio)aryl(Ce-Cip)aryl(Co-Co)heteroaryl, (C-Co)heteroaryl(C,-
Celalkyl, (Co-Co)heteroaryl(Cs-Ciolaryl, (C,-Co)heteroaryl(C,-Cg)heteroaryl, (Ce-Cyp)aryl(C,-
Ce)alkoxy(C,-Ce)alkyl, (Ce-Cro)aryl(C,-Ce)alkoxy(Ce-Cio)aryl,  (Ce-Cip)aryl(Cy-Ce)alkoxy(C,-
Cg)heteroaryl, (C,-Co)heteroaryloxy(C,-Cg)alkyl, (C;-Cy)heteroaryloxy(Ce-Cyp)aryl, (C.-
Co)heteroaryloxy(C,-Cq)heteroaryl, (C,-Co)heteroaryl(Cy-Ce)alkoxy(C,-Cg)alkyl, (Co-
Cg)heteroaryl(C,-Cg)alkoxy(Ce-Co)aryl or (C,-Cq)heteroaryl(C,-Cg)alkoxy(C,-Cg)heteroaryt;

wherein each (Cg-Cyolary! or (C,-Co)heteroaryl moieties of said (Cg-Cioaryl, (C,-
Cg)heteroaryl, (Cs-Cso)aryloxy(C,-Celalkyl, (Ce-Cio)aryloxy(Ce-Crolaryl,  (Ce-Cio)aryloxy(Co-
Co)heteroaryl, (Ce-Cio)ary!(Cy-Celalkyl, (Ce-Cio)aryl(Ce-Ciolaryl, (Ce-Cho)aryl(C,-Cg)heteroaryl,
(Ce-Cio)aryl(Ce-Cro)aryl(C,-Ce)alkyl, (Ce-Cho)aryl(Ce-Cro)aryl(Ce-Cro)aryl, (Ce-Cro)aryl(Ce-
C,o)aryl(C,-Co)heteroaryl, (C,-Co)heteroaryl(C,-Cealkyl, (C,-Co)heteroaryl(Ce-Cyplaryl, (C,-
Cg)heteroaryl(C,-Cg)heteroary!, (Ce-Co)aryl(C,-Cg)atkoxy(C4-Cg)atkyl, (Ce-Cio)aryl(C;-
Ce)alkoxy(Ce-Cp)aryl, (Ce-Cro)aryl(C,-Ce)alkoxy(C,-Co)heteroaryl,  (C,-Co)heteroaryloxy(C,-
Ce)alkyl, (C,-Cg)heteroaryloxy(Ce-Co)aryl, (C,-Cy)heteroaryloxy(C,-Cq)heteroaryl, (C,-
Co)heteroary|(C,-Cglalkoxy(C,-Ceglalkyl, (C,-Cg)heteroaryl(C,-Cg)alkoxy(Ce-Ciglaryl or (Cp-
Ce)heteroaryl(C,-Cg)alkoxy(C,-Co)heteroaryl is optionally substituted on any of the nng carbon
atoms capable of forming an additional bond by one or more substituents per ring independently
selected from fluoro, chloro, bromo, (C,-Celalkyl, (C,-Ce)alkoxy, perfluoro(C,-Cj)aikyl,
perfluoro(C,-C,)alkoxy and (Ce-Cp)aryloxy;

or a pharmaceutically acceptable satt thereof.

The term "alky!l", as used herein, unless otherwise indicated, includes saturated
monovalent hydrocarbon radicals having straight. branched or cyclic moieties or combinations
thereof.

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

above.
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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 pheny! or naphthyl,
optionally substituted by 1 to 3 substituents selected from the group consisting of fluoro, chioro,
bromo, perfluoro(C,-Cg)alkkyl (including triﬂuoromethyl), (C,-Cslalkoxy, (Cg-Cyg)aryloxy,
perfluoro(C,-Cs)alkoxy (including trifluorcmethoxy and difluoromethoxy) and (C,-Ce)alkyl.

The term "heteroary!l", 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, pyrroyl, thienyl, isothiazolyl, imidazolyl, benzimidazolyl, tetrazolyl, pyrazinyl,
pyrimidyl, quinolyl, isoquinolyl, benzofuryl, isobenzofuryl, benzothienyl, pyrazolyl, indolyl,
isoindolyl, purinyl, carbazolyl, isoxazolyl. thiazolyl, oxazolyl, benzthiazolyl or benzoxazolyl,
optionally substituted by 1 to 2 substituents selected from the group consisting of fiuoro, chloro,
trifluoromethyl, (C,-Cg)alkoxy, (Cg-Cio)aryloxy, trifluoromethoxy, difluoromethoxy and (C,-
Celalkyl. Preferred heteroaryls include pyridyl, furyl, thienyl, isothiazolyl, pyrazinyl, pyrimidyl,
pyrazolyl, isoxazolyl, thiazolyl or oxazolyl. Most preferred include pyridy!, furyl or thienyl.

Preferred compounds of formula 1 include those wherein Q is optionally substituted (C,-
Cioaryl, (Cs-Cio)aryl(Ce-Ciolaryl, (Ce-C.2)aryloxy(Ce-Cio)aryl, (Ce-Cyolaryloxy(C,-Cg)heteroaryl,
(C,-Co)heteroaryl, (C,-Cy)heteroary(C,-Cq)heteroaryl, (Cg-Cio)aryl(C,-Co)heteroaryl,  (Co-
Cg)heteroaryl(Cg-Co)aryl, (C,-Cg)heteroaryloxy(Ce-Co)aryl, {Cs-Cp)ary!(C,-Cg)alkoxy(Cs-
C,0)anyi, or (C,-Cg)heteroaryl(C,-Cg)alkoxy(Cs-Colaryl.

Other preferred compounds of formula | include those wherein Q is optionally
substituted (Ce-C,g)aryloxy(Ce-Cio)aryl.

Specific preferred compounds of formula | include the following:

4-[4-(4-Fluorophenoxy)benzenesulfonylaminojtetrahydropyran-4-carboxylic acid
hydroxyamide;

4-[4-(4-Chlorophenoxy)benzenesulfonylaminojtetrahydropyran-4-carboxylic acid
hydroxyamide;

4-[4-(Phenoxy)benzenesuifonylaminojtetrahydropyran-4-carboxylic acid
hydroxyamide,;

4-[4-(4-Pyridyloxy)benzenesulfonyiamino]jtetrahydropyran-4-carboxylic acid
hydroxyamide;

4-[4-(4-Fluorophenyl)benzenesutfonylamino]tetrahydropyran-4-carboxylic acid
hydroxyamide;

4-[4-(4-Fluorophenylmethoxy)bezenesulfonylaminojtetrahydropyran-4-carboxylic acid
hydroxyamide;

4-[4-(Phenylmethoxy)benzenesulfonylaminojtetrahydropyran-4-carboxylic acid

hydroxyamide; and
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4-[4-(4-Fluorophenylethoxy)benzenesulfonylaminojtetrahydropyran-4-carboxylic acid
hydroxyamide.

The present invention also relates to a phaymaceutical composition for the treatment of
a condition selected from the group consisting of arthritis (including osteoarthritis and rheumatoid
arthritis), inflammatory bowel disease, Crohn's disease, emphysema, chronic obstructive
pulmonary disease, Alzheimer's disease, organ transplant toxicity, cachexia, allergic reactions.
allergic contact hypersensitivity, cancer (such as solid tumor cancer including colon cancer
breast cancer, lung cancer and prostrate cancer and hematopoietic malignancies including
leukemias and lymphomas), tissue ulceration, restenosis, periodontal disease, epidermolysis
bullosa, osteoporosis, loosening of artificial pint implants, atherosclerosis (including
atherosclerotic plaque rupture), aortic aneurysm (including abdominal acrtic aneurysm and brain
aortic aneurysm), congestive heart failure, myocardial infarction, stroke, cerebral ischemia, head
trauma, spinal cord injury, neuro-degenerative disorders (acute and chronic), autoimmune
disorders, Huntington's disease, Parkinson's disease, migraine, depression, peripheral
neuropathy, pain, cerebral amyloid angiopathy, nootropic or cognition enhancement
amyotrophic lateral sclerosis, muitiple sclerosis, ocular angiogenesis, comeal injury, macular
degeneration, abnormal wound healing, bumns, diabetes, tumor invasion, tumor growth, tumor
metastasis, comeal scarring, scleriis, AIDS, sepsis, septic shock and other diseases
characterized by metalloproteinase activity and other diseases characterized by mammalian
reprolysin activity in a mammal, including a human, comprising an amount of a compound of
formula | or a pharmaceutically acceptabie salt thereof effective in such treatments and a
pharmaceutically acceptable carrier.

The present invention also relates to a pharmaceutical composition for the inhibition of
(a) matrix metalloproteinases or other metalloproteinases involved in matrix degradation, or (b)a
mammalian reprolysin (such as aggrecanase or ADAM's TS-1, 10, 12, 15 and 17, most
preferably ADAM-17) in a mammal, including a human, comprising an effective amount of a
compound of formula | or a pharmaceutically acceptable salt thereof.

The present invention also relates to a metrod for treating a condition selected from the
group consisting of arthritis (including osteoarthritis and rheumatoid arthritis), inlammatory bowel
disease, Crohn's disease, emphysema, chronic obstructive puimonary disease, Alzheimer's
disease, organ transplant toxicity, cachexia, allergic reactions, allergic contact hypersensitivity,
cancer, tissue ulceration, restenosis, periodontal disease, epidermolysis bullosa, osteoporosis.
loosening of artificial joint implants, atherosclerosis (including atherosclerotic plaque rupture).
aortic aneurysm (including abdominal aortic aneurysm and brain aortic aneu}ysm). congestive
heart failure, myocardial infarction, stroke, cerebral ischemia, head trauma, spinal cord injury.
neuro-degenerative disorders (acute and chronic), autoimmune disorders, Huntington's disease,
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Parkinson's disease, migraine, depression, peripheral neuropathy, pain, cerebrai amyloid
angiopathy, nootropic or cognition enhancement, amyotrophic lateral sclerosis, multiple
sclerosis, ocular angiogenesis, corneal injury, macular degeneration, abnormal wound healing,
bumns. diabetes, tumor invasion, tumor growth, tumor metastasis, cormeal scarring, scleritis,
AIDS, sepsis, septic shock and other diseases characterized by metalloproteinase activity and
other diseases characterized by mammalian reprolysin activity in a mammal, including a human,
comprising administering to said mammal an amount of a compound of formula | or a
pharmaceutically acceptable salt thereof effective in treating such a condition.

The present invention also relates to a method for the inhibition of (a) matrix
metalloproteinases or other metalloproteinases involved in matrix degradation, or (b) a
mammalian reprolysin (such as aggrecanase or ADAM's TS-1, 10, 12, 15 and 17, preferably
ADAM-17) in a mammal, including a human, comprising administering to said mammal an
effective amount of a compound of formula | or a pharmaceutically acceptable salt thereof.

This invention also encompasses pharmaceutical compositions containing prodrugs of
compounds of the formula 1. This invention also encompasses methods of treating or preventing
disorders that can be treated or prevented by the inhibition of matrix metalloproteinases or the
inhibition of mammalian reprolysin comprising administering prodrugs of compounds of the
formuia |. Compounds of formula | having free amino, amido, hydroxy or carboxylic groups can
be converted into prodrugs. Prodrugs include compounds wherein an amino acid residue, or a
polypeptide chain of two or more (e.g., two, three or four) amino acid residues which are
covalently joined through peptide bonds to free amino, hydroxy or carboxylic acid groups of
compounds of formula |. The amino acid residues include the 20 naturally occurring amino acids
commonly designated by three letter symbols and also inctude, 4-hydroxyproline, hydroxylysine,
demosine, isodemosine, 3-methylhistidine, norvalin, beta-alanine, gamma-aminobutyric acid,
citrulline, homocysteine, homoserine, omithine and methionine sulfone. Prodrugs also include
compounds wherein carbonates, carbamates, amides and alkyl esters which are covalently
bonded to the above substituents of formula | through the carbonyl carbon prodrug sidechain.

One of ordinary skill in the art wili appreciate that the compounds of the invention are
useful in treating a diverse array of diseases. One of ordinary skill in the art will also
appreciate that when using the compounds of the invention in the treatment of a specific
disease that the compounds of the invention may be combined with various existing
therapeutic agents used for that disease.

For the treatment of rheumatoid arthritis, the compounds of the invention may be
combined with agents such as TNF-a inhibitors such as anti-TNF monoclorial antibodies and
TNF receptor immunoglobulin molecules (such as Enbrel®). low dose methotrexate,

lefunimide, hydroxychloroquine, d-penicilamine, auranofin or parenteral or oral goid.
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The compounds of the invention can also be used in combination with existing
therapeutic agents for the treatment of osteoarthritis. ~ Suitable agents to be used in
combination include standard non-steroidal anti-inflammatory agents (hereinafter NSAID's)
such as piroxicam, diclofenac, propionic acids such as naproxen, flubiprofen, fenoprofen,
ketoprofen and ibuprofen, fenamates such as mefenamic acid, indomethacin, sulindac,
apazone, pyrazolones such as phenylbutazone, salicylates such as aspirin, COX-2 inhibitors
such as celecoxib and rofecoxib, analgesics and intraarticular therapies such as
corticosteroids and hyaluronic acids such as hyalgan and synvisc.

The compounds of the present invention may also be used in combination with
anticancer agents such as endostatin and angiostatin or cytotoxic drugs such as adriamycin,
daunomycin, cis-platinum, etoposide, taxol, taxotere and alkaloids, such as vincristine, and
antimetabolites such as methotrexate.

The compounds of the present invention may also be used in combination with
cardiovascular agents such as calcium channel blockers, lipid lowering agents such as
statins, fibrates, beta-blockers, Ace inhibitors, Angiotensin-2 receptor antagonists and platelet
aggregation inhibitors.

The compounds of the present invention may aiso be used in combination with CNS
agents such as antidepressants (such as sertraline), anti-Parkinsonian drugs (such as
deprenyl, L-dopa, requip, miratex, MAOB inhibitors such as selegine and rasagiline, comP
inhibitors such as Tasmar, A-2 inhibitors, dopamine reuptake inhibitors, NMDA antagonists,
Nicotine agonists, Dopamine agonists and inhibitors of neuronal nitric oxide synthase), and
anti-Alzheimer's drugs such as Aricept, tacrine, COX-2 inhibitors, propentofylline or
metryfonate.

The compounds of the present invention may also be used in combination with
osteoporosis agents such as droloxifene or fosomax and immunosuppressant agents such as
FK-506 and rapamycin.

Detailed Description of the Invention

The following reaction Scheme illustrates the preparation of the compounds of the
present invention. Unless otherwise indicated, Q in the reaction Schemes and the discussion

that follows is defined as above.
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Scheme 1
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Scheme 1 (continued)
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Scheme 1 refers to the preparation of compounds of the formula |.

Referring to Scheme 1, the compound of formula | is prepared from the carboxylic acid
of formula It by treatment with 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide and 1-
hydroxybenztriazole in a polar solvent, such as N,N-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 triethylamine.

Alternatively the compound of formula | can be prepared from a compound of formula i
by reaction with a protected derivative of hydroxylamine or its salt form, where the hydroxyl
group is protected as a tert-butyl, benzyi, allyl or 2-trimethylsilylethyl ether. Removal of the
hydroxyl protecting group is carried out by hydrogenolysis for a benzyl protecting group (5%
palladium on barium sulfate is the preferred catalyst) or treatment with a strong acid, such as
trifluoroacetic acid, for a tert-butyl protecting group. The allyl protecting group may be removed
by treatment with tributyltinhyd