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The present invention relates to the compounds of formula I

R
(o] Rl CH (0]
-1 1 A
HO—I;I—C—(lf—N—-ﬁ—Ar (I)
H RZ o

(a) wherein
Ar is carbocyclic.or heterocyclic aryl;

R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic
aryl, biaryl, biaryl-lower alkyl, hetérocyclic aryl-lower alkyl, mono- or poly-halo-lower
alkyl, C;-C4-cycloalkyl, C;3-Co-cycloalkyl-lower alkyl, (oxa or thia)-C;-Cg-cycloalkyl,
[(oxa or thia)-C;-Cg-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl,
lower alkoxy-lower alkyl, Idwer alkyl-(ttuo, sulfinyl or sulfonyl)-lower alkyl, (amino,
mono- or d1-10Wer a]ky”l‘ammo)-loWer alkyl, acylamino-lower alkyl, (N-lower

- alkyl-plperazmo or N-carbocychc or heterocyclic aryl-lower alkylpiperazino)-lower alkyl,
or (morpholino, t!uomorpholmo plpendmo, pyrrohdmo, piperidyl or N-lower
alkylplpendyl)-loWer alkyl, : \\ o ‘f "

L

PN

R, is hydrogen, lower alkyl, carbocychc aryl-lowet alkyl, carbocyclic aryl, heterocyclic
aryl, blaryl, blaryl-lower alkyl, heterocychc aryl-lower alkyl, mono- or poly-halo-lower
alkyl, C5-C;-cycloalkyl, C;-C4-cycloalkyl-lower alkyl, hydroxy-lower alkyl,
acyloxy-lower alkyl, lower alkoxy-lower alkyl, (carbocyclic or heterocyclic aryl)-lower
alkoxy-lower alkyl, lower ‘alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or
di-lower a]kylammo)-lower alkyl, (N-lower alkyl-plperazmo or N-éarbocychc or-
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heterocyclic aryl-lower alkylpiperazino)-lower alkyl, (morpholind, thiomorpholino,
piperidino, pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl, acylamino-lower
alkyl, piperidyl or N-lower alkylpiperidy®,

R, is hydrogen or lower alkyl;

(b) or wherein R and R, together with the chain to which they are attached form a’
1,2,3,4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring,
each unsubstituted or substituted by lower alkyl; and Ar and R, have meaning as defined
under (a); o

(c) or wherein R, and R, together with the carbon atom to which they are attached form a
ring system selected from C;-C;-cycloalkane which is unsubstituted or substituted by
lower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin, piperidine or piperidine
substituted on nitrogen by acyl, lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl,
(carboxy, esterified or amidated carboxy)-lower alkyl or by lower alkylsulfonyl; and Ar
and R have meaning as defined under (a);

pharmaceutically acceptable prodrug derivatives thereof; and pharmaceutically acceptable
salts thereof;

further to a process for the preparation of these compounds, to pharmaceutical
compositions comprising these compounds, to the use of these compounds for the
therapeutic treatment of the human or animal body or for the manufacture of a |
pharmaceutical composition.

The compounds of formula I defined under (b) above can be represented by formula Ia

/7 \
0 <|2Hz CHy
Il

H Ry

n=~0

—Ar (Ia)

o=

wherein X represents methylene or 1,2-ethylene each unsubstituted or substituted by lower
alkyl, or X represents oxygen, sulfur, or 1,2-phenylene; and Ar and R, have meaning as
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defined above.

The compouhds of formula I defined under (c) above can be represented by formula Ib

I : I
HO—N—C C S Ar (Ib)
I £\ I
q CHZ C_H2 o
N

wherein Y is a direct bond, C;-C,-straight chain alkylene optionally substituted by'lower
alkyl, CH,OCH,, CH,SCH,, 1,2-phenylene, CH,-1,2-phenylene or CH,N(R¢)-CH, in
which R4 represents hydrogen, lower alkanoyl, di-lower alkylamino—lowér alkanoyl, aroyl,
carbocyclic aryl-lower alkanoyl, lower alkyl, carbocyclic or heterocylic aryl-lower alkyl,
(carboxy, esterified or amidated carboxy)-lower alkyl or lower alkylsulfonyl; and Ar and

~ R have meaning as defined above.

A preferred embodiment of the compounds of formula Ib relates to the compounds of |
formula Ic '

R
1
) CHy O
HO—N-‘(! I!I lsl Ar
\ —Q —— c

Y‘

in which Y’ represents oxygen, sulfur, a direct bond, methylene or methylene substituted
by lower alkyl, or NRg; R4 represents hydrogen, lower alkanoyl, di-lower
alkylamino-lower alkanoyl, carbocyclic aryl-lower alkanoyl, lower alkyl, carbocyclic or
heterocyclic aryl-lower alkyl, (carboxy, esterified or amidated carboxy)-lower alkyl or
lower alkylsulfonyl; Ar and R have meaning as defined above; pharmaceutically
acceptable prodrug derivatives; and pharmaceutically acceptable salts thereof.

Preferred are said compounds of formula I, Ia, Ib and Ic wherein Ar is monocyclic
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carbocyclic aryl such as phenyl or phenyl mono-, di- or tri-substituted by C,-C,o-alkoxy,
hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy, C3-C-,-cycloalkyl-lower alkoxy,
(lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl or C3-C7-cycloa1kyl -lower
alkyl)-thio, lower alkyloxy-lower alkoxy, halogen, lower alkyl, cyano, nitro,
trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl), amino or mono- or di-lower
alkylamino; or Ar is phenyl substituted on adjacent carbon atoms by C,-C,-alkylenedioxy
or oxy-C,-C;-alkylene; or Ar is heterocyclic monocyclic aryl such as thienyl or thienyl
substituted by lower alkyl; the other symbols have meaning as defined; pharmaceutically
acceptable prodrug derivatives thereof; and pharmaceutically acceptable salts thereof.

e

Further preferred are the compounds of formula I wherein Ar is phenyl which is
unsubstituted or mono-, di- or tri-substituted by'Cl-Cm-a]koxy, hydroxy; phenyl-lower
alkoxy wherein phenyl is unsubstituted or substituted by lower alkyl, lower alkoxy,
halogen or trifluoromethyl; heterocyclic aryl-lower alkoxy wherein heterocyclic aryl is
selected from pyridyl, tetrazolyl, triazolyl, thiazolyl, thienyl, imidazolyl and quinolinyl,
~ each-unsubstituted or mono- or disubstituted by lower alkyl or halogen ;

) .C5-C4-cycloalkyl-lower alkoxy, (lower alkyl, phenyl-lower alkyl or C5-C4-cycloalkyl-
lower alkyl)-thio, lower alkyloxy-lower alkoxy, halogen, lower alkyl, cyano, nitro,
trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl), amino, mono- or di-lower alkylamino
or, on adjacent carbon atoms, by Cl-Cz-alkyl_énedioxy or oxy-C,-Cs-alkylene; or Ar is
thienyl, isoxazolyl or thiazolyl each of which is unsubstituted or mono- or di-substituted
by lower alkyl;

R is hydrogen, lower alkyl, phenyl-lower alkyl wherein phenyl is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; phenyl which is
unsubstituted or mono-, di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower
alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(thio, sulfinyl or sulfonyl), amino, mono-
or di-lower alkylamino or, on adjacent carbon atoms, by C,-C,-alkylenedioxy or
oxy-C,-C5-alkylene; or a heterocyclic aryl radical selected from pyridyl, tetrazolyl,
triazolyl, thiazolyl, thienyl, imidazolyl and quinolinyl, each unsubstituted or mono- or
disubstituted by lower alkyl or halogen; biphenylyl which is unsubstituted or substituted
by lower alkyl, lower alkoxy, halogen, trifluormethyl or Cyano; biphenylyl-lower alkyl
wherein biphényiyl is unsubstituted or substituted by lower alkyl, lower alkoxy, halogén,
trifluormethy! or cyano; (pyridyl, thienyl, quinolinyl or thiazolyl)-lower alkyl, '
trifluormethyl, C5-C-cycloalkyl, C;5-Cs-cycloalkyl-lower alkyl, (oxa or
thia)-C,-Cg-cycloalkyl, [(oxa or thia)-C;-Cg-Cycloalkyl}-lower alkyl, hydroxy-lower alkyl,
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lower alkanoyloxy-lower alkyl, lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or
sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, lower
alkanoylamino-lower alkyl, (N-lower alkylipipera'zino or N-phenyl-lower
alkylpiperazino)-loWer alkyl or (morpholino, thiomorpholino, piperidino, pyrrolidino,
piperidyl or N-lower alkylpiperidyl)-lower alkyl;

R, is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen, trifluoromethyl or, on adjacent carbon
atoms, by C;-C,-alkylenedioxy or oxy-C,-Cs-alkylene; phenyl which is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; pyridyl, thienyl,
biphenylyl, biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl wherein heterocyclic |
aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and tetrazolyl each
unsubstituted or substituted by lower alkyl; trifluoromethyl, C5-C,-cycloalkyl,
C,-C;-cycloalkyl-lower alkyl, hydroxy-lower alkyl, lower alkanoyloxy-lower alkyl, lower
alkoxy-lower alkyl, (phenyl or pyridyl)-lowér alkoxy-lower alkyl, lower alkyl-(thio,
sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl,
(N-lower alkyl-piperazino or N-phenyl-lower alkylpiperazino)-lower alkyl, (morpholino,
thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl,
lower alkanoylamino-lower alkyl; R;-CONH-lower alky!l wherein R; represents (di-lower
alkylamino, N-lower alkylpiperazino, morpholinb, thiomorpholino, piperidino, pyrrolidino
or N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl;

R, is hydrogen or lower alkyl;

(b) or wherein R and R, together with the chain to which they are attached form a
1,2,3,4-tetrahydro-isoquinoline, piperidine.'ox_a;zolidine, thiazolidine or pyrrolidine ring,
each unsubstituted or mono-or di-substituted by lower alkyl; and Ar and R, have meaning
as defined under (a);

(c) or wherein R, and R, together with the carbon atom to which they are attached form a
ring system selected from C;-C4-cycloalkane which is unsubstituted or substituted by
lower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin and piperidine which is
unsubstituted or substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower
alkanoyl, lower alkoxycarbonyl, (morpholino, thiomorpholino or pxpendmo)-carbonyl
lower alkyl, (phenyl or pyridyl)-lower alkyl, (carboxy, lower alkoxycarbonyl,
benzyloxycarbonyl, aminocarbonyl or mono- or di-lower alkylaminocarbonyl)-lower alkyl
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or by lower alkylsulfonyl; and Arand R have meaning as defined under (a);

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically
acceptable salt thereof. : '

Especially preferred are the compounds of formula I wherem Aris phenyl which is
unsubstituted or mono-, di- or tri-substituted by CI-C7-a1koxy, hydroxy, phenyl-lower
alkoxy, C3-C4-cycloalkyl-lower alkoxy, lower alkyloxy-lower alkoxy, halogen, lower
alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(sulfinyl or suifonyl), amino, mono- or
di-lower alkylamino or, on adjacent carbon atoms, by C,-C,-alkylenedioxy or
oxy-C,-C;-alkylene; or Ar is thienyl, isoxazolyl or thiazolyl each of which is
unsubstituted or mono- or di-substituted by lower alkyl;

R is hydrogen, lower alkyl, phenyl-lower alkyl; phenyl which is unsubstituted or mono-,
di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower alkyl, trifluoromethyl, or,
on adjacent carbon atoms, by C;-C,-alkylenedioxy or oxy-C,-C;-alkylene; or a
heterocyclic aryl radical selected from pyridyl, thiazolyl and quinolinyl, each .
unsubstituted or mono- or disubstituted by lower alkyl; biphenylyl; biphenylyl-lower
alkyl; (pyridyl or thienyl)-lower alkyl, trifluormethyl, C3-C;-cycloalkyl,
C;-Cy-cycloalkyl-lower alkyl, (oxa or thia)-C;-Cg-cycloalkyl, [(oxa or
thia)-C5-Cg-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, (N-lower alkyl-piperazino or
N-phenyl-lower alkylpiperazino)-lower alkyl or (morpholino, thiomorpholino, piperidino,
pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl;

R, is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen, trifluoromethyl or, on adjacent carbon
atoms, by C,-C,-alkylenedioxy; biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl
wherein heterocyclic aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and
tetrazolyl each unsubstituted or substituted by lower alkyl; C;-C;-cycloalkyl,
C;-C;-cycloalkyl-lower alkyl, hydroxy-lower alkyl, (phenyl or pyridyl)-lower
alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or
di-lower alkylamino)-lower alkyl, (N-lower alkyl-piperazino or N-phenyl-lower
alkylpiperazino)-lower alkyl, (morpholino, thiomorpholino, piperidino, pyrrolidino,
piperidyl or N-lower alkylpiperidyl)-lower alkyl, lower alkanoylamino-lower alkyl;
R;-CONH-lower alkyl wherein R, represents (di-lower alkylamino, N-lower
alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or
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N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl;
R, is hydrogen or lower alkyl;

(b) or wherein R and R, together with the chain to which they are attached form a |
thiazolidine or pyrrolidine ring, each unsubstituted or mono- or di-substituted by lower
alkyl; and Ar and R, have meaning as defined under (a);

(c) or wherein R, and R, together with the carbon atom to which they are attached form a
ring system selected from C;-C;-cycloalkane which is unsubstituted or substituted by
lower alkyl; oxa-cyclohexane, thia-cyclohexane and piperidine which is unsubstituted or
substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower alkanoyl, lower
alkoxycarbonyl, (morpholino, thiomorpholino or piperidino)-carbonyl, lower alkyl,
(phenyl or pyridyl)-lower alkyl, (carboxy, lower alkoxycarbonyl, aminocarbonyl or mono-
or di-lower alkylaminocarbonyl)-lower alkyl or by lower alkylsulfonyl; and Ar and R
have meaning as defined under (a);

a pharmaceutically acceptable prodrug derivative thereof; or a phannaceutlcally
acceptable salt thereof.

A particular embodiment of the invention relates to the compounds of formula II

R
L
i

[ "
HO—N—C—C—N—— s—@ 1))
Lo
o

Ry §This Sheet Has Been Replace

R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower
alkyl, C5-Co-cycloalkyl, C;-Co-cycloalkyl-lower alkyl, (0xa or thia)-C,-C4-cycloalkyl,
[(oxa or thia)-C;-C¢-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl,
lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino,
mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower"
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alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazind)-lower alkyl,
or (morpholino, thiomorpholino, piperidino, pyrrolidino or N-lower alkylpiperidyl)-lower
alkyl: RN _

R, is hydrogen, lower alkyl, carbocyclic aryl-lower alky_l, carbocyclic aryl, hetérocyclic_
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower
alkyl, Cs-C;-cycloalkyl, Cs-Co-cycloalkyl-lower alkyl, hydroxy-lower alkyl,
acyloxy-lower alkyl, lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or
sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, (N-lower
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl,
(morpholino, thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower |
alkylpiperidyl)-lower alkyl, piperidyl, N-lower alkylpiperidyl, or acylamino-lower alkyl
represented by Ry-CONH-lower alkyl;

R, is hydrogen;

R, in R3-CONH-lower alkyl is lower alkyl, carbocyclic or heterocyclic aryl, di-lower
alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino,
pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower alkylpiperazino,
morpholino, thiomorpholino, piperidino, pyrrolidino, pyridyl or N-lower
alkylpiperidyl)-lower alkyl;

R, is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy,
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower
alkoxy, halogen, trifluoromethyl, lower alkyl nitro or cyano;

R4 is hydrogen, lower alkyl or halogen;

or R, and R, together on adjacent carbon atoms represent methylenedioxy, ethylenedioxy,
oxyethylene or oxypropylene;

or a pharmaceuticaily acceptable prodrug denvanve thereof or a pharmaceutically
acceptable salt thereof.

Another preferred embodiment of the invention relates to the compounds of formula II
wherein R and R, together with the chain to which they are attached form an
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1,2,3,4-tetrahydro-isoquinoline, piperidine, thiazolidine or pyrrolidine ring; and R,, R, and
R4 have meaning as defined above; pharmadceutically acceptable prodrug derivatives; and
pharmaceutically acceptable salts thereof.  Such compounds correspond to compounds of
formula Ia wherein Ar is optionally substituted phenyl as defined above.

Another preferred embodiment of the invention relates to the compounds of formula II
wherein R, and R, together with the carbon atom to which they are attached form a ring
system selected from cyclohexane, cyclopentane, oxacyclohexane, thiacyclohexane,

- indane, tetralin, piperidine or piperidine substituted on nitrogen by acyl, lower alkyl,
carbocyclic or heterocyclic aryl-lower alkyl or by lower alkylsulfonyl; and R, R, and R
have meaning as defined above; pharmaceutically acceptable prodrug derivatives; and
pharmaceutically acceptable salts thereof. Such compounds correspond to compounds of
formula Ib wherein Ar is optionally substituted pheny! as defined above.

Particularly preferred are the compounds of formula III

R
P S
HO—-N—C—CH—I!I——ISI~©~R4 (1D
A R

wherein R represents lower alkyl, trifluoromethyl, C5-C,-cycloalkyl, (oxa or
thia)-C,4-Cs-cycloalkyl, biaryl, carbocyclic monocyclic aryl or heterocyclic monocyclic
aryl; R, represents hydrogen, lower alkyl, Cs-C4-cycloalkyl, monocyclic carbocyclic aryl,
carbocyclic aryl-lower alkyl, heterocyclic aryl-lower alkyl, lower alkoxy-lower alkyl,
lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, di-lower alkylamino-lower alkyl,
(N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino or pymrolidino)-lower
alkyl or R3-CONH-lower alkyl;'R3 represents lower alkyl, carbocyclic aryl, heterocyclic
aryl, di-lower alkylamino, N-lower alkylpiperazino, morpholino, thiomorph_olino,
piperidino, pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower-
alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or

N-alkylpiperidyl)-lower alkyl; R, represents lower alkoxy or carbocyclic or heterocyclic
aryl-lower alkoxy; or a pharmaceutically acceptable prodrug derivative thereof; or a
pharmaceutically acceptable salt thereof.
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Further preferred are compounds of formula III wherein R represents monocyclic
carbocyclic aryl or monocyclic heterocyclic aryl; R; and Ry have meaning as defined
above; pharmaceutically acceptable prodrug derivatives; and pharmaceutically acceptable
salts thereof.

More particularly preferred are said compounds of formula IIl wherein R represents
heterocyclic monocyclic aryl selected from tetrazolyl, triazolyl, thiazolyl, imidazolyl and
pyridyl, each unsubstituted or substituted by lower alkyl; or R represents phenyl or phenyl
substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; R, represents lower
alkyl, cyclohexyl, or R;-CONH-lower alkyl wherein R; represents (di-lower alkylamino,
N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or
N-alkylpiperidyl)-lower alkyl; and R, repreSents lower alkoxy or phenyl-lower alkoxy; or
a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically
acceptable salt thereof. '

A further preferred embodiment relates to said compounds of formula III wherein R

. represents 2-, 3- or 4-pyridyl or phenyl; R, represents C,-C,-alkyl, cyclohexyl or
R;-CONH-C,-C,-alkyl wherein R; represents di-C,-C,-alkylamino-C;-C4-lower alkyl;
and R, represents lower alkoxy; or a pharmaceutically acceptable prodrug derivative
thereof; or a pharmaceutically acceptable salt thereof. |

Particularly preferred are said compounds of formula ITI wherein R represents 3-pyridyl or
4-pyridyl; R, represents isopropyl or cyclohexyl; and R, represents lower alkoxy; or a
pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable
salt thereof. . |

The invention relates especially to the specific compounds described in the examples,
pharmaceutically acceptable prodrug derivatives thereof and pharmaceutically acceptable
salts thereof, and in particular to the specific compounds descnbed in the examples and
pharmaceutically acceptable salts thereof.

Pharmaceutically acceptable prodrug derivatives are those that may be convertible by

solvolysis or under physiological conditions to the free hydroxamic acids of the invention
and represent such hydroxamic acids in which the CONHOH group is derivatized in form
of an O-acyl or an optionally substituted O-benzyl derivative. Preferred are the optionally
substituted O-benzyl derivatives. -
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The compounds of the invention depending on the nature of the substituents, possess one
or more asymmetric carbon atoms. The resulting diastereoisomers and enantiomers are
encompassed by the instant invention.

Preferred are the compounds of the invention wherein the asymmetric carbon in the above
formulae (to which are attached R, and/or R,) corresponds to that of a D-aminoacid
precursor and is assigned the (R)-configuration.

The general definitions used herein have the following meaning within the scope of the
present invention, unless otherwise specified.

The term "lower" referred to above and hereinafter in connection with organic radicals or
compounds respectively defines such as branched or unbranched with up to and including
7, preferably up to and including 4 and advantageously one or two carbon atoms.

A lower alkyl group is branched or unbranched and contains 1 to 7 carbon atoms,
preferably 1-4 carbon atoms, and represents for example methyl, ethyl, propyl, butyl,
isopropyl or isobutyl. -

A lower alkoxy (or alkyloxy) group preferably contains 1-4 carbon atoms, advantageously
1-3 carbon atoms, and represents for example ethoxy, propoxy, isopropoxy, or most
advantageously methoxy.

Halogen (halo) preferably represents chloro or fluoro but may also be bromo or iodo.

Mono- or poly-halo-lower alkyl represents lower alkyl preferably substituted by one, two
or three halogens, preferably fluoro or chloro, e.g. trifluoromethyl or trifluoroethyl.

Aryl represents carbocyclic or heterocyclic aryl.

Prodrug acyl derivatives are preferably those derived from an organic carbonic acid, an
organic carboxylic acid or a carbamic acid.

An acyl derivative which is derived from an organic carboxylic acid is, for example, lower
alkanoyl, phenyl-lower alkanoyl or unsubstituted or substituted aroyl, such as benzoyl.
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An acyl derivative which is derived from an organic carbonic acid is, for example,
alkoxycarbonyl, especially lower alkoxycarbonyl, which is unsubstituted or substituted by
carbocyclic or heterocyclic aryl or is cycloalkoxycarbonyl, especially
C;-Cy-cycloalkyloxycarbonyl, which is unsubstituted or substituted by lower alkyl.

An acyl derivative which is derived from a carbamic acid is, for example, aniino—carbonyl
which is substituted by lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl,
carbocyclic or heterocyclic aryl, lower alkylene or lower alkylene interrupted by O or S.

Prodrug optionally substituted O-benzyl derivatives are preferably benzyl or benzy!l
mono-, di-, or tri-substituted by e.g. lower alkyl lower alkoxy, amino, nitro, halogen
and/or trifluoromethyl.

Carbocyclic aryl represents monocyclic or bicyclic aryl, for example phenyl or phenyl

~ mono-, di- or tri-substituted by one, two or three radicals selected from lower alkyl, lower
~alkoxy, hydroxy, halogen, cyano, trifluoromethyl, lower alkylenedioxy and
oxy-C,-C;-alkylene; or 1- or 2-naphthyl. Lower alkylenedioxy is a divalent subsutuent

attached to two adjacent carbon atoms of phenyl, e.g. methylenedioxy or ethylenedioxy.

Oxy-C,-C;-alkylene is also a divalent substituent attached to two adjacent carbon atoms

of phenyl, e.g. oxyethylene or oxypropylene. An example for oxy-C,- C3 alkylene-phenyl
is 2,3-dihydrobenzofuran-5-yl.

Preferred as carbocyclic aryl is phenyl or phenyl monosubs;tituted by lower alkoxy,
halogen, lower alkyl or triflucromethyl, especially phenyl or phenyl monosubstituted by
lower alkoxy, halogen or trifluoromethyl, and in particular phenyl.

Heterocyclic aryl represents monocyclic or bicyclic heteroaryl, for example pyridyl,
quinolinyl, isoquinolinyl, benzothienyl, benzofuranyl, benzopyranyl, benzothiopyranyl,
furanyl, pyrrolyl, thiazolyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl,
imidazolyl, thienyl, or any said radical substituted, especially mono- or di-substituted, by
e.g. lower alkyl or halogen. Pyridyl represents 2-, 3- or 4-pyridyl, advantageously 2- or
3-pyridyl. Thienyl represents 2- or 3-thienyl, advantageously 2-thienyl. Qumohnyl
represents preferably 2-, 3- or 4-quinolinyl, advantageously 2-quinolinyl. Isoqumohnyl
Tepresents preferably 1-, 3- or 4-isoquinolinyl. Benzopyranyl, benzothiopyranyl represent
preferably 3-benzopyranyl or 3-benzothiopyranyl, respectively. Thiazolyl répresents
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preferably 2- or 4-thiazolyl, advantageously 4-thiazolyl. Triazolyl is preferably 1-, 2- or
5-(1,2,4-triazolyl). Tetrazolyl is preferably S-tetrazolyl. Imidazolyl is preferably
4-imidazolyl.

preferably, heterocyclic aryl is pyridyl, quinolinyl, pyrtolyl, thiazolyl, isoxazolyl,
triazolyl, tetrazolyl, pyrazolyl, imidazolyl, thienyl, or any said radical substituted,
especially mono- or di-substituted, by lower alkyl or halogen; and in particular pyridyl.

Biaryl is preferably carbocyclic biaryl, e. g. biphenyl, namely 2, 3 or 4-biphenyl,
advantageously 4-biphenyl, each optionally substituted by e.g. lower alkyl, lower alkoxy,
halogen, trifluoromethyl or cyano.

C;-C,-Cycloalkyl represents a saturated cyclic hydrbcarbon optionally substituted by
Jower alkyl which contains 3 to 7 ring carbons and is advantageously cyclopentyl or
cyclohexyl optionally substituted by lower alkyl.

(Oxa or thia)-C;-C4-cycloalkyl represents a saturated cyclic radical wherein 1 or 2,
preferably 1, oxygen or sulfur atom(s) and 3-6, preferably 4-5, carbon atoms form a ring,
_e.g. tetrahydropyranyl, tetrahydrofuranyl, tetrahydrothiopyranyl or tetrahydrothienyl.

Oxa-cyclohexane means tetahydropyran, and thia-cyclohexane means tetrahydrothiopyran.

Carbocyclic aryl-lower alkyl represents preferably straight chain or branched
aryl-C,-C,-alkyl in which carbocyclic aryl has meaning as defined above, e.g. benzyl or
phenyl-(ethyl, propyl or butyl), each unsubstituted or substituted on phenyl ring as defined
under carbocyclic aryl above, advantageously optionally substituted benzyl.'

Heterocyclic aryl-lower alkyl represents preferably straight chain or branched heterocyclic.
aryl-C,-C-alkyl in which heterocyclic aryl has meaning as defined above, e.g. 2-, 3-or
4-pyridylmethyl or (2-, 3- or 4-pyridyl)-(ethyl, propyl or butyl); or 2- or 3-thienylmethyl or
(2- or 3-thienyl)-(ethyl, propy! or butyl); 2-, 3- or 4-quinolinylmethy! or (2-, 3- or
4-quinolinyl)-(ethyl, propyl or butyl); or 2- or 4-thiazolylmethyl or (2- or
4-th_iazoly1)-(ethyl, propyl or butyl).

Cycloalkyl-lower alkyl represents e.g. {(cyclopentyl- or'cyclohexyl)-(methyl or ethyl).

s Sheet Has Been Reflacec
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Biaryl-lower alkyl represents e.g. 4-biphenylyl-(methyl or ethyl).
Acyl is derived from an organic carboxylic acid, carbonic acid or carbamic acid.

Acyl represents e.g. lower alkanoyl, carbocyclic aryl-lower alkanoyl, lower
alkoxycarbonyl, aroyl, di-lower alkylaminoearbonyl or di-lower alkylamino-lower
alkanoyl. Preferably, acyl is lower alkanoyl.

Acylamino represents e.g. lower alkanoylamino or lower alkoxycarbonylamino.

Acylamino-lower alkyl in R and R, is R;-CONH-lower alkyl in which R represents e.g.
lower alkyl, lower alkoxy, aryl-lower alkyl, aryl-lower alkoxy, carbocyclic or heterocyclic
aryl, di-lower alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino,
piperidino, pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower

alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino, pyridyl or N—lower
~ alkylpiperidyl)-lower alkyl.

Lower alkanoyl represents e.g. C;-C;-alkanoyl including formyl, and is preferably
C,-C,4-alkanoyl such as acetyl or propionyl. '

Aroyl represents e.g. benzoyl or benzoyl mono- or di-substituted by one or two radicals
selected from lower alkyl, lower alkoxy, halogen, cyano and trifluoromethyl; or 1- or
2-naphthoyl; and also e.g. pyridylcarbonyl.

Lower alkoxycarbonyl represents preferably C,-C,-alkoxycarbonyl, e.g. ethoxycarbonyl.

Lower alkylene represents either straight chain or branched alkylene of 1 to 7 carbon
atoms and represents preferably straight chain alkylene of 1 to 4 carbon atoms, e.g. a
methylene, ethylene, propylene or butylene chain, or said methylene ethylene. propylene
or butylene chain mono-substituted by C,-C;-alkyl (advantageously methyl) or
disubstituted on the same or different carbon atoms by C,-C;-alkyl (advantageously
methyl), the total number of carbon atoms being up to and including 7.

Esterified carboxyl is for example lower alkoxycarbonyl or benzyloxycarbonyl.

Amidated carboxyl is for example aminocarbonyl, mono- or di-lower alkylaminocarbonyl.
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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 salts, such as
ammonium, trimethyl-ammonium, diethylammonium, and tris-(hydroxymethyl)-methyl-
ammonium salts. '

S15-

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 invention exhibit valuable pharmacological properties in mammals
including man and are particularly useful as inhibitors of matrix-degrading
metalloproteinase enzymes (= metalloproteinases).

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 tissue and basement
membrane matrix metabolism, such as arthritis (e.g. osteoarthritis and rheumatoid
arthritis), tissue ulceration (e.g. corneal, epidermal and gastric ulceration), abnormal
wound healing, periodontal disease, bone disease (e.g. Paget’s disease and osteoporosis),

tumor metastasis or invasion, as well as HIV-infection (as reported in J. Leuk. Biol. 52
(2): 244-248, 1992). |

As the compounds of the invention are inhibitors of stromelysin, gelatinase and/or
collagenase activity and inhibit matrix degradation, they are particularly useful in
mammals as agents for the treatment of e.g. osteoarthritis, rheumatoid arthritis, corneal

ulceration, periodontal disease, tumor metastasis, progression of HIV-infection and
HIV-infection related disorders. '

Ilustrative of the matrix degrading metalloproteinase inhibitory activity, compounds of
the invention prevent the degradation of cartilage caused by exogenous or endogenous
stromelysin in mammals. They inhibit e.g. the strdmelysin-induced degradation of
aggrecan (large aggregating proteoglycan), link protein or type 1X collagen in mammals.

Beneficial effects are evaluated in pharmacological tests generally known in the art, and as
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illustrated herein.

The above-cited properties are demonstrable in in vitro and in vivo tests, using
advantageously mammals, e.g. rats, guinea pigs, dogs, rabbits, or isolated organs and
tissues, as well as mammalian enzyme preparations. Said compounds can be applied in
vitro in the form of solutions, e.g. preferably aqueous solutions, and in vivo either
enterally or parenterally, advantageously orally, e.g. as a suspension or in aqueous
solution. The dosage in vitro may range between about 10~ molar and 10-1° molar

concentrations. The dosage in vivo may range, depending on the route of administration,
between about 0.1 and 50 mg/kg.

One test to determine the inhibition of stromelysin activity is based on its hydrolysis of
Substance P using a modified procedure of Harrison et al (Harrison, R.A., Teahan J., and
Stein R., A semicontinuous, high performance chromatography based assay for
stromelysin, Anal. Biochem. 180, 110-113 (1989)). In this assay, Substance P is
 hydrolyzed by recombinant human stromelysin to generate a fragment, Substance P 7-11,
‘ which can be quantitated by HPLC. In a typical assay, a 10 mM stock solution of a
compound to be tested is diluted in the assay buffer to 50 uM, mixed 1:1 with 8 pg
recombinant human stromelysin (mol. wt. 45-47 kDa, 2 Units; where 1 Unit produces 20
mmoles of Substance P 7-11 in 30 minutes) and incubated along with 0.5mM Substance P
in a final volume of 0.125 ml for 30 minutes at 37°C. The reaction is stopped by adding
10 mM EDTA and Substance P 7-11 is quantified on RP-8 HPLC. The ICs, for inhibition’
of stromelysin activity and Ki are calculated from control reaction without the 1nh1b1tor
Typically, Ki values of from 10 to 200 nM are obtained.

Stromelysin activity can also be determined using human aggrecan as a substrate. This
assay allows the confirmation in-vitro that a compound can inhibit the action of
stromelysin on its highly negatively-charged natural substrate, aggrecan (large aggregating
prtoeoglycan). Within the cartilage, proteoglycan exists as an aggregate bound to
hyaluronate. Human proteoglycan aggregated to hyaluronate is used as an enzyme
substrate. The assay is set up in 96-well microtiter plates allowing rapid evaluation of
compounds. The assay has three major steps: . |

1) Plates are coated with hyaluronate (human umbilical chord, 400 ug/ml), blocked with
BSA (5 mg/ml), and then proteoglycan (human articular cartilage D1 - chondroitinase
ABC digested, 2 mg/ml) is bound to the hyaluronate. Plates are washed between each
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2) Buffers + inhibitor (1 to 5,000 nM) + recombinant human stromelysin (1-3 Units/well)
are added to wells. The plates are sealed with tape and incubated overnight at 37°C. The
plates are then washed. :

step.

3) A primary (3B3) antibody (mouse IgM, 1:10,000) is used to detect remaining
fragments. A secondary antibody, peroxididase-linked anti-IgM, is bound to the primary
antibody. OPD is then added as a substrate for the peroxidase and the reaction is stopped
with sulfuric acid. The ICs, for inhibition of stromelysin activity is graphically derived
and Ki is calculated.

Collagenase activity is determined as follows: ninety six-well, flat-bottom microtiter

plates are first coated with bovine type I collagen (35 ug/well) over a two-day period at
30°C using a humidified and then dry atmosphere; plates are rinsed, air dried for 3-4

hours, sealed with Saran wrap and stored in a refrigerator. Human recombinant fibroblast
collagenase and a test compound (or buffer) are added to wells (total volume = 0.1 ml) and
plates are incubated for 2 hours at 35°C under humidified conditions; the amount of
collagenase used per well is that causing approximately 80% of maximal digestion of
collagen. The incubation media are removed from the wells, which are then rinsed with
‘buffer, followed by water. Coomasie blue stain is added to the wells for 25 minutes,
removed, and wells are again rinsed with water. Sodium dodecyl sulfate (20% in 50%
dimethylformamide in water) is added to solubilize the remaining stained collagen and the
optical density at 570.nM wave length is measured. The decrease in optical density due to
collagenase (from that of collagen without enzyme) is compared to the decrease in optical
density due to the enzyme in the presence of test compound, and percent inhibition of
enzyme activity is calculated. ICsy’s are determined from a range of concentrations of
inhibitors (4-5 concentrations, each tested in triplicate), and K values are calculated.

- The effect of compounds of the invention in-vivo can be determined in rabbits. Typically,
four rabbits are dosed orally with a compound up to four hours before being injected
intra-articularly in both knees (N=8) with 40 Units of recombinant human stromelysin
dissolved in 20 mM Tris, 10 mM CaCl,, and 0.15 M NaCl at pH 7.5. Two hours later the
rabbits are sacrificed, synovial lavage is collected, and keratan sulfate (KS) and sulfated
81chsaminoglycan (S-GAG) fragments released into the joint are quantitated. Keratan
Sulfate is measured by an inhibition ELISA using the method of Thonar (Thonar,




THIS SHEET HAS BEEN
REPLACED

-18 -

E£J.-M.A., Lenz, M.E., Klinsworth, G.K., Caterson, B., Pachman, L.M., Glickman, P.,
Katz, R., Huff, J., Keuttner, K.E. Quantitation of keratan sulfate in blood as a marker of
cartilage catabolism, Arthr. Rheum. 28, 1367-1376 (1985)). Sulfated glycosaminoglycans
are measured by first digesting the synovial lavage with streptomyces hyaluronidase and
then measuring DMB dye binding using the method of Goldberg (Goldberg, R.L. and
Kolibas, L. An improved method for determining proteoglycan synthesiied by
chondrocytes in culture. Connect. Tiss. Res. 24,, 265-275 (1990)). For ani.v. study, a
compound is solubilized in 1 ml of PEG-400, and for a p.o. study, a compound is
administered in 5 ml of fortified corn starch per kilogr_ém of body weight.

The compounds of formula I can be prepared e.g. by condensing a carboxylic acid of
formula IV,

or a reactive functional derivative thereof, wherein R, Ry, Ry and Ar having meaning as
defined in claim 1, with hydroxylamine of formula V,

NHz-OH '\’ s Sheet. Has Been Replacet
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and, if necessary, temporarily protecting any interfering reactive group(s), and then
liberating the resulting compound of the invention; and, if required or desired, converting
a resulting compound of the invention into another compound of the invention, and/or, if
desired, converting a resulting free compound into a salt or a resulting salt into a free
compound or into another salt; and/or separating a mixture of isomers or racemates
obtained into the single isomers or racemates; and/or, if desired, resolving a racemate into
the optical antipodes.

optionally in protected form, or a salt thereof;

In starting compounds and intermediates which are converted to the compounds of the
invention in a manner described herein, functional groups present, such as amino,
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carboxyl and hydroxy groups, are optionally protected by conventional protecting groups
that are common in preparative organic chemistry. Protected amino, carboxyl and
hydroxy groups are those that can be converted under mild conditions into free amino and
hydroxy groups without the molecular framework being destroyed or other undesired side
reactions taking place. |

-19-

The purpose of introducing protecting groups is to protect the functional groups from

" undesired reactions with reaction components under the conditions used for carrying out a
desired chemical transformation. The need and choice of protecting groups for a
particular reaction is known to those skilled in the art and depends on the nature of the
functional group to be protected (hydroxy group, amino group, etc.), the structure and
stability of the molecule of which the substituent is a part and the reaction conditions.

Well-known protecting groups that meet these conditions and their introduction and
removal are described, for example, in J.F.W. McOmie, "Protective Groups in Organic
Chemistry", Plenum Press, London, New York, 1973, T. W. Greene, "Protective Groups in
Organic Synthesis", Wiley, New York, 1991.

In the processes cited herein, reactive functional derivatives of carboxylic acids represent,
for example, anhydrides especially mixed anhydrides, acid halides, acid azides, lower
alkyl esters and activated esters thereof. Mixed anhydrides are preferably such from
pivalic acid, or a lower alkyl (ethyl, isobutyl) hemiester of carbonic acid; acid halides are
for example chlorides or bromides; activated esters for example succinimido, phthalimido
or 4-nitrophenyl esters; lower alkyl esters are for example the methyl or ethyl esters.

Also, a reactive esterified derivative of an alcohol in any of the reactions cited herein
represents said alcohol esterified by a strong acid, especially a strong inor'ganic' acid, such
as a hydrohalic acid, especially hydrochloric, hydrobromic or hydroibdic acid, or sulphuric
acid, or by a strong organic acid, especially a strong organic sulfonic acid, such as an
aliphatic or aromatic sulfonic acid, for example methanesulfonic acid, 4-methylbenzene-
sulfonic acid or 4-bromobenzenesulfonic acid. A said reactive esterified derivative is
®specially halo, for example chloro, bromo or iodo, or aliphatically or aromatically

Substituted sulfonyloxy, for example methanesulfonyloxy, 4-methylbenzenesulfonyloxy
(tosyloxy). | '

;n the above processes for the synthesis of compounds of the invention can be carried out
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according to methodology generally known in the art for the preparation of hydroxamic
acids and derivatives thereof.

The synthesis according to the above process (involving the condensation of a free
carboxylic acid of formula IV with an optiorially hydroxy protected hydroxylamine
derivative of formula V can be carried out in the presence of a condensing agent, e.g.
1,1’-carbonyldiimidazole, or N-(dimethylaminopropyl)-N’-ethylcarbodiimide or
dicyclohexylcarbodiimide, with or without 1-hydroxybenzotriazole in an inert polar
solvent, such as dimethylformamide or dichloromethane, preferably at room temperature.

The synthesis involving the condensation of a reactive functional derivative of an acid of
formula IV as defined above, e.g. an acid chloride or mixed anhydride with optionally
hydroxy protected hydroxylamine, or a salt thereof, in presence of a base such as
triethylamine can be carried out, at a temperature ranging preferably from about -78°C to
+75°C, in an inert organic solvent such as dichloromethane or toluene.

Protected forms of hydroxylamine (of formula V) in the above process are those wherein
the hydroxy group is protected for example as a t-butyl ether, a benzyl ether or
tetrahydropyranyl ether. Removal of said protecting groups is carried out according to
methods well known in the art, e.g. hydrogenolysis or acid hydrolysis. Hydroxylamine is

preferably generated in situ from a hydroxylamine salt, such as hydroxylamine
hydrochloride.

The starting carboxylic acids of formula IV can be prepared as follows:

An amino acid of formula VI

o R
HO—C == C — NHz - (VD
Ry

wherein R, and R, have meaning as defined herein, is first esterified with a lower alkanol,

¢.2. methanol, in the presence of e.g. thionyl chloride to obtain an aminoester which is

treated with a reactive functional derivative of the appropriate arylsulfonic acid of the
formula VII

Hlllll

|

il
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ArSO;H (VID)
wherein Ar has meaning as defined hereinabdve, e.g. with the arylsulfonyl chloride, in the

presence of a suitable base such as triethylamine using a polar solvent such as
tetrahydrofuran, toluene, acetonitrile to obtain a compound of the formula VIII

0 Ry o
R6__o—!:l—-(::—NH—:S:-—-Ar (VIID)

Ry o

wherein R,, R, and Ar have meaning as defined herein and Ry is a protecting group, e.g.
lower alkyl. Treatment thereof with a reactive esterified derivative of the alcohol of the
formula IX

R-CH,OH (IX)

wherein R has meaning as defined herein, such as the halide, e.g. the chloride, bromide or
iodide derivative thereof, in the presence of an appropriate base, such as potassium
carbonate or sodium hydride, in a polar solvent such as dimethylformamide. The resulting
compound corresponding to an ester of a compound of formula IV can then be hydrolyzed
to the acid of formula IV, using standard mild methods of ester hydrolysis, preferably
under acidic conditions. For compounds of formula Ia (wherein R and R, of formula I are
combined) the starting materials are prepared by treating a carboxylic acid of formula X

AL

o CHp CH,
This Sheet Has Been R
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or an ester thereof, wherein R, and X have meaning as defined above, with a reactive
functional derivative of a compound of the formula ArSO,H (VII) under conditions
described for the preparation of a compound of formula VIIL

wl b

|

Ry

The starting materials of formula VI, VIL, IX and X are either known in the art, or can be
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prepared by methods well-known in the art or as described herein.
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The above-mentioned reactions are carried out according to standard methods, in the
presence or absence of diluent, preferably such as are inert to the reagents and are solvents
thereof, of catalysts, condensing or said other agents respectively and/or inert atmo-
spheres, at low temperatures, room temperature or elevated temperatures (preferably at or
near the boiling point of the solvents used), and at atmospheric or super-atmospheric
pressure. The preferred solvents, catalysts and reaction conditions are set forth in the
appended illustrative examples.

The invention further includes any variant of the present processes, in which an inter-
mediate product obtainable at any stage thereof is used as starting material and the
remaining steps are carried out, or the process is discontinued at any stage thereof, or in
which the starting materials are formed in situ under the reaction conditions, or in which
the reaction components are used in the form of their salts or optically pure antipodes.

Compounds of the invention and intermediates can also be converted into each other
according to methods generally known per se.

The invention also relates to any novel starting materials and processes for their
manufacture. '

Depending on the choice of starting materials and methods, the new compounds may be in
the form of one of the possible isomers or mixtur_és thereof, for example, as substantially
pure geometric (cis or trans) isomers, optical isomers (antipodes), racemates, or mixtures
thereof. The aforesaid possible isomers or mixtures thereof are within the purview of this
invention.

Any resulting mixtures of isomers can be separated on the basis of the physico-chemical
differences of the constituents, into the pure geometric or optical isomers,

diastereoisomers, racemates, for example by chromatography and/or fractional
crystallization. |

Any resulting racemates of final products or intermediates can be resolved into the optical

- ;-antipodes by known methods, e.g. by separation of the diastereoisomeric salts thereof,

Obtained with an optically active acid or base, and liberating the optically active acidic or




-y

THIS SHEET HAS BEEN

dThis Sheet Has Been Rerlace.
I REPLACED

-23.

pasic compound. The hydroxamic acids or carboxylic acid intermediates can thus be
resolved into their optical antipodes e.g. by fractional crystallization of d- or I-(alpha-
methylbenzylamine, cinchonidine, cinchonine, quinine, quinidine, ephedrine, dehydro-
abietylamine, brucine or strychnine)-salts.

Finally, acidic compounds of the invention are either obtained in the free form, or as a salt
thereof.

Acidic compounds of the invention may be converted into salts with pharmaceutically
acceptable bases, e.g. an aqueous alkali metal hydroxide, advantageously in the presence
of an ethereal or alcoholic solvent, such as a lower alkanol. From the solutions of the
latter, the salts may be precipitated with ethers, e.g. diethyl ether. Resulting salts may be
converted into the free compounds by treatment with acids. These or other salts can also
be used for purification of the compounds obtained.

In view of the close rélationship between the free compounds and the compounds in the
form of their salts, whenever a compound is referred to in this context, a corresponding
salt is also intended, provided such is possible or appropriate under the circumstances.

The compounds, including their salts, can also be obtained in the form of their hydrates, or
include other solvents used for their crystallization.

The pharmaceutical compositions according to the invention are those suitable for enteral,
such as oral or rectal, transdermal and parenteral administration to mammals, including
man, to inhibit matrix-degrading metalloproteinases, and for the treatment of disorders
responsive thereto, comprising an effective amount of a pharmacologically active

compound of the invention, alone or in combination, with one or more pharmaceutically
acceptable carriers. '

The phafmacologically active compounds of the invention are useful in the manufacture of -
pharmaceutical compositions comprising an effective amount thereof in conjunction or
admixture with excipients or carriers suitable for either enteral or parenteral application.
Preferred are tablets and gelatin capsules comprising the active ingredient together with a) l
diluents, e.g. lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycine; b)
lubricants, e.g. silica, talcum, stearic acid, its magnesium or calcium salt and/or
polyethyleneglycol; for tablets also c) binders e.g. magnésium aluminum silicate, starch
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paste, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose and or
polyvinylpyrrolidone; if desired d) disintegrants, e.g. starches, agar, alginic acid or its
sodium salt, or effervescent mixtures; and/or €) absorbants, colorants, flavors and
sweeteners. Injectable compositions are preferably aqueous isotonic solutions or
suspensions, and suppositories are advantageously prepared from fatty emulsions or
suspensions. Said compositions may be sterilized and/or contain adjuvants, such as -
preserving, stabilizing, wetting or emulsifying agents, solution promoters, salts for
regulating the osmotic pressure and/or buffers. In 'addi_tion,'they may also contain other
therapeutically valuable substances. Said compositions are prepared according to
conventional mixing, granulating or coating methods, respectively, and contain about
0.1t0 75 %, preferably about 1 to 50 %, of the active ingredient.

Suitable formulations for transdermal application include an effective amount of a

_ compound of the invention with carrier. Advantagedus carriers include absorbable
pharmacologically acceptable solvents to assist passage through the skin of the host.
Characteristically, transdermal devices are in the form of a bandage comprising a backing
member, a reservoir containing the compound optionally with carriers, optionally a rate
controlling barrier to deliver the compound of the skin of the host at a controlled and

predetermined rate over a prolonged period of time, and means to secure the device to the
skin. '

Suitable formulations for topical applicatibn, é.g. to the skin and eyes, are preferably
aqueous solutions, ointments, creams or gels well-known in the art.

The pharmaceutical formulations contain an effective matrix-degrading metalloproteinase
inhibiting amount of a compound of the invention as defined above either alone, orin
combination with another therapeutic agent, e.g. an anti-inflammatory agent with
cyclooxygenase inhibiting activity, each at an effective therapeutic dose as reported in the
art. Such therapeutic agents are well-known in the art. '

Examples of antiinflammatory agents with cyclooxygenase inhibiting acuvu:y are
diclofenac sodium, naproxen, ibuprofen, and the like.

In conjunction with another active ingredient, a compound of the invention may be
administered either simultaneously, before or after the other active ingredient, either
Separately by the same or different route of administration or together in the same
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pharmaceutical formulation.

The dosage of active compound administered is dependent on the species of warm-
blooded animal (mammal), the body weight, age and individual condition, and on the form
of administration. A unit dosage for oral administration to a mammal of about 50 to 70 kg
may contain between about 25 and 250 mg of the active ingredient.

The following examples are intended to illustrate the invention and are not to be construed
as being limitations thereon. Temperatures are given in degrees Centrigrade. If not -
mentioned otherwise, all evaporations are performed under reduced pressure, preferably
between about 15 and 100 mm Hg (= 20-133 mbar). The structure of final products,
intermediates and starting materials is confirmed by standard analytical methods, e.g.
microanalysis and spectroscopic characteristics (e.g. MS, IR, NMR). Abbreviations used
are those conventional in the art.

Example 1: (a) N-(t-Butyloxy)-2(R)-[[4-methoxybenzenesulfonyl](3-picoly)amino}-
3-methylbutanamide (4.1 g, 9.13 mmol) is dissolved in dichloroethane (150 mL)

containing ethanol (0.53ml, 9.13 mmol) in a round bottom flask, and the reaction is cooled -
to -10°C. Hydrochloric acid gas (from a lecture bottle) is bubbled through for 30 minutes.
The reaction is sealed, allowed to slowly warm to room temperature, and stirred for 2

days. The solvent is reduced to 1/3 volume by evaporation and triturated with ether. The
mixture is filtered, filter cake removed, and dried in vacuo to provide
N-hydroxy-Z(R)-[[4-methoxybenzenesulfony1](3-picolyl)amino]-3-methylbutanamide
hydrochloride as a white solid, m.p. 169-170°C (dec), and having the following structure:

| |
\ N ' x HC1
o o ' |
|
< NH N\ﬁ o’ o
H3C/§\CH3 °
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The starting material is prepared as follows:

2. | LTHJS SHEET TS BEEN
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To a solution of D-valine (15.0 g, 128.0 mmol) in 1:1 dioxane/ water (200 mL) containing
triethylamine (19.4 g, 192.0 mmol) at room temperature is added 4-methoxybenzene-
sulfonyl chloride (29.0 g, 141.0 mmol), and t_he reaction mixture is stirred at room
temperature overnight. The mixture is then diluted with methylene chloride, washed with
1N aqueous hydrochloric acid and water. The organic layer is washed again with brine,
dried (Na,SO,), and the solvent is evaporated to provide N-[4-methoxybenzenesulfonyl]-
(D)-valine as a crude product. A solution of this crude product (15.0 g) in toluene (100
mL) containing N,N-dimethylformamide di-t-butyl acetal (50 mL, 206.5 mmol) is heated
to 95°C for 3 hours. The solvent is then evaporated. The crude product is purified by *
silica gel chromatography (30% ethyl acetatelhexanes) to provide N-[4-methoxybenzene-
sulfonyl}-(D)-valine t-butyl ester.

To a solution of N-[4-methoxybenzenesulfonyl]-(D)-valine t-butyl ester (4.38 g, 13.0
mmol) in dimethylformamide (200 mL) is added 3-picolyl chloride hydrochloride (2.3 g,
14.0 mmol) followed by potassium carbonate (17.94 g, 130.0 mmol). The reaction
mixture is stirred at room temperature for 2 days. The mixture is then diluted with water
and extracted with ethyl acetate. The combined organic extracts are washed with brine,
dried (Na,SO,), and the solvent is evaporated. The crude product is purified by silica gel
chromatography (ethyl acetate) to give t-butyl 2(R)-[N-[4-methoxybenzenesulfonyl]-
(3-picolyl)amino]-3-methylbutanoate.

t-Butyl 2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoate (5.3 g,
12.2 mmol) is dissolved in methylene chloride (150 mL) and cooled to -10°C.
Hydrochloric acid gas is bubbled into the solution for 10 minutes. The reaction mixture is
then sealed, warmed to room temperature and stirred for 4 hours. The solvent is then
evaporated to provide 2(R)-[[4-methoxybenzenesulfonyl}(3-picolyl)amino}-3-methyl-
butanoic acid hydrochloride. '

2(R)-[[4-methoxybenzenesulfonyl}(3-picolyl)amino]-3-methylbutanoic acid hydrochloride
(5.0 g, 12.06 mmol), 1-hydroxybenzotriazole (1.63 g, 12.06 mmol), 4-methylmorpholine
(6.6 mL, 60.31 mmol), and O-t-butylhydroxylamine hydrochloride (54.55 g, 36.19 mmol)
are dissolved in methylene chloride (200 mL). N-[Dimethylaminopropyl]-N’-ethyl-
carbodiimide hydrochloride (3.01 g, 15.68 mmol) is added, and the reaction is stirred
overnight. The reaction is then diluted with water and extracted with methylene chloride.
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The combined organic extracts are washed with brine, dried (Na,SO,), and the solvent is
evaporated. The crude product is purified by silica gel chromatography (2%
methanol/methylene chloride) to give N-(t-butyloxy)-2(R)-[[4-methoxybenzenesulfonyl]-
(3-picolyl)amino]-3-methylbutanamide.

-27-

(b) L-tartaric acid salt, m.p. 114-116°C.

(c) Methanesulfonic acid salt, m.p. 139-141.5°C.

(d) Maleic acid salt, m.p. 133-134°C.
Example 2: The following compounds are prepared similarly to Example 1:

a) N-Hydroxy-2(S)-[[4-methoxybenzenesulfonyl] (3-picolyl)amino]-3-methylbutanamide
hydrochloride, m.p. 170.5-171°C, by starting the synthesis with L-valine, and carrying out
the subsequent steps as described above.

(b) N-hydroxy-2(R)- [[4-methoxybenzenesulfonyl](3-plcolyl)ammo}-4-methylpentanam1de
hydrochloride, m.p. 128-129°C.

The first two steps are carried out as described in example 1, except the synthesis was
started with D-leucine. The alkylation step is different, as described below.

To a solution of t-butyl 2(R)-[[4-methoxybenzenesulfonyl]amino]-4-methylpentanoate
(10.0 g, 27.92 mmol) in dimethylformamide (250 mL) at room temperature is added
3-picolyl chloride hydrochloride (4.81 g, 29.32 mmol) followed by sodium hydride (2.79
g, 69.80 mmol, 60% in oil). ‘The reaction mixture is stirred at room temperature for 48
hours. The mixture is quenched with water and extracted with ethyl acetate. The
combined organic extracts are washed with brine, dried (Na,S0,), and the solvent is
evaporated. The crude product is purified by silica gel chromatography (45% ethyl
acetate/hexanes) to provide t-butyl 2(R)- [[4-methoxybenzenesulfonyl](3-p1colyl)—
amino}-4-methylpentanoate.

All of the following steps are carried out as described above in example 1.

(c) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](6-chloropiperonyl)amino) _-4-methyl-'
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pentanamide, m.p. 85-87°C, by starting the synthesis with D-leucine and alkylating with
6-chloropiperonyl chloride (= 6-chloro-3,4-methylenedioxy-benzylchloride) in the third
step.

(d) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](piperonyl)amino}-4-methylpentan-
amide, m.p. 145-147°C, by starting the synthesis with D-leucine and alkylating with |
piperonyl chloride (= 3,4-methylenedioxy-benzylchloride) in the third step.

e) N—Hydroxy-Z(R)-[[4-methoxybenzenesulfonyi](2-picolyl)amino]-4-methylpentan— _
_ amide, m.p. 89-90°C, by starting the synthesis with D-leucine and alkylating with 2-
} picolyl chloride in the third step.

(f) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)amino}-3-methylbutanamide
hydrochloride, m.p. 140-142°C, by starting the synthesis with D-valine and alkylating
with 2-picolyl chloride in the third step.

(g) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl}(3-picolyl)amino]-4,4-dimethylpentan-
amide hydrochloride, m.p. 130-150°C (slow melt), by starting the synthesis with
D-t-butylalanine and alkylating with 3-picolyl chloride in the third step.

(h) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl}(3-picolyl)amino]-2-cyclohexyl-
acetamide hydrochloride, m.p. 149.5-152.0°C, by starting the synthesis with
(D)-cyclohexylglycine hydrochloride. |

The starting amino acid is prepared as follows:

(D)-phenylglycine (10.0 g, 66.2 mmol) is suspended in 2N hydrochloric acid (100 mL)
containing platinum (IV) oxide hydrate (267 mg). The mixture is shaken in a Parr
hydrogenation apparatus for 24 hours under a hydrogen pressure of 50 psi. The resultant
suspended crystalline material, (D)-cyclohexyiglycine hydrochloride, was used without
further purification. :

@@ N-Hydroxy-Z(R)-[[(2,3-dihydrobenzofuran)-5-sulfonyl](3-picolyl)amino]3-metﬁyl—
butanamide hydrochloride, m.p. 150.0-153.0°C, by starting the synthesis with
2,3-dihydrobenzofuran-5-sulfonyl chloride.
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The starting sulfonyl chloride is prepared as follows:

2,3-dihydrobenzofuran (6.0 g, 49.94 mmol) is added over 20 minutes to chlorosulfonic
acid (29.09 g, 249.69 mmol) at -20°C. The reaction mixture is quenched by addition of
ice followed by water (20 mL). The mixture is then extracted with ethyl acetate. The
combined organic estracts are washed with brine, dried (Na,SO,), and the solvent is
evaporated. ‘The crude product is purified by silica gel chromatography (30% éthyl
acetate/hexane) to give 2,3-dihydrobenzofuran-5-sulfonyl chloride (3.3 g).

® N-Hydroxy-2-[[4-methoxybenzenesulfqnyl] (3-picolyl)-amino]-3-m ethylbutanamide
) hydrochloride, m.p. 139.5-142°C, by starting the synthesis with DL-valine.

(k) N-Hydroxy-2(R)-{[4-ethoxybenzenesulfonyl](3-picolyl)-amino]-3-methylbutanamide
hydrochloride, [o]n2°=+34.35 (c=5.84, CH;OH).

(1) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-2-cyclohexylacet-
amide hydrochloride, m.p. 127-140°, by starting the syntheses with (D)-cyclohexylglycine
hydrochloride, and carrying out the subsequent steps as described above.

(m) N-Hydroxy-2-[[4-methoxybenzenesulfonyl] (2-fnett1yltlﬁa.zol—4—ylmeﬂ1yl)amino]-2-
cyclohexylacetamide hydrochloride, m.p. 137-139°C, using 4-chloromethyl-2-methyl-
thiazole in the alkylation step. :

() N-Hydroxy-2-[{4-methoxybenzenesulfonyl}(2-quinolinylmethyl)amino]-2-cyclohexyl-
acetamide hydrochloride, m.p. 121-123°C, using 2-chloromethquumolme hydrochloride
in the alkylation step.

Example 3: 2(R)-[[4-Methoxybenzenesulfonyl](benzyl)amino}-4-methylpentanoic acid
(4.38 g, 11.2 mmol) is dissolved in methylene chloride (56.0 mL). To this solution is
added oxalyl chloride (1.95 mL, 22.4 mmol) and dimethylformamide (0.86 mL, 11.2
mmol), and the reaction is stirred at room temperature for 90 minutes. Meanwhile, in a
separate flask, hydroxylamine hydrochloride (3.11 g, 44.8 mmol) and triethylamine (9.36
mL, 67.1 mmol) are stirred in tetrahydrofuran (50.0 mL) and water (3.5 mL) at 0°C for 15
minutes. After 90 minutes, the methylene chloride solution is added in one portion to the
$econd flask, and the combined contents are stirred for three days as the flask gradually
warms up to room temperature. The reaction is then diluted with acidic water (pH=~3),

L
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and extracted several times with ethyl acetate. The combmed organic layers are dned
(Na,SO,), and the solvent is evaporated. The product is purified by silica gel
chromatography (1% methanol/methylene chloride) to give N-hydroxy-2(R)-[[4-methoxy-
penzenesulfonyl](benzyl)amino]-4-methylpentanamide, m.p. 48-52°C. |

The starting material is prepared as follows:

(D)-leucine (7.1 g, 53.9 mmol) is dissolved in dioxane (60.0 mL) and water (60.0 mL). To
this solution is added triethylamine (11.3 mL, 80.9 mmol) and 4-methoxybenzenesulfonyl
chloride (12.25 g, 59.3 mmol), and the reaction is stirred at room temperature overnight.
The reaction is then diluted with methylene chloride and washed successively with 2.5N
hydrochloric acid, water, and brine. The organic phase is dried (Na,SO,), and the solvent
is evaporated to give N-[4-methoxybenzenesulfonyl]-(D)-leucine, which is used without
further purification.

N-[4-methoxybenzenesulfonyl]-(D)-leucine (14.0 g, 46.5 mmol) is dissolved in toluene
(100.0 mL), and heated to 90°C. N,N-Dimethylformamide di-t-butyl acetal (45.0 mL,
186.0 mmol) is added dropwise over 20 minutes, and then the reaction is kept at 90°C for
another 2 hours. After cooling back down, the reaction is diluted with ethyl acetate and
washed successively with saturated sodium bicarbonate, water, and brine. The organic
phase is dried (Na,SO,), and the solvent is evaporated. The product is purified by silica
gel chromatography (20% ethyl acetate/ hexane) to give N-[4-methoxybenzenesulfonyl]-
(D)-leucine t-butyl ester.

To a suspension of sodium hydride (0.68 g, 14.1 mmol) in dimethylformamide (60.0 mL),
is added N-[4-methoxybenzenesulfonyl]-(D)-leucine t-butyl ester (5.02 g, 14.06 mmol) in
dimethylformamide (10.0 mL). After stirring at room temperature for 20 minutes, benzyl
bromide (1.67 mL, 14.06 mmol) is added, and the reaction is stirred overnight at room
temperature. The reaction is then partitioned between éthyl acetate and acidic water
(pH=5), the organic layer is dried (Na,SO,), and the solvent is evaporated. The product is
purified by silica gel chromatography (10% ethyl acetate/hexane) to give t-butyl
2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino}-4-methylpentanoate.

t-Butyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-methylpentan oate (5.38 g, -
12.02 mmol) is dissolved in methylene chloride (100.0 mL). Hydrochloric acid gas (from
alecture bottle) is bubbled through the solution for 20 minutes. The reaction is sealed and




his Sheet Has Been Replaced’

REPLACED
-31-. . :

"THIS SHEET HAS BEEN

stirred overnight at room temperature. The solvent is then evaporated to give 2(R)-[[4-
methoxybenzenesulfonyl]}(benzyl)amino]-4-methylpentanoic acid.

Example 4: The following compounds are prépared similarly to example 3:

(a) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl] (beniyl)amino]-2-pheny1acetamide,
m.p. 128-129°C, by starting the synthesis with (D)-phenylglycine, and carrying out the
subsequent steps as described in example 3.

(b) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2- -t-butylacetamide, m.p.
69-73°C, by starting the synthesis with t-butylglycine, and carrying out the subsequent
steps as described in example 3.

(c) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](4-fluorobenzyl)amino}-4-methyl-
pentanamide, m.p. 48-51°C, by starting the synthesis with (D)-leucine, and carrying out
the subsequent steps as described in example 3, with the exception that 4-ﬂuorobenzyl _
bromide is used in place of benzyl bromide.

(@ N-Hydroxy-Z(R) [[4-methoxybenzenésulfonyl](benzyl)amino]-3-methylbutanmnide,
m.p. 179-180°C, by starting the synthesis with (D)-valine, and carrying out the subsequent
steps as described in example 3. :

(e) N-Hydroxy-2(R)-{[4-methoxybenzenesulfonyl](benzyl)amino}-4,4-dimethylpentan-
amide, by starting the synthesis with (D)-neopentylglycine, and carrying out the
subsequent steps as described in example 3.

() N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl(benzyl)amino]- 3-hydroxypfopanamide
m.p. 65°, by starting the synthes1s with (D)-senne, and carrying out the subsequent steps
3 described in example 3.

Example 5: 3—[4-Methoxybenzenesulfonyl]-5,S-dimethylthiazolidine-4(S)-carboxylic acid

(2.0 g, 6.0 mmol) is dissolved in methylene chloride (30.0 mL). To this solution is added
Oxalyl chloride (1.1 mL, 12.1 mmol) and dimethylformamide (0.50 mL, 6.0 mmol), and
the reaction is stirred at room temperature for 2 hours. Meanwhile, in a separate flask,
hYdl‘oxylamine hydrochloride (1.74 g, 25.0 mmol) and triethylamine (5.0 mL, 36.0 mmol)
e stirred in tetrahydrofuran (25.0 mL) and water (2.0 mL) at 0°C for 15 minutes. After 2
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hours, the methylene chloride solution is added in one portion to the second ﬂask and the
combined contents are stirred overnight as the flask gradually warms up to room
temperature. The reaction is then diluted w1th acidic water (pH=~3), and extracted several
times with ethyl acetate. The combined organic layers are dried (Na,SQy), and the solvent
is evaporated. The product is purified by silica gel chromatography (60% ethyl
acetate/hexane) to give N-hydroxy-3- -[4-methoxybenzenesulfonyl]-5,5- dlmethyl-
thiazolidine-4(S)-carboxamide, m.p. 68-71°C

THIS SHEET HAS BEEN
REPLACED

-32.

The starting material is prepared as follows:

(D)-5,5-Dimethylthiazolidine-4-carboxylic acid (1.0 g, 6.2 mmol) is dissolved in dioxane
(10.0 mL) and water (10.0 mL). To this solution is added triethylamine (1.3 mL, 9.3
mmol) and 4-methoxybenzenesulfonyl chloride (1.41 g, 6.82 mmol), and the reaction is
stirred at room temperature for three days. The reaction is then diluted with ethyl acetate
and washed successively with 2.5N hydrochloric acid, water, and brine. The organic
phase is dried (Na,SO,), and the solvent is, evaporated to give 3-[4-methoxybenzene-

sulfonyl]-5,5- d1methylth1azohdme-4(S)-carboxyhc acid, which is used without further
purification.

ample 6: 1- [4-Methoxybenzenesulfonyl]-pyrrohdme—Z(R)-carboxyhc acid (1.12 g, 3.93
mmol) is dissolved in methylene chloride (40 0 mL). To this solution is added oxalyl
chloride (0.69 mL., 7.85 mmol) and dimethylformamide (0.30 mL, 3.93 mmol), and the
reaction is stirred at room temperature for 30 minutes. Meanwhile, in a separate flask,
hydroxylamine hydrochloride (1.1 g, 15.7 mmol) and triethylamine (3.3 mL, 23.5 mmol)
are stirred in tetrahydrofuran (20.0 mL) and water (4.0 mL) at 0°C for 15 minutes. After
30 minutes, the methylene chloride solution is added in one portion to the second flask,
and the combined contents are stirred overnight as the flask gradually warms up to room
temperature. The reaction is then diluted with acidic water (pH=~3), and extracted several
times with ethyl acetate. The combined organic layers are dried (MgSOy,), and the solvent
is evaporated. The product is purified by silica gel chromatography (50% ethyl

acetate/hexane) to give N-hydroxy-1- -[4-methoxybenzenesulfonyl]-pyrrolidine-2(S)-
Carboxamide, m.p. 163.5-165.5°C.

The starting material is prepared as follows:

(D)-proline (0.78g, 6.77 mmol) is suspended in methylene chloride (25.0 mL). To this

A
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solution is added triethylamine (1.13 mL, 8.12 mmol) and 4-methoxybenzenesulfonyl
chloride (1.4 g, 6.77 mmol), and the reaction is stirred at room temperature for two days.
The reaction is then diluted with methylene chloride and washed successively with 1N
hydrochloric acid, water, and brine. The organic phase is dried (MgSQOy,), and the solvent
is evaporated. The product is purified by silica gel chromatography (10% methanol/ethyl
acetate) to give 1-[4-methoxybenzenesult_'onyl]-pyrrolidi_ne-2(R)-carboxylic acid.

Ex gle 7: N-(t-Butyloxy)-2- [[4-methoxybenzenesulfonyl](benzyl)ammo]-
2-[2-(4-morpholino)ethyl]acetamide (2.65 g, 5.1 mmol) is dissolved in methylene chlonde
(30.0 mL) and ethanol (1.0 mL) in a glass sealed tube, and the reaction is cooled to 0°C.
Hydrochloric acid gas (from a lecture bottle) is bubbled through the solution for 20
minutes, and then the tube is sealed and kept at room teinperature for 3 days. After that
time, the solvent is removed, and the reaction is partitioned between ethyl acetate and
saturated sodium bicarbonate. The organic phase is dried (Na,SO,), and the solvent is
evaporated. The product is purified by silica gel chromatography (2% methanol/-
methylene chloride) to give N-hydroxy-2-{[4-methoxybenzenesulfonyl](benzyl)amino}-
2-[2-(4-morpholino)ethyl]acetamide, m.p. 56-60°C. |

The starting material is prepared as follows:

N-(2-chloroethyl)morpholine hydrochloride (12.0 g) is dissolved in water (200 mL) and
made basic with ammonium hydroxide (100.0 mL) to a pH=~11. The aqueous layer is
then extracted several times with ether, the combined organic layers are dried (Na,S0,4),
and the solvent is evaporated to yield an oil which is used immediately.

Diethyl acetamidomalonate (11.4 g, 57.08 mmol) is added to a freshly prepared solution of
sodium ethoxide in ethanol (made from Na (1.32 g, 57.1 mmol) added to ethanol (34.0
mL)), and the reaction is refluxed for 30 minutes. The reaction is then adjusted to 55°C,
and potassium iodide (0.14 g, 0.8 mmol) and dimethylformamide (0.2 mL) are added.
Finally, the N-(2-chloroethyl)morpholine (8.9 g, 59.6 mmol) prepared above is added in
ethanol (14.0 mL), and the reaction is maintained at 55°C for 24 hours.

The reaction is diluted with ethyl acetate and filtered through Celite to remove salts. The
filtrate is evaporated, and then partitioned between ethyl acetate and brine. The organic
layer is dried (Na,SO,), and the solvent is evaporated. The product is purified by silica
gel chromatography (first 50% ethyl/acetate, then 5% methanol/methylene chloride) to
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give diethyl [2-(4-morpholino)ethyl]acetamidomalonate.

Diethyl [2-(4-morpholino)ethy1]acetamidorhalonate (8.0 g, 25.6 mmol) is dissolved in
ethanol (128.0 mL). Sodium hydroxide (4.55 mL of a 6N aqueous solution, 27.35 mmol)
is added, and the reaction is stirred at room temperature for 24 hours. The ethanol is then
evaporated, and the residue is diluted up in Water, washed several times with ether, and
then the aqueous phase is acidified with concentrated hydrochloric acid to pH =~5. The
solution"is evaporated to dryness, then suspended in toluene (300.0 mL) and refluxed for 3
hours. After cooling to room temperature, the reaction is diluted with chloroform (300.0
mL), and the mixture is filtered through Celite. The filtrate is evaporated to give ethyl
2-(acetamido)-2-[2-(4-morpholino)ethyl]acetate.

Ethyl 2-(acetamido)-2-[2-(4-morpholino)ethyljacetate (4.2 g, 16.28 mmol) is dissolved in

6N hydrochloric acid (100.0 mL), and the reaction is refluxed for 4.5 hours. The water is

then evaporated, and the product is azeotroped dry using toluene to give 2-amino-2-[2-
(4-morpholino)ethyl]acetic acid dihydrochloride.

2-Amino-2-[2-(4-morpholino)ethyl]acetic acid dihydrochloride (4.0 g, 15.33 mmol) is
dissolved in a solution of methanol (100.0 mL) and acetyl chloride (5.0 mL), and the
reaction is refluxed for 24 hours. The solvent is then evaporated to give methyl
2-amino-2-[2-(4- morpholino)ethyl]acetate dihydrochloride.

Methyl 2-amino-2-{2-(4-morpholino)ethyl]acetate dihydrochloride (6.0 g, 21.82 mmol) is
dissolved in chloroform (110.0 mL) and triethylamine (9.12 mL, 65.46 mmol). To this
solution is added 4—-methoxybenzenesuifonyl chloride (4.51 g, 21.82 mmol), and the
reaction is refluxed for 4 hours. After cooling, the reaction is diluted with more
chloroform, washed with saturated sodium bicarbonate, the organic layer is dried
(N2,80,), and the solvent is evaporated to give methyl 2-(4-methoxybenzenesulfonyl)-
amino-2-[2-(4-morpholino)ethyl]acetate.

To a suspension of sodium hydride (1.03 g, 21.5 mmol) in dimethylformamide (108.0
mL), is added methyl 2-(4~methoxybenzenesuifonyl)amino-z-[2-(4-morpholino)ethyl]’ac |
ttate (8.0 g, 21.5 mmol) in dimethylformamide (10.0 mL). After stirring at room
t'Bmp'erature for 30 minutes, benzyl bromide (2.56 mL, 21.5 mmol) is added, and the
feaction is stirred overnight at room temperature. The reaction is then partitioned between
ethyl acetate and acidic water (pH=~5), the organic layer is dried (Na,S0O,), and the
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solvent is evaporated. The product is purified by silica gel chromatography (3%
methanol/methylene chloride) to give methyl 2-[[4-methoxybenzenesulfonyl](benzyl)-
amino]-2-[2-(4-morpholino)ethyl]acetate. '

Methyl 2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[2-(4-morpholin o)ethyl]acetate
(7.33 g, 15.86 mmol) is dissolved in methanol (80.0 mL). To this solution is added
sodium hydroxide (17.5 mL of a 1N aqueous solution, 17.5 mmol), and the reaction is
stirred at room temperature for 8 hours. The reaction is then acidified to pH=~3 using
2.5N hydrochloric acid, and then the solvent is evaporated. The residue is suspended in
ethanol, the inorganic salts are filtered away, and the filtrate is evaporated to give
2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[2-(4-morpholino)ethyl]acetic acid
hydrochloride.

2-[[4-Methoxybenzenesulfonyl](benzyl)amino]-2-[2-(4-morpholino)ethyl]acetic acid
hydrochloride (4.24 g, 8.75 mmol), l-hydrokybenzotriazole (1.34 g, 8.75 mmol),
4-methylmorpholine (3.85 mL, 35.02 mmol), and O-t-butylhydroxylamine hydrochloride
(1.10 g, 8.75 mmol) are dissolved in methylene chloride (44.0 mL), and the reaction is
cooled to 0°C. To this solution is added N-[dimethylaminopropyl]-N’-ethylcarbodiimide
hydrochloride (3.35 g, 17.5 mmol), and the reaction is allowed to warm up to room
temperature and stir overnight. The reaction is diluted with more methylene chloride, and
the organic layer is washed with saturated sodium bicarbonate, brine, dried (MgSO4), and
the solvent is evaporated. The product is purified by silica gel chromatography (2%
methanol/methylene chloride) to give N-(t-butyloxy)-2-[[4-methoxybenzenesulfonyl]-
(benzyl)amino}-2-[2-(4-morpholino)ethyl]acetamide.

Example 8: The following compounds are prepared similarly to example 7:

(a) N-Hydroxy-2-[[4-methoxybenzenesu1fonyl](1sobutyl)am1no]-2-[2-(4-morpholmo)-
ethyl]acetamide, m.p. 62-64°C, using 1sobutyl bromide in the alkylation step in place of
benzyl bromide.

(b) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-2-[2-(4-morpholino)-
ethyl]acetamide dihydrochloride, m.p. 195-197°C, using 2-picolyl chloride in the

alkylation step in place of benzyl bromide.

() N-Hydroxy-2_-[[4-methoxybenzenesulfonyl](3-picolyl)atnino]-2-[2-(4-morpholino)-
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ethyl]acetamme dihydrochloride, m.p. >210°C, using 3- plcolyl chlonde in the alkylauon
step in place of benzyl bromide.

() N-Hydroxy-z-[[4-methoxybenzenesulfonyl] (2-methylthiazol-4-ylmethyl)amino]-2-
[2-(4-morpholino)ethylJacetamide dihydrochloride, m.p. 180°C, using 4-chloromethyl-
2-methylthiazole in the alkylation step in place of benzyl bromide.

) N-Hydroxy-z-[[4-methoxybenzenesulfqnyl](benzyl)amino]-z-[z-(4-thi_omorpholino)-
ethyl]acetamide, m.p. 50-52°C, by starting the synthesis with N-(2-chloroethyl)thio-
morpholine, and carrying out the subsequent steps as described in example 7.

1) N-Hydfoxy-2-[[4—methoxybenzenesulfonyl] (benzyl)amino] -2-[2-methylthiazol-
4-ylmethylJacetamide, m.p. 79-81°C, by starting the synthesis with 4-chloromethyl-
2-methylthiazole hydfochloride, and carrying out the subsequent steps as described in
example 7.

(g) N-Hydroxy—2-[[4~methoxybenzenesulfony1](benzyl)ammo} 2- [6-chlorop1peronyl]—
acetamide, m.p. 70-74°C, by starting the synthesw with 6-chloropiperonyl chloride, and
carrying out the subsequent steps as described in example 7.

(h) N-Hydroxy-2-{[4-methoxybenzenesulfonyl](benzyl)amino]-2- [(l-pyrazolyl)methyl]-
acetamide, m.p. 130-131°C, by starting the synthesis with 8-pyrazol-1-yl-alanine
(prepared following the procedure of J. Am. Chem. Soc., 110, p. 2237 (1988)), and
carrying out the subsequent steps as described in example 7.

(i) N-Hydroxy-2-{[4-methoxybenzenesulfonyl] (3-picoly1)amino]-2-[3-picolyl]acetamide
dihydrochloride, m.p. >220°C, by starting the synthesis with 3-picolyl chloride, and
carrying out the subsequent steps as described in example 7, but in addition, using
3-picolyl chloride in the alkylation step in place of benzyl bromide in example 7.

(i) N-Hydroxy-2-[[4-methoxybenzenesulfonylj(benzyl)amino]-2-[(1-methyl-4-
imidazolyl)methyljacetamide hydrochloride, m.p. >200°C, by starting the synthesis with
N-t-methylhistidine dihydrochloride (prepared following the procedure of Recueil, 97,
P.293 (1978)), and carrying out the subsequent steps as described in example 7.

(k) N-HYdroxy-Z-([4-methoXybenzenesulfonyl] (isobutyl)amino}-2-[(1-methyl-
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4-imidazolyl)methyl]acetamide hydfochloride, m.p. 194-195°C, by starting the synthesis
-with N-t-methylhistidine dihydrochloride and carrying out the subsequent steps as
described in example 7, using isobutyl iodide in the alkylation step in place of benzyl
bromide. | -

(1) N-Hydroxy-2-{{4-methoxybenzenesulfonyl] (3-picolyl)amino]-2-[(1-methyl—_4-
imidazolyl)methyl]acetamide hydrochloride, m.p. >220°C, by starting the synthesis with
N-t-methylhistidine dihydrochloride and carrying out the subsequent steps as described in
- example 7, using 3-picolyl chloride in the alkylation step in place of behzyl bromide.

(m) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-2-[(1-methyl-4-
imidazolyl)methyl]acetamide hydrochloride, m.p. 162-164°C, by starting the synthesis
with N-t-methylhistidine dihydrochloride and carrying out the subsequent steps as
described in example 7, usmg 2-picolyl chloride in the alkylation step in place of benzyl
bromide. '

) (n) N-hydroxy-2-[{[4-methoxybenzenesulfonyl}(2-methylthiazol-4-ylmethyl)amino]-2-

[(1-methyl-4-imidazolyl)methyl]acetamide hydrochloride, m.p. 160-163°C, by starting the

synthesis with N-t-methylhistidine dihydrochloride and carrying out the subsequent steps
as described in example 7, using 4-chloromethyl-2-methylthiazole in the alkylation step in
place of benzyl bromide.

(0) N—hydroxy-2-[[4-meﬂ10xybenzenesulfonyl](piperonyl)amino]-’2-[(1-_methyl-
4-imidazolyl)methyl]acetamide hydrochloride, m.p. 195°C, by starting the synthesis with
N-t-methylhistidine dihydrochloride and carrying out the subsequent steps as described in
example 7, using piperonyl chloride in the alkylation step in place of benzyl bromide.

Example 9: (a) Methyl 2-{[4-methoxybenzenesulfonyl] (benzyl)amino] propionate (2.1 g,
6.01 mmol) is dissolved in methanol (20.0 mL). To this solution is added hydroxylamine
hydrochloride (0.84 g, 12.0 mmoi), followed by the addition of sodium methoxide (7.0 mL
of a 4.37M solution). The reaction is stirred ovérnight at room temperature. The reaction
is worked up by first removing all the solvent, and partitioning between ethyl
acetate/hexane (2/1) and saturated sodium bicarbonate. The aqueous phase is extracted
well with ethyl acetate/hexane, the combined organic layers are dried (MgSO,), and the
solvent is evaporated. The product is purified by silica gel chromatography (ethyl acetate)
to give N-hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]propionamide, m.p.
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The stzirting material is prepared as follows:

D,L-Alanine (27.0 £, 300.0 mmol) is dissolved ina solution of methanol (100.0 mL)
saturated with HCI gas, and the reaction is refluxed for 2 hours. The solvent is then
evaporated, and the residue triturated with ethyl acetate to give alanine methyl ester
nydrochloride.

Alanine methyl ester hydrochloride (7.0 g, 50.0 mmol) is dissolved in methylene chloride
. (100.0 mL) and triethylamine (20.0 mL, 143.0 mmol). To this solution is added
4-methoxybenzenesulfonyl chloride (10.3 g, 50.0 mmol), and the reaction is stirred at
room temperature briefly. The reaction is made basic with 1N sodium hydroxide, and
washed with n.ethylene chloride. The combined organic layers are dried (Nazso;) and
the solvent is evaporated. Hexane is added to the residue and the precipitate is collected
to give N-[4-methoxybenzenesu1fonyl] alanine methyl ester.

To a suspension of sodium hydride (0.60 g, 11.0 mmol) in dimethylformamide (20.0 mL),
isadded N-[4-methoxybenzenesulfonyl]-alanine methyl ester (2.6 g, 10.0 mmol) in _
dimethylformamide (10.0 mL). After stirring at room temperature for 30 minutes, benzyl
bromide (1.22 mL, 10.0 mmol) is added, and the reaction is stirred for two hours at room -
temperature. The reaction is then partitioned between ether and brine, the organic layer is
dried (Na,S0O,), and the solvent is evaporated. The prodi_:ct is purified by silica gel
chromatography (20% ether/hexanes) to give methyl 2-[[4-methoxybenzenesulfonyl]}-
(benzyl)arnino]-propionoate.

(b) Slmllarly prepared is N-hydroxy-Z-[[4-methoxybenzenesulfonyl] (benzyl)amino]-4-
thiomethylbutyramide, m.p. 104-106°C, by starting the synthesis with D,L-methionine, -
and carrying out the subsequent steps as described above.

Example 10: A solution of methy! 2-[[4-methoxybenzenesulfonyl}(benzyl)amino}-
4-(methylsuifonyl)butyrate (900 mg, 2.0 mmol), sodium methoxide previously generated
from sodium metal spheres (100.0 mg, 4.5 mmol), and hydroxylamine hydrochloride "
(280.0 mg, 4.0 mmol) is refluxed for 2 days. The mixture is cooled to room temperature,
Concentrated in vacuo, diluted with water, acidified w1th citric acid, and extracted with
'elhyl acetate. The combined organic extracts are dried (MgSO4) and and the solvent is
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evaporated The product is purified by silica gel chromatography (ethyl acetate) to give

N-hydroxy-2-[[4-methoxybenzenesulfonyl}(benzyl) amino]-4-(methylsulfonyl)butyramide
[M+1]=157. ' '

The starting material is prepared as follows:

To 5 solution of racemic methionine methyl ester (1.98 g, 10.0 mmol) in methylene
chloride (25 mL) containing triethylamine (2.0 mL, 14.3 mmol) is added 4-methoxy-
penzenesulfonyl chloride (2.1 g, 10.2 mmol). After stirring for 2 hours at room
iemperature, the mixture is diluted with 1 N hydrochloric acid. The organic layer is
emoved and the aqueous layer is extracted with ether. The combined organic layers are
washed with brine, dried (MgS0,), and and the solvent is evaporated. The concentrated

solution is triturated with ether, and the product is collected by filtration to gwe methyl
2. [[Lmemoxybenzenesulfonyllammo]-4-(th10methyl)butyrate

To a solution of methyl 2—[[4-methoxybenzenesu1fony1]amino]-4-(thiomethyl)butyrate

11g, 6.2 mmol) in dimethylformamide (15 mL) containing potassium carbonate (4.0 g,
9.0 mmol) is added benzyl bromide (1.5 mL, 12.6 mmol). The reaction mixture is stirred
1 hour at room temperature, The mixture is quenched with water and extracted with

ser. The organic extracts are washed with brine, dried (MgS0,), and and the solvent is
mporated. The product is purified by silica gel chromatography (30% ethyl

wate/hexanes) to give methyl 2-[[4-methoxybenzenesulfonyl}(benzyl)amino]-
Yhiomethyl)butyrate.

iolution of methyl 2-[[4-methoxybenzenesulfonyll(benzyl) amino]-4-(thiomethyl)-
mte (925.0 mg, 2.17 mmol) in 25% peracetic acid (5 mL) is stirred overnight at room
perature. The mixture is concentrated in vacuo, diluted with water, and extracted with
lacetate. The combined organic extracts are dried (MgSO,) and the solvent is

Torated to give methyl 2- [[4-methoxybenzenesulfonyl](benzyl)ammo]-4-(methyl-
nyl)butyrate.

Wle 11: (a) To a solution of 2R-[[(4-methoxybenzene)sulfonyl)(benzyl)amino]-

¢ acid (1.04 g, 2.98 mmol) in methylene chloride (50 mL) containing |
Miormamide (230 mL, 2.98 mmol) at room temperature is-added oxalyl chloride |

::“L 5.96 mmol) over 5 minutes dropwise. The mixture is stirred for 30 minutes at
’ l“-‘71_1perature, then added to a pre-formed mixture of hydroxylamine hydrochloridé
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(828 mg, 11.92 mmol) and triethylamine (2.5 mL, 17.9 mmol) in tetrohydrofuran (20
mL)/water (1.5 mL) at 0°C. The reaction mixture is stirred for.45 minutes at 0°C then
slowly warmed to room temperature for 15.5 hours. The mixture is acidified with 1N

hydrochloric acid and extracted with methylene chloride. The combined organic extracts |

are washed with brine, dried (MgS0,), and the solvent is evaporated. The crude product is
recrystallized from diethyl ether/ethyl acetate (1:1) to give N-hydroxy-2(R)-[{4-methoxy-
benzenesulfonyl}(benzyl)amino]}-propionamide, m.p. 127-129°C.

The starting material is prepared as follows:

To a solution of D-alanine methyl ester hydrochloride (3.0 g, 21.5 mmol) in methanol (10
mL) is added benzaldehyde (2.3 mL, 22.6 mmol). The reaction mixture is stirred at room
- temperature for 3 hours. The solvent is then evaporated. To the resultant residue is added
acetic acid (15 mL) and methanol (1 mL) followed by portionwise addition of sodium
cyanoborohydride (1.35 g, 21.5 inmoi) at room temperature. The mixture is stirred
overnight, and then the solvent is evaporated. The remaining residue is diluted with Water
(75 mL) and basified with Na,CO;. The mixture is extracted with ethyl acetate (3x75

mL). The combined organic extracts are washed with brine (50 mL), dried (Na,SO,), and

the solvent is evaporated to give N-benzyl-D-alanine methyl ester.

To a solution of N-benzyl-D-alanine methy! ester (~2 g) in methylene chloride (40 mL)
containing triethylamine (2.47 mL, 17.7 mmol) is added 4-methoxybenzenesulfonyl
chloride (2.44 g, 11.8 mmol). The reaction mixture is stirred overnight at room
temperature. The mixture is acidified with IN HCI and extracted with methylene _
chloride. The combined organic extracts are washed with brine, dried (Na,SO,), and the
solvent is evaporated. The crude product is purified by silica gel chromatography

(10%->20% ethyl acetate/hexanes) to provide methyl 2(R)- [[4-methoxybenzenesu1fonyl]-
(benzyl)amino] propionate.

To a solution of methyl 2(R)-[[{4-methoxybenzenesulfonylj(benzyl)amino] propionate
(1.05 g, 2.89 mmol) in tetrahydrofuran (60 mL) at room temperature is added 1N aqueous-
sodium hydroxide (8.6 mL, 8.67 mmol). The reaction mixture is stirred for 19 hours at
Toom temperature. The tetrahydrofuran is then evaporated. The remaining residue is
idified with 1IN hydrochloric acid and extracted with ethyl acetate. The combined
Organic extracts are washed with brine, dried (Na,SO,), and the solvent is evaporated to

give 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino}] prbpionic acid.
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(b) Similarly prepared is N-hydroxy-2(R)-{[4-methoxybenzenesulfonyl](benzyl)-
amino]—Z-benzylacetamide, [M+1] = 441, by starting with (R)-phenylalanine, and carrying:
out the previously described steps. - -

Ex_@[_n_gl_e_l_z_ (a) To a solution of N-(t-butyloxy)-2(R)- [[4-methoxybenzenesulfon_yl-
(benzyl)ammo] -6-(N,N-dimethylamino)-hexamide (2.13 g, 4.21 mmol) in
1,2-dichloroethane (140 mL) is added ethanol (250 mL, 4.21 mmol) The solution is
cooled to -10°C and hydrogen chloride gas is bubbled in for 30 minutes. The reaction
mixture is then sealed and allowed to warm to room temperature, surnng for 2 days. At
this time point, the reaction mixture is cooled to -10°C and hydrogen chloride gas is
pubbled in for an additional 30 minutes. The reaction mixture is sealed, warmed to room
tempei'ature, and stirred for 24 hours. The mixture is reduced in volume by 1/2 in vacuo
and triturated with ether. The mother liquid is removed and the remaining white solid is
dried in vacuo to provide N-hydroxy-2(R)-{[4-methoxybenzenesulfonyl](benzyl)- -
amino]-6-(N,N-dimethylamino)-hexanamide hydrochloride salt, m.p. 175-177°C.

The starting material is prepared as follows:

To a solution of e-N-CBZ-(R)-lysine methylester hydrochloride (15.0 g, 45.10 mmol) in
methylene chloride (250 mL) containing triethylamine (15.72 mL, 112.75 mmol) is added
4- methoxybenzenesulfonyl chloride (10.25 g, 49.61 mmol) at 0°C. The reaction mixture
is warmed to room temperature and stirred overnight. The reaction mixture is diluted with
methylene chloride and washed with 1 N hydroéhloric acid. The organic layer is washed
with brine, dried (Na,S0O,), and concentrated in vacuo to yield a yellow oil. The product
is purified by silica gel chromatography (50% ethyl acetate/hexanes) to give methyl |
2(R)-[[4-memoxybenzenesulfonyl]amino]-'6-(N-benzylcarbamoyl) hexanoate.

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl]amino}-6-(N-benzylcarbamoyl)
hexanoate (12.4 g, 26.5 mmol) in dimethylformamide (100 mL) is added potassium
carbonate (7.5 g, 52 mmol) and benzyl bromide (3.3 mL, 28.0 mmol), and the reaction is
 stirred for 24 hours at room temperature. The mixture is partitioned between water and
50% diethyl ether/ethyl acetate. The aqueous layer is removed and extracted with 50%
diethyl ether/ethyl acetate. The combined organic layers are washed with brine, dried
(MgS0,) and the solvent is evaporated. The crude product is purified by silica gel
chromatography (50% ethyl acetate/hexanes) to give methyl 2(R)-[[4-methoxybenzene-
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Toa solution of methyl 2(R)- [[4-methoxyl:enzenesulfonyl](benzyl)ammo] 6-(benzyl-
carbamoyl) hexanoate (8.61 g, 15.53 mmol) in 95% ethanol (150 mL) is added IN
hydrochloric acid (15.5 mL, 15.53 mmol) followed by 10% Pd/C (4.0 g). The reaction
mixture is stirred at room temperature under 1 atmosphere of hydrogen gas for 2 hours.
The mixture is filtered through Celite and the solvent is evaporated to provide methyl
2(R)-[[4—methoxybenzenesulfony1](benzyl)ammo] 6-am1nohexanoate

~ Toa solution of methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino}-6-amino-
hexanoate (5.05 g, 12.02 mmol) in refluxing formic acid (120 mL) containing sodium
formate (2.45 g, 36.07 mmol) is added 37% aqueous formaldehyde (2.70 mL, 36.07

~ mmol). While continuing to reflux the reaction mixture, three more aliquots of 37%
aqueous formaldehyde (2.70 mL, 36.07 mmol each aliquot) are added at 10 minute
intervals. The mixture is concentrated in vacuo to'yield a yellowoil. The crude product is
purified by silica gel chromatography (10:1:0.5; ethylacetatelmethanollammonium
hydroxide) to provide methyl 2(R)-[[4-methoxybenzenesulfonyl)(benzyl)amino]-
6-(N,N-dimethylamino) hexanoate. This procedure is repeated and the combined product
is used in the next reaction.

To a solution of methyl 2(R)-[{[{4-methoxybenzenesulfonyl](benzyl)amino]-6-(N,N-
dimethylamino) hexanoate (4.55 8 10.7 mmol) in tetrahydrofuran (100 mL) is added IN
aqueous lithium hydroxide (20 mL, 20.33 mmol). The reaction mixture is stirred at room
temperature overnight. The reaction mixture is directly concentrated to dryness in vacuo

to give the lithium salt of 2(R)-[[4-methoxybenzenesu1fony1](benzyl)ammo] -6-(N,N-
dimethylamino) hexanoic acid. :

Toa solution of 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-(N, -dimethyl—
amino) hexanoic acid lithium salt (4.42 g, 10.18 mmol) in methylene chloride (100 mL)
containing N- methylmorpholine (6.73 mL, 61.06 mmol), 1-hydroxybenzotriazole mono-
hydrate (1.64 g, 10.687 mmol) and O-t-butythydroxyl amine hydrochloride (1.41 g, 11.20
mmo) is added N-[dimethylaminopropyl]-N’-ethylcarbodiimide hydrochloride (3.90 g,
20.36 mmol) at 0°C. The reaction mixture is allowed to warm to room temperature and
Stirring is continued overnight. The mixture is diluted with methylene chloride, washed
With saturated sodium bicarbonate, then with brine, dried (Na,SO,) and the solvent is
Vaporated. The crude product is purified by silica gel chromatography (10:1:0.5 ethyl
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acetate/methanol/ammohium hydroxide) to provide N-(t-butyloxy)-2(R)-([4-methoxy-
penzenesulfonyl](benzyl)amino]-6-(N,N-dimethylamino) hexanamide.

| (b)' Similarly prepared is N-hyd;oxy—2-(R)-[[4-methox'ybenzenes_ulfonyl] (3-picoly1)—
amino]-6-(N,N-dimethylamino)-hexanamide dihydrochloride, m.p. 179-180°C.

The first step is carried out as described above. The alkylation step is carried out as
follows: '

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl]amino]-6-(benzylcarbamoyl)-
hexanoate (10.48 g, 22.43 mmol) in dimethylformamide (220 mL) at 0°C is added
3-picolyl chloride hydrochloride (3.86 g, 23.55 mmol) followed by sodium hydride (2.24
g, 56.07 mmol, 60% in oil). The reaction mixture is warmed to room temperature and
stirred for 24 hours. The reaction mixture is quenched with water and extracted with ethyl
acetate. The combined organic extracts are washed with brine, dried (Na,S0,), and the
solvent is evaporated. The crude product is purified by silica gel chromatography (75%
ethyl acetate/hexanes) to provide methyl 2(R)-[[4-methoxybenzenesulfonyl](3-p1coly1)-
amino]-6-(benzylcarbamoyl) hexanoate :

All of the following steps are carried out as described abové.

(c) Similarly prepared is N-hydroxy-2(R)-{{4-methoxybenzenesulfonyl}(2-picolyl)-
amino]-6-(N ,’N—dimethjlamino)-hexanamide dihydrochloride, m.p. 134-136°C, by

~ alkylating with 2-picolyl chloride in the second step and carrying out the subsequent steps
as described above.

Example 13: N-(t-Butyloxy)-2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-
[(N,N-dimethylglycyl)amino] hexanamide (2.17 g, 3.86 mmol) is dissolved in
dichloroethane (12 mL) containing ethanol (0.22 mL, 3.86 mmol), and the reaction is
cooled to -10°C. Hydrochloric acid ga"s is bubbled through this solution for 30 minutes.
The reaction is sealed, warmed to room temperature and stirred for 2 days. The solvent is
reduced to 1/2 volume by evaporating solvent, and triturated with ether. The resulting
solid is removed and dried in vacuo to provide N-hydroxy-2(R)-[[4-methoxybenzene-
sulfonyl}(benzyl)amino]- 6-[(N,N-d1methylglycyl)ammo] hexanamide hydrochloride, m.p.
105-108°C.
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The starting material is prepared as follows:

To a solution of methyl 2(R)-{{4-methoxybenzenesulfonyl](benzyl)amino]-6-amino
hexanoate hydrochloride (7.5 g, 16.44 mmol) in methylene chloride (170 mL) is added
1-hydroxybenzotriazole monohydrate (2.64 g, 1726 mmol), N-methylmorpholine (5.44
mL, 49.34 mmol), and N,N-dimethylglycine (1.86 g, 18.08 mmol), and the reaction is
coled to 0°C. N-[dimethylaminopropyl]-N’-ethylcarbodiimide hydrochloride (6.30 g,
32.88 mmol) is added at 0°C. The reaction tnixt’ure is warmed to room temperature and
stired overnight. The mixture is diluted with methylene chloride and washed with
saturated aqueous sodium bicarbonate, and then with brine. The organic layer is dried
(Na,SOy), filtered, and and the solvent is evipo_rated. The crude product is purified by
silica gel chromatography (10/0.5/0.5 ethyl acetate/meﬂlanol/ammonium hydroxide) to
provide methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-[(N,N-di1nethyl-
glycyl)amine] hexanoate (6.04 2). :

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl] (benzyl)aminb]-G-[(N,N-
dimethylglycyl)amino] hexanoate (3.95 g, 7.82 mmol) in tetrahydrofuran (75 mL) at 0°C
is added 1N lithium hydroxide (15.64 ml, 15.64 mmol). The reaction mixture is warmed
to room temperature and stirred overnight. The tetrahydrofuran is removed and the
remaining aqueous layer is acidified with 1N hydrochloric acid. The mixture is
gvaporated to dryness to yield 2(R)-[[4-meﬁloxybenzenesulfony1](benzyl)ammo]—
6-[(N,N -d1methylglycyl)ammo] hexanoic acid hydrochloride.

To a solution of 2(R)-[[4-memoxybenzenesulfonyl](benzyl)amino]-6—[(N ,N-dimethyl-
glycyl)amino] hexanoic acid hydrochloride (4.12 g, 7.82 mmol) in methylene chloride (78
mL) and dimethylformamide (5 mL) is added 1-hydroxybenzotriazole monohydrate (1.26
2, 8.21 mmol), N-methylmorpholine (2.58 ml, 23.45 mmol), and O-t-butyhydroxylamine
hydrochloride (1.08 g, 8.60 mmol). The reaction is cooled to 0°C, and
N-[dimethylaminopropyl]-N’-ethylcarbodiimide hydrochldride (3.0 g, 15.64 mmol) is
added. The reaction mixture is warmed t6 room temperature and stirred ovérnight. The
mixture is then diluted with methylene chloride and washed with saturated aqueous

Sodium bicarbonate, and then with brine. The organic layer is dried (Na,SO,), filtered, and

and the solvent is evaporated. The crude product is purified by silica gel chromatography
(10/0.5/0.5 ethyl acetate/methanol/ammonium hydroxide) to provide

N'(t-butyloxy) 2(R)- [[4—methoxybenzenesulfonyl] (benzyl)amino]- 6—[(N N—dlmethyl-

~ 8lycyl)amino] hexanamide.
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Example 14: (a) To a solution of 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-
carboxy-tetrahydrothiopyran (413.0 mg, 1.0 mmol) in methylene chioride (10 mL)
containing dimethylformamide (80.0 mg, 1.1 mmol) is added a 2N solution of oxalyl
chloride in methylene chloride (1.0 ml, 2.0 mmol) at-10°C. The mixture is allowed to
warm to 20°C for 30 minutes. This mixture is added to a pre-stirred mixture of |
ﬁydroxylamine hydrochloride (280.0 mg, 4.0 mmo}) in tetrahydrofuran (10 ml)/water (1
ml) containing triethylamine (650.0 mg, 6.0 mmol) at 0°C dropwise. The reaction mixture
is allowed to slowly warm to room temperature and stirring is continued for 1.5 days. The
reaction is worked up by partitioning between 1 N hydrochloric acid and ethyl acetate.

The aqueous layer is removed and repeatedly extracted with ethyl acetate. The combined
organic layers are dried (N2,SQO,) and the solvent is-evaporated. The crude product is
purified by silica gel chromatography (2% methanol/methylene chloride) to give 4-[N-
hydroxy-carbamoyi]-4-[{4-methoxybenzenesulfonyl](benzyl)amino]-tetrahydrothiopyran,
 mp. 179-181°C. -

The starting inate_rial is prepared as follows:

A solution of tetrahydrothiopyran-4-one (4.64 g, 40.0 mmol) in methanol (10 mL) is added
to a mixture of sodium cyanide (2.0 g, 40.0 mmol) and ammonium chloride (2.36 g, 44.0
mmol) in water (8 mL). The reaction mixture is heated to reflux for 14 hours. The

mixture is diluted with water, basified with potassium carbonate, and extracted with
diethyl ether. The organic extract is dried (MgSO,) and filtered. The solution is acidified
with hydrochloric acid saturated with methylene chloride. The resulting precipitate is -
filtered off providing 4-amin0a4-cyano-tetrahydr6thiopyran hydrochloride salt.

A solution of 4-amino-4-cyano-tetrahydrothiopyran (5.4 g, 30.3 mmol) in 6N aqueous
hydrochloric (250 mL) acid is heated to reflux for 24 hours. The mixture is triturated by
addition of methanol/toluene, and filtered. To the crude product, 4-amino-4-carboxy-
tetrahydrothiopyran is added 40 ml of methanol followed by careful addition of thionyl
chioride (3.0 ml, 41.1 mmol). The reaction mixture is heated to reﬂux for 12 hours,
Cooled to room temperature, and concentrated in vacuo to a reduced volume. The
remaining mixture is triturated with ethyl acetate/diethyl ether, and the product is

collected by filtration, to give 4-amino-4-carbomethoxy-tetrahydrothiopyran
hydrochloride.
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To a solution of 4—am1n0-4-carb0methoxy;tetxahydrolhiopyran hydrochloride (3.1 2. 150
tainin ' )
added 4-methoxybenzenesulfonyl chloride (
reaction mixture is stirred at room temperay

. . . e H Pode.
water and the organic layer is removed. | mixture is diluted with

The aqueous layer i

- . Yer 1s extracted with di

and the organic extracts are washed with brine, drieq (MgSO,) and the s‘:;ih dte.lh}’l ether
' entis

evaporated.' The product is purified by silica gel chromamgraphy (50% ethylacetates
 hexanes) to provide 4'[[4-methoxybenze“esulfmyl]mnino]#carbomethoxz-letra
" pydrothiopyran. | -

To a solution of 4-[[(4—methoxybenzene)sulfonyl]amino]-4-carbomethoxy-tetrahydrothio-
pyran (690.0 mg, 2.0 mmol) in dimethylformamide (20 mL) at 0°C is added sodium
hydride (100.0 mg, 2.5 mmol, 60% in oil) and benzyl bromide (0.5ml, 4.2 mmol). The
reaction mixture is allowed to warm to room temperature and stirred for 16 hours. The
mixture is quenched by addition of water and extracted with 50% ethyl acetate/diethyl
ether. The combined organic extracts are dried (MgSO,), filtered, and the solvent is

~ evaporated. The product is purified by silica gel chromatography (50% diethyl
ether/hexanes) to provide 4-[{4-methoxybenzenesulfonyl}(benzyl)amino}-4-carbo-
methoxy-tetrahydrothiopyran. |

To a solution of 4-[{4-methoxybenzenesulfonyl}(benzyl)amino]-4-carbomethoxy-
tetrahydrothiopyran (800.0 mg, 1.9 mmol) in methanol (50 mL) is added 1 N sodium

~ hydroxide (25 mL). The mixture is heated to reflux for 10 hours, and then solid sodium
hydroxide 1s added (3.0 g, excess) and refluxing is continued for 18 hours. The mixture is
concentrated to a volume of approximately 30 mL and acidified with citric acid (pH=5).
The mixture is partitioned between ethyl acetate and water. The organic layer is removed,
washed with brine, dried (MgSO,), and the solvent is evaporated to give
4-[{4-methoxybenzenesulfonyl] (benzyl)amiho]-4-carboxytetrahydromiopyran.

(b) Similarly prepared is 4-[N-hydroxy-carbamoy]-4-[[4-methoxybenzenesulfonyl}-
(benzyl)amino}tetrahydropyran, m.p. 137-140°C, by starting with tetrahydropyran-4-one
in the first step, and carrying out the subsequent steps as described above.

(c) Similarly prepared is 1-[N-hydroxy-carbamoyl]-1-{{4-methoxybenzenesulfonyl}-
(benzyl)amino]-cyclohexane, m.p. 149-151°C, by using commercially available 1-amino-
Cyclohexanecarboxylic acid in the second step, and carrying out the subsequent steps as
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_described above.

@) Similarly prepared is 1-[N-hydroxy-carbamoyl]-1-[[4-methoxybenzenesulfonyl}-
(benzyl)amin0]~cyclopentane, m.p. 67.0-68.0°C, by using commercially available
j-aminocyclopentane carboxylic acid in the second step, and carrying out the subsequent
seps as described above. '

) similarly.prepared is 1-[N-hydroxy-carbamoyl]-1-[[4-methoxybenzenesulfonyl}(3-
picolyl_)amino]—cyclohe'xane, m.p. 115°C, by using 1-aminocyclohexanecarboxylic acid in
the second step, alkylating 1-[carbomethoxy]- l—[[(4-memoxybenzene)sulfonyllamino]-
cyclohexane with 3-picolyl chloride in the third step, and carrying out the other steps as
described above.

(f) Similarly prepared is 1-[N-hydroxy-carbamoyl}-1-{[4-methoxybenzenesuifonyi]-
(3-picolylamino]-cyclopropane hydrochloride, m.p. 205-207°C starting wuh 1-amino-1-
cyclopropanecarboxyhc acid. .

Example 15: 4-[N-t-Butyloxycarbamoyl]-4-[[4-methoxybenzenesulfonyl](benzyl)amino]-
1-[benzyl]piperidine is di_ssolved'in dichloroethane (60 mL) and ethanol (1.0 mL) in a
glass sealed tube. Hydrochloric acid gas (from a lecture bottle) is bubbled through the
| ‘solution for 30 minutes at -10°C. The tube is sealed, gradually warmed to room
temperature, and stirred overnight. At this point, hydrochloric acid gas is again bubbled
A through the reaction mixture as done previously and stirred at room temperature for an
additional 24 hours. The reaction mixture is reduced to 1/3 volume in vacuo and triturated
with diethyl ether. The solid is filtered off and dried in vacuo to provide
'4—[N-hydroxy-carbamoyl]-4-[[4~meﬂ10xybenzenesulfonyl](benzyl)ammo] 1- [benzyl]-
p1pend1ne, m.p. 135.5-142°C. :

The starting material is prepared as follows:

Amixture of N-carboethoxy-4-piperidone (88.6 g, 517.2 mmol), sodium cyanide (30.0 g,
612.1 mmol) in ‘water (54 mL), ammonium chloride (34.0 g, 635.5 mmol) in water (72
mL), and ammonium hydroxide (76 m}) is heated to 60-65°C for 5 hours, and then stirred
dt room temperature overnight. The resulting solid is filtered off, dissolved in methylene
chloride, and washed with a small amount of brine. The organic layer is dried (MgSO,), -
Concentrated in vacuo to 1/2 volume, and triturated with hexane. The resulting precipate
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is collected by filtration and dried under vacuum, to give N~carboethoxy-4—ammo-
4 cyanopmendme

A solutioh of N-ca:boethoxy-4-amino-4-cyanopiperidine (82.0 g) in water (700 mL)

. cOn;aining concentrated hydrochloric acid (800'mL) is stirred at room temperature for 4

days. The solvent is then evaporated to glve 4-amino-4-carboxypiperidine
dihydrochloride.

Into a heterogeneous mixture of 4-amino-4-carboxypiperidine dihydrochloride (61.0 g,
0.34 mmol) in methanol (600 mL) is bubbled hydrogen chloride gas at room temperature.
The reaction mixture is concentrated to dryness in vacuo, dissolved in 1,4-dioxane (200
mL), and concentrated in vacuo. The residue is redissolved in methanol (1600 mL) into
which hydrogen chloride gas is bubbled for 45 minutes. The reaction mixture is refluxed
for 18 hours. Most of the solvent is then evaporated, the product is collected by filtration,
and washed with ethyl acetate to give 4-amino-4-carbomethoxypiperidine

dihydrochloride.

To a mixture of 4-amino-4-carbomethoxypiperidine dihydrochloride (6.60 g, 28.7 mmol)
and potassium carbonate (18.8 g, 143.5 mmol) in dioxane/water (350 my176 ml) at 0°C is
added di-t-butyl-dicarbonate (8.14 g, 37.31 mmol) in dioxane (60 mL) over 2 hours. The
reaction mixture is warmed to room temperature and stirred for 8 hours. To this mixture is _
added a solution of 4- methoxybenzenesulfonyl chloride (7.71 g, 37.31 mmol) in dioxane
(60 mL) at 0°C. The reaction mixture is stirred at room temperature overnight. An
additional portion of 4- methoxybenzenesulfonyl chloride (7.71 g, 37.31 mmol) in dioxane
(60 mL) is added to the mixture at 0°C. The reaction mixture is allowed to warm to room
temperature and stirred overnight. The mixture is concentrated in vacuo, diluted with
water, and extracted with ethyl acetate. The aqueous layer is removed, saturated with
sodium chloride, and re-extracted with ethyl acetate. The combined extracts are dried
(MgS04), and the solvent is evaporated. The crude product is purified by silica gel
chromatography (50% ethylacetate/hexane) to provide 4-[[4-methoxybenzenesulfonyl}-
amino]- 1-{(t-butoxycarbonyl]-4-[carbomethoxy]-piperidine, contaminated with a small
amount of 4-methoxybenzene-sulfomc acid.

To a solution of 4-{{4-methoxybenzenesulfonyljamino}- 1-[(t-butoxycarbonyl]-4-[carbo-
methoxy)-piperidine (4.0 g, 9.30 mmol) in dimethylformamide (150 mL) at 0°C is added
Sodium hydride (1.12 g, 28.0 ml, 60% in oil) followed by benzyl bromide (4.8 g, 28.0
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amol). The reaction mixture is allowed to warm to room temperature for 1 hour. The
mpixture i quenched with water and extracted with diethyl ether. The organic extract is
dried (MgSO,) and the solvent is evaporated. The crude product is purified by silica gel
ch,omatogra.phy (50% ethyl acetate/hexanes) to provide 4-[[4-methoxybenzenesulfonyl]-
(benzyl)amino]-1-[(t-butoxycarbonyl]-4-[carbomethoxy] piperidine.

Toa soiution of 4-[[4-methoxybenzenesuifonylj(benzyl)amino]-1-{(t-butoxycarbo nyi]-4-
[carbomethoxy]-p1pendme (1.8 g,3.47 mmol) in ethy] acetate (10 mL) is added a
hydrogen chloride gas saturated methylene chloride solution (15 mL). The reaction
mixture is stirred for 4 hours at room temperature. The mixture is concentrated in vacuo
to give 4-[[4-methoxybenzenesulfonyl](benzyl)amino]#-[carbomethoxy]-piperidine. _

To 4 solution of 4-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-[carbomethoxy]- -
piperidine (1.0 g,2.39 mmol) in diinethylfonnamide (160 mL) is added sodium hydride
(287.0 mg, 7.18 mmol, 60% in oil) at 0°C, followed by benzyl bromide (450.0 mg, 2.63
mmol). The reaction mixture is slowly warmed to room temperature and stirred overnight.
The mixture is quenched with water and extracted with ethyl acetate. The combined .
organic layers are washed with brine, dried (Na,SO,) and the solvent is evaporated to give
4-[[4-methoxybenzenesulfonyl]}(benzyl)amino]-1-[benzyl])-4-[carbomethoxy]-piperidin e.

A heterogeneous mixture of 4—[[4-methoxybenzene3ulfonyll(benzyl)amino]-1-[benzyl]-
4-[carbomethoxy]-piperidine (1.2 g, 2.26 mmbl)-in 50% aqueous sodium hydroxide (10
mL) and methanol (50 mL) is heated to reflux for 16 hours. The methanol is evaporated
and the residue is neutralized with 4 N hydrochloric acid. The aqueous solution is
extracted with ethyl acetate. The combined organic extracts are dried (NaSQ,) and the |
solvent is evaporated to give 4-{[4-methoxybenzenesulfonyl}(benzyl)amino]-1-[benzyl]-
4-[carboxy]-piperidine.

To a mixture of 4-[[4-methoxybenzenesulfonyl] (benzyl)amino}-l [benzyl}-4-[carboxy]-
piperidine (850.0 mg, 1.64 mmol) in methylene chioride (100 mL) contalmng
N-methylmorpholme (0.6 ml, 5.48 mmol) and O-t-butylhydroxyl amine hydrochloride
(620.0 mg, 4.94 mmol) is added N-[dlmethylammopropyl]-N’ -ethylcarbodiimide
hydrochloride (1.1 g, 5.74 mmol). The reaction mixture is sﬁrred overnight at room
temperature. The mixture is diluted with water and extracted with methylene chloride.
The combined organic extracts are dried (Na,SO,) and the solvent is evaporated. The
crude product is purified by silica gel chromatography (ethyl acetate) to provide
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+IN- t_butyloxy-carbamoyll-4—[[4-methoxybenzenesulfonyl](benzyl)ammo] -1-[benzyl]-
piperidine:

Al[emately, 4- [[4-methoxybenzenesulfonyl]ammo] -1-[(t-butoxycarbonyl]- 4-carbo-

moxy] -piperidine is first hydrolyzed with sodium hydroxide to 4-{[4-methoxybenzene-
Sulfon)'llamm"]‘l [(t-butoxycarbonyl]-4-[carboxy] piperidine. Treatment with O-t-butyl-
hydroxylamme under conditions described above gives 4-[N-t-butyloxy-carbamoyl]-4-
[[4-memoxybenzenesulfonyl](benzyl)amino]-l-[t-butoxycarbonyl]-piperidine. Reaction
with IN hydrochloric acid in ethyl acetate yields 4-[N-t-butyloxy-carbamoy1]-4-[[4-
memoxybenzenesulfonyl](benzyl)amino]-piperidine, which is treated with benzyl bromide
a5 described above.

Similarly prepared, starting from 4—[[4-methoxybenzenesulfonyl(benzyl)ammo]-4-[carbo.
methoxy]-piperidine, are the following: .

(@) 4-[N-Hydr0xy-carbamoyl]-4-[[4-methoxybenzenesulfonyl](benzyl)-amino]-1-
[dimethylaminoacetyl]-piperidine hydrochloride, m.p. 145°C;

(b) 4-[N-Hydroxy-carbamoyl]-4-[[4-mem0xybenzenesulfonyl(benzyl)-ammo] -1-
(3- p1colyl]—p1pendme dihydrochloride, m.p. 167°C;

- {¢) 4-[N-Hydroxy-carbamoyl]-4»[[4-methbxybenzenesulfonyl](benzyl_)-amino]-1-
{carbomethoxymethyl]-piperidine hydrochloride, m.p. 183.5-185°C;

@ 4-[N-Hydroxy-carbamoyl]-4-[[4-methoxybenzenesulfonyl](benzyl)-ammo]-plpendme
- trifluoroacetate;

(© 4-[N-Hydroxy-carbamoyl]-4~[[4-methoxybenzenesulfonyl](benzyl)—ammo] 1-
[t—butoxycarbonyl]~p1pendme,

® 4‘[N-Hydroxycarbamoyl] 4-[[4-methoxybenzenesulfonyl](benzyl)—amxno] 1-[methyl-
sulfonyl]-piperidine; -

®) 4-[N-Hydroxycarbamoy1] 4-[[4-methoxybenzenesulfonyl](benzyl)ammo] 1-
[methyl}piperidine hydrochloride, m.p. 185.5-187°C;
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n# [N-Hydrox)'carbamoyll 4—[[methoxybenzenesulfonyl](benzyl)a.mmo] 1-
(m o,phohnocarbonyl]plpendme m. p 89-91°C;

) 4-[N-Hydroxycarbamoyl]-4-[[4-methoxybenzenesulfonyl](benzyl)amxno] -1-[4-
xcolyl]pxpendme dihydrochloride, m.p. 168°C.
Ex/am_gg_;g Ethyl 2- [[4-methoxybenzenesulfony1](benzyl)ammo]acetate (11.20 g, 30.9
qmol) is dissolved in methanol (100 mL). To this solution is added hydroxylamine
hydrochlonde (4.31 g, 62.0 mmol), followed by the addition of sodium methoxide, freshly
prepared from sodiuim (2.14¢,93.0 mmol) dissolved in methanol (55 mL). The reaction
is stirred overnight at room temperature. The reaction is worked up by partitioning
perween dilute hydrochloric acid (pH=~3) and ethyl acetate. The aqueous phase is
extracted well with ethyl acetate, the combined organic layers are dried (Na,SO,), and the
solvent is evaporated. The product is purified by silica gel chromatography (75 % ethyl
acetate/ hexane) to give N-hydroxy-2-{{4-methoxybenzenesulfonyl](benzyl)amino]-
acetamide, m.p. 112-114°C. .

The starting material is prepared as follows:.

Benzylamine (16.0 mL, 145.2 mmol) is dissolved in chloroform (110 mL), and the
solution is cooled to 0°C. To this solution is added 4-methoxybenzenesulfonyl chloride
(10.0 g, 48.4 mmol). The reaction is stirred at room temperature for 1 hour, and then
refluxed for 1 hour. After cooling back to room temperature, the reaction is washed three
times with 4N-hydrochloric acid (200 mL), twice with water (100 mL), once with brine
(30 mL), then dried (Na,SO,), and the solvent is evaporated to give N-[4-methoxy-
benzenesulfonyl]-benzylamine.

Sodium hydride (1.56 g of a 50 % oil dispersion, 33.0 mmol) is suspended in tetrahydro-
f“m!l (85 mL). To this is added a solution of N-[4-methoxybenzenesulfonyl]-benzylamine
90¢g,325 mmol) also in tetrahydrofuran (85 mL), and the reaction is stirred for 30
minutes at room temperature. Then ethyl bromoacetate (5.40 mL, 48.8 mmol) is added,

- and the reaction is stirred overnight at room temperature. The reaction is quenched with a
Small amount of water, and all the solvent is removed. The crude mixture is partitioned
between ethyl acetate and water, the aqueous phase is extracted several times with ethyl
%etate, the combined organic layers are dried (Na,SO,), and the solvent is evaporated.

The product is purified by silica gel chromatography (30% ethyl acetate/hexane) to give
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[4_;ﬁethoxybenzenesﬁlfony1](benzyl_)amino] acetate.

eﬁY‘ 2

wM’: The following compounds arc prepared similarly to Example 16:
N Hydmxy-Z-[[4»methoxybenzenesulfony1](isbbutyl)amino]acetamide, m.p.
v 3 .134°C, by coupling isobutylamine with 4-methoxybenzenesulfony! chloride in the
st SEDs and carrymg out the subsequent steps as described in example 16.
)N-Hydrox)"z [[4-methoxybenzenesu1fony1](cyclohexyhneﬂ1yl)ammo]acetanude m.p.
145-146°C, by coupling cyclohexanemethylamme with 4-methoxybenzenesulfonyl
;hloride in the first step, and carrying out the subsequent steps as described in example 16.

© N,Hydroxy-z-[[4-methoxybenzenesulfonyl](cyclohexyl)amino]acetamide, m.p.
118-149°C, by coupling cyclohexylamine with 4-methoxybenzenesulfonyl chloride in the
first step, and carrying out the subsequent steps as described in example 16.

id) N-Hydroxy-z-[[4-methoxybenzenesulfonyl](phenethyl)amino]acetamide, m.p.
137-138°C, by coupling phenethylamine with 4-methoxybenzenesulfonyl chloride in the
" firststep, and carrying out the subsequent steps as described in example 16. '

©) N-Hydroxy-2—[[4—methoxybenzenesulfonyl](3-methylbutyl)amino]acetamide, m.p.
108°C, by coupling 1-amino-3-methylbutane with 4-methoxybenzenesulfonyl chloride in
the first step, and carrying out the subsequent steps as described in example 16.

(0_N-Hydroxy-z-[[4-memobeenzenesulfony1](sec-butyl)amino]acetamide, m.p. 138°C, .
by coupling (sec)-butylamine with 4-methoxybenzenesulfonyl chloride in the first step,
and carrying out the subsequent steps as described in example 16.

3 N-Hydroxy-z-[[4-methoxybenzenesulfonyl](tert-butyl)ammo]acetam1de, m.p.
130-151°C, by coupling (ten)-butylamme with 4-methoxybenzenesulfonyl chloride in the
first step, and carrying out the subsequent steps as described in example 16.

lh) N"‘Il’droxy-z-[[4-methoxybenzenesulfonyl](4-t'luorobenzyl)ammo]acetannde, m.p.
ml: lgee, by coupling 4-fluorobenzylamine with 4-methoxybenzenesulfonyl chloride in
first step, and carrymg out the subsequent steps as described in example 16.
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(i) N-Hydroxy-2;[[4-methoxybenzehesulfonyl](4-chlorobenzyl)_amino]acetaﬁnide m.p.
121-123°C, by coupling 4-chlorobenzylamine with 4-methoxybenzenes'ulfonyl chloride in
the first step, and carrying out the subsequent steps as described in example 16.

(j) N-Hydroxy-2-[{4-me thoxybenzene_sﬁlfonyl] (isopropyl)amino]acetamide, m.p.
139-141°C, by coupling isopropylamine with 4-methoxybenzenesulfonyl chloride in the
first step, and carrying out the subseq'uent steps as described in example 16.

(k) N—Hydroxy—Z-[[4-methoxybenzenesulfony_l](44methylbenzyl)amino] acetamide, m.p.
133-135°C, by coupling 4-methylbenzylamine with 4-meﬂ10xybenzenesulfonyl chloride in
the first step, and carrying out the subsequent steps as described in example 16.

] N-Hydroxy-z-[[4-methoxybenzenesulfonyl] (B-phenyl-l-propyl)amino]a'cetamide by
coupling 3-phenyl-1-propylamine with 4-methoxybenzenesuifonyl chloride in the first
_ step, and carrying out the subsequent steps as described in example 16.

(m) N-Hydroxy-2'—[[4~methoxybenzenesulfonyl](4-pheny1bu_tyl)amino]acetamide, m.p. “
109-112°C, by coupling 4-phenylbutylamine with 4-methoxybenzenesulfonyl chloride in
the first step, and carrying out the subsequent steps as described in example 16. |

(n) N-Hydroxy-2-{[4-methoxybenzenesulfonyl] (2-cyclohexylethyl)amino)acetamide, m.p.
143-144°C, by coupling 2-cyclohexylethylamine with 4-methoxybenzenesulfonyl chloride
in the first step, and carrying out the subsequent steps as described in example 16.

(o) N-Hydroxy-2—[[4~methoxyben23nesulfonyl](4-phenylbenzyl)amino]acetamide by
coupling 4-phenylbenzylamine with 4-methoxybenzenesulfonyl chloride in the first step,
and carrying out the subsequent steps as described in example 16.

) N-Hydroxy~2—[[4-methoxybenzenesuifonyl](2,2,2-triﬂuomethy1)amino]acetamide,
m.p. 142-143°C, by coupling 2,2,2-trifluoroethylamine with 4-methoxybenzenesulfonyl
chloride in the first step, and carrying out the subsequent steps as described in example 16.

(qQ) N-Hydroxy-2-{[benzenesulfonyl](isobutyl)amino]acetamide, m.p. 130-131°C, by
coupling isobutylamine with benzenesulfonyl chloride in the first step, and carrying out
the subsequent steps as described in example 16. ' '
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oN- Hydmxy-z-[[4-mﬂuoromethylbenzenesulfonyl](1sobutyl)ammo]acetam1de m.p.
| 30_131 °C, by coupling isobutylamine with 4-tnﬂuoromethylbenzenesulfonyl chloride in
e first step, and carrying out the subsequent steps as descnbed in example 16.

s) N.Hydroxy-2-[[4-chlorobenzenesulfony1](1sobutyl)ammo]acetam1de m.p. 126-127°C,
by couphng isobutylamine with 4-chlorobenzenesulfonyl chloride in the first step, and
carrying out the subsequent steps as described in example 16.

@ N.Hydroxy-Z-[[4-memylbenzenesu1fonyl](isobutyl)amino]acefamide, m.p. 138-140°C,
by coupling isobutylamine with 4-methylbenzenesulfonyl chloride in the first step, and
carrying out the subsequent steps as descnbed in example 16.

0 N-Hydrox’y-z_-[[4-ﬂuorobenienesu1fonyi](iSobutyl)atnino]acetamide, m.p. 144-146°C,
by coupling isobutylamine with 4-fluorobenzenesulfonyl chloride in the first step, and
- carrying out the subsequent steps as described in example 16.

(v) N-Hydroxy-2-{[2-thiophenesulfonyl](isobutyl)aminojacetamide by coupling
wobutylamme with 2-thiophenesulfonyl chloride in the ﬁmt step, and carrying out the .
subsequent steps as described in example 16.

(w) N-Hyd_roxy-Z—[[benzenesulfonyl](benzyl)amino]acetamide, m.p. 90-93°C, by coupling
benzylamine with benzenesulfonyl chloride in the first step, and carrying out the
Q subsequent steps as described in example 16.

{x) N—Hydroxy-z-[[4~nin'obenzenesulfonyl](isobutyl)amino]acetarhide, m.p. 128-130°C,
by coupling isobutylamine with 4-nitrobenzenesulfonyl chloride in the first step, and
carrying out the subsequent steps as described in example 16. '

7] N-Hydroxy—z-[[4-(tert)—butylbenzeneSulfony_l](isobutyl)amino]acetamide, in.p.
113-114°C, by coupling isobutylamine with 4-(tert)-butylbenzenesulfonyl chloride in the
first step, and carrying out the subsequent steps as described in example 16.

@ N-Hydroxy-z-[[4-memyléulfonylbenzenesulfonyl](isobutyl)amino]acetamide, m.p.
159-161°C, by coupling isobutylamine with 4-methylsulfonylbenzenesulfonyl chloride in
the first step, and carrying out the subsequent steps as described in example 16.
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(a8) N-Hydroxy-2-{[3-trifluoromethylbenzenesulfonyl](isobutyl)amino}acetamide, m.p.
140-14 1°C, by coupling isobutylamine with 3-trifluoromethylbenzenesulfony! chloride in
he first step, and carrying out the subsequent steps as described in example 16.
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(bb) N-Hydroxy-z-[[2,4,6-trifnethy1benzenesulfonyl](isobutyl)amino]acetamide, m.p.
142-143°C, by coupling isobutylamine with 2,4,6-trimethylbenzenesulfonyl chloride in the
first step, and carrying out the subsequent steps as described in example 16.

(cc) N.Hydfoxy-z-[[2,5-dimet.hoxybenzenesulfonyl] (isobutyl)amino]acetamide, m.p.
50-53°C, by coupling isobutylamine with 2,5-dimethoxybenzenesulfonyl chloride in the
 first step, and carrying out the subsequent steps as described in example 16.

(dd) N-Hydroxy-2-{[3,4-dimethoxybenzenesulfonyl}(isobutyl)amino]acetamide, m.p.
146-148°C, by coupling isobutylamine with 3,4-dimethoxybenzenesulfonyl chloride in the
first step, and carrying out the subsequent steps as described in example 16.

(ce) N-Hydroxy-2-[[2,4,6-triisopropylbenzenesulfonyl] (isobutyl)amino]acetamide, m.p.
131-133°C, by coupling isobutylamine with 2,4,6-triisopropylbenzenesulfonyl chloride in
the first step, and carrying out the subsequent steps as described above.

(ff) N-Hydroxy-Z-[[S,S-dimethylisoxazdle'-_4—su1fony1(benzyl)amino]acétamide, m.p.
140°C, by coupling benzylamine with 3,5-dimethylisoxazole-4-sulfonyl chloride in the
first step, and carrying out the subsequent steps as described in example 16.

(gg) N-Hydroxy-2-[[2,4-dimethylthiazole-5-sulfonyl(benzyl)amino)acetamide, m.p. 55°C,
by coupling benzylamine with 2,4-dimethylthiazole-5-sulfonyl chloride in the first step,
and carrying out the subsequent steps as described in example 16. |

Example 18; Ethyl 2-[[4—methoxybenzenesu1fony1](4-meﬂ10xybenzyl)amino]acetate 0.90
& 2.3 mmol) is dissolved in methanol (20 mL). To this solution is added hydroxylamine
hydrochloride (0.80 g, 11.5 mmol), followed by the addition of sodium methoxide (5.2 mL
of 2 2.67M solution). The reaction is stirred overnight at room temperature. The reaction
i§ worked up by partitioning between dilute hydrochloric acid (pH=~3) and ethyl acetate.

| The aqueous phase is extracted well with ethyl acetate, the combined organic layers are

Washed with brine, dried (Na,SO,), and the solvent is evaporated. The product is

®erystallized from ether/ethyl acetate to give N-hydroxy-2-[[4-methoxybenzenesulfonyl]-
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(4-methoxybenzyl)amino]acetamide, m.p. 134-135.5°C.
The starting material is prepared as follows:

Glycine ethyl ester hydrochloride (31.39 g_,_225.0 mmol) is dissolved in dioxane (150 mL)
and water (150 mL), triethylamine (69.0 mL, 495.0 mmol) is added, and the solution is
cooled to 0°C. To this solution is added &methoxyben’_zenesﬁlfonyl chloride (51.15 g,
248.0 mmol) over 10 minutes. The reaction is warmed to room temperature and stirred
overnight. The next day the mixture is reduced to one-half volume by evaporating

solvent, diluted with 1IN sodium hydroxide, and extracted well with ether. The combined
organic layers are washed with brine, dried (Na,S0O,), and the solvent is evaporated. The
product is recrystallized from ether/ethyl acetate/hexanes to nge ethyl 2-[[4-methoxy-
benzenesulfonyl]ammo] acetate.

To a suspension of sodium hydride (0.906 g, 22.67 mmol) in dimethylformamide (50.0 -
mL), is added ethyl 2—[[4-methoxybenzenesulfonyl]arhino]acetate (4.13 g, 15.11 mmol)
and 4-methoxybenzyl chloride (2.17 mL, 15.87 mmol), and the reaction is stirred
overnight at room temperature. The reaction is cooled to 0°C, quenched with IN
hydrochloric acid, and extracted well with ether. The combined organic layers are washed
with brine, dried (Na,SO,), and the solvent is evaporated. The product is recrystallized
from ether/hexanes to give ethyl 2—[[4—methoxybenzenesulfonyl](4-methoxybehzyl)—

* amino]acetate.

Exémgle 19: The following compounds are prepared similarly td example 18:

(a) N-Hydroxyéz-[[4—methoxybenzen_esulfony1](2-picolyl)amino]acetamide, m.p.
138.5-139.5°C, by alkylating ethyl 2-[{4-methoxybenzenesulfonylJamino]acetate with

2-picqul chloride in the second step, and carrying out the other steps as described in
example 18.

b) N-Hydroxy-z-[[4-methoxybenzenesulfony1](3-picolyl)amino]acetamidé, m.p.
144-145°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyllamino}acetate with

3-picolyl chloride in the second step, and carrying out the other steps as described in
€xample 18.

(© N-Hydroxy-z-[[44methoxybenzeneSulfonyl](piperonyl)amino]acgtamide, m.p.
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143-144°C, by alkylating ethyl 2- [[4~methoxybenzenesulfonyl]ammo]acetate with

p1perony1 chloride in the second step, and carrymg out the other steps as descnbecl in
example 18.

(<)) N-Hydroxy42-[[4-methoxybenzénesulfonyl](2~piperidinylethyl)amino]acetamide, m.p.
120-122°C, by alkylating ethyl 2-[[4—methoxybenzenesulfonyl]amino]acetate with
N-(2-chloroethyl)-piperidine in the second step, and carrying out the other steps as
described in example 18.

Example 20: (a) N-(t-Butyloxy)-2-[[4-methoxybenzenesulfonyl](2-quinolinylmethyl)-
aminojacetamide (1.15g, 2.42 mmol) is dissolved in methylene chloride (30.0 mL) and
ethanol (0.20 mL) in a glass sealed tube. Hydrochloric acid gas (from a lecture bottle) is
bubbled through the solution for 20 minutes, and then the tube is sealed and stands at room
temperature overnight. The next day, additional hydrochloric acid gas is bubbled
through the solution for 20 minutes, more ethanol (0.20 mL) is added, and then the tube is
sealed and stands at room temperature for two days. After that time, the solvent is
removed. The product is purified by silca gel chromatography (5% to 15% methanol/-
methylene chloride with ~1% ammonium hydroxide) to give N-hydroxy-2-[[4-methoxy-
benzenesulfonyl](2-quinolinylmethyl)amino]acetamide, m.p. 177-178°C.

The starting material is prepared as follows:

To a suspension of sodium hydride (0.84 g, 35.0 mmol) in dimethylformamide (120.0
mL), is added ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate (3.19 g, 11.67 mmol)
and 2- (chloromethyl)quinoline (2.62 g, 12.26 mmol), and the reaction is stirred for three
days at room temperature. Then, additional NaH (0.46 g, 11.67 mmol) is added, and the
reaction is heated to 50°C for 5 hours. The reaction is cooled to 0°C, quenched with
water, and extracted well with ether. The combined organic layers are washed with brine,
dried (Na,SOy,), and the solvent is removed to give ethyl 2-[{4-methoxybenzenesulfonyl]-
(2-qu1nolmylmethyl)ammo]acetate

Ethyl 2-[[4—methoxybenzenesulfonyl](Z-quinolinylmethyl)amino]acetate (4.0g,9.63
mmol) is dissolved in tetrahydrofuran (70.0 mL). To this solution is added lithium
hydroxide (18.0 mL of a 1N aqueous solution, 18.0 mmol), and the reaction is stirred at
room temperature overnight. The tetrahydrofuran is evaporated, the reaction is then
acidified to pH =~3 using 1N hydrochloric acid, and extracted well with ethyl acetate.
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The combined organic layers are dried (Na,SO,), and the solvent is evapofated to give
- 2-[[4-methoxybenzenesulfonyl](2-quinolinylmethyl)aminojacetic acid hydrochloride.

2-[[4-methoxybenzenesulfonyl] (2~quinolinylr_nethyl)amino]acetic acid hydrochloride (1.49
g, 3.35 mmol), 1-hydroxybenzotriazole (0.539 g, 3.52 mmol), 4-methylmorphol_ine (1.55
mL, 14.9 mmol), and O-t-butylhydroxyl amine hydrochloride (0.464 g, 3.70 mmol) are
dissolved in inethylene chloride (50.0 mL), and the reaction is cooled to 0°C. To this
solution is added N- [dimethylaminbpropyl]-N’~ethy1carbodiimide hydrochloride (1.35 g,
7.04 mmol), and the reaction is allowed to warm up to room temperature and stir
overnight. The reaction is diluted with more methylene chloride, and the organic layer is
washed with saturated sodium bicarbonate, brine, dried (MgSO,), and the solvent is
evaporated. The product is purified by silica gel chromatography (1% methanol/-

methylene chloride)to give N-(t-butyloxy)-2-[[4-methoxybenzenesulfonyl] (2-quinolinyl-
- methyl)aminoJacetamide.

- (b) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](4-picolyl)amino]-
acetamide hydrochloride, m.p. 193°C, 'by alkylating ethy! 2-[[4-methoxybenzenesulfonyl]-
amino]acetate with 4-picolyl chloride in the second step, and carrying out the other steps .
as described above.

Example 21: (a) 2~[[4-Methoxybenzenesulfonyl](6-chloropiperony1)amino]acetic acid
(1.87 g, 4.51 mmol) is dissolved in methylene chloride (45.0 mL). To this solution is
added oxalyl chloride (0.784 mL, 9.02 mmol) and dimethylformamide (0.35 mL, 4.51
mmol), and the reaction is stirred at room temperature for 60 minutes. Meanwhile, in a
separate flask, hydroxylamine hydrochloride (1.25 g, 18.04 mmol) and triethylamine (3.77
mL, 27.06 mmol) are stirred in tetrahydrofuran (20.0 mL) and water (5.0 mL) at 0°C for
15 minutes. After 60 minutes, the methylene chioride solution is added in one portion to
the second flask, and the combined contents are stirred overnight as the flask gradually
warms up to room temperature. The reaction is then diluted with acidic water (pH =~3),
and extracted several times with ethyl acetate. The combined organic layers are dried
(Na,SO,), and the solvent is evaporated The product is recrystallized from ethyl
acetate/methanol/acetone to give N-hydroxy-2- [[4-methoxybenzenesulfonyl](6-chloro-
piperonyl)amino) acetamide, m.p. 168- 169°C.

The starting material is prepared as follows:
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To a suspension of sodium hydride (1.08 g, 27.06 mmol) in dimethylformamide (180.0
mL), is added ethyl 2—[[4-methoxybenzenesulfonyl]amino]acetate (4.93 g, 18.04 mmol)
and 6-ch10ropiperony1 chloride (3.88 g, 19.0 mmol), and the reaction is stirred overnight at
room temperature. The reaction is cooled to 0°C, quenched with 1N hydrochloric acid,

and extracted well with ether. The combined organic layers are washed with brine, dried
(Na,SO,), and the solvent is evaporated. The product is recrystallized from ether/hexanes
to give éthyl 2-{[4-methoxybenzenesulfonyl](6-chloropiperonyl)aminojacetate . '

Ethyl 2-{[4-methoxybenzenesulfonyl](6-chloropiperonyl)amino]acetate (2.12g, 4.79
mmol) is dissolved in tetrahydrofuran (40.0 mL). To this solution is added lithium
hydroxide (10.0 mL of a 1N aqueous solution, 10.0 mmol), and the reaction is stirred at
room temperature overnight. The tetrahydrofuran is evaporated, the reaction is then
acidified to pH =~3 using 1N hydrochloric acid, and extracted well with ethyl acetate.
The combined organic layers are dried (Na,SO,), and the solvent is evaporated to give _
2—[[4-methoxybenzenesulfonyl] (6- chloropiperonyl)amino]acetic acid.

(b) Similarly prepared is N-hydroxy-2-{[4-methoxybenzenesulfonyl](3,4,5-trimethoxy-
~ benzyl)amino]acetamide, m.p. 116-118°C, by alkylating ethyl 2-[[4-methoxybenzene-
sulfonyl]amino]acetate with 3,4,5-trimethoxybenzyl chloride in the second step; and.
carrying out the other steps as described above. >

(c) Similarly prepared is N-hydroxy-z-[[4—methoxybenzenesulf6nyl] (3-methoxybenzyl)-
aminojacetamide, m.p. 118-119°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]-
amino}acetate with 3-methoxybenzyl chloride in the second step, and carrying out the
other steps as described above.

Example 22: Ethyl 2-[[4-methoxybenzenesulfonyl](2-_[4-morpholino]et.hyl)amino]acetate
(7.1 g, 18.4 mmol) is dissolved in ethanol (100 mL), 'followgd by the addition of sodium
spheres (1.1 g). To this solution is added hydroxylamine hydrochloride (2.47 g, 35.5
mmol). The reaction is refluxed overnight. The reaction is worked up by removing most
of the solvent, and partitioning between saturated sodium bicarbonate and ethyl acetate.

- The aqueous phase is extracted well with ethyl acetate, the combined organic layers are
washed with brine, dried (MgSO,), and the solvent is evaporated. The product is purified
by silica gel chromatography (80% ethyl acetate/16% methanol/4% acetic acid). The
solvent is removed to give the product containing residual acetic acid. The product is
partitioned between ethyl acetate and water (pH =7.1), the organic phase is dried
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(MgSO,), and the solvent is concentrated and then triturated with ether to give -

N-hydroxy~2-[[4-methoxybenzenesulfonyl](2—[4-morpholmo]ethyl)ammo]acetamlde m.p.
108-112°C.

The starting material is prepared as follows:

Ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate (13.7 g, 50.0 mmol) is dissolved in
ethanol (500 mL), followed by the addition of sodium spheres (2.5 g, 109.0 mmol). To
this solution is added N-(2-chloroethyl)morpholine hydrochloride (10.0 g, 53.7 mmol), the
reaction is stirred at room temperature for 2 hours, and then refluxed for 1.5 hours. The
reaction is partitioned between eﬂiyl acetate and brine. The aqueous phase is extracted

- well with ethyl acetate, the combined organic layers are dried (MgSO,), and the solvent is
evaporated to g1ve ethyl 2-[[4~methoxybenzenesulfonyl](2—[4-morphohno]eﬂ1yl)ammo]-
acetate.

Example 23: N-Hydroxy-z-[[4—aminobenzenesu1fonyl](isobutyl)amino]acetamide, m.p.
50-55°C, is obtained by hydrogenation of N-hydroxy-2-{{4-nitrobenzenesulfonyl]-

. (isobutyl)amino]acetamide (see example 17x), m.p. 128-130°, using 10% palladium on
carbon. -

The starting material is prepared according to example 16 by coupling isobutylamine and
4-nitrobenzenesulfonyl chloride in the first step thereof.

Example 24: N-Hydfoxy-Z—[[4-dimethylaminobenzenesulfonyl](isobutyl)amino]-
acetam_ide, m.p. 127-129°C, is obtained by methylation of N-hydroxy-2-{[4-amino-
benzenesulfonyl](isobutyl)amino]acetamide using the procedure from Synthesis p. 709,
1987.

Example 25: Ethyl 2-[[4-hexyloxybenzenesulfonyl](isobutyl)amino]acetate (1.22 g, 3.05
mmol) is dissolved in methanol (15 mL). To this solution is added hydroxylamine .
hydrochloride (0.43 g, 6.11 mmol), followed by the addition of sodium methoxide, freshly
prepared from sodium (0.35 g, 15.3 mmol) dissolved in methanol (5 mL). The reaction is

- stirred for 36 hours at room temperature. The reaction is worked up by partitioning
between dilute hydrochloric acid (pH=~3) and ethyl acetate. The aqueous phase is
extracted well with ethyl acetate, the combined organic layers are dried (Na2804). and the
solvent is evaporated. The product is crystallized from hexnae/ethyl acetate and collected
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aminolacetamide, m.p. 108-110°C.
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The starting material is prepared as follows: |

A solution of ethanethiol (15 mL) and methylene chloride (15 mL) is cooled to 0°C.
Aluminum trichloride (9.62 g, 72.2 mmol) is added (the solution turns green), and the
reaction is warmed to room temperature; Ethyl 2-[[4-methoxybenzenesulfonyl](isobutyl)-
amino]acetate (4.75 g, 14.44 mmol) is added in methylene chloride (5 mL), and the
reactiom is stirred for 3.5 hours at room temperature. The reaction is then slowly
quenched with water, and the crude reaction is partitioned between water and methylene
chloride. The aqueous layer is extracted well with methylene chloride, the combined
organic layers are dried (Na,SO,), and the solvent is evaporated. The product is purified
by silica gel chromatography (25% to 50% ethyl acetate/hexane) to give ethyl
2-[[4-hydroxybenzenesulfonyl)(isobutyl)amino]acetate.

Ethyl 2-[[4-hydroxybenzenesulfonyl](isobutyl)amino]acetate (1.0 g, 3.17 mmol) is
dissolved in dimethylformamide (16 mL). Cesium carbonate (1.03 g, 3.17 mmol) is added,
followed by 1-iodohexane (0.47 mL, 3.17 mmol), and the reaction is stirred overnight at
room temperature. The reaction is then partitioned between water and ethyl acetate, the
aqueous layer is extracted well with ethyl acetate, the combined organic layers are dried
(Na,SO,), and the solvent is evaporated. The product is purified by silica gel
chromatography (10% ethyl acetate/hexane) to give ethyl 2-[[4-hexyloxybenzene-
sulfonyl](isobutyl)amino]acetate.

Exam gle 26: The following compounds are prepared similarly to example 25:

(a) N-Hydroxy-2-[[4-ethoxybenzenesulfonyl](isobutyl)amino]acetamide,by using ethyl
iodide in the cesium carbonate alkylation step, and carrying out the subsequent steps as
described in example 25.

(b) N-Hydrdxy-z-[[4-butyloxybenzenesulfonyl](isobutyl)amino]acetamide, m.p.
125-127°C, by using iodobutane in the cesium carbonate alkylation step, and carrying out -

the subsequent steps as described in example 25.

(c) N-Hydroxy-2-[[4-(3-methyl)butyloxybenzenesulfonyl] (isobutyl)amino]acetamide, m.p.
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o 96°C, by using 1-iodo-3-methylbutane in the cesium carbonate alkylation step, and
rrying out the subsequent steps as described in example 25.

@) N- Hydroxy-Z-[[4-heptyloxybenzenesulfonyl](1sobutyl)ammo]acetam1de m.p.
120- .123°C, by using 1-iodoheptane in the cesium carbonate alkylation step, and carrying
out the subsequent steps as described in example 25.

© N_Hydroxy-Z-[[4-(cyclohexylmethoxy)benzenesulfonyl](isobutyl)amino] acetarnide,
np. 15-80°C, by using cyclohexylmethyl bromide in the cesium carbonate alkylation
siep, and carrying out the subsequent steps as described in example 25.

? 0 N.Hydroxy-z-[[4-isopropyioxybenzenesulfonyl](isobutyl)amino]acetamide, m.p.
¢5-66°C. by using isopropyl bromide in the cesium carbonate alkylation step, and carrying
out the subsequent steps as described in example 25.

() N-Hydroxy-2- [[¢éthoxyethoxybenzenes1ilfonyl}(isobutyl)amino]acetarhide, m.p.
111-114°C, by using 2-bromoethyl ethyl ether in the cesium carbonate alkylation step, and
carrying out the subsequent steps as described in example 235.

" Example 27: (a) N-(t-butyloxy)-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-
(2-methyl-5-tetrazolyl)methyl]acetamide (0.77 g, 1.55 mmol) is dissolved in methylene
chloride (2.0 mL) and ethanol (0.1 mL) in a glass sealed tube, and the reaction is cooled to

(0°C. Hydrochloric acid gas (from a lecture bottle) is bubbled through the solution for 20

+ minutes, and then the tube is sealed at room temperature for 3 days. After that time, the

solvent is removed, and the reaction is partitioned bét_ween ethyl acetate and saturated .
sodium bicarbonate. The organic phase is dried (Na,SO,), and the solvent is evaporated.

The product is purified by silica gel chromatography (2% methanol/methylene chloride) to

give N-hydroxy-2-[[4wmethoxybenZenesﬁlfonyl](benzyl)amino]-z-[(Z-methyl-S-

terazolyl)methyl]jacetamide, m.p. 72-75°C. .

The starting material is prepared as follows:

D-asparagine (13.2 g, 100.0 mmol) is dissolved in dioxane (75.0 mL) and water (125.0
mL), triethylamine (21.0 mL, 150.0 mmol) is added, and the solution is cooled to 0°C. To
his solution is added 4-methoxybenzenesulfonyl chloride (22.7 g, 110.0 mmol) over 10
Minutes. The reaction is warmed to room temperature and stirred for 3 days. The



IThis Sheet Has Been Replacec

IRAMTm

THIS SHEET HAS BEEN
REPLACED

- 63-

| p,eclpxtate is then filtered off, the ﬁltrate is acidified to pH=~4, and éxtracted well thh
othyl acetate. A first crop of pure product precipitates from the ethyl acetate and is
collected by filtration. A second crop is obtained by evaporating off the ethyl acetate, and
rinsing the solid obtained with water to remove inorganic salts. The two crops are
combined to give N-[4-methoxybenzenesulfonyl]-(D)-asparagine.

N.[4-methoxybenzenesulfonyl]7(D)-aspéragine (10.1 g, 33.3 mmol) is dissolved in
dimethylformamide (167.0 mL). Cesium carbonate (5.43 g, 16.66 mmol) is added,
followed by the addition of methyl iodide (2.22 mL, 33.3 mmol), and the reaction is
stirred overnight. The reaction is then diluted with saturated ammonium chloride (366.0
* ~ mL), and extracted well with ethyl acetate. The combined organic extracts are washed
with brine, dried (Na,SO,), and the solvent is evaporated. The crude product is _
recrystallized from toluene to provide N—[4-meth0xybenzenesulfonyl]-(D)—asgaragine
methyl ester. |

To a suspension of N-[4-methoxybenzenesulfonyl]-(D)-asparagine methyl ester (8.54 g,
27.0 mmol) in methylene chloride (47.0 mL) is added pyridihe_ (10.9 mL, 135.0 mmol).

* Ppara-toluenesulfonyl chloride (10.3 g, 54.0 mmol) is added, and the reaction'm'ixture is
allowed to stand without stirring at room temperature overnight. The next day; saturated
sodium bicarbonate is added (125.0 mL), and the mixture is stirred for 1 hour. The
mixture is then diluted with water and extracted well with ethyl acetate. The combined

organic extracts are washed with brine, dried (Na,SO,), and the solvent is evaporated

' * The crude product is recrystallized from 20% tetrahydrofuran/methanol to provide methyl

2(R)-[[4-methoxybenzenesulfonyllamino]-4-cyano-propionate. ' |

To a suspension of sodium hydride (0.93 g, 23.2 mmol) in dimethylfotm‘amide (95.0 mL),
is added methyl 2(R)-[[4-methoxybenzenesulfonyl]amino]-4-cyano-propionate (6.92 g,
23.2 mmol) in dimethylformamide (10.0 mL). After stirring at room temperature for 20
minutes, benzyl bromide (3.1 mL, 25.5 mmol) is added, and the reaction is stirred
overnight at room temperature. The reaction is then partitioned between ethyl acetate and
acidic water (pH=~5), the organic layer is dried (Na,SO,), and the solvent is evaporated.
The product is purified by silica gel chromatography (40% ethyl acetate/hexane) to give
methyl 2(R)-[[4-methoxyben'zenesulfonyl}(benzyl)amino]-4-cyano-propionate. _ '

Toa solution of methyl 2(R)-[[4-methoxybenzenes_ulfqnyl] (benzyl)amino]-4-cyano-
propionate (1.34 g, 3.47 mmol) in dimethylformamide (5.4 mL) is added triethylamine
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hydrochloride (0.95 g. 6.93 mmol) and sodium azide (0.45 g,-6.93 mmol). The reaction is
stirred at 110°C overnight. The next day, the solvent is evaporated, the residue is acidified
with IN hydrochloric acid (16.0 mL), and extracted well with ethyl acetate. The
combined organic extracts are washed with brine, dried (Na,SO,), and the solvent is
evaporated to yield methyl 2(R)-{[4-methoxybenzenesulfonyl}(benzyDamino]-
2-[(5-tetrazolyl)methyl]acetate. o

This crude tetrazole is dissolved in dimethylformamide (17.4 mL). Cesium carbonate

' (0.56 g, 1.73 mmol) is added, followed by the addition of methyl iodide (0.23 mL, 3.47

mmol), and the reaction is stirred overnight. ‘The reaction is then diluted with brine and
extracted well with ethyl acetate. The combined organic extracts are washed with brine,
dried (Na,SO,), and the solvent is evaporated. The product is purified by silica gel
chromatography (40% ethyl acetate/hexane) to give separately the two regioisomers:
methyl 2(R)-[[4-methoxybenzenesulfonyl] (benzyl)amino)-2-[(1-methyl-5-tetrazolyl)-
methyl]acetate (0.50 g); and methyl 2(R)-[[4-methoxybenzenesulfonyl]}(benzyl)amino}-

2-[(2-methyl-5-tetrazolyl)methyl]acetate.

Methyl 2(R)-[[4-methoxybenzenesulfonyl}(benzyl)amino}-2-[(2-methyl-5 -tetrazolyl)- .
methyl)acetate (1.0 g, 2.27 mmol) is dissolved in tetrahydrofuran (11.3 mL) and water
(11.3 mL). To this solution is added lithium hydroxide hydrate (0.095 g, 2.27 mmol), and
the reaction is stirred at room temperature for 2 hours. The reaction is then acidified to
pH#~3 using 1N hydrochloric acid, and extracted well with ethyl acetate. The combined
organic extracts are washed with brine, dried (Na,SO,), and the solvent is evaporated to

_provide 2(R)-[[4-methoxybenzenesulfonyl] (benzyl)amino]-z-[(2-methyl'-5-tetrazolyl)—

methylJacetic acid (0.96 g).

Z(R)-_[[Lmemoxybenzenesulfonyll(benzyl)aminol-2-[(2-methyl-S-tetrazolyl)methyllacetic :
acid (0.96 g, 2.24 mmol), 1-hydroxybenzotriazole (0.30 g, 2.24 mmol), 4-rnethy1-
morpholine (0.86 mL, 7.89 mmol), and O-t-butylhydroxylamine hydrochloride (0.30 g,
2.24 mmol) are dissolved in methylene chloride (75.0 mL). N-[dimethylaminopropyi}-
N’-ethylcarbodiimide hydrochloride (0.86 g, 4.48 mmol) is added, and the reaction is
stirred overnight. The reaction is then diluted with water and extracted with methylene
chloride. The combined organic extracts are washed with brine, dried (Na,S0O,), and the
solvent is évaporated The crude product is purified by silica gel chromatography (50%
ethyl acetate/hexane) to give N-(t-butyloxy)-2- [[4-methoxybenzenesulfonyl](benzyl)-
amino]-2- [(2-methyl-5-tetrazolyl)methyl]acetamxde
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(b) Similarly prepared is the other tetrazole regioisomer, N—hydroxy-z-[[4-methoxy- -
penzenesulfonyl](benzyl)amino]-2-[(1-methyl-5-tetrazolyl)methyljacetamide, m.p. 92-
96°C, by completing the synthesis as described above.

(c) Similarly prepared is N-hydroxy-2-[{4-methoxybenzenesulfonyl}(benzyl)amino}-2-
((5-tetrazolyl)methyl]acetamide, m.p. 91-94°C, by completing the synthesis as described
above, except trityl chloride is used to protect the tetrazole ring in place of methyl iodide.

(d) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl]}(4-phenylbenzyl)-
amino)-2-[(5-tetrazolyl)methyl)acetamide, m.p. 184°C, by completing the synthesis as
described above, except 4-chloromethylbiphenyl is used in place of benzyl bromide in the
! alkylation step. |

_Example 28: Oxalyl chloride (106 mL, 1.22 mol) is added over 1 hour to dimethyl-
formamide (92 mL) in methylene chloride (1250 mL) at 0°C. To.this is added a solution
of 2(R)-[[4-methoxybenzenesulfonyl] (3-picolyl)amino]-3-methylbutanoic acid
hydrochloride (248 g, 0.6 mol) in dimethylformamide (450 mL) over 1 hour, maintaining - . -
the temperature at 0°C. This solution is stirred an additional 2 hours at room temperature,

 and then added dropwise to a mixture of hydroxylamine (460 g of a 50% aqueous solution,
6.82 mol) in tetrahydrofuran (2400 mL). The reaction is stirred an additional 3 hours at
5°C, and then at room temperature overnight. The reaction mixture is filtered, the organic

* layer is collected, and the solvent is evaporated. The crude product is re-dissolved in

methylene chloride (2 L), washed with water (2 X 1 L), saturated sodium bicarbonate (4 X
1L}, brine (1 L), dried (Na,SO,), and the solvent is evaporated. The product is dissolved
in ethyl acetate (700 mL) and diluted with ether (1400 mL) to induce precipitation. The
pure product is collected by filtration to provide N-hydroxy—Z(R)-[[4—methoxybenzén¢-
suifonyl](3-picolyl)amino]-3-methylbutanamide. After conversion ta the hydrochloride

- salt, a white solid is obtained, m.p. 169-170°C (dec).

The starting material is prepared as follows:

To a solution of D-valine (2000 g, 17.09 mol) in water (16.9 L) and acetone (9.5 L),
Cooled to 5°C, is added triethylamine (4769 mL, 34.22 mol), and the reaction is sﬁfred for
30 minutes. Then a solution of 4-methoxybenzenesulfonyl chloride (3524 g, 18.48 mol) in
acetone (7.4 L) is added over 30 minutes, and the reaction is stirred at room temperature
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overnight. Most of the acetone is evaporated off, and the pH is adjuSte,d to pH=8.25 with
6N sodium hydroxide. The crude product is washed with toluene (2 X 10 L), and then the
oH is re-adjusted to pH=2.2 with 6N hydrochloric acid. The mixture is then extracted |

., with methylene chloride (3 X 12 L), the combined organic layers are washed with 2N
pydrochloric acid, water, dried (Na;SO,), and the solvent is evaporated to provide
N-[4-methoxybenzenesulfonyl]-(D)-valine. |
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To a solution of N-{4-methoxybenzenesuifonyl]-(D)-valine (8369 g, 29.13 mol) in
methanol (30 L) at 5°C is added thionyl chloride (2176 mL, 29.7 mol) over 2.5 hours.
After stirring for 3 hours at 5°C, the reaction is stirred for 36 hours at room temperature.
Most of the solvent is evaporated, and the crude product is dissolved in toluene (80 L);
The toluene layer is then washed with water (20 L}, saturated sodium bicarbonate (20 L),
water again (20 L), 2N hydrochloric acid'(20 L), brine (20 L), dried (Na,SO,), and the
solvent is evaporated. The solid obtained is dissolved in ethyl acetate (8 L) and heptane' _
(16 L) is added to induce crystallization. The precipitated product is collected by ﬁltration_
to provide methyl 2(R)-[{4-methoxybenzenesulfonyljJamino]-3-methylbutanoate.

" To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl]Jamino]-3-methylbutanoate
(1662 g, 5.52 mol) in dimethylformamide (10.9 L) is added 3-picolyl chloride
hydrochloride (947.3 g, 5.77 mol) followed by powdered potassium carbonate (2409.9 g,
17.36 mol). The reaction mixture is stirred at room temperature for 2 days. At that time,

4 additional quantities of 3-picolyl chloride hydrochloride (95 g) and powdered potassium

carbonate (241 g) are added, and the reaction is stirred for 3 more days. The solids are
then filtered away, the crude product is poured into water (22 L), and the pH is adjusted to
pH=8 with 6N sodium hydroxide. This solution is extracted well with toluene 4X10L),
. the combined organic layers are washed with water (2 X 12 L), and then with 6N
hydrochloric acid (3 X 1600 mL). This aqueous layer is then re-adjusted to pH=8 with 6N
sodium hydroxide, extracted with toluene (4 X 10 L), dried (Na,SO,), and the solvent is
evaporated. The 011 obtained is re-d1ssolved in ethyl acetate (12 L), cooled to 5°C, and to
this is added methanolic HCl (834 mL). After stirring for 2 hours, the precipitated product
is collected by filtration to give methyl 2(R)- [[4-methoxybenzenesulfonyl] (3-picolyl)-

' ammo]—3—methylbutanoate hydrochloride.

Methyl Z(R)-([4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoate

hydrochloride (7164 g, 16.7 mol) is added to a solution of water (27 L) and concentrated
 hydrochioric acid (9 L), and heated to 120°C for 3 days. After cooling down to room

4
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temperature, charcoal (350 g) is added, stirring i$ continued for 45 minutes, the reaction is
filtered, and the solvent is evaporated. The crude solid is re-dissolved in methanol (7.1L)
and ethyl acetate (73 L), and cooled to 3°C for 2 hours. The precipitated product is
collected by filtration to give 2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]- _ |
3-methylbutanoic acid hydrochloride. '

Example 29: N—Benzyloxy-Z(R)-[[4-methoxybenzenesu1fonyi] (3-picolyl)amino]-
3Qmethy1butanamide (see example 29a) is reacted with hydrogen in the presence of 10%
palladium on charcoal catalyst at room temperature and atmospheric pressure to yield-
N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanamide.
After conversion to the hydrochloride salt, a white solid is obtained, m.p. 169-170°C
(dec). '

(a) The N-(benzyloxy) substituted prodrug derivative of the above compound is prepared
as follows:

2(R)-[{4-methoxybenzenesulfonyl] (3-pic'ol_yl)amino]-3-methylbutanbic acid hydrochloride
is reacted with O-benzylhydroxylamine hydrochloride under conditions described for
reaction with O-t-butylhydroxylamine hydrochloride to yield'N-(benzyloxy)—Z(R)- -'
[[4-methoxybenzenesulfony1](3-pic01yl)amino]-3-methyl-butanamidé, m.p. 74.5-76°C.

(b) The corresponding N-(4—_methoxybenzyloxy) substituted prodrug derivative,
N-(4—methoxjrbenzyloxy)—2(R)-[[4-methoxybenzenesulfonyl](S-picolyl)amino]—
3-methyl-butanamide, is prepared as follows:

2(R)-[[4—methoxybenzenesulfonyl](3-picolyl)amino]-S-methylbutanoic acid hydrochloride
(2.41 g, 5.82 mmol), 1-hydroxybenzotriazole (0.786 g, 5.82 mmol), 4-methyl-morpholine
(1.9 mL, 17.46 mmol), and O-(4-methoxybenzyl)hydroxylamine (1.78 g, 11.63 mmol)
(prepared according to Pol. J. Chem. 55, 1163-1167 (1981)) are dissolved in methylene
chloride (55 mL). N-[dimethylaminopropyl}-N’-ethylcarbodiimide hydrqchloride (1.45¢,
- 7.57 mmol) is added, and the reaction is stirred overnight. The reaction is then diluted
with water and extracted with methylene chloride. The combined organic extracts are
washed with brine, dried (Na,SO,), and the solvent is evaporated. The crude product is
purified by silica gel chromatography (ethyl acetate followed by 5% methanol/ethyl
acetate) to give N-(4-methoxybenzyloxy)-2(R)-[[4-methoxybenzenesulfonyl]-

~ (3-picolyl)amino]-3-methylbutanamide, m.p. 45-53°C.
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gimilarly prepared are: (c) the N—(2,4-dimethoxybenzyloxy)-substituted prodrug
derivative, N-_(2,4~dimethoxybenzyloxy)-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)-
amino]-3-methyl-butanamide, m.p. 45-60°C;

(d) the N-(2-methoxybenzyloxy)-substituted prodrug derivative, N~(2-niethoxybenzyl—
oxy)-2(R)- [[4-methoxybenzenesulfonyl](3-p1colyl)ammo]-3-methyl-butanam1de m.p.
- 46-56°C.

_ Example 30: N-(t-Butyloxy)-2(R)-[{4-methoxybenzenesulfonyl](3-picolyl)amino]-

" 3(R)-(3-picolyloxy)butanamide (1.3 g, 2.4 mmol) is dissolved in methylene chloride (50
mL) conia.ining ethanol (0.14 mL, 2.4 mmol) in a round bottom flask, and the reaction is
cooled to -10°C. Hydrochloric acid gas (from a lecture bottle) is bubbled through for 20
minutes. The reaction is sealed, allowed to slowly warm to room temperature, and stirred
for two days. The solvent is reduced to 1/3 the volume by evaporation and the residue is

' - triturated with ether.- The mixture is filtered, the fiter cake is removed and dried in vacuo -
to provide N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl}(3-picolyl)amino]-
3(R)-(3-picolyloxy)-butanamide dmydrochlonde as a white solid; [oJp?=+35.26°

(c=5.58, DMSO).

The starting material is prepared as follows: -

To a solution of D-threonine (5.0 g, 0.042 mol) in water (50 mL) and dioxane (50 mL)
containing triethylamine (8.9 mL, 0.063 mol) at room temperature is added 4-methoxy-
benzenesulfonyl chloride (9.54 g, 0.046 mol). The reaction mixture is stirred overnight at
room temperature. Most of the dioxane is evaporated off, and the pH is adjusted to pH=2
with 1N HCL. The mixture is then extracted with ethyl acetate. The combined organic |
 extracts are washed with brine, dried (Na,SO,), and concentrated in vacuo to provide
N-{4-methoxybenzenesulfonyl]-(D)-threonine..

N-[4-methoxybenzenesulfonyl}-(D)-threonine (4.0 g, 13.84 mmol), 1-hydroxybenzo-
triazole (1.87 g, 13.84 mmol), 4-methylmorpholine (7.9 mL, 69.2 mmol), and O-t-butyl-
hydroxylamine hydrochloride (5.22 g, 41.52 mmol) are dissolved in methylene chloride
(100 mL). To this solution is added N-{dimethylaminopropyl]-N’-ethylcarbodiimide

- hydrochloride (3.45 g, 17.99 mmol), and the reaction is stirred overnight. The mixture is
then diluted with water and extracted with methylene chloride. The combined organic
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B ektracts are washed with brine, dried (Na,SO,), and concentrated in vacuo. The crude
product is purified by silica gel chromatography (ethyl acetate) to give N-(t-butyloxy)-
2(R)-[[4-methoxybenz_enesulfonyl]-amino]-3(R)-hyd'roxybutanamide.

To a solution of N-(t—butyloxy)-Z(R)—[_[4-methoxybenzenesulfonyl]amino]-3(R)-
hydroxybutanamide (3.04 g, 8.44 mmol) in dimethylfonnamide (150 mL) is added
3-picolyl chloride hydrochloride (1.45 g, 8.87 mmol) followed by potassium carbonate
(11.65 g, 84.4 mmol). The reaction mixture is stirred at room temperature ovemnight, then
heated to 45°C for 5 hours. An additional amount of 3-picolyl chloride hydrochloride
(692.0 mg, 4.23 mmol) is added at this point. The reaction mixture is stirred at 45°C for .
10 hours. The reaction mixture is diluted with water and extracted with ethyl acetate. The
combined organic extracts were washed with brine, dried (Na,SO,), and concentrated in
vacuo. The crude product is purified by silica gel chtomatography (ethyl acetate, then 5%
methanol/methylene chloride) to give N-(t-butyloxy)-2(R)- [[Lmemoxybenzenesulfonyll-
(3-picolyl)amino]}-3(R)- (3-p1colyloxy)butanam1de

Example 31: (a) N-(t-Butyloxy)-Z(R)-[[4-methoxybenzenesulfonyl](4~picolyl)a'mino]—
cycloheiylacetamide (1.9 g,3.9 mmol) is _dfssolved in dichloroethane (50 mL) containing
ethanol (0.21 ml, 3.9 mmol) in a round bottom flask, and the reaction is cooled to -10°C.
Hydrochloric acid gas (from a lecture bottle) is bubbled through for 30 minutes. The
reaction is sealed, allowed to slowly warm to room temperature, and stirred for 4 days.
The solvent is reduced to 1/3 volume by evaporation and triturated with ether. The
mixture is filtered, filter cake removed, and dried in vacuo to provide N-hydroxy-2(R)-
[[4-methoxybenzenesulfonyl]}(4-picolyl)amino}-2-cyclohexylacetamide hydrochloride as a
white solid, m.p. 154.5-156°C.

‘The starting material is prepared as follows:

- To a solution of D-cyclohexylglycine hydrochloride (10.4 g, 53.7 mmol) in 1:1
dioxane/water (200 mL) containing triethylamine (37.0 g, 366.0 mmol) at room
temperature is added 4-methoxybenzenesulfonyl chloride (15.0 g, 73.0 mmol), and the
reaction mixture is stirred at room temperature overnight. The mixture is then diluted with
methylene chloride, washed with 1N aqueous hydrochloric acid and water. The organic
layer is washed again with brine, dried (Na,SO,), and the solvent is evaporated to provide
N- [4-methoxy-ben_zenesulfonyl]-(D)-cyclohexylgl_ycine as a crude product. A solution of
this crude product in toluene (200 mL) containing N,N-dimethylformamide di-t-butyl
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acetal (48.5 mL, 200.0 mmol) is heated to 95°C for 3 hours. The solvent 1s then
evaporated. The crude product is purified by silica gel chromatography (30% ethyl
acetate/hexanes) to provide N-[4-methoxybenzenesulfonyl](D)-cyclohexylglycine t-butyl
ester. |

To a solution of N-[4—me'thbxybenzenesulfonyl]-(D)-cyclohexylglycine t-bhtyl ester (2.0
g, 4.1 mmol) in dimethylformamide (100 mL) is added 4-picolyl chloride hydrochloride
(0.74 g, 4.5 mmol) followed by potassium carbonate (5.61 g, 40.7 mmol). The reaction
mixture is stirred at room temperature for 4 days. The mixture is then diluted with water
and extracted with ethyl acetate. The combined organic extracts are washed with brine,
dried (N2,SO,), and the solvent is evaporated. The crude.product is purified by silica gel
chromatography (ethyl acetate) to give t-butyl 2(R)-[[4-methoxybenzenesulfonyl]-
(4-picolyl)amino]-2-cyclohexylacetate.

- t-Butyl 2(R)-[[4wmethoxybenzenesulfonyl](4-picolyl)amino]-cyclohexyla cetate (2.0 g, 4.2 |
_ mmol) is dissolved in methylene chloride (80 mL) and cooled to -10°C. Hydrochloric acid
| gas is bubbled into the solution for 10 minuntes. The reaction mixture is then sealed,
warmed to room témperature and stirred overnight. The solvent is then evaporated to
provide 2(R)- [[4~methoxybenzenesulfonyl](4-pxcolyl)ammo] 2—cyclohexylacet1c acid
hydrochlonde

2(R)-[[4-Methoxybenzenesulfonyl](4-picolyl)amino]-cyclohexylacetic acid hydrochloride
(1.8 g, 4.2 mmol), 1-hydroxybenzotriazole (0.65 g, 4.81 mmol), 4-methyl-morpholine (2.4
mL, 24.04 mmol), and O-t-butylhydroxylamme hydrochloride (1.81 g, 14.4 mmol) are
dlss_olved in methylene chloride (100 mL). N-[dunet.hylammopropyl_]—N’ -ethyl-
carbodiimide hydrochloride (1.2 g, 6.25 mmol) is added, and the reaction is stirred

- overnight. The reaction is then diluted with water and extracted with methylene chloride.
The combined organic extracts are washed with brine, dried (Na2,S0,), and the solvent is
evaporated. The crude product is purified by silica gel chromatography (5% _ _
methanol/methylene chloride) to give N-(t-butyloxy)-2(R)-[[4-methoxybenzenesulfonyl]-.
(4-picolyhamino)-2-cyclohexylacetamide. |

(b) Similarly prepared is N—hydroxy-z(R)-[[4—methoxybenzenesulfonyl](2-(2-pyndyl)-
| ethyl)ammo]-2-cyclohexylacetam1de, m. p 131.5-134.0°C.

The first two steps are carried out as described above. A Mitsunobu step is substituted for
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the alkylation Step as described below.

To a stirring solution of N-[.4-methoxybenzenesulfonyl]-(D)-cyclohexylglycine-t-butyl
ester (2.0 g, 5.25 mmol) in tetrahydrofuran (50 mL) is added triphenylphosphine (4.13 g,
15.75 mmol) and 2-(2-hydroxyethyl)-pyridine (646.0 mg, 5.25 mmol) followed by diethyl
azodicarboxylate (2.28 g, 13.1 mmol). The reaction mixture is stirred at room temperature
for 48 hours. The mixture is concentrated directly in vacuo. The crude mixture is applied
to a column of silica gel (30% ethylacetate/hexane) to provide t-butyl
2(R)-[N-[4-methoxybenzenesulfonyl](2-(2-pyridyl)ethyl)amino]- 2-cyc10he:tylaceta'te:

.' All of the subsequent steps are carried out as described under (a).

(c) Similarly prepared is N-hydroxy-2(R)-{[4-methoxybenzenesulfonyl](3-(3-pyridyl)-
propyl)amino]-2-cyclohexylacetamide, m.p. 136.0-138°C, by using 3-pyridinepropanol in
the Mitsunobu step, and carrying out the subsequent steps as described above.

(d) Similarly prepared is N-hydro_xy-Z(R)-[[4¥methoxybenzenesulfonyi](2-methyl-
pyrid-5-ylmethyl)amino]-2-cyclohexylacetamide, m.p. 156.5-157.0°C, by using
6-methyl-3-pyridinemethanol (prepared as in J. Org. Chem. 53 3513 (1988)) in the
Mitsunobu step, and carrying out the subsequent steps as described above.

(e) Similarly prepared is N-hydroxy-2(R)-{{4-methoxybenzenesulfonyl](4-tetrahydro-

‘ pyranmethyl)amino]-2-cyclohexylacetamide, m.p. 75.0-87.0°C, by using 4-(hydroxy-
methyDtetrahydropyran (prepared as in Okrytiya. Izobret. 82 (1985)) in the Mitsunoba
step, and carrying out the subsequent steps as described above.

Example 32: N—(t—Butyloxy)'-Z(R)-[(4-methoxyb¢nZénesulfbnyl)(benzyl)amino]-2-(4-N- .
methylpiperidinylacetamide (733.0 mg, 1.46 mmol) is dissolved in méthylene chloride
(60 mL) containing ethanol (67.0 mg, 146 mmol), and the reaction is cooled to -10°C.
Hydrochloric acid gas (from a lecture bottle) is bubbled through for 15 minutes. The
reaction is sealed, allowed to siowly warm to room temperature, and stirred for 6 days.
The solvent is reduced to 1/3 volume by evaporation and triturated with ether. The mixture
is filtered, filter cake removed, and dried in vacuo to provide N-hydroxy-
2(R)-[(4-methoxybenzenesulfonyl)(benzyl)amino]-2-(4-N-methylpiperidinyl)acetamide
hydrochloride as a light tan solid, m.p. >160°C (dec).
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" To a solution of ethyl 4—pyridylacetaté (11.17 g, 67.62 mmol) in 2N hydrochloric acid
(100 mL) is added platinum (IV) oxide (275 mg). The mixture is shaken in a Parr
hydrogenation apparatus for 60 hours under a hydrogen pressure of 50 psi (= 3.45 bar).
The reaction mixture is basified to pH 8-9 with saturated aqueous sodium carbonate and
then washed with methylene chloride. The aqueous layer is concentrated in vacuo
providing sodium 4-piperidyl acetate as a white solid. To a solution of the crude product
(5.0 g, 30.3 mmol) in 3:1 water/dioxane (200 mL) at 0°C is added a solution of
di-tert-butyldicarbonate (6.38 g,29.3 mmol) in dioxane (25 mL) in one portion. The

' cloudy reaction mixture is warmed to room temperature and stirred oyemi'ght. The mixture
is then filtered, cooled to 0°C and acidified with cold 6N hydrochloric acid (pH=2-3).This
solution is extracted with ethyl acetate. The combined organic layers are dried (Na,SO,),
and the solventis evaporated to provxde N-t-BOC-p1pendme-4-acet1c acid as a white
crystallme solid.

To a solution of N-t-BOC-piperidine-4-acetic acid (4.67 g,-19.22 mmol) in tetrahydrofuran
at -78°C is added triethylamine (2.53 g, 24.99 mmol) followed by pivaloyl chloride (2.55
g, 21.14 mmol). The resulting white slurry is stirred at-78°C for 15 minutes, warmed to
0°C for 45 minutes, then recooled to -78°C. In a separate flask, (R)-(+)-4-benzyl-2-
oxazolidinone (4.09 g, 23.1 mmol) is dissolved in tetrahydrofuran (50 mL) and 1 M
n-butyl lithium in hexanes (14.4 mL, 23.06 mmol) is added dropwise at -78°C. The

‘ solution is added via cannula to the aforementioned white slurry at -78°C. The reaction
mixture is stirred at -78°C for 15 minutes, then warmed to room temperature over 2.5

~ hours. The mixture is quenched with saturated aqueous sodium carbonate and the

tetrahydrofuran is evaporated in vacuo. The remaining aqueous layer is diluted with water
and extracted with ethyl acetate. The combined organic extracts are washed with brine,
dried (Na,S0O,), and the solvent is evaporated under vacuum. The product is purified by
silica gel chromatography (75% to 50% hexane/ethyl acetate) to give 3-[2-(N-t-BOC-
4-pipéridinyl)-1-oxoeth'yl]-4(R)-(benzyl)-z-oxazolidinone.

To a solution of 3-[2-(N -t-BOC-4-piperidinyl)-l-oxoethyl]—4(R)-(benzyl)-z-oxazolidinone
(7.54 g, 18.76 mmol) in tetrahydrofuran (175 mL) at -78°C is added a 0.5 M solution of
~ potassium bis (trimethylsilylamide in toluene (37.5 mL, 18.76 mmol) dropwise. After
- stirring for 20 minutes at -78°C, a pre-cooled solution of trisylazide (7.25 g, 23.4 mmol) in
- tetrahjrdrofuran (55 mL) is added via cannula at -78°C. The mixture is stirred for 15
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minutes at -78°C, then acetic acid 3.38 g, 56.28 mmol) is added followed by immediate
warming to room temperature through immersion in a water bath. The reaction mixture is
gtirred for 1.5 hours at room temperature. The tetrahydrofuran is removed under vacuum
and the resulting residue is partitioned between saturated aqueous sodium carbonate and
ethyl acetate. The aqueous layer is removed and extracted with ethyl acetate. The
combined organic extracts are washed with brine, dried (Na,S0,), and concentrated in
yacuo. The product is purified by silica gel chromatography (30% to 50% ethyl
acetate/hexanes) to give 3-[2- (R)-amdo-z-(N-t-BOC-4~p1pendmyl) -1-0x0-

emyl]-4(R) (benzyl)-z-oxazohdmone

To a solution of 3-[2-(R)-azido-2-(N-BOC-4-piperidinyl)-l-oxoethyl] -4(R)-(benzyl)-
2-oxazolidinone (5.84 g, 13.17 mmol) in 3:1 tetrahydrofuran/water/200 mL) at 0°C is
added 30% aqueous hydrogen peroxide (5.12 mL, 52.67 mmol) followed by lithium
hydroxide monohydrate (1.11 g, 26.34 mmol). The reaction mixture is stirred at 0°C for 1
hour. The mixture is Qﬁenched by addition of sodium sulfite (7.1 g) at 0°C. The
tetrahydrofuran is removed in vacuo and the remaining aqueous layer is further diluted
with water. This aqueous layer is then washed with methylene chloride and acidified with
IN hydrochloric acid. The resulting acidic aqueous'layer is extracted with ethyl acetate.
The combined organic extracts are dried (Na,SO,4) and concentrated in vacuo to provide
crude 2-(R)-azido-2-(N-t-BOC-4-piperidinyl)acetic acid.

To a pre-stirred solution of tin (IT) chloride (3.14 g, 16.55 mmol) in methanol (100 mL) at
0°C is added 2-(R)-azido-2-(N-t-BOC-4-piperidinyl)acetic acid (2.35 g, 8.27 mmol) in
methanol (25 mL) dropwise. The reaction mixture is stirred at 0°C for 10 minutes then
warmed to roon_i temperature overnight. The methanol is removed in vacuo to provide
crude R-(N-t-BOC-4-piperidinyl) glycine, which is used directly in the next reaction
without purification. The crude product from the above reaction is dissolved in 2:1
dioxane/water (120 mL) and triethylamine (7.53 g, 74.43 mmol) and cooled to 0°C. To
this mixture is added 4-me’thoxybenzene$ulfony1 chloride (2.22 g, 10.75 mmol) and then
the reaction mixture is warmed to room temperature overnight. The dioxane is removed in
vacuo and the residue is partitioned between dilute aqueous sodium bicarbonate and ethyl
acetate. The basic aqueous layer is removed, acidifed with 1 N hydrochloric acid, and
extracted with ethyl acetate. The resulting emillsion.is passed through a celite pad washing
“with ethyl acetate. The organic filtrate is dried (Na,SO,) and concentrated in vacuo to
provide 2(R)- [(4-methoxybenzenesulfonyl)ammo]-2-(N-t-BOC-4-p1per1dmyl) acetic acid
as crude product.
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A solution of crude 2(R)-[(4-methoxybenzenesulfonyl)amino]-z-(N—t-BOC-4-piperidin-
yl)-acetic acid (2.88 g) in dimethylformamide (60 mL) containing N,N-dicyclohexylamine
(1.22 g, 6.73 mmol) and benzyl bromide (1.15 g, 6.73 mmol) is stirred at room |
temperature for 3.5 hours. To this same reaction mixture is again added.benzyl bromide
(1.26 g,'7.4 mmol) followed by'potassi_um carbonate (6.5 g, 47.11 mmol). The reaction
mixture is stirred over the weekend at room temperature. The mixture is diluted with
water and extracted with ethylacetate. The combined organic extracts are washed with
brine, dried (Na,SO,), and concentrated in vacuo. The crude product is purified by silica
gel chromatography (15% to 25% ethyl acetate!hexahes) to provide benzyl
2(R)-{(4-methoxybenzenesulfonyl)(benzyl)-amino]-2-(N-t-BOC-4-piperidinyDacetate.

A solution of benzyl 2(R)-[(4-methoxybenzenesulfonyl)(benzyl)amino}-2-(N-t-BOC-4-
piperidinyl) acetate (2.0 g, 3.3 mmol) in dichloromethane (50 mL) is cooled to 0°C and
hydrochloric acid gas (from a lecture bottle) is bubbled through for 10 minutes. The
reaction mixture is warmed to room temperature over 30 minutes. The solvent is removed
in vacuo to yield benzyl 2(R)-{(4-methoxybenzenesulfonyl)(benzyl)- '
amino}-2-(N-t-BOC-4-piperidinyl) acetate hydrochloride as a white foam.

To a solution of benzyl 2(R)- [(4-methoxybenzene sulfonyl)(benzyl)amino}-2-(N-t-BOC-
4-piperidinyl) acetate hydrochloride salt (1.28 g, 2.35 mmol) heated to reflux is added
sodium formate (480.0 mg, 7.06 mmol) and formaldehyde (0 57 mL, 7.06 mmol). The
reaction mixture is refluxed for 10 minutes, then two additional aliquots of formaldehyde
(0.57 mL, 7.06 mmol) are added at 10 minute intervals. The reaction mixture is refluxed
for an additional 3 hours. The formic acid is removed in vacuo and the residue is partioned
- between saturated aqueous sodium bicarbonate and ethyl acetate. The basic aqueous layer
is further extracted with ethyl acetate. The combined organic extracts are washed with
brine, dried (Na,SO,) and concentrated in vacuo to provide benzyl 2(R)-[(4-methoxy- |
benzenesulfonyl)benzyl)amino]-2-(4-N-methylpiperidinyl) acetate as a crude product. A
solution of this crude product (1.23 g) in 3N HCI (40 mL) is refluxed at 120°C for 2 days
The mixture is concentrated in vacuo to provide acid as a crude product To a solution of
this crude product (1.08 g) in methylene chloride {75 mL) is added 1-hydroxy-
benzotriazole (0.312 g, 2.31 mmol), 4-methylmorpholine (1.64 g, 16.17 mmol),
O-t-butylhydroxylamine hydrochloride (870.0 mg, 6.93 mmol), followed by
N-[dimethylaminopropyl]-N’-ethylcarbodiimide hydrochloride (576.0 mg, 3.0 mmol).
The reaction mixture is stirred at room temperature overnight.  The reaction is then diluted
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with water and extracted with methylene chloride. The combined organic extracts are
washed with brine, dried (Na,S0,), and the solvent is evaporated. The crude product is
punfied by silica gel chromatography (3% o 7% methanol/methylene chloride containing
0.5% ammonium hydroxide) to give N-(t-butyloxy)-2(R)- [(4»methoxybenzenesu1fonyl)-
(benzyl)am1no]-2 (4-N-methylplpendmyl)acetaxmde o

Example 33: Preparation of 3000 capsules each containing 25 mg of the active ingredient,
for example, N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)-
amino]-3-methylbutanamide hydrochloride:

Active ingredient 75.00 g
Lactose - ' _ 750.00g
Avicel PH 102 _ 300.00 g
(microcrystalline cellulose) E _

- polyplasdone XL . S 30.00 g
(polyvinylpyrrolidone) '
Purified water q.s.
Magnesium stearate ' o - 9.00g

The active ingredient is passed through a No. 30 hand screen.

The active ingredient, lactose, Avicel PH 102 and Polyplasdone XL are blended for 15
minutes in a mixer. The blend is granulated with sufficient water (about 500 mL), dried in
an oven at 35°C overnight, and passed through a No. 20 screen.

Magnesium stearate is passed through a No. 20 screen, added to the granulation mixture,
and the mixture is blended.for 5 minutes in a mixer. The blend is encapsulated in No. 0

hard gelatin capsules each contanung an amount of the blend equivalent to 25 mg of the
active ingredient.
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(a) wherein
Aris carbocjrclic or heterocyclic aryl;

R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic |
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower

- alkyl, C5-Cy-cycloalkyl, C;-C;-cycloalkyl-lower alkyl, (oxa or thia)-C;-Cg-cycloalkyl,
[(oxa or thia)-C;-Cg-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl,
lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or suifonyl)-lower alkyl, (amino,
mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower |
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl,
or (morpholino, thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower
alkylpiperidyl)-lower alkyl;

R, is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower
alkyl, C5-C5-cycloalkyl, C5-C;-cycloalkyl-lower alkyl, hydroxy-lower alkyl,
acyloxy-lower alkyl, lower alkoxy-lower alkyl, (carbocyclic or heterocyclic aryl)-lower
alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower a]le, (amino, mono- or
di-lower alkylamino)-lower alkyl, (N-lower alkyl-piperazino or N-éarbocyélic or
heterocyclic aryl-lower alkylpiperazino)-lower alkyl, (morpholino, thiomorpholino,
piperidino, pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl, acylammo—lower
alkyl, p1pendy1 or N-lower alkylptperxdyl

R, is hydrogen or lower alkyl;
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(b) or wherein R and R, together with the chain to which they are attached form a
1,2,3,4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring,
each unsubstituted or substituted by lower alkyl; and Ar and R, have meaning as defined
under (2); h

(c) or wherein R; and R, together with the carbon atom to which they are attached forma -
ring system selected from C;-C;-cycloalkane which is unsubstituted or substituted by
ljower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin, piperidine or piperidine
substituted on nitrogen by acyl, lower alkyl, carbo(:ycl_ic or heterocyclic aryl-lower alkyl,
(carboxy, esterified or amidated carboxy)-lower alkyl or by lower alkylsulfonyl; and Ar
and R have meaning as defined under (a); |

. a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically
acceptable salt thereof. . - '

2. A compound according to claim 1 of the formula Ia |

/ \
o CHy CHy o
T |
HO—l;I—C—(ll-—-N—IS'—Ar (Ta)
H Ry o)

wherein X represents methylene or 1,2-ethylene each unsubstituted or substituted by lower
alkyl, or X represents oxygen, sulfur, or 1,2-phenylene; Ar and R, have meaning as
defined in claim 1; or a pharmaceutically acceptable prodrug derivative thereof; or a
pharmaceutically acceptable salt thereof.

3. A compound according to claim 1 of the formula Ib

B
(o} CH, O
HO—N ﬂ Cc— 1!: |sI Ar (Ib) |
A [
H 2 CHp o)
N\
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wherein Y is a direct bond, C,-C,-straight chain alkylene optionally substituted by lower

- alkyl, CH,OCH,, CH,SCH,, 1,2-phenylene, CH,-1,2-phenylene or CH,N(Rg)-CH, in
which R represents hydrogen, lower alkanoyl, di-lower alkylamino-lower alkanoyl, aroyl,
carbocyclic aryl-lower alkanoyl, lower alkyl, carbocyclic or heterocylic aryl-lower alkyl,
(carboxy, esterified or amidated carboxy)-lower alkyl or lower alkylsulfonyl; Ar and R
have meaning as defined in claim 1; or a pharmaceutically acceptable prodrug derivative
thereof; or a pharmaceutically acceptable salt thereof. '

4. A compound according to claim 3 of the formula Ic

R
|
0 CH, O
pram. LI .
—a c

. in which Y’ represents oxygen, sulfur, a direct bond, methylene or méthyléne substituted
by lower alkyl; or NRg; Rg represents hydrogen, lower alkanoyl, di-lower
alkylamino-lower alkanoyl, carbocyclic aryl-lower alkanoyl, lower alkyl, carbocyclic or
heterocyclic aryl-lower alkyl, (carboxy; esterified or amidated carboxy)-lower alkyl or
lower alkylsulfonYl; Ar and R have meaning as defined in claim 1;0ra phﬁrmaceuti’cally _
acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt thereof.

5. A compound of formula I according to claim 1 wherein Ar is phenyl which is
unsubstituted or mono-, di- or tri-substituted by C,-C,q-alkoxy, hydroxy; phenyl-lower
alkoxy wherein phenyl is unsubstituted or substituted by lower alkyl, lower alkoxy,
halogen or trifluoromethyl; heterocyclic aryl-lower alkoxy wherein heterocyclic aryl is
selected from pyridyl, tet.razolyl, triazolyl, thiazolyl, thienyl, imidazolyl and quinolinyl,
each unsubstituted or mono- or disubstituted by lower alkyl or halogen ;

' C;-Cy-cycloalkyl-lower alkoxy, (lower alkyl, phenyl-lower alkyl or C;-C;-cycloalkyl- |
lower alkyl)-thio, lower alkyloxy-lower alkoxy, halogen, lower alkyl, cyano, nitro,
trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl), amino, mono- or di-lower alkylamino
or, on adjacent carbon atoms, by C,-C,-alkylenedioxy or oxy-C,-C;-alkylene; or Ar is
thienyl, isoxazolyl or thiazolyl each of which is unsubstituted or mono- or di-substituted
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R is hydrogen, lower alkyl, phenyl-lower aikyl .wherein phenyl is unsubstituted
substituted by lower alkyl, lower alkoxy, halogen o trifluoromethyl; phen l: Svh?rh i
unsubstituted or mono-, di- or tri-substituted by lower alkbxy. hydro,x'y ha)l,ooenlcl .
alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(thio, sulfinyl or » halogen, lower

S . . sulfonyl), amino, .
or di-lower alkylamino or, on adjacent carbon atoms, by C;-C,- alkylenedioy or mono

oxy-C_z-.C;,-alkylene; or a heterocyclic aryl radical selected from pyridyl, tetrazolyl,

| triazolyl, thiazolyl, thie_nyl, imidazolyl and quinolinyl, each unsubstituted or mono- or

~ disubstituted by lower alkyl or halogen; biphenylyl which is unsubstituted or substituted
by lower alkyl, lower alkoxy, halogen, trifluormethyl or Cyano; biphenylyl-lower alkyt
wherein biphenylyl is unSubstiu_xted or substituted by lower alkyl, lower alkoxy, halogen,
trifluormethy! or cyano; (pyridyl, thienyl, quinolinyl or thiazolyl)-lower alkyl,
trifluormethyl, C;-C4-cycloalkyl, C;-Co-cycloalkyl-lower alkyl, (oxa or
thia)-C;-Cg-cycloalkyl, [(oxa or thia)-C3-C6-cycloall;yl]-lower alkyl, hydroxy-ldwer alkyl,
lower alkanoyloxy-lower alkyl, lower alkoxy-lower alkyl, lower alkyl-(thio, sulfiny! or
sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, lower

' alkanoylamino-lower alkyl, (N-lower alkyl-piperazino or N-phenyl-lower
alkylpiperazino)-lower alkyl or (morpholino, thiomorpholino, piperidino, pyrrolidino,
piperidyl or N-lower alkylpiperidyl)-lower alkyl;

R, is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen, trifluoromethyl or, on adjacent carbon
atoms, by C,-C,-alkylenedioxy or oxy-C,-C;-alkylene; phenyl which is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen or triflucromethyl; pyridyl, thienyl,
biphenylyl, biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl wherein heterocyclic
aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and tetrazolyl each

- unsubstituted or substituted by' lower alkyl; trifluoromethyl, C;-Cy-cycloalkyl,

C,-C,-cycloalkyl-lower alkyl, hydroxy-lower _a]kyl, lower alkanoyloxy-lower alkyl, lower

alkoxy-lower alkyl, (phenyl or pyridyl)-lower alkoxy-lower alkyl, lower alkyl-(thio,
sulfinyl or sulfonyl)-lower alkyl, (arnino, mono- or di-lower alkylamino)-lower alkyl,
(N-lower alkyl-piperazino or N-phenyl-lower alkylpiperazino)-lower alkyl, (morpholino,
thiomorpholino, piperidino, pyrrolidino; piperidyl or N-lower alkylpiperidy!)-lower alkyl,
lower alkanoylamino-lower alkyl; R3-CONH-lower alkyl wherein R; represehts (di-lower
alkylamino, N-lower alkylpiperazino, morpho_lino, thiomorpholino, piperidino, pyrrolidino

or N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl;
' This Sheet Has Been
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(b) or wherein R and R, together with the chain to which they are attached form a
1,2,3,4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring,
each unsubstituted or mono- or di-substituted by lower alkyl; and Ar and R, have meaning |
as deﬁned under (a); : '

(c) or wherein R, and R, together with the carbon atom to which they are attached form a
ring system selected from C3-C7-cyclda1kane which is unsubstituted or substituted by

' lower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin and piperidine which is
unsubstituted or substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower
alkanoyl, lower alkoxycarbonyl, (morpholino, thiomorpholino or piperidino)-carbonyl,
lower alkyl, (pheny! or pyridy!)-lower alkyl, (carbdxy, ldwer alkoxycarbonyl, |
benzyloxycarbonyl, aminocarbonyl or mono- or di-lower alkylaminocarbonyl)-lower alkyl
or by lower alkylsulfonyl; and Ar and R have meaning as defined under (a);

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceuucally
acceptable salt thereof.

- 6. A compound of formula I according to claim 1 wherein Ar is phenyl which is
unsubstituted or mono-, di- or tri-substituted by Ci-Cj-alkoxy, hydroxy, phenyl-lower
. alkoxy, C;-Cy-cycloalkyl-lower alkoxy, lower alkyloxy-lower alkoxy, halogen, lower
alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl), amino, mono- or
di-lower alkylamino of on adjacent carbon atoms, by C,-C,-alkylenedioxy or -
oxy-C,-C;-alkylene; or Ar is thienyl, 1soxazolyl or thiazolyl each of which is
unsubstituted or mono- or di-substituted by lower alkyl;

R is hydrogen, lower alkyl, phenyl-lower alkyl; phenyl which is unSubstituted or mono-,
di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower alkyl, triflucromethyl, or,
on adjacent carbon atoms, by C,-C,-alkylenedioxy or oxy-C,-C;-alkylene; or a
heterocyclic aryl radical selected from pyridyl, thiazolyl and quinolinyl, each
unsubstituted or mono- or disubstituted by lower alkyl; biphenylyl; biphenyly’l—lowef
alkyl; (pyridyl or thienyl)-lower alkyl, trifluormethyl, C5-C;-cycloalkyl,
C;-C;-cycloalkyl-lower alkyl, (oxa or thia)-C;-C4-cycloalkyl, [(oxa or
thia)-C;-C4-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, (N-lower alkyl-piperazino or
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'N-phenyl-lower alkylpiperazino)-lower alkyl or (mor;jholino, thiombrpholino, piperidino,
pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl; |

R, is hydrogen, lower alkyl; phenyl-lower alky! wherein phenyl is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen, triflucromethyl or, on adjacent carbon
atoms, by C,-C,-alkylenedioxy; biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl |
wherein heterocyclic aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and
tetrazolyl each unsubstituted or substituted by lower alkyl; C;-C;-cycloalkyl,
C;-C,-cycloalkyl-lower alkyl, hydroxy-lower alkyl, (phenyl or pyridyl)-lower
alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or
' ~ di-lower alkylamino)-lower alkyl (N-lower alkyl-piperazino or N-phenyl-lower
alkylpiperazino)-lower alkyl, (morpholino, thiomorpholino, piperidino, pyrrolidino,
piperidyl or N-lower alkylpiperidyl)-lower alkyl, lower alkanoylamino-lower alkyl;
R;-CONH-lower alkyl wherein R, represents (di-lower alkylamino, N-lower
alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or -
N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl;

R, is hydrogen of lower alkyl;

(b) or wherein R and R, together with the chain to which they are attached form a
thiazolidine or pyrrolidine ring, each unsubstituted or mono- or di-substituted by lower
alkyl; and Ar and R; have meaning as defined under (a);

. (c) or wherein R and R, together with the carbon atom to which they are attached form a

- ring system selected from C3-C7-cycloalka1ie which is unsubstituted or substituted by
lower alkyl; oxa-cyclohexane, thia-cyclohexane and piperidine which is unsubstituted or
substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower alkahoyl,'lower
alkoxycarbonyl, (morpholino, thiomorpholino or piperidind)—(:arbbnyl,.lower alkyl,
(phenyl or pyridyl)-lower alkyl, (carboxy, lower alkoxycarbonyl, aminocarbonyl or mono-
or di-lower alkylaminocarbonyl)-lower alkyl or by lower alkylsulfonyl and Ar and R
have meaning as defined under (a),

~ a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceﬁtically
acceptable salt thereof.

* 7. A compound according to claim 1 of the formula IT -
' This Sheet Has Been Replac
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wherein

Ris hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl heterocyclic
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower

- alkyl, C;-C;-cycloalkyl, C;-Cq-cycloalkyl-lower alkyl, (oxa or thia)-C;-Cg-cycloalkyl,

- [(oxa or thia)-C;-Cg4-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl,
lower alkoxy-lower alkyl, lower alkyl-(thio, sulfiny! or sulfonyl)-lower alkyl, (amino, -
mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower
alkyl-piperazino or N-carbocyclic or heterdcyclic aryl-lower alkylpiperazino)-lower alkyl,
or (morpholino, thiomorpholino, piperidino, pyrrolidino or N-lower alkylpipeﬁdyl)-lower
alkyl; '

R, is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower
alkyl, Cs-C;-cycloalkyl, Cs-C;-cycloalkyl-lower alkyl, hydroxy-lower alkyl,
acyloxy-lower alkyl, lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or
sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, (N-lower
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl,
(morpholino, thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower
alkylpiperidyl)-lower alkyl, piperidyl, N-lower alkylpxpendyl or acylamino-lower atkyl
represented by R3-CONH-lower alkyl;

R, is hydrogen;

R, in R;-CONH-lower alkyl is lower alkyl, carbocyclic or heterocyclic aryl, di-lower
alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino,
pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower alkylpiperazino, -
morpholino, thiomorpholino, piperidino, pyrrolidino, pyridyl or N-lower
alkylpiperidyl)-lower alkyl;
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R, is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy,
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower
~ alkoxy, halogen, trifluoromethyl, lower alkyl, nitro or cyano;

R, is hydrogen, lower alkyl or halogen;

or R4 and R tdgether on adjacent carbon atoms represent methylenedioxy, ethylenedioxy,
oxyethylene or oxypropylene;

or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically
acceptable salt thereof.

8. A compound accordin_g to claim 1 of formula II

o Ry CH, O R :
wrr 4
HO—Iil —C— c|: N— lsI @
H R2 o] RS .

wherein :

" R and R, together with the chain to which they are attached form a

1,2,3,4-tetrahydro-isoquinoline, plpendme, thiazolidine or pyn'ohdme ring;

R, is hydrogen;

R4 is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy,
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower

~ alkoxy, halogen, trifluoromethyl, lower alkyl, nitro or cyano;

R, is hydrogen, lower alkyl or halogen;

or R4 and R together on adjacent carbon atoms. represent methylenedmxy, ethylenedioxy,

oxyethylene or oxypropylene;

or a pharmaceutically acceptable prodrug denvanve thereof; or a pharmaceuucally

acceptable salt thereof.

9. A compound according to claim 1 of formula IT
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wherein

'R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic

aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower

alkyl, C3~C7-cycloélkyl, C;-C,-cycloalkyl-lower alkyl, (oxa or thia)-C;-Cg-cycloalkyl,

[(oxa or mia)-Cé-Cﬁ-cycloalkyl] -lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl,

lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino,

mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower

alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl,

or (morpholino, thiomorpholino, piperidino, pyrrolidino or N-lower alkylpiperidyl)-lower

alkyl; ' |

R, and R, together with the carbon atom to which they are attached form a ring system

selected from cyclohexane, cyclopentane, oxacyclohexane, thiacyclohexane, indane,
tetralin, piperidine or piperidine substituted on nitrogen by acyl, lower alkyl, carbocyclic

or heterocyclic aryl-lower alkyl or by lower alkylsulfonyl;

R, is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy,
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower

alkoxy, halogen, trifluoromethyl, lower alkyl, nitro or cyano;

R4 is hydrogen, lower alkyl or halogen; _

or R, and R, together on adjacent carbon atoms represent methylenedloxy, ethylenedmxy,
oxyethylene or oxypropylene;

or a pharmaceutically acceptable prodrug denvauve t.hereof or a pharmaceutically

-acceptable salt thereof,

e ————
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wherein R represents lower alkyl, trifluoromethyl, C5s-C4-cycloalkyl, (oxa or
thia)-C,-C5-cycloalkyl, biaryl, carbocyclic monocyclic aryl or heterocyclic nionocyclic
aryl; R, represents hydrogen, lower alkyl, Cs-C4-cycloalkyl, monocyclic carbocyclic aryl, -
carbocyclic aryl-lower alkyl, heterocyclic aryl-lower alkyl, lower alkoxy-lower alkyl,
lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, di-lower alkylamino-lower alkyl,
(N-lower aikylpiperazino, morpholino, thiomorpholino, piperidino or pyrrolidino)-lower
alkyl or R;-CONH-lower alkyl; R4 represents lower alkyl, carbocyclic aryl, heterocychc
aryl, di-lower alkylamino, N-lower alkylpiperazino, morpholino, thlomorphohno,
piperidino, pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower
alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or -
N-alkylpiperidyl)-lower alkyl; R, represents lower alkoky or carbocyclic or hetérocyclic
aryl-lower alkoxy; or a pharmaceutically acceptable prodrug derivative thereof; or a
pharmaceutically acceptable salt thereof.

11. A compound of formula IIT according to claim 10 wherein R represents heterocyclic
monocyclic aryl selected from tetrazolyl, triazolyl, thiazolyl, imidazolyi and pyridyl, each
unsubstituted or substituted by lower alkyl; or R represents phenyl or phenyl substituted
by lower alkyl, lower alkoxy, halogen or trifluoromethyl; R, represents lower alkyl,

- cyclohexyl, or R3-CONH-lower alkyl wherein R represents (di-lower alkylamino,
N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, pytrolidino or
N-alkylpiperidyl)-lower alkyl; and R, represents lower alkoxy or phenyl-lower alkoxy; or
a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically
acceptable salt thereof.

12. A compound of formula III according to claim 10 wherein R represents 2-, 3-or
4-pyridyl or phenyl; R, represents C,-C,-alkyl, cyclohexyl or R;-CONH-C,-C,-alkyl
wherein R, represents di-C,-C,-alkylamino-C,-C,-lower alkyl; and R, represents lower
alkoxy; or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically
~ acceptable salt thereof.

13. A compound of formula II according to claim 10 wherein R represents 3-pyridyl or
4-pyridyl; R, represents isopropyl or cyclohexyl; and R, represents lower alkoxy; or a
pharmaceutmally acceptable prodrug derivative thereof; or a pharmaceuncally acceptable
salt thereof.
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14. A compound according to any one of clai_ms 1-13 wherein the asymmetric carbon to
which is attached R, is assigned the (R)-configuration.

'15. A compound according to claim 1 which is N-hydroxy-2(R)-{[4-methoxybenzene-
sulfonyl](3-picolyl)amino]-3-methylbutanamide, a pharmaceutically acceptable prodrug
derivative thereof or a pharmaceutically acceptable salt thereof.

16. A compound according to claim 1 which is N-hydroxy-2(R)-[[4-methoxybenzene-
sulfonyl](3-picolylamino]-3-methylbutanamide or a pharmaceutically acceptable salt
“ thereof.

17. A compound accordi:io to claim 1 which is N-hydroxy-2(R)-[[4-methoxybenzene-
sulfonyl](3-picolyl)amino]-2-cyclohexylacetamide or a pharmaceuttcally acceptable salt
thereof.

18. A compound according to claim 1 which is N-hydroxy-2(R)- [[4-methoxybenzene-
sulfonyl] (benzyl)ammo]-4—methy1pentananude or a pharmaceutically acceptable salt
thereof.

19. A compound according to claim 1 which is N-hydroxy-2(R)-{[4-methoxybenzene-
sulfonyl](benzyl)amino]-6-{(N,N-dimethylglycyl)amino] hexanaxmde hydrochloride or a
pharmaceutically acceptable salt thereof.

20. A pharmaceutical eomposition comprising-a compound according to any one of claims
1 to 19 and a pharmaceutically acceptable carrier. |

21. A compound according to any one of claims 1 to 19 for use in e method for the
therapeutic treatment of the animal or human body.

22, A compound accordmg to any one of claims 1 to 19 for use in the treatment of
stromelysin and collagenase dependent conditions.

23. The use of a compound according to any one of claims l to 19 for the manufacture of a
pharmaceutical composition.

24. The use of a compound according to any one of claims 1 to 19 for the manufacture of a |
s
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pharmaceutxcal composmon for the treatment of stromelysm and collagenase dependent
conditions.

25. A process for the preparation of a compound of formula I according to claim 1, which
comprises condensing a carboxylic acid of formula IV, ' |

or a reactive funcuonal derivative thereof, wherein R, Rl, R, and Ar having meamng as
defined in claim 1, with hydroxylamme of formula V,

NH,-OH 4]
optionally in protected form, or a salt thereof;

and, if necessary, temporarily protecting any interfering reactive group(s), and then .
liberating the resulting compound of the invention; and, if required or desired, converting
a resulting compound of the invention into another compound of the invention, and/or, if
desired, cenverting a resulting free compound into a salt or a resulting salt into a free |
compound or into another salt; and/or separating a mixture of isomers or racemates
obtained into the single isomers or racemates; and/or, if desired, resolving a racemate into
the optical antipodes. |
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Arylsulfonamido-substituted hydroxamic acids

Abstract of the Disclosure

Compounds of formula I

wherein R, R;, R, and Ar are as defined in the description, have valuable pharmaceutical
properties and are effective especially as matrix metalloproteinase inhibitors, for example
for the treatment of arthritis. They are prepared in a manner known per se.
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 Arvisulfonamido-substituted hvdroxamic acids

The present invention relates to the épmpounds of formula I

"R
T |
HO—I;I-C-(':_-N——-ls'—Ar (D

(a) whersin
Ar is carbocyclic or heterocyclic aryl;

R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl. heterocyclic
aryl, biaryl, biaryl-lower alkyl, hetérocyclic aryl-lower alkyl, mono- or poly-halo-lower
alkyl, C;-Cy-cycloalkyl, C;-Cy-cycloalkyl-lower alkyl, (oxa or thia)-C;-Cg-cycloalkyl,
[(o:ia or thia)-C;-Ce-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl,
lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino,
mono- or di-lower alkylamino)-lower alkyl, acylamino—lower alkyl, (N-lower _
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl,
- or (morpholino, thiomorpholino, piperidino, pyrrolidino, piperidy! or N-lower
alkylpiperidyl)-lower alkyl; '

R, is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic'
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower
_alkyl, C;-Cy-cycloalkyl, C;-Co-cycloalkyl-lower alkyl, hydroxy-lower alkyl,

' Zéyloxy-lower alkyl, lower alkoxy-lower alkyl, (carbocyclic or heterocyclic aryl)-lower
alkoxy-lower alkyl, lower alkyl-(thio, sulfiny! or sulfonyl)-lower alkyl, (amino, mono- or
di-lower alkylamino)-lower alkyt, (N-lower alkyl-piperazino or N-carbocyclic or
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_. :hecerocychc aryl-lower alkylptperazmo)-lower alkyl (morpnolmo. thtO:tlJipuuuno ' —
- piperidino, pyrrolidino, piperidyl or N-lower alkyiplpendyl) lower alkyl acylammo-lower o
I alkyl pxpendyl or N-lower alkylpxpendyl .

L R2 is hydrogen or loWer alkyl_;

~ (b) or wherein R and R; tooether with the chain to whxch they are attached t‘orm a
S11,23 .4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrohdme ring,

“each unsubstituted or substituted by lower alkyl and Ar and R, have meaning as defined
- under (a); ' ' '

(o)or wherein R, and R, together with the carbon atom to which they are attached form a
ring system selected from C;-Cy-cycloalkane which is unsubstituted or substituted by
lower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin, piperidine or piperidine
" substituted on nitrogen by acyl, lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl,
. (carboxy, esterified or amidated carboxy)-lower alkyl or by lower a.lkylsulfonyl; and Ar
~and R have meaning as defined under (2); |

| pharmaceutically acceptable prodrug derivatives thereof; and pharmaceutically acceptable
salts thereof;

further to a process for the preparation of these compounds, to pharmaceutical |
compositions comprising these compounds, to the use of these compounds for the
therapeutic treatment of the human or animal body or for the manufacture of a
pharmaceutical composition. '

. The compounds of formula I defined under (b) above can be represented by formula Ia

/N
o CHy CHy ¢
THN I 1
HO—I;I—C-C—N——'Si—Ar ©. (la)
H ,lz o

‘wherein X represents methylene or 1,2-ethylene each unsubstituted or substituted by lower
alkyl, or X represents oxygen, sulfur, or 1,2-phenylene; and Ar and R, have meaning as




o defined above.

~ The compounds of formula I defined unde: © above can be'représe'rited b.y formulalb _.

O
(]
Y]

N

(@]

a (o) .

7
-z
|
a
0
wh

(@)

~ wherein Y is a direct bond, C,-C-straight chain alkylene optionally substituted by lower
| alkyl, CH,0CH,, CH,SCH,, 1,2-phenylene, CH,-1,2-phenylene or CH,N(R¢)-CH, in _
which Rg represents hydrogen, lower a]kandyl, di-lower alkylamino-lower alkanoyl, aroyl,
carbocyclic aryl-lower alkanoyl, lower alkyl, carbocyclic or heterocylic' aryl-lower alkyl,
(carboxy, esterified or amidated carboxy)-lower alkyl or lower alkylsulfonyl; and Ar and
- R have meaning as defined above. o : :

A preferred embodime-nt of the compounds of formula Ib relates to the compounds of
formula Ic

I I
HO—N-C N—

XY

in which Y’ represents oxygen, sulfur, a direct bond, methylene or methylene substituted
by lower alkyl, or NRg4; R, represents hydrogen, lower alkanoyl, di-lower
alkylamino-lower alkanoyl, carbocyclic aryl-lower alkanoyl, lower alkyl, carbocyclic or
heterocyclic aryl-lower alkyl, (carboxy, esterified or amidated carboxy)-lower alkyl or
lower alkylsulfonyl; Ar and R have meaning as defined above; pharmaceutically
acceptable prodrug derivatives; and pharmaceutically acceptable salts thereof.

Preferred are said compounds of formula I, Ia, Ib and Ic wherein Ar is monocyclic
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carbocychc aryl such as phenyl or phenyl mono- dx— or tn-subsmuted by Cl-Clo-aLkoxy
o hydroxy, carbocyclic or heterocychc aryl-lower alkoxy, C3-C7-cvcloa1kyl-lower alkoxv
- (lower alkyl, carbocyclic or heterocyclic aryl-lower alky! or C3-C-,-cycloalkyl lower
_j 'alkyl) thio, lower alkyloxy-lower alkoxy, halogen, lower alkyl, cyano, nitro, _
- triflucromethyl, lower alkyl-(sulfinyl or sulfonyl), amino or mono- or dt-lower o |
' alkylamino; or Ar is phenyl substituted on adjacent carbon atoms by C,-C,-alkylenedioxy
"~ or 0xy-C,-C;-alkylene; or Ar is heterocyclic monocyclic aryl such as thienyl or thienyl
- substituted by lower alkyl; the other symbols have meaning as defined; pharmaceutically -
~acceptable prodrug derivatives thereof; and pharmaceutically acceptable salts thereof.

Further preferred are the compounds of formula [ wherein Ar is phenyl whichis

~unsubstituted or mono-, di- or tri-substituted by C,-C,¢-alkoxy, hydroxy; phenyl-lower

-alkoxy wherein phenyl is unsubstituted or substituted by lower alkyl, lower alkoxy,
halogen or trifluoromethyl; heterocyclic éryl-lower alkoxy wherein heterocyclic aryl is
selected from pyridyl, tetrazolyl, triazolyl, thiazolyl, thienyl, imidazolyl and quinolinyl,
- each-unsubstituted or mono- or disubstituted by lower alkyl or halogen ; o N

| C;-C;-cycloatkyl-lower alkoxy, (lower alkyl, phenyl-lower alkyl or C;-Cy-cycloalkyl-
lower alkyl)-thid, lower alkyloxy-lower alkoxy, halogen, lower alkyl, cyano, nitro,
trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl), amino, mono- or di-lower alkylamino
or, on adjacent carbon atoms, by C,-C,-alkylenedioxy or oxy-C,-C;-alkylene; or Ar is
thienyl, isoxazolyl or thiazolyl each of which is unsﬁb_stituted or mono- or di-substituted
by lower alkyl;

R is hydrogen, lower alkyl, phenyl-lower alkyl wherein phenyl is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; phenyl which is
unsubstituted or mono-, di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower
alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(thio, sulfinyl or sulfonyl), amino, mono-
or di-lower alkylamino or, on adjacent carbon atoms, by C,-C,-alkylenedioxy or
oxy-C,-C;-alkylene; or a heterocyclic aryl radical selected from pyridyl, tetrazolyl,
triazolyl, thiazolyl, thienyl, imidazolyl and quinolinyl, each unsubstituted or mono- or
disubstituted by lower alkyl or halogen; biphenylyl which is unsubstituted or substituted
by lower alkyl, lower alkoxy, halogen, trifluormethyl or cyano; biphenylyl-lower alkyl
wherein biphenylyl is unsubstituted or substituted by lower alkyl, lower alkoxy, halogen,
trifluormethyl or cyano; (pyridyl, thienyl, quinoliny! or thiazolyl)-lower alkyl, - '
trifluormethyl, C;-C,-cycloalky!, C,-C,-cyclodlkyl-lower alkyl, (oxa or
thia)-C;-C4-cycloalkyl, [(oxa or thia)-C;-Cg-cycloalkyl]-lower alkyl, hydroxy-lower alkyl,
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[ lower alka.noyloxy-lower a.l.kyl Iower alkoxy-lower alkyl lower alkyl-(thlo sulf‘myl or
L sulfonyl)-lower alkyl, (amino, mono- or d1-lower alkylamino)-lower alkyl, lower
o - alkanoylamino-lower alkyl, (N-lower alk'yl-ptperazmo or N-phenyl-lower
| alkylpiperazino)-lower alkyl or (morpholino, thxomorphohno p1pendmo pyrrohdmo,

_' _: _ plpendyl or N-lower alkylpxpendyl)-lower alkyl

R, is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsﬁb'stituted or

o substituted by lower alkyl, lower alkoxy, halogen, trifluoromethyl or, on adjacent carbon

~ atoms, by C,-C,-alkylenedioxy or oxy-C,-C;-alkylene; phenyl which is unsubstituted or
 substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; pyridyl, thienyl,

- biphenylyl, biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl wherein heterocyclic

aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and tetrazoly! each
unsubstituted or substituted by lower alkyl; trifluoromethyl, C;-C,-cycloalkyl,
C;-C,-cycloalkyl-lower alkyl, hydroxy-lower alkyl, lower alkanoyloxy-lower alkyl, lower
alkoxy-lower alkyl, (phenyl or pyridyl)-lower alkoxy-lower alkyl, lower alkyl-(thio,

. sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl,

. (N-lower alkyl-piperazino or N-phenyl-lower alkylpiperazino)-lower alkyl, (morpholino,
thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl,
lower alkanoylamino-lower alkyl; R;-CONH-lower alkyl wherein R; represents (di-lower
alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, pyn'ohdmo
or N-alkylpxpendyl)-lower alkyl; piperidyl or N—lower alkylpiperidyl;

- Rz is hydrogen or lower alkyl;

(b) or wherein R and R; together with the chain to which they are attached form a
1,2,3,4-tetrahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring,
each unsubstituted or mono- or di-substituted by lower alkyl; and Ar and R, have meaning
as defined under (a); '

(c) or wherein R, and R, together with the carbon atom to which they are anached form a
ring system selected from C;-C,-cycloalkane which is unsubstituted or substituted by
lower alkyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin and piperidine which is
unsubstituted or substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower
alkanoyl, lower alkoxycarbonyl, (morpholino, thiomorpholixio or piperidino)-carbonyl,
lower alkyl, (phenyl or pyridyl)-lower alkyl, (carboxy, lower alkoxycarbonyl,
benzyloxycarbonyl, aminocarbonyl or mono- or di-lower alkylaminocarbonyl)-lower alkyl



' ;);-: by- lower a.lky_lsulfonyl; and Ar émci IR _ ha.ve -meaning as definec_i _ﬁ’nder (a)"; -

__ . a pharmaceuucally acceptable prodruo denvatxve thereof ora pharmaceuucallv _3:--'
ot _:-acceptable salt thereof ' =

" Especially preferred are the compounds of formula I wherein Ar is phenyl which is
- unsubstituted or mono-, di- or tri-substituted by C,-C;-alkoxy, hydroxy, phenyl-lower
-~ alkoxy, Cs-Co-cycloalkyl-lower alkoxy, lower alkyloxy-lower alkoxy, halogen, lower
. alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl),' amino, mono- or

. di-lower alkylamino or, on adjacent carbon atoms, by C;-C,-alkylenedioxy or

© oxy-C,-Cs-alkylene; or Ar is thienyl, isoxazolyl or thiazolyl each of which is
unsubstituted or mono- or di-substituted by lower alkyl;

R is hydrogen, lower alkyl, phenyl-lower alkyl; phenyl which is unsubstituted or mono-,
di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower alkyl, triﬂuoromethyi. or,
on adjacent carbon atoms, by C,-C,-alkylenedioxy or oxy-C,-C;-alkylene; or a

" heterocyclic aryl radical selected from pyridyl, thiazolyl and quinolinyl, each
 unsubstituted or mono- or disubstituted by lower alkyl; biphenylyl; biphenylyl-lower
alkyl; (pyridyl or thienyl)-lower alkyl, trifluormethyl, C;-C,-cycloalkyl,
C,-Cs-cycloalkyl-lower alkyl, (oxa or thia)-C;-Ce-cycloalkyl, [(oxa or
thia)-C;-C¢-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, (N-lower alkyl-piperazino or -
N-phenyl-lower alkylpiperazino)-lower alkyl or (morpholino, thiomorpholino, pxpendmo
pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl;

R,is hydrogeh, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen, triflucromethyl or, on adjacent carbon
atoms, by C,-C,-alkylenedioxy; biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl
wherein heterocyclic aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and
tetrazolyl each unsubstituted or substituted by lower alkyl; C;-C;-cycloalkyl,
C;-C,-cycloalkyl-lower alkyl, hydroxy-lower alkyl, (phenyl or pyridyl)-lower
alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or
di-lower alkylamino)-lower alkyl, (N-lower alkyl-piperazino or N-phenyl-lower
alkylpiperazino)-lower alkyl, (morpholino, thiomorpholino, piperidiho. pyrrolidino,
piperidyl or N-lower alkylpiperidyl)-lower alkyl, lower alkanoylamino-lower alkyl;
R;-CONH-lower alkyl wherein R; represents (di-lower alkylamino, N-lower
alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or
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© " N-alkylpiperidyD)-lower alkyl; piperidyl or N-lower alkylpiperidyl:
- Rz is hvdrogen or lower alkyl;

_(b) or wherein R and R, together 'with the chain to which they are aitached forma
~ thiazolidine or pyrrolidine rmg, each unsubsututed or mono- or di-substituted by lower
- alkyl; and Ar and R, have meaning as deﬁned under (a) ' '

~ (c) or wherein R, and Rz together with the carbon atom to which they are attached form a
ring system selected from C;-C;-Cycloalkane which is unsubstituted or substituted by
lower a]kyl oxa-cyclohexane, thia-cyél'ohexane and piperidine which is unsubstituted o,rl o
substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower alkanoyl, lower
alkoxycarbonyl, (morpholino, thiomorpholino or piperidino)-carbonyl, lower alkyl,

(phenyl or pyridyl)-lower alkyl, (carboxy, lower alkoxycarbonyl, aminocarbonyl or mono-
or di-lower alkylaminocarbonyl)-lower alkyl or by lower alkylsulfonyl; and A.r and R

have meaning as defined under (a);

a pharmaceutically acceptable prodruv derivative thereof or a pharmaceutically .
acceptable salt thereof.

A particular embodiment of the invention relates to the compounds of formula II

T |
o R .Caz o R
R o

HO—T -C— T-N—ﬁ (I

H Ry o Rs

wherein

R is hydrogen, lower alkyl, carbocyclic aryl¥lower alkyl, carbocyclic aryl, heterocyclic
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower
alkyl, C3-C;-cycloalkyl, C;-C-cycloalkyl-lower alkyl, (oxa or thia)-C;-C4-cycloalkyl,
[(oxa or thia)-C;-C¢-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl,
lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino,
mono- or di-lower atkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower '
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_. _alkyl-piperazino or N-carbocyclic 'br'heterqcyclié aryl-iower alkylpiperazino)-lower élkyl," E
or (morpholino, thiomorpholino, p_ipeﬁdino., pyrrolidino or N-lower alkylpiperidyl)-lower

' Ri is hvdrogen, Ibwer alkyl, carbocyclic:afyl-ldw'er alkyl, carbocvclic aryl, heteroc'yclic '
aryl, biaryl, blaryl-lower alkyl, heterocychc aryl-lower alkyl, mono- or poly-halo- Iower

. alkyl, C5-C-,-cycloalkyl Cs-C4-cycloalkyl-lower alkyl hydroxy-lower alkyl,

. acyloxy-lower alkyl, lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or

* sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, (N-lower.

alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl,

(morpholino, thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower '

alkylpiperidyl)-lower alkyl, piperidyl, N-lower alkylp1pendy1 or acylamino-lower a.lkyl
represented by R;—CONH-lower alkyl;

R, is hydrogen;

R; in R;-CONH-lower alkyl is lower alkyl, carbocyclic or heterocyclic aryl, di-lower
alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino,
pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower alkylpiperazino,

- morpholino, thiomorpholino, piperidino, pyfrolidino, pyridyl or N-lower
alkylpiperidyl)-lower alkyl; '

- R4 is hydrogen, lower alkoxy, hydroxy, éa_rbocyclic or heterocyclic aryl-lower alkoxy,
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower
alkoxy, halogen, trifluoromethyl, lower alkyl, nitro or cyano;

R is hydrogen, lower alkyl or halogen;

or R, and R together on adjacent carbon atoms represent methylenedioxy, ethylenedioxy,
oxyethylene or oxypropylene; '

or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically
acceptable salt thereof.

Another preferred embodiment of the invention relates to the compounds of formula O
wherein R and R, together with the chain to which they are attached form an




S e .REPLAC%NT SEEET
9 16JUL 1996

12,3 4—retrahydro-isoquino'lme, piperidine, thrazdlidme or pyrrolidine ring; ﬁd 'R;- R, and
| R; have meaning as defined above; pharmaceuucally acceptable prodrug denvauves and
: 'pna:maceuucally acceptable salts thereof. Such compounds correspond to comoounds of
formula Ia wherein Ar is opuonally subsututed phenyl as defined above :

| Another preferred embodiment of the invention relates to the compeunds of formula I
wherein R, and R, together with the carbon atom to which they are attached form a ring -
system selected from cyclohexane, cyclopentane, oxacyclohexane, thiac-jclohexane,‘ |

indane, tetralin, piperidine or piperidine substituted on nitrogen by acyl, lower alkyl
carbocyclic or heterocyclic aryl-lower alkyl or by ldwer alkylsulfonyl; and R, R, and R,
have meaning as defined above; pharmaceutically acceptable prodrug derivatives; and
pharmaceutically acceptable salts thereof. Such compounds correspond to compounds of
formula Ib wherein Ar is opuonally subsututed phenyl as defined above

Particularly preferred are the compounds of formula Il

T | |
o o
R _@_
HO=N = € — CH—=N—§ R, @
| | Il |
H RI - 0O . :

wherein R represents lower alkyl, trifluoromethyl, C5-C;-cycloalkyl, (oxa or
thia)-C,-Cs-cycloalkyl, biaryl, carbocyclic monocyclic aryl or heterocyclic monocyclic
aryl; R, represents hydrogen, lower alkyl, C5-Cs-cycloalkyl, monocyclic carbocyclic aryl,
carbocyclic aryl-lower alkyl, heterocyclic aryl-lower alkyl, lower alkoxy-lower alkyl,
lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, di-lower alkylamino-lower alkyl,
(N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino or pyrrolidino)-lower
alkyl or R;-CONH-lower alkyl; R, represents lower alkyl, carbocyclic aryl, heterocyclic
aryl, di-lower alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino,

- piperidino, pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower
alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or
N-alkylpiperidyl)-lower alkyl; R, represents lower alkoxy or carbocyclic or heterocyclic
aryl-lower alkoxy; or a pharmaceutically acceptable prodrug derivative thereof; or a
pharmaceutically acceptable salt thereof. '
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" Further Pfefe"'ed are Compounds of formula [l wherein R represents monocyclic |
" carbocyclic aryl or monocyclic heterocychc aryl; R; and R, have meaning as defined = -
above; pharmaceutically acceptable prodrug denvanves, and pharmaceuucany acceptable -

- salts thereof.

' More parucularly preferred are sa1d compounds of formula III wherein R represean _
neterocyclic monocyclic aryl selected from tetrazolyl, tnazolyl thiazolyl, umdazolyl and
pyridyl, each unsubstituted or substituted by lower alkyl; or R represents phenyl or phenyl’ |
substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; R; represents lower
alkyl, cyclohexyl, or R;-CONH-lower alkyl wherein R; represents (di-lower alkylammo
N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidinoor =

N-alkylpiperidyl)-lower alkyl; and R, represents lower alkoxy or phenyl-lower alkoxy; or
a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically
acceptable salt thereof. - |

A further preferred embodiment relates to said compounds of formula I wherein R

. represents 2-, 3- or 4-pyridyl or phenyl; R, represents C,-C4-alkyl, cyclohexyl or
R;-CONH-C,-C,-alkyl wherein R; represents di-C,-C,-alkylamino-C-C,-lower alkyl;
and R, represents lower alkoxy; or a pharmaceutically acceptable prodrug derivative
thereof; or a pharmaceutically acceptable salt thereof. |

Particularly préferred are said compounds of formula Il wherein R represents 3-pyridyl or
4-pyridyl; R, represents isopropyl or cyclohexyl; and R, represents lower alkoxy; or a
pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable
salt thereof. | '

The invention relates especially to the specific compounds described in the examples,
pharmaceutically acceptable prodrug derivatives thereof and pharmaceutically acceptable
salts thereof, and in particular to the specific compounds described in the examples and
pharmaceutically acceptable salts thereof.

Pharmaceutically acceptable prodrug derivatives are those that may be convertible by
solvolysis or under physiological conditions to the free hydroxamic acids of the invention
and represent such hydroxamic acids in which the CONHOH group is derivatized in form
of an O-acyl or an optionally substituted O-benzyl derivative. Preferred are the optionally
substituted O-benzyl derivatives. '

._.,,..__.—————-—- Lo
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- The compounds of the invention depending on the nature of the substituents, possess one
* or more asymmetric carbon atoms. The resulnng dxastereoxsomers and enanuomers are
o encompassed by the instant invention. ' '

Preferred are the compounds of the' inVe_ntion wherein the asymmetric carbon in the above
- formulae (to which are attached R, and/or R,) corresponds td thatof a D-aminoacid _
- precursor and is assigned the (R)-couﬁguration.' o '
‘ . . N
The general deﬁnmons used herein ha.ve the t'ollowmo meaning within the scope ot the
present invention, unless otherwise spec1f ed. |

The term "lower” referred to.above and hereinafter in connection with organic radicals or-
compounds respectively defines such as branched or unbranched with up to and including
7, preferably up to and including 4 and advantageously one or two carbon atoms.

A lower alkyl group is branched or unbranched and contains 1 to 7 carbon atoms,
preferably 1-4 carbon atoms, and represents for example methyl ethyl, propyl, butyl,
isopropyl or isobutyl.

A lower alkoxy (or alkyloxy) group 'prefetably contains 1-4 carbon atoms, advantageously
1-3 carbon atoms, and represents for example ethoxy, propoxy, 1soprop0xy Or most
advantageously methoxy.

Halogen (halo) preferably represents chloro or fluoro but may also be bromo or iodo.

Mono- or poly-halo-lower alkyl represents lower alkyl preferably Substituted by one, two
or three halogens, preferably fluoro or chioro, e.g. trifluoromethyl or trifluoroethyl.

Aryl represents carbocyclic or heterocyclic aryl.

Prodrug acyl derivatives are preferably those derived from an organic carbonic acid, an
organic carboxylic acid or a carbamic acid.

An acyl derivative which is derived from an organic carboxylic acid is, for example, lower
alkanoyl, phenyl-lower alkanoyl or unsubstituted or substituted aroyl, such as benzoyl.




Cene o

HE

| : An acyl denvatxve whxch is denved from an organic carbomc acui is, for example _ |
- alkoxycarbonyl, especmlly lower alkoxycmbonyl which is unsubsututed or substituted bv _
carbocyclic or heterocyclic aryl or is cycloalkoxyca:bonyl especially " ' -
_'c3-c7-cycloalkyloxycarbonyl which is unsubsntuted or substituted by 1ower a.lkyl

"An acyl den'va_tive which is derived from a carbamic acid is, for example, amino'—carbony.l: .
which is substituted by lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl, _
carbocyclic or heterocyclic aryl, lower alkylene or lower alkylene interrupted by O or S.

Prodrug optionally substituted O-benzy! derivatives are preferably berizyl or benzyl
mono-, di-, or tri-substituted by e.g. lower alkyl lower alkoxy, amino, mtro. halogen
and/or trifluoromethyl. :

Carbocyclic aryl represents monocyclic or bicyclic aryl, for example phenyl or phenyl
mono-, di- or tri-substituted by one, two or three radicals selected from lower alkyl, lower
alkoxy, hydroxy, halogen, cyano, trifluoromethyl, lower alkylenedioxy and
oxy-C,-C;-alkylene; or 1- or 2-naphthyl. Lower alkylenedxoxy isa d1valent subsument
attached to two adjacent carbon atoms of phenyl, e.g. methylenedioxy or ethylenedioxy.
Oxy-C,-C;-alkylene is also a divalent substituent attached to two adjacent carbon atoms
of phenyl, e.g. oxyethylene or oxypropylene An example for oxy-C,-C;-alkylene-phenyl
is 2,3-dihydrobenzofuran-5-yl.

Preferred as carbocyclic aryl is phenyl or phenyl monosubstituted by lower alkoxy,
halogen, lower alkyl or wifluoromethyl, especiaily phenyl or phenyl monosubstituted by
lower alkoxy, halogen or trifluoromethyl, and in particular phenyl.

‘Heterocyclic aryl represents monocyclic or bicyclic heteroaryl, for example pyridyl,
quinolinyl, isoquinolinyl, benzothienyl, benzofuranyl, benzopyranyl, benzothiopyranyl,
furanyl, pyrrolyl, thiazolyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl,
imidazolyl, thienyl, or any said radical substituted, especially mono- or di-substituted, by
e.g. lower alkyl or halogen. Pyridyl represents 2-, 3- or 4-pyridyl, advantageously 2- or.

~ 3-pyridyl. Thienyl represents 2- or 3-thienyl, advantageously 2-thienyl. Quinolinyl
represents preferably 2-, 3- or 4-quinolinyl, advantageously 2-quinolinyl. Isoquinolinyl
represents preferably 1-, 3- or 4-isoquinolinyl. Benzopyranyl, benzothiopyranyl represent
preferably 3-benzopyrany! or 3-benzothiopyranyl, respectively. Thiazoly! represents
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 preferably 2- or 4-thiazolyl, advantageously 4-thiazolyl. Triazolyl is preferably 1-,2- or
': - -3-(1,2.4-triazolyl). Tetrazolyl is preferably S-tetrazolyl Imxdazolyl is pret‘erablv
. 4-xm1dazolyl : : : L

' Preferably,‘ heteroéyclic aryl is. pyridyl, quino'iinyl, pyrrolyl, tﬁiazolyl, isoxazoiyl,
wiazolyl, tetrazolyl, pyrazolyl, imidazolyl, thienyl, or any said radical substituted,
especially mono- or di-substituted, by lower alkyl or halogen; and in particular pyridyl. ;

 Biaryl is preferably carbocyclic biaryl, e.g. biphenyl, né:nely 2,30r 4-biphenyl, _
advantageously 4-biphenyl, each optionally substituted by e.g. lower alkyl, lower alkoxy,
halogen, trifluoromethyl or cyano.

C,;-C+-Cycloalkyl represents a saturated cyclic hydrocarbon op'tionally sﬁbstituted by
" lower alkyl which contains 3 to 7 ring carbons and is advantageously cyclopentyl or
cyclohexyl opuonally subsututed by lower alkyl

(Oxa or thia)-C3-C4-cycloalkyl repr—esems a saturated cyclic radical wherein 1 or 2, |
preferably 1, oxygen or sulfur atom(s) and 3-6, preferably 4-5, carbon atoms form a ring, -
e.g. tetrahydropyranyl, tetrahydrofuranyl, tetrahydrothiopyranyl or tetrahydrothienyl.

Oxa-cyclohexane means tetahydrdpyran, and thia-cyclohexane means tetrahydrothiopyran.

Carbocyclic aryl-lower alkyl represents preferably straight chain or branched
aryl-C,-C4-alkyl in which carbocyclic aryl has meaning as defined above, e.g. benzyl or
‘phenyl-(ethyl, propyl or butyl), each unsubstituted or substituted on phenyl ring as defined
under carbocyclic aryl above, advantageously optionally substituted benzyl.

Heterocyclic aryl-lower alkyl represents preferably straight chain or branched heterocyclic
aryl-C,;-C,-alkyl in which heterocyclic aryl has meaning as defined above, e.g. 2-, 3- or
4-pyridylmethyl or (2-, 3- or 4-pyridyl)-(ethyl, propyl or butyl); or 2-or 3-thienylmethyl or
(2- or 3-thienyl)-(ethyl, propyl or butyl); 2-, 3- or 4-quinolinylmethyl or (2-, 3- or
4-quinolinyl)-(ethyl, propy! or butyl); or 2- or 4-thiazolylmethyl or (2- or
4-thiazolyl)-(ethyl, propy! or butyl).

.CYcloalkyl-lower alkyl represents e.g. (cyclopentyl- or éyc-lohexyl)—(methyl or ethyl).
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Biaryl-lower alkyl represents e.g. 4-biphenylyl-(methyl or ethyl). =
Acyl is derived from an organic carboxylic acid, carboni_c acid or carbamic acid.

Acyl represents e.g. lower alkanoyl, carbocyclic aryl-lower alkanoyl, lower
alkoxycarbonyl, aroyl, di-lower alkylaminocarbony! or di-lower alkylamino-lower
alkanoyl. Preferably, acyl is lower alkanoyl.

Acylamino represents e.g. lower alkanoylamino or lower alkoxycarbonylamino.

Acylamino-lower alkyl in R and R, is R3-CONH-lower alkyl in which R; represents e.g.
lower alkyl, lower alkoxy, aryl-lower alkyl, aryl-lower alkoxy, carbocyclic or heterocyclic
aryl, di-lower alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino,
piperidino, pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower
alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino, pyridyl or N-lower
alkylpiperidyl)-lower alkyl.

Lower alkanoyl represents e.g. C,-C;-alkanoyl including formyl, and is preferably
C,-C,-alkanoyl such as acetyl or propionyl.

Aroyl represents e.g. benzoyl or benzoyl mono- or di-substituted by one or two radicals
selected from lower alkyl, lower alkoxy, halogen, cyano and trifluoromethyl; or 1- or
2-naphthoyl; and also e.g. pyridylcarbonyl.

Lower alkoxycarbonyl represents preferably C,-C,-alkoxycarbonyl, e.g. ethoxycarbonyl.

Lower alkylene represents either straight chain or branched alkylene of 1 to 7 carbon
atoms and represents preferably straight chain alkylene of 1 to 4 carbon atoms, e.g. a
methylene, ethylene, propylene or butylene chain, or said methylene, ethylene, propylene
or butylene chain mono-substituted by C,-C;-alkyl (advantageously methyl) or
disubstituted on the same or different carbon atoms by C;-C;-alkyl (advantageously
methyl), the total number of carbon atoms being up to and including 7.

Esterified carboxyl is for example lower alkoxycarbony! or benzyloxycarbonyl.

Amidated carboxyl is for example aminocarbonyl, mono- or di-lower alkylaminocarbonyl.
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Pharmaceutically acceptable salts of the acidic compounds of the invention are salts
formed with bases, namely ¢ationic salts such as alkali and alkaline earth metal salts, such
as sodium, lithium, potassium, calcium, magnesium, as well as ammonium salts, such as
ammonium, trimethyl-ammonium, diethylammonium, and tris-(hydroxymethyl)-methyl- |
ammonium 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 compounds of the invention exhibit valuable pharmacological properties in mammals
including man and are particularly useful as inhibitors of matrix-degrading
metalloproteinase enzymes (= metalloproteinases).

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 tissue and basement
membrane matrix metabolism, such as arthritis (e.g. osteoarthritis and rheumatoid
arthritis), tissue ulceration (e.g. corneal, epidermal and gastric ulceration), abnormal
wound healing, periodontal disease, bone disease (e.g. Paget’s disease and osteoporosis),
tumor metastasis or invasion, as well as HIV-infection (as reported in J. Leuk. Biol. 52
(2): 244-248, 1992). |

As the compounds of the invention are inhibitors of stromelysin, gelatinase and/or
collagenase activity and inhibit matrix degradation, they are particularly useful in
mammals as agents for the treatment of e.g. osteoarthritis, rheumatoid arthritis, corneal
ulceration, periodontal disease, tumor metastasis, progression of HIV-infection and
HIV-infection related disorders. '

Ilustrative of the matrix degrading metalloproteinase inhibitory activity, compounds of
the invention prevent the degradatidn of cartilage caused by exogenous or endogenous
stromelysin in mammals. They inhibit e.g. the stromelysin-induced degradation of
aggrecan (large aggregating proteoglycan), link protein or type 1X collagen in mammals.

Beneficial effects are evaluated in pharmacological tests generally known in the art, and as
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The above-cited properties are demonstrable in in vitro and in vivo tests, using
advantageously mammals, e.g. rats, guinea pigs, dogs, rabbits, or isolated organs and
tissues, as well as mammalian enzyme preparations. Said compounds can be applied in
vitro in the form of solutions, e.g. preferably aqueous solutions, and in vivo either
enterally or parenterally, advantageously orally, e.g. as a suspension or in aqueous
solution. The dosage in vitro may range between about 10-5 molar and 10-'® molar
concentrations. The dosage in vivo may range, depending on the route of administration,
between about 0.1 and 50 mg/kg.

One test to determine the inhibition of stromelysin activity is based on its hydrolysis of
Substance P using a modified procedure of Harrison et al (Harrison, R.A., Teahan J., and
Stein R., A semicontinuous, high performance chromatography based assay for
stromelysin, Anal. Biochem. 180, 110-113 (1989)). In this assay, Substance Pis
~ hydrolyzed by recombinant human stromelysin to generate a fragment, Substance P 7-11,
which can be quantitated by HPLC. In a typical assay, a 10 mM stock solution of a
compound to be tested is diluted in the assay buffer to 50 uM, mixed 1:1 with 8§ pig
recombinant human stromelysin (mol. wt. 45-47 kDa, 2 Units; where 1 Unit produces 20
mmoles of Substance P 7-11 in 30 minutes) and incubated along with 0.5mM Substance P
in a final volume of 0.125 ml for 30 minutes at 37°C. The reaction is stopped by adding
10 mM EDTA and Substance P 7-11 is quantified on RP-8 HPLC. The ICs, for inhibition
of stromelysin activity and Ki are calculated from control reaction without the inhibitor.
Typically, Ki values of from 10 to 200 nM are obtained.

Stromelysin activity can also be determined using human aggrecan as a substrate. This
assay allows the confirmation in-vitro that a compound can inhibit the action of
stromelysin on its highly negatively-charged natural substrate, aggrecan (large aggregating
prioeoglycan). Within the cartilage, proteoglycan exists as an aggregate bound to
hyaluronate. Human proteoglycan aggregated to hyaluronate is used as an enzyme
Substrate. The assay is set up in 96-well microtiter plates allowing rapid evaluation of
Compounds. The assay has three major steps:

1) Plates are coated with hyaluronate (human umbilical chord, 400 ug/ml), blocked with
BSA (5 mg/ml), and then proteoglycan (human articular cartilage D1 - chondroitinase
ABC digested, 2 mg/ml) is bound to the hyaluronate. Plates are washed between each
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Step.

2) Buffers -+ inhibitor (1 to 5,000 aM) + recombinant human stromelysin (1-3 Units/well)
are added to wells. The plates are sealed with tape and incubated overnight at 37°C. The
plates are then washed. : |

3) A primary (3B3) antibody (mouse IgM, 1:10,000) is used to detect remaining
fragments. A secondary antibody, peroxididase-linked anti-IgM, is bound to the primary
antibody. OPD is then added as a substrate for the peroxidase and the reaction is stopped
with sulfuric acid. The ICs, for inhibition of stromelysin activity is graphically derived
and Ki is calculated. :

Collagenase activity is determined as follows: ninety six-well, flat-bottom microtiter
plates are first coated with bovine type I collagen (35 ug/well) over a two-day period at

- 30°C using a humidified and then dry atmosphere; plates are rinsed, air dried for 3-4
hours, sealed with Saran wrap and stored in a refrigerator. Human recombinant fibroblast
collagenase and a test compound (or buffer) are added to wells (total volume = 0.1 ml) and
plates are incubated for 2 hours at 35°C under humidified conditions; the amount of |
collagenase used per well is that causing approximately 80% of maximal digestion of
collagen. The incubation media are removed from the wells, which are then rinsed with
buffer, followed by water. Coomasie blue stain is added to the wells for 25 minutes,
removed, and wells are again rinsed with water. Sodium dodecyl sulfate (20% in 50%
dimethylformamide in water) is added to solubilize the remaining stained collagen and the
optical density at 570. nM wave length is measured. The decrease in optical dénsity due to
collagenase (from that of collagen without enzyme) is compared to the decrease in optical
density due to the enzyme in the presence of test compound, and percent inhibition of
enzyme activity is calculated. ICsy’s are determined from a range of concentrations of
inhibitors (4-5 concentrations, each tested in triplicate), and K; values are calculated.

The effect of compounds of the invention in-vivo can be determined in rabbits. Typically,
four rabbits are dosed orally with a compound up to four hours before being injected
intra-articularly in both knees (N=8) with 40 Units of recombinant human stromelysin
dissolved in 20 mM Tris, 10 mM CaCl,, and 0.15 M NaCl at pH 7.5. Two hours later the
rabbits are sacrificed, synovial lavage is collected, and keratan sulfate (KS) and sulfated
glycosaminoglycan (S-GAG) fragments released into the joint are quantitated. Keratan
Sulfate is measured by an inhibition ELISA using the method of Thonar (Thonar,
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£.]-M.A., Lenz, M.E., Klinsworth, G.K., Caterson, B., Pachman, L.M., Glickman, P.,
Katz, R., Huff, J., Keuttner, K.E. Quantitation of keratan sulfate in blood as a marker of
cartilage catabolism, Arthr. Rheum. 28, 1367-1376 (1985)). Sulfated glycosaminoglycans
are measured by first digesting the synovial lavage with streptomyces hyaluronidase and
then measuring DMB dye binding using the method of Goldberg (Goldberg, R.L. and
Kolibas, L. An improved method for determining prote'oglycan synthesized by
chondrocytes in culture. Connect. Tiss. Res. 24,, 265-275 (1990)). For an i.v. study, a
compound is solubilized in 1 ml of PEG-400, and for a p.o. study, a compound is
administered in 5 ml of fortified com starch per kilogram of body weight.

The compounds of formula I can be prepared e.g. by condensing a carboxylic acid of
formula IV,

R

O R; CH,0 ,
| T | aw)
HO~C=—=C=—=N=S —Ar
| i
Ry o

or a reactive functional derivative thereof, wherein R, R;, R, and Ar having meaning as -
defined in claim 1, with hydroxylamine of formula V,

'NH,-OH ™
optionally in protected form, or a salt thereof;

and, if necessary, temporarily protecting any interfering reactive group(s), and then
liberating the resulting compound of the invention; and, if required or desired, converting
a resulting compound of the invention into another compound of the invention, and/or, if
desired, converting a resulting free compound into a salt or a resulting salt into a free
compound or into another salt; and/or separating a mixture of isomers or racemates
obtained into the single isomers or racemates; and/or, if desired, resolving a racemate into
the optical antipodes. ' |

In starting compounds and intermediates which are converted to the compounds of the
invention in a manner described herein, functional groups present, such as amino,
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carboxyl and hydroxy groups, are optionally protected by conventional protecting groups
that are common in preparative organic chemistry. Protected amino, carboxyl and
hy.droxy groups are those that can be converted under mild conditions into free amino and
hydroxy groups without the molecular framework being destroyed or other undesired side

reactions taking place.

The purpose of introducing protecting groups' is to protect the functional groups from
undesired reactions with reaction components under the conditions used for carrying out a
desired chemical transformation. The need and choice of protecting groups for a
particular reaction is known to those skilled in the art and depends on the nature of the

' functional group to be protected (hydroxy group, amino group, etc.), the structure and
stability of the molecule of which the substituent is a part and the reaction conditions.

Well-known protecting groups that meet these conditions and their introduction and
removal are described, for example, in J.F.W. McOmie, "Protective Groups in Organic
Chemistry”, Plenum Press, London, New York, 1973, T. W. Greene, "Protective Groups in
Organic Synthesis”, Wiley, New York, 1991.

In the processes cited herein, reactive functional derivatives of carboxylic acids represent,
for example, anhydrides especially mixed anhydrides, acid halides, acid azides, lower
alkyl esters and activated esters thereof. Mixed anhydrides are preferably such from
pivalic acid, or a lower alkyl (ethyl, isobutyl) hemiester of carbonic acid; acid halides are
for example chlorides or bromides; activated esters for example succinimido, phthalimido
' or 4-nitrophenyl esters; lower alkyl esters are for example the methyl or ethy! esters.

Also, a reactive esterified derivative of an alcohol in any of the reactions cited herein
represents said alcohol esterified by a strong acid, especially a strong inorganic acid, such
as a hydrohalic acid, especially hydrochloric, hydrobromic or hydroiodic acid, or sulphuric
acid, or by a strong organic acid, especially a strong organic sulfonic acid, such as an
aliphatic or aromatic sulfonic acid, for example methanesulfonic acid, 4-methylbenzene-
sulfonic acid or 4-bromobenzenesulfonic acid. A said reactive esterified derivative is
especially halo, for example chloro, bromo or iodo, or aliphatically or aromatically
Substituted sulfonyloxy, for example methanesulfonyloxy, 4-methylbenzenesulfonyloxy
(tosyloxy).

In the above processes for the synthesis of compounds of the invention can be carried out
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according to methodology generally known in the art for the preparation of hydroxamic
acids and derivatives thereof, "

The synthesis according to the above process (involving the condensation of a free
carboxylic acid of formula IV with an optionally hydroxy protected hydroxylamine
derivative of formula V can be carried out in the présence of a condensing agent, e.g.
1,1"-carbonyldiimidazole, or N-(dimethylaminopropyl)-N’-ethylcarbodiimide or
dicyclohexylcarbodiimide, with or without 1-hydroxybenzotriazole in an inert polar
solvent, such as dimethylformamide or dichloromethane, preferably at room temperature.

The synthesis involving the condensation of a reactive functional derivative of an acid of
formula IV as defined above, e.g. an acid chloride or mixed anhydride with optionally
hydroxy protected hydroxylamine, or a salt thereof, in presence of a base such as
triethylamine can be carried out, ata temperature ranging preferably from about -78°C to
+75°C, in an inert organic solvent such as dichloromethane or toluene.

Protected forms of hydroxylamine (of formula V) in the above process are those wherein
the hydroxy group is protected for example as a t-butyl ether, a benzyl ether or
tetrahydropyranyl ether. Removal of said protecting groups is carried out according to
methods well known in the art, e.g. hydrogenolysis or acid hydrolysis. Hydroxylamine is
~ preferably generated in situ from a hydroxylamine salt, such as hydroxylamine
hydrochloride.

The starting carboxylic acids of formula IV can be prepared as follows:

An amino acid of formula VI
0 R
HO—C—C —NH, (VD -
Ry

Wherein R; and R, have meaning as defined herein, is first esterified with a lower alkanol,
€.2. methanol, in the presence of e.g. thionyl chloride to obtain an aminoester which is
reated with a reactive functional derivative of the appropriate arylsulfonic acid of the
formuta vII |
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wherein Ar has meaning as defined hereinabove, e.g. with the arylsulfonyl chloride, in the
 presence of 2 suitable base such as triethylamine using a polar solvent suchas
retrahydrofuran, toluene, acetonitrile to obtain a compound of the formula VII

o R o
SEPUR R SR -
T

wherein R;, R, and Ar have meaning as defined herein and Rgis a proiecxing group, e.g.
lower alkyl. Treatment thereof with a reactive esterified derivative of the alcohol of the

formula IX
R-CH,0H (o9

wherein R has meaning as defined herein, such as the halide, e.g. the chloride, bromide or
iodide derivative thereof, in the presence of an appropriate base, such as pOtéssium
carbonate or sodium hydride, in a polar solvent such as dimethylformamide. The resulting
compound corresponding to an ester of a compound of formula IV can then be hydrolyzed
to the acid of formula IV, using standard mild methods of ester hydrolysis, preferably
under acidic conditions. For compounds of formula [a (wherein R and R of formula [ are
combined) the starting materials are prepared by treating a carboxylic acid of formula X

/x
i
Ho—-lcl—-cf NH X
R;

- Oranester thereof, wherein R, and X have meaning as defined above, with a reactive
functional derivative of a compound of the formula ArSO;H (V) under condxuons
described for the preparation of a compound of formula VIIL

The starting materials of formula VI, VII, IX and X are either known in the art. or can be
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prepared by methods well-known in the art or as described herein.

The above-mentioned reactions are carried out according to standard methods, in the
presence or absence of diluent, preferably such as are inert to the reagents and are solvents
thereof, of catalysts, condensing or said other agents respectively and/or inert atmo-
spheres, at low temperatures, room temperature or elevated temperatures (preferably ator
near the boiling point of the solvents used), and at atmospheric or super-atmospheric
pressure. The preferred solvents, catalysts and reaction conditions are set forth in the
appended illustrative examples.

The invention further includes any variant of the present processes, in which an inter-
mediate product obtainable at any stage thereof is used as starting material and the
remaining steps are carried out, or the process is discontinued at any stage thereof, or in
which the starting materials are formed in situ under the reaction conditions, or in which
the reaction components are used in the form of their salts or optically pure antipodes.

Compounds of the invention and intermediates can also be converted into each other
according to methods generally known per se.

The invention also relates to any novel starting materials and processes for their
manufacture.

Depending on the choice of starting materials and methods, the new compounds may be in
the form of one of the possible isomers or mixtures thereof, for example, as substantially
pure geometric (cis or trans) isomers, optical isomers (antipodes), racemates, or mixtures
thereof. The aforesaid possible isomers or mixtures thereof are within the purview of this
invention.

Any resulting mixtures of isomers can be separated on the basis of the physico-chemical
differences of the constituents, into the pure geometric or optical isomers,
diastereoisomers, racemates, for example by chromatography and/or fractional
Crystallization.

,Any resulting racemates of final products or intermediates can be resolved into the optical
antipodes by known methods, e.g. by separation of the diastereoisomeric salts thereof,
Obtained with an optically active acid or base, and liberating the optically active acidic or
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pasic compound. The hydroxamic acids or carboxylic acid intermediates can thus be
resolved into their optical antipodes e.g. by fractional crystallization of d- or 1-(alpha-
methylbenzylamine, cinchonidine, cinchonine, quinine, Quinidine, ephedrine, dehydro-
abietylamine, brucine or strychnine)-salts.

Finally, acidic compounds of the invention are either obtained in the free form, or as a salt
thereof.

Acidic compounds of the invention may be converted into salts with pharmaceutically
acceptable bases, e.g. an aqueous alkali metal hydroxide, advantageously in the presence
of an ethereal or alcoholic solvent, such as a lower alkanol. From the solutions of the
latter, the salts may be precipitated with ethers, e.g. diethyl ether. Resulting salts may be
converted into the free compounds by treatment with acids. These or other salts can also
be used for purification of the compounds obtained.

In view of the close relationship between the free compounds and the compounds in the
form of their salts, whenever a compound is referred to in this context, a corresponding
salt is also intended, provided such is possible or appropriate under the circumstances.

The compounds, including their salts, can also be obtained in the form of their hydrates, or
include other solvents used for their crystallization.

The pharmaceutical compositions according to the invention are those suitable for enteral,
such as oral or rectal, transdermal and parenteral administration to mammals, including
man, to inhibit matrix-degrading metalloproteinases, and for the treatment of disorders
responsive thereto, comprising an effective amount of a pharmacologically active
compound of the invention, alone or in combination, with one or more pharmaceutically
acceptable carriers. '

The pharmacologically active compounds of the invention are useful in the manufacture of
pharmaceutical compositions comprising an effective amount thereof in conjurict.ion or
admixture with excipients or carriers suitable for either enteral or parenteral application.
Preferred are tablets and gelatin capsules comprising the active ingredient together with a)
diluents, e.g. lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycine; b)
lubricants, e.g. silica, talcum, stearic acid, its magnesium or calcium salt and/or
polyethyleneglycol; for tablets also c) binders e.g. magnesium aluminum silicate, starch
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paste, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose and or

~ polyvinylpyrrolidone; if desired d) disintegrants, e.g. starches, agar, alginic acid or its
sodium salt, or effervescent mixtures; and/or e) absorbants, colorants, flavors and
sweeteners. Injectable compositions are preferably aqueous isotonic solutions or
suspensions, and suppositories are advantageously prepared from fatty emulsions or
suspensions. Said compositions may be sterilized and/or contain adjuvants, such as
preserving, stabilizing, wetting or emulsifying agents, solution promoters, salts for
regulating the osmotic pressure and/or buffers. In addition, they may also contain other
therapeutically valuable substances. Said compositions are prepared according to
conventional mixing, granulating or coating methods, respectively, and contain about

0.1 to 75 %, preferably about 1 to 50 %, of the active ingredient.

Suitable formulations for transdermal application include an effective amount of a

_ cd}npound of the invention with carrier. Advantageous carriers include absorbable
pharmacologically accepr.ible solverits to assist passage through the skin of the host.
Characteristically, transdermal devices are in the form of a bandage comprising a backing
member, a reservoir containing the compound optionally with carriers, optionally a rate
controlling barrier to deliver the compound of the skin of the host at a controlled and
predetermined rate over a prolonged period of time, and means to secure the device to the
skin.

Suitable formulations for topical application, e.g. to the skin and eyes, are preferably
aqueous solutions, ointments, creams or gels well-known in the art.

The pharmaceutical formulations contain an effective matrix-degrading metalloproteinase
inhibiting amount of a compound of the invention as defined above either alone, or in
combination with anothér therapeutic agent, e.g. an and-inﬂérnmatory agent with
cyclooxygenase inhibiting activity, each at an effective therapeutic dose as reported in the
art. Such therapeutic agents are well-known in the art. |

Examples of antiinflammatory agents with cyclooxygenase inhibiting activity are.
diclofenac sodium, naproxen, ibuprofen, and the like. :

In conjunction with another active ingredient, a compound of the invention may be
administered either simultaneously, before or after the other active ingredient, either
separately by the same or different route of administration or together in the same
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pharmaceutical formulation.

The dosage of active compound administered is dependent on the species of warm-
blooded animal (mammal), the body weight, age and individual condition, and on the form
of administration. A unit dosage for oral administration to a mammal of about 50 to 70 kg
may contain between about 25 and 250 mg of the active ingredient.

The following examples are intended to illustrate the invention and are not to be construed
* as being limitations thereon. Temperatures are given in degrees Centrigrade. If not
mentioned otherwise, all evaporations are performed under reduced pressure, preferably
between about 15 and 100 mm Hg (= 20-133 mbar). The structure of final products,
intermediates and starting materials is confirmed by standard analytical methods, e.g. |
microanalysis and spectroscopic characteristics.(e.g. MS, IR, NMR). Abbreviations used
are those conventional in the art. - -

Example 1: (a) N-(t-Butyloxy)-2(R)-[[4-methoxybenzenesulfonyl] (3-picolyl)amino]-
3-methylbutanamide (4.1 g, 9.13 mmol) is dissolved in dichloroethane (150 mL)

containing ethanol (0.53ml, 9.13 mmol) in a round bottom flask, and the reaction is cooled -
to -10°C. Hydrochloric acid gas (from a lecture bottle) is bubbled through for 30 minutes.
The reaction is sealed, allowed to slowly warm to room temperature, and stirred for 2

days. The solvent is reduced to 1/3 volume by evaporation and triturated with ether. The
mixture is filtered, filter cake removed, and dried in vacuo to provide
N-hydroxy-2(R)-{[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanamide
hydrochloride as a white solid, m.p. 169-170°C (dec), and having the following structure:

x HC1

CH;




[REPLACENENT SHEET
16 JUL 199

2. |

The starting material is prepared as follows:

To a solution of D-valine (15.0 g, 128.0 mmol) in 1:1 dioxane/ water (200 mL) containing
triethylamine (19.4 g, 192.0 mmol) at room temperature is added 4-methoxybenzene-
sulfonyl chloride (29.0 g, 141.0 mmol), and the reaction mixture is stirred at room
temperature overnight. The mixture is then diluted with methylene chloride, washed with
IN aqueous hydrochloric acid and water. The organic layer is washed again with brine,
dried (Na,S0O,), and the solvent is evaporated to provide N-{4-methoxybenzenesulfonyl]-
(D)-valine as a crude product. A solution of this crude product (15.0 g) in toluene (100
mL) containing N,N-dimethylformamide di-t-butyl acetal (50 mL, 206.5 mmol) is heated
to 95°C for 3 hours. The solvent is then evaporated. The crude product is purified by °
silica gel chromatography (30% ethy!l acetate/hexanes) to provide N-[4-methoxybenzene-
sulfonyl]-(D)-valine t—butyl ester.

To a solution of N-[4-methoxybenzenesulfonyl]-(D)-valine t-butyl ester (4.38 g, 13.0
mmol) in dimethylformamide (200 mL) is added 3-picolyl chloride hydrochloride (2.3 g,
14.0 mmol) followed by potassium carbonate (17.94 g, 130.0 mmol). The reaction
mixture is stirred at room temperature for 2 days. The mixture is then diluted with water
and extracted with ethyl acetate. The combined organic extracts are washed with brine,
dried (Na,SQO,), and the solvent is evaporated. The crude product is purified by silica gel
chromatography (ethyl acetate) to give t-butyl 2(R)-{N-[4-methoxybenzenesulfonyl]-
(3-picolyl)amind]-3-methy1butanoate.

t-Butyl 2(R)-([4-methoxybenzenesulfonyl](3-picolyi)amino]-3-methylbutanoate (5.3 g,
12.2 mmol) is dissolved in methylene chloride (150 mL) and cooled to -10°C.
Hydrochloric acid gas is bubbled into the solution for 10 minutes. The reaction mixture is
then sealed, warmed to room temperature and stirred for 4 hours. The solvent is then
evaporated to provide 2(R)-[(4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methyl-
butanoic acid hydrochloride. '

2(R)-[{4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoic acid hydrochloride
(5.0 g, 12.06 mmol), 1-hydroxybenzotriazole (1.63 g, 12.06 mmol), 4-methylmorpholine
(6.6 mL, 60.31 mmol), and O-t-butythydroxylamine hydrochloride (54.55 g, 36.19 mmol)
are dissolved in methylene chloride (200 mL). N-[Dimethylaminopropyl]-N’-ethyl-
Carbodiimide hydrochloride (3.01 g, 15.68 mmol) is added, and the reaction is stirred
Overnight. The reaction is then diluted with water and extracted with methylene chloride.
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The combined organic extracts are washed with brine, dried (Na,SO,), and the solvent is
evaporated. The crude product is purified by silica gel chromatography (2%
methanol/methylene chloride) to give N-(t-butyloxy)-2(R)-[[4-methoxybenzenesulfonyl]-

(3-picolyl)amino]-3-methylbutanamide. |

(b) L-tartaric acid salt, m.p. 114-116°C.

() Methanesulfonic acid salt, m.p. 139-141.5°C.

(d) Maleic acid salt, m.p. 133-134°C.

Example 2: The following compounds are prepared similarly to Example 1:

a) N-Hydroxy-2(S)-{[4-methoxybenzenesulfonyl] (3-picolyl)amino]-3-methylbutanamide
hydrochloride, m.p. 170.5-171°C, by starting the synthesis with L-valine, and carrying out
the subsequent steps as described above.

(b) N-hydroxy-2(R)- {[4-methoxybenzenesulfonyl](3-p1colyl)ammo]-4—methylpentanam1de
hydrochloride, m.p. 128-129°C.

The first two steps are carried out as described in example 1, except the synthesis was
started with D-leucine. The alkylation step is different, as described below.

To a solution of t-butyl 2(R)-{[4-methoxybenzenesulfonyl]amino]-4-methylpentanoate
(10.0 g, 27.92 mmol) in dimethylformamide (250 mL) at room temperature is added

~ 3-picolyl chloride hydrochloride (4.81 g, 29.32 mmol) followed by sodium hydride (2.79
g, 69.80 mmol, 60% in oil). ‘The reaction mixture is stirred at room temperature for 48
hours. The mixture is quenched with water and extracted with ethyl acetate. The
combined organic extracts are washed with brine, dried (Na,S0,), and the solvent is
evaporated. The crude product is purified by silica gel chromatography (45% ethyl
acetate/hexanes) to provide t-butyl 2(R)-{[4-methoxybenzenesulfonyl}(3-picolyl)-
amino]-4-methylpentanoate. |

All of the following steps are carried out as described above in example 1.

(c) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](6-chloropiperonyl)amino]-4-methyl-
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pentanamide, m.p. 85-87°C; by starting the synthesis with D-leucine and alkylatihg with
g-chloropiperonyl chloride (= 6-chloro-3,4-methylenedioxy-benzylchloride) in the third
step.

(d) N—Hydroxy-z(R)-[[4-_methoxybenzenesulfonyl](piperonyl)amino]-4—methylpentan- '
amide, m.p. 145-147°C, by starting the synthesis with D-leucine and alkylating with
piperonyl chloride (= 3,4-methylenedioxy-benzylchloride) in the third step.

(¢) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-4-methylpentan-
amide, m.p. 89-90°C, by starting the synthesis with D-leucine and alkylating with 2-
picolyl chloride in the third step.

3] N-Hydroxy-2(R)-{[4—methoxybenzenesu1fonyl](2-picolyl)amino]-3-methylbutana.mide
~ hydrochloride, m.p. 140-142°C, by starting the synthesis with D-valine and alkylating
with 2-picolyl chloride in the third step.

(g) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl] (3-picolyl}amino}-4,4-dimethylpentan-
amide hydrochloride, m.p. 130-150°C (slow melt), by starting the synthesis with
D-t-butylalanine and alkylating with 3-picolyl chloride in the third step.

(h) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino}-2-cyclohexyl-
acetamide hydrochloride, m.p. 149.5-152.0°C, by starting the synthes:s with
(D)-cyclohexylglycine hydrochloride.

The starting amino acid is prepared as follows:

(D)-phenylglycine (10.0 g, 66.2 mmol) is suspended in 2N hydrochloric acid (100 mL)
containing platinum (IV) oxide hydrate (267 mg). The mixture is shaken in a Parr
hydrogenation apparatus for 24 hours under a hydrogen pressure of 50 psi. The resultant
suspended crystalline material, (D)-cyclohexylglycine hydrochloride, was used without
further purification.

(i) N-Hydroxy-2(R)-[[(2,3-dihydrobenzofuran)-5-sulfonyl}(3-picolyl)amino]3-methyl-

butanamide hydrochloride, m.p. 150.0-153.0°C, by starting the synthesis with
2,3-dihydrobenzofuran-5-suifonyl chloride.

- Ny PRI
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The stax_iing sulfonyl chloride is prepared as follows:

2,3-dihydi'obenzofuran (6.0 g, 49.94 mmol) is added over 20 minutes to chIorosulfdnié
acid (29.09 g, 249.69 mmol) at -20°C. The reaction mixture is quenched by addition of
ice followed by water (20 mL). The mixture is then extracted with ethyl acetate. The
combined organic estracts are washed with brine, dried (Na,SO,), and the solvent is
evaporated. The crude product is purified by silica gel chromatography (30% ethyl
scetate/hexane) to give 2,3-dihydrobenzofuran-S-sulfonyl chloride (3.3 g).

® N-Hydroxy-2-{[4-methoxybenzenesulfonyl] (3-picolyl)-amino]-3-m ethylbutanamide
hydrochloride, m.p. 139.5-142°C, by starting the synthesis with DL-valine.

19) N-Hydroiy—Z(R)—[[4-ethoxybenzenesulfonyl] (3-picolyl)-amino]-3-methylbutanamide
hydrochloride, {o]p?=+34.35 (c=5.84, CH;OH).

O N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-2-cyclohexylacet-
amide hydrochloride, m.p. 127-140°, by starting the syntheses with (D)-cyclohexylglycine
hydrochloride, and carrying out the subsequent steps as described above.

(m) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-methylthiazol-4-ylmethyl)amino]-2-
cyclohexylacetamide hydrochloride, m.p. 137-139°C, using 4-chloromethyl-2-methyl-
thiazole in the alkylation step.

(n) N-Hydroxy-2-[{4-methoxybenzenesulfonyl](2-quinolinylmethyl)amino]-2-cyclohexyl-
 acetamide hydrochloride, m.p. 121-123°C, using 2-chloromethylquinoline hydrochloride
in the alkylation step. '

Example 3: 2(R)-[[4-Methoxybenzenesulfonyl](benzyl)amino]-4-methylpentanoic acid
(4.38 g, 11.2 mmol) is dissolved in methylene chloride (56.0 mL). To this solution is
added dxalyl chloride (1.95 mL, 22.4 mmol) and dimethylformamide (0.86 mL, 11.2
mmol), and the reaction is stirred at room temperature for 90 minutes. Meanwhile, in a
separate flask, hydroxylamine hydrochloride (3.11 g, 44.8 mmol) and triethylamine (9.36
mL, 67.1 mmol) are stirred in tetrahydrofuran (50.0 mL) and water (3.5 mL) at 0°C for 15
minutes. After 90 minutes, the methylene chloride solution is added in one portion to the
second flask, and the combined contents are stirred for three days as the flask gradually
warms up to room temperature. The reaction is then diluted with acidic water (pH=~3),
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and extracted several times with ethyl acetate. The combin_ed organic layers are dried:
-(N3,S0O,), and the solvent is evaporated. The product is purified by silica gel |
chromatography (1% methanol/methylene chloride) to give N-hydroxy-2(R)-[[4-methoxy-
penzenesulfonyl](benzyl)amino]-4-methylpentanamide, m.p. 48-52°C. |

The starting material is prepared as follows:

, (D)-leucine (7.1 g, 53.9 mmol) is dissolved in dioxane (60.0 mL) and water (60.0 mL). To
this solution is added triethylamine (11.3 mL, 80.9 mmol) and 4-methoxybenzenesulfonyl
chloride (12.25 g, 59.3 mmol), and the reaction is stirred at room temperature overnight.
The reaction is then diluted with methylene chloride and washed successively with 2.5N
hydrochloric acid, water, and brine. The organic phase is dried (Na,SO,); and the solvent
is evaporated to give N-[4-methoxybenzenesulfonyl]-(D)-leucine, which is used without
further purification.

N-[4-methoxybenzenesulfonyl}-(D)-leucine (14.0 g, 46.5 mmol) is dissolved in toluene
(100.0 mL), and heated to 90°C. N,N-Dimethylformamide di-t-butyl acetal (45.0 mL,
186.0 mmol) is added dropwise over 20 minutes, and then the reaction is kept at 90°C for
another 2 hours. After cooling back down, the reaction is diluted with ethyl acetate and
washed successively with saturated sodium bicarbonate, water, and brine. The organic
phase is dried (Na,SO,), and the solvent is evaporated. The product is purified by silica
gel chromatography (20% ethyl acetate/ hexane) to give N-[4-methoxybenzenesulfonyl]-
(D)-leucine t-butyl ester.

To a suspension of sodium hydride (0.68 g, 14.1 mmol) in dimethylformamide (60.0 mL),
is added N-[4—methoxybenzenesulfdnyl]-(D)-leucine t-butyl ester (5.02 g, 14.06 mmol) in
dimethylformamide (10.0 mL). After stirring at room temperature for 20 minutes, benzyl
bromide (1.67 mL, 14.06 mmol) is added, and the reaction is stirred overnight at room
temperature. The reaction is then partitioned between ethyl acetate and acidic water
(pH=5), the organic layer is dried (Na,SO,), and the solvent is evaporated. The product is
purified by silica gel chromatography (10% ethyl acetate/hexane) to give t-butyl
4(R)-{[4-methoxybenzenesulfonyl](benzyl)amino]-4-methylpentanoate.

t-Butyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-4-methylpentan oate (5.38 g,
12.02 mmol) is dissolved in methylene chloride (100.0 mL). Hydrochloric acid gas (from
alecture bottle) is bubbled through the solution for 20 minutes. The reaction is sealed and
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stirred ovemight at room temperature. The solvent is then evaporated to give 2(R)-{[4-
" methoxybenzenesulfonyl](benzyl)amino]-4-methylpentanoic acid.

gxample 4: The following compounds are prepared similarly to example 3:

(a) N-Hydroky—Z(R)-[[4-methoxybenzehesulfonyl](benz'yl)amino]-Z-phenylacetamide, -'
m.p. 128-129°C, by starting the synthesis with (D)-phenylglycine, and carrying out the
subsequent steps as described in example 3.

(b) N-Hydroxy-z-[[4-methoxybenzenesulfonyl](benzyl)amino]-Zét-butylaceramide, m;p.
69-73°C, by starting the synthesis with t-butyliglycine, and carrying out the subsequent
steps as described in example 3.

(¢) N-Hydroxy-2(R)-{{4-methoxybenzenesulfonyl](4-fluorobenzyl)amino]}-4-methyl-
pentanamide, m.p. 48-51°C, by starting the synthesis with (D)-leucine, and carrying out
the subsequent steps as described in example 3, with the exception that 4-fluorobenzyl
bromide is used in place of benzyl bromide.

(d) N-Hydroxy-2(R)-{[4-methoxybenzenesulfonyl](benzyl)amino]-3-methylbutanamide,
m.p. 179-180°C, by starting the synthesis with (D)-valine, and carrying out the subsequent
steps as described in example 3. ' '

(¢) N-Hydroxy-2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-4,4-dimethylpentan-
amide, by starting the synthesis with (D)-neopentylglycine, and carrying out the
subsequent steps as described in example 3.

(f) N-Hydroxy-2(R)-([4-methoxybenzenesulfonyl(benzyl)amino]-3-hydroxypropanamide,
m.p. 65°, by starting the synthesis with (D)-serine, and carrying out the subsequent steps
& described in example 3.

Example 5: 3-[4-Methoxybenzenesulfonyl]-5,5—dimethylthiazolidine-4(s)-carboxylic acid
(20 g, 6.0 mmol) is dissolved in methylene chloride (30.0 mL). To this solution is added
Oxalyl chloride (1.1 mL, 12.1 mmol) and dimethylformamide (0.50 mL, 6.0 mmol), and
-the reaction is stirred at room temperature for 2 hours. Meanwhile, in a separate flask,
hYdl'oxylamine hydrochloride (1.74 g, 25.0 mmol) and triethylamine (5.0 mL, 36.0 mmol)
&e stirred in tetrahydrofuran (25.0 mL) and water (2.0 mL) at 0°C for 15 minutes. After 2
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hours, the methylene chloride solution is added in one portion to the second flask, and the
combined contents are stirred overnight as the flask gradually warms up to room' -
emperature. The reaction is then diluted with acidic water (pH=~3), and extracted several
times with ethyl acetate. The combined organic layers are dried (Na,SO,), and the solvent
is evaporated. The product is purified by silica gel chromatography (60% ethy! .
acetate/hexane) to give N-hydroxy-3-[4-methoxybenzenesulfonyl]-5,5-dimethyl-
thiazolidine-4(S)-carboxamide, m.p. 68-71°C.

The starting material is prepared as follows:

(D)-3,5-Dimethylthiazolidine-4-carboxylic acid (1.0 g, 6.2 mmol) is dissolved in dioxane
(10.0 mL) and water (10.0 mL). To this solution is added triethylamine (1.3 mL, 9.3

mmol) and 4-methoxybenzenesulfonyl chloride (1.41 g, 6.82 mmol), and the reaction is
stirred at room temperature for three days. The reaction is then diluted with ethyl acetate
and washed successively with 2.5N hydrochloric acid, water, and brine. The organic

phase is dried (Na,SO,), and the solvent is evaporated to give 3-[4-methoxybenzene-
 sulfonyl]-5,5-dimethylthiazolidine-4(S)-carboxylic acid, which is used without further
purification. '

Example 6: 1-[4-Methoxybenzenesulfonyl]-pyrrolidine-2(R)-carboxylic acid (1.12 g, 3.93
mmol) is dissolved in methylene chloride (40.0 mL). To this solution is added oxalyl
chloride (0.69 mL, 7.85 mmol) and dimethylformamide (0.30 mL, 3.93 mmol), and the
reaction is stirred at room temperature for 30 minutes. Meanwhile, in a separate flask,
hydroxylamine hydrochloride (1.1 g, 15.7 mmol) and triethylamine (3.3 mL, 23.5 mmol)
are stirred in tetrahydrofuran (20.0 mL) and water (4.0 mL) at 0°C for 15 minutes. After
30 minutes, the methylene chloride solution is added in one portion to the second flask,
and the combined contents are stirred overnight as the flask gradually warms up to room
emperature. The reaction is then diluted with acidic water (pH=~3), and extracted several
~ limes with ethyl acetate. The combined organic layers are dried (MgSQ,), and the solvent
is evaporated. The product is purified by silica gel chromatography (50% ethyl |
acetate/hexane) to give N-hydroxy-1-{4-methoxybenzenesulfonyl]-pyrrolidine-2(S)-
Carboxamide, m.p. 163.5-165.5°C.

The starting material is prepared as follows:

(D)-proline (0.78g, 6.77 mmol) is suspended in methylene chloride (25.0 mL). To this
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solution is added trie'thylamine (1.13 mL, 8.12 mmol) and &memoxybelmnes&!émyl
chloride (1.4 g, 6.77 mmol), and the reaction is stirred at room temperature for two days.
The reaction is then diluted with methylene chloride and washed successively with IN
‘hydrochloric acid, water, and brine. The organic phase is dried (MgSO,), and the solvent |
is evaporated. The product is purified by silica gel chromatography (10% methanol/ethyl
acetate) to give 1-{4-methoxybenzenesulfonyl]-pyrrolidine-2(R)-carboxylic acid.

Example 7: N-(t-Butyloxy)-2-[[4-methoxybenzenesulfonyi](benzyl)amino]-
2-[2-(4-morpholino)ethyl]acetamide (2.65 g, 5.1 mmol) is dissolved in methylene chloride
(50.0 mL) and ethanol (1.0 mL) in a glass sealed tube, and the reaction is cooled to 0°C.
Hydrochloric acid gas (from a lecture bottle) is bubbled through the solution for 20
minutes, and then the tube is sealed and kept at room temperature for 3 days. After that
time, the solvent is removed, and the reaction is partitioned between ethyl acetats and
saturated sodium bicarbonate. The organic phase is dried (N2,SO,), and the solvent is
evaporated. The product is purified by silica gel chromatography (2% methanol/-
methylene chloride) to give N-hydroxy-2-{[4-methoxybenzenesulfonyl}(benzyl)amino]-
2-{2-(4-morpholino)ethyl]acetamide, m.p. 56-60°C.

The starting material is prepared as follows:

N-(2-chloroethyl)morpholine hydrochloride (12.0 g) is dissolved in water (200 mL) and
made basic with ammonium hydroxide (100.0 mL) to 2 pH=~11. The aqueous layer is
then extracted several times with ether, the combined organic layers are dried (N2,S0,),
and the solvent is evaporated to yield an oil which is used immediately.

Diethyl acetamidomalonate (11.4 g, 57.08 mmol) is added to a freshly prepared solution of
sodium ethoxide in ethanol (made from Na (1.32 g, 57.1 mmol) added to ethanol (34.0
mL)), and the reaction is refluxed for 30 minutes. The reaction is then adjusted to 55°C,
and potassium iodide (0.14 g, 0.8 mmol) and dimethylformamide (0.2 mL) are added.
Finally, the N-(2-chloroethyl)morpholine (8.9 g, 59.6 mmol) prepared above is added in
ethanol (14.0 mL), and the reaction is maintained at 55°C for 24 hours.

The reaction is diluted with ethy! acetate and filtered through Celite to remove salts. The
filtrate is evaporated, and then partitioned between ethyl acetate and brine. The organic
layer is dried (Na,SQ,). and the solvent is evaporated. The product is purified by silica
gel chromatography (first 50% ethyl/acetate, then 5% methanol/methylene chloride) to
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give diethyl [2-(4-morpholino)ethyl]acétamidornalonate.

Diethyl [2-(4-morpholino)ethyl]acetamidomalonate (8.0 g, 25.6 mmol) is dissolved in
ethanol (128.0 mL). Sodium hydrox_ide (4.55 mL of a 6N aqueous solutioh, 27:35 mmol)
is added, and the reaction is stirred at room temperature for 24 hours. The ethanol is then
gvaporated, and the residue is diluted up in water, washed several times with ether, and
then the aqueous phase is acidified with concentrated hydrochloric acid to pH =~5. The
solution is evaporated to dryness, then suspended in toluene (300.0 mL) and refluxed for 3
nours. After cooling to room temperature, the reaction is diluted with chloroform (300.0
mL), and the mixture is filtered through Celite. The filtrate is evaporated to give ethyl
2-(acetamido)-2-[2-(4-morpholino)ethyl]acetate.

Ethyl 2-(acetamido)-2-[2-(4-morpholino)ethyl]acetate (4.2 g, 16.28 mmol) is dissolved in

6N hydrochloric acid (100.0 mL), and the reaction is refluxed for 4.5 hours. The water is.

then evaporated, and the product is azeotroped dry using toluene to give 2-amino-2-[2-
(4-morpholino)ethyl]acetic acid dihydrochloride.

2-Amino-2-[2-(4-morpholino)ethYl]acetic acid dihydrochloride (4.0 g, 15.33 mmol) is
dissolved in a solution of methanol (100.0 mL) and acety! chloride (5.0 mL), and the
reaction is refluxed for 24 hours. The solvent is then evaporated to give methyl
2-amino-2-[2-(4- morpholino)ethyljacetate dihydrochloride.

Methyl 2-amino-2-[2-(4-morpholino)ethyl]acetate dihydrochloride (6.0 g, 21.82 mmol) is
dissolved in chloroform (110.0 mL) and triethylamine (9.12 mL, 65.46 mmol). To this
solution is added 4-methoxybenzenesulfonyl chloride (4.51 g, 21.82 mmol), and the
reaction is refluxed for 4 hours. After cooling, the reaction is diluted with more
chloroform, washed with saturated sodium bicarbonate, the organic layer is dried
(N2,80,), and the solvent is evaporated to give methyl 2-(4—methoxybenzenesulfonyl)-
amino-2-[2-(4-morpholino)ethyl]acetate.

'To a suspension of sodium hydride (1.03 g, 21.5 mmol) in dimethyiformamide (108.0
mL), is added methyl 2-(4-methoxybenzenesulfonyl)amino-2-[2-(4-morpholino)ethyl]ac
ttate (8.0 g, 21.5 mmol) in dimethylformamide (10.0 mL). After stirring at room
emperature for 30 minutes, benzyl bromide (2.56 mL, 21.5 mmol) is added, and the
feaction is stirred overnight at room temperature. The reaction is then partitioned between
ethyl acetate and acidic water (pH=~5), the organic layer is dried (Na,SO,), and the



" solvent is evaporated. The product is ﬁuriﬁed by silica gel chromatography (3%

' methanol/methylene chloride) to give methyl 2—{[4—-methoxybenzenesulfonyl](benzvl)-

) ammo]-z [2-(4-morpholmo)ethyl]acetate

' Mexhyl 2-[[4—meth0xybenzenesu1fony1](benzyl)amino]-z-[24(4-morpholin o)ethy_l]aéetate |
(733 g, 15.86 mmol) is dissolved in methanol (80.0 mL). To this solution is added |
~ sodium hydroxide (17.5 mL of a 1N aqueous solution, 17.5 mmol), and the reaction is
stirred at room temperature for 8 hours. The reaction is then acidified to pH=~3 using |
- 2.5N hydrochloric acid, and then the solvent is evaporated. The residue is suspended in
ethanol, the inorganic salts are filtered away, and the filtrate is evaporated to give
2-[[4-methoxybenzenesu1fonyl](benzyl)ammo]-z-[2-(4-morphohno)ethyl]aceuc acid
hydrochloride.

2-[[4-Methoxybenzenesulfonyl](benzyl)amino]-2-[2-(4-morpholino)ethyli]acetic acid
hydrochloride (4.24 g, 8.75 mmol), 1-hydroxybenzotriazole (1.34 g, 8.75 mmol),

. 4-methylmorpholine (3.85 mL, 35.02 mmol), and O-t-butylhydroxylamine hydrochloride

(1.10 g, 8.75 mmol) are dissolved in methylene chloride (44.0 mL), and the reactionis
cooled to 0°C. To this solution is added N-{dimethylaminopropyl]-N’-ethylcarbodiimide
B hydrochloride (3.35 g, 17.5 mmol), and the reaction is allowed to warm up to room

~ temperature and stir overnight. The reaction is diluted with more methylene chloride, and
the organic layer is washed with saturated sodium bicarbonate, brine, dried (MgSO,), and
the solvent is evaporated. The product is purified by silica gel chromatography (2%
methanol/methylene chloride) to give N-(t-butyloxy)-2-{[4-methoxybenzenesulfonyl]-
 (benzyl)amino}-2-[2-(4-morpholino)ethyljacetamide. '

Example 8: The following compounds are prepared similarly to example 7:
| (2) N-Hydroxy-z-[[4-methoxybenzenesulfohyl](isobur.yl)amino]-z-[2-(4-morpholino)-

ethyllacetamide, m.p. §2-64°C, using xsobutyl bromide in the alkylation step in place of
benzyl bromide.

(b) N-Hydroxy-z-[[4-memoxybenzenesulfony1](Z-picolyl)amino]-2-[2-(4_-morpholino)-
" ethyllacetamide dihydrochloride, m.p. 195-197°C, using 2-picoly! chloride in the

alkylation step in place of benzyl bromide.

(6) N-Hydroxy-z-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-2-[2-(4-morbholino)-
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o emyl]acetamxde dxhydrochlonde. m.p. >210°C usmg 3-p1colyl chlonde in r.he alkylauon_
~ step in place of benzyl bromxde '

) N-I-iydmxy-"7 [[Lmemoxybenzenesulfonylj(ZQmethylthiazoI-Lylmethyl)amino]-2- |
[z-(A-morphohno)ethyl]acetamzde dihydrochloride, m.p. 180°C, using 4-chlorornethyl-.
-methylthxazole in the alkylauon step in place of benzyl brormde

| (e) N-Hydroxy-Z—[[4-_methoxybenzenesulfonyl](benzyl)amino]-z-[26(4—-thiomorpholino)- |
ethylJacetamide, m.p. S0-52°C, by starting the synthesis with N-(2-chloroethyl)thio-
morpholine, and carrying out the subsequent steps as described in example 7.

) N—Hydroxy-2-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[2-methylthiazol- _
4-ylmethylJacetamide, m.p. 79-81°C, by starting the synthesis with 4-chloromethyl-
2- methylthxazole hydrochloride, and carrymg out the subsequent steps as described in
example 7. :

| (g) N-Hydroxy-z-[[4—methoxybenzenesulfonyl](benzyl)ammo]-2-[6-chlorop1perony1]-
acetamide, m.p. 70-74°C, by starting the synthesis with 6-chloropiperonyl chloride, and
carrying out the subsequent steps as described in example 7.

(h) N-Hydroxy42-[[&memoxybenzenesulfonyl](benzyl)amino]-Z- {(1-pyrazolyl)methyi]-
acetamide, m.p. 130-131°C, by starting the synthesis with 8-pyrazol-1-yl-alanine
(prepared following the procedure of J. Am. Chem. Soc., 110, p. 2237 (1988)), and
carrying out the subsequent steps as described in example 7.

(@) N-Hydroxy,-g-_[[ct—memoxybenzenesulfonyl] (3-picolyl)amino]-2-[3-picolyl]acetamide
dihydrochloride, m.p. >220°C, by starting the synthesis with 3-picoly! chloride, and
carrying out tlig subsequent steps as described in example 7, but in addition, using
3-picolyl chiofide in the alkylation step in place of benzyl bromide in example 7.

) N-Hydroxy-z-[[4-memoxybenzehesulfonyl] (benzyl)amino}-2-[(1-methyl-4-

g imidazolyl)methyl]acetamide hydrochloride, m.p. >200°C, by starting the synthesis with
N-t-methylhistidine dihydrochloride (prepared followmg the procedure of Recueil, 97,
p.293 (1978)) and carrying out the subsequent steps as described in example 7.

(k) N-Hydtoxy-z-[[4-methoxybenzenesulfonyl](isobutyl)amino]-z-[( l-methyl-
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L .*-imidazolyl)methyl]acetamide hyd}qchléﬁde. m.ﬁ; 194-195°C, 'by atamrg'thrsvrrmesxs——— '
| with N-c-methylhistidine dihydrochloride and carrying out the subsequent steps as '
- desc'iced n example 7. usmc mobutyl iodide in the alkvlauon step in ulac= of benzyl

S N—Hydroxy-z-[[zx;memoxybenzenesulfonyn(3-picoly1)amino]-z-[(1;memy_1-4.

_ imidazolyl)methyljacetamide hydrochloride, m.p. >220°C, by starting the synthesis with
_ N-t-methylhistidine dihydrochloride and carrying otiz the subsequent steps as described in

example 7, using 3-picoiy1 chloride in the alkylation step in place of benzyl bromide. |

- (m) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](2-picolyl)amino]-2-[( 1-meLhyl-4—'

imidazolyl)methyl]acetamide hydrochloride, m.p. 162-164°C, by starting the synthesis

with N-t-methylhistidine dihydrochloride and carrying out the subsequent stepsas

described in example 7, using 2-picolyl chlonde in the alkylation step in place of benzyl
brormde

. (n) N—hydroxy-2-£[4-m_ethoxybenzenesulfonyl](Z-me:hylthiazol-tl—ylmemyl)amino]-2- -
[(1-methyl-4-imidazolyl)methyl]acetamide hydrochloride, m.p. 160-163°C, by starting the
synthesis with N-t-methylhistidine dihydrochloride and carrying out the subsequent steps
as described in example 7, using 4—chloromethyl-2-rnet.hylthxazole in the alkylation step in
place of benzyl bromide.

(0) N-hydrbxy-z-[[4-methoxybenzenesulfonyl](piperonyl)amino]-z-{( 1-methyl-
4-imidazolyl)methyi]acetamide hydrochloride, m.p. 195°C, by starting the synthesis with
N-z-methythistidine dihydrochlioride and carrying out the subsequent steps as described in
example 7, using piperonyl chloride in the alkylation step in place of benzyl bromide.

Example 9: (2) Methyl 2-{[4-methoxybenzenesulfonyl](benzyl)amino]propionate (2.1 g,
6.01 mmol) is dissolved in methanol (20.0 mL). To this solution is added hydroxylamine
hydrochloride (0.84 g, 12.0 mmol), followed by the addition of sodium methoxide (7.0 mL
of 2 4.37M solution). The reaction is stirred overnight at room temperature. The reaction
1s worked up by first removing all the solveat, and partitioning between ethyl |
acetate/hexane (2/1) and saturdted sodium bicarbonate. The aqueous phase is extracted
well with ethyl acetate/hexane, the combined organic layers are dried (MgSQ,). and the
solvent is evaporated. The prdduct is purified by silica gel chromatography (ethyl acetate)
to give N—hydroxy-z-[[4-methoxybenzenesulfonyl](benzyl)amind]propionamide, m.p.

Y
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o Tue saring maranal is greaared. as fcllows

gL Alszize (7.0 5, 300.0 mmay i disslved in  sourion of methazol (1000 )

o W.tad with HCl gas, and the reaction is reffuxed for 2 hours. The solventis thea

: rated. and the residue rnmmed vmh e.hyl acerate to give alamne me:hyi ate. |

. ,,mne me-hyl ester hydrochlaride (7.0 g, 50.0 mmol) is dissolved iz methylene chlaride
(100.0 mL) and wiethylamine (20.0 mL, 143.0 mmol). To this solution is added |
-4-methoxXybenzenesuifonyl chloride (103 g, 50.0 mmol), and the reaction is stirred at

" room temperamre briefly. The reaction is made basic with IN sodium hydroxide, and

- washed with nuethylene chloride. The combined organic layers are dded N2,S0,), and
the solvent is evaporated. Hexane is added to the residue and the nreamtmzscoﬂezzed
o give N{Lmemoxybenz.nesulfonyﬂ-alznme methyl ester.

7o 2 sesgeasion of sodium hydride (0.60°g, 11.0 mmol) in dme.hyhorma.mde (20.0 mL),
is added N-[Lmemoxyhewesuzfqnyn-m methyl esar (2.6 g, 10.0 mmoal) in -
dimedtylformamide (10.0 mL). After stirring at room temperature for 30 minutes, benzyl
bromide (1.22 mL, 10.0 mmal) is added, and the reaction is stirred for two hours atroom
empesaure. The reacton is then partitioned between ether and brine, the organic layer is
dried (N2,SQ,), and the solvent is evaporated. The product is purified by silica gel

caroaatography (20% ether/hexanes) to nge methyl 2-{[4-methoxybenzenesulfonyl]-
(uem')mmo]-aropmnoa.:e | '

- (3) Sizilariy pregared is N-aydroxy-2-[[¢-methoxybenzegesulionyl](benzyl)amino]-4-
Qicmedyloutyramide, m.p. 104-106°C, by starting the synthesis with D L-methigrine,
ind carrying out the subsequent steps as descrived above.

Zxamole 10: A soludon of methyl 2-([4-methoxybenzenesulfonyl](veazyl)amino]-

. '-‘-:(r,pqzhylsulfonyl)butyrate' (900 mg, 2.0 mmol), sodium methoxide previously generated
from sodium mecal spheres (100.0 mg, 4.5 mmol), and hydroxylamine hydrochloride
(230.0 mg, 4.0 mamol) is refluxed for 2 days. The mixcure is cooled to room 2mperature,
“ncestrated in vacuo, diluted with water, acidified with citic acid, and exwacted with
0yl acetate. The co mbined arganic extracts are dried (MgSO,) 2nd and the solventis
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| '.evap'cz)rated “The product is punfied by silica gel chromatography ".(eth:yl ecerate) ro'grve
. N-hydroxy-2 [[4—methoxybenzenesulfonyl](benzyl)ammo]-4-(methysu1fonyl)butyram1de
- M+1]=157. -

o The startmg ‘material is prepared as follows

. To a solution of racemic methlomne methyl ester (1 98 g, 10 O mmol) m methylene '
chloride . : _
- (25 mL) containing tnethylamme 2. 0) mL, 14.3 mmol) is added 4-methoxy-
benzenesulfonyl chloride (2.1g, 10.2 mmol). After stirring for 2 hours at room
temperature, the mixture is diluted with 1 N hydrochloric acid. The organic layer is
removed and the aqueous layer is extracted with ether. The combined organic layers are
washed with brine, dried (MgSO,), and and the solvent is evaporated. The concentrated
solution is triturated with ether, and the product is collected by filtration to give methyl
2-[[4-methoxybenzenesulfonyl]ammo]-4-(th10methyl)butyrate '

. Toa solutlon of methyl 2—[[4-methoxybenzenesulfonyl]amino]—4-(thiomethyl)butyrate
(2.1g, 6.2 mmol) in dimethylformamide (15 mL) containing potassium carbonate (4.0 g,
29.0 mmol) is added benzyl bromide (1.5 mL, 12 6 mmol). The reaction mixture is
stirred

for 1 hour at room temperature. The mixture is quenched with water and extracted with
ether. The organic extracts are washed with brine, dried (MgSO,), and and the solvent is
evaporated. The product is purified by silica gel chromatography (30% ethyl
acetate/hexanes) to give methyl: 2—[[4-methoxybenzenesulfonyl](benzyl)ammo]—

- 4-(thiomethyl)butyrate.

A solution of methyl 2-[[4-methoxybenzenesulfonyl](benzyl) amino]-4-(thiomethyl)-
butyrate (925.0 mg, 2.17 mmol) in 25% peracetic acid (5 mL) is stirred overnight at
room temperature. The mixture is concentrated in vacuo, diluted w1th water and extracted
with

ethyl acetate. The combined organic extracts are dried (MgSO,). and the solvent is
evaporated to give methyl 2- [[4-methoxybenzenesulfonyl](benzyl)armno]-4—(methyl—
sulfonyl)butyrate.

Example 11: (a) To a solution of 2R-{[(4-methoxybenzene)sulfonyl](benzyl)amino]-
propionic acid (1.04 g, 2.98 mmol) in methylene chloride (50 mL) containing
dimethylformamide (230 mL, 2.98 mmol) at room temperature is added oxalyl chloride
(520 mL, 5.96 mmol) over 5 minutes dropwise. The mixture is stirred for 30 minutes at
room temperature, then added to a pre-formed mixture of hydroxylamine hydrochloride
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(823 mg, 11.92 mmol) and wiethylamine (2.5 mL. 17.9 mmol) in tefrohydrofuran (20 -
. mL)/water (1.5 mL) at 0°C. The reaction mixture is stirred for 45 minutes at 0°C then
* slowly warmed to room temperature for 15.5 hours. The mixture is acidified with IN -
* hydrochloric acid and extracted with methylene chloride. The combined organic extracts
are washed with brine, dried (MgS0,), and the solvent is evaporated. The crude product is .
: _recrystallized from diethyl ether/ethyl acetate (1:1) to give N—hvdroxy—Z(R)-[[d_me[hoxy.
benzenesulfonyl](benzyl)ammo]-propmnannde m.p. 127-129°C

" The starting ma.terial is prepa:ed as follows: :

To a solution of D-alanine methyl'eéter hydrochioride (3.0 g, 21.5 mmol) in methanol ('10
mL) is added benzaldehyde (2.3 mL, 22.6 mmol). The reaction mixture is stirred at room
temperature for 3 hours. The solvent is then evaporated. To the resultant residue is added

-acetic acid (15 mL) and methanol (1 mL) followed by portionwise addition of sodium
eyanoborohydride (1.35 g, 21.5 mmol) at room temperature. The mixture is stirred
overnight, and then the solvent is evapotated. The remaining residue is diluted with water
(75 mL) and basified with Na,CO;. The mixture is extracted with ethyl acetate (3x75
mL). The combined organic extracts are washed with brine (50 mL), dried (Na2504) and
the solvent is evaporated to give N-benzyl-D-alanme methyl ester.

To a solution of N—benzyl-D-aIanine methyl ester(~2 g in me-thylene chloride (40 mL)
containing triethylamine (2.47 mL, 17.7 mmol) is added 4-methoxybenzenesulfonyl
chloride (2.44 g, 11.8 mmol). The reaction mixture is stirred overnight at room
temperature. The mixture is acidified with IN HCI and extracted with methylene
chloride. The combined organic extracts are washed with brine, dried (N2,S0,), and the
solvent is evaporated. The crude product is purified by silica gel chromatography

(10%->20% ethyl acetate/hexanes) to provide methyl 2(R)-[[4~rnethoxybenzenesulfonyi]-
 (benzyl)amino] propionate. |

- Toa solution of methyl 2(R)-({4-methoxybenzenesulfonyl](benzyl)amino] propionate
(105 g, 2.89 mmol) in tetrahydrofuran (60 mL) at room temperature is added 1N aqueous-
$odium hydroxide (8.6 mL, 8.67 mmol). The reaction mixture is stirred for 19 hours at
foom temperature. The tetrahydrofuran is then evaporated. The remaining residue is
Xidified with 1N hydrochloric acid and extracted with ethyl acetate. The combined
Organic extracts are washed with brine, dried (NileO4). and the solvent is evaporated to
$ive 2(R)-{[4-methoxybenzenesulfonyl](benzyl)amino] propionic acid.
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o (b) Similarly prepared is N-hydroxy-2(R)-[{4-methoxybenzenesulfonyl](benzyl)-
ammo]-2-benzylacetamide,'[M+l] = 441, by starting with (R)-p'neny_lalanine; and ca.rryin-g
© outthe previously described steps. - .

S Example 12: (#) To a solution of N-_(t-butylbxy)—Z(R)-.[[tt-methOxybenZenésulfonyl-'

o | (benzyl)amino]-6-(N,N-dimethylamino)-hexamide (2.13 g,4.21 mmol) in

- 12-dichloroethane (140 mL) is added ethanol (250 mL, 4.21 mmol). The solution is

~ cooled to -10°C and hydrogen chloride gas is bubbled in for 30 minutes. The reaction
- mixture is then sealed and allowed to warm to room temperature, stirring for 2 days. At
- this time point, the reaction mixture is cooled to -10°C and hydrogen chloride gas is
pubbled in for an additional 30 minutes. The reaction mixture is sealed, warmed to room
remperature, and stirred for 24 hours. The mixture is reduced in volume by 1/2 in vacuo
and triturated with ether. The mother liquid is removed and the remaining white solid is
dried in vacuo to provide N-hydroxy-2(R)-[[4-methoxybenzenesuifonyl](benzyl)-
amino]-6-(N.N-dimethylamino)-hexanaxhide hydrochloride salt, m.p. 175-177°C.

The starting material is prepared as follows:

To a solution of e-N-CBZ-(R)-lysine methylester hydrochloride (15.0 g, 45.10 mmol) in
methylene chloride (250 mL) containing triethylamine (15.72 mL, 112.75 mmol) is added
4- methoxybenzenesulfonyl chloride (10.25 g, 49.61 mmol) at 0°C. The reaction mixture
is warmed to room temperature and stirred overnight. The reaction mixture is diluted with
methylene chloride and washed with 1 N hydrochloric acid. The organic layer is washed
with brine, dried (Na,SO,), and concentrated in vacuo to yield a yellow oil. The product
is purified by silica gel chromatography (50% ethy! acetate/hexanes) to give methyl
2(R)-{[4-methoxybenzenesulfonyl]amino]-6-(N-benzylcarbamoyl) hexanoate.

Toa solution of methyl 2(R)-{[4-methoxybenzenesulfonylJamino]-6-(N-benzylcarbamoyl)
| hexanoate (12.4 g, 26.5 mmol) in dimethylformamide (100 mL) is added potassium
Carbonate (7.5 g, 52 mmol) and benzyl bromide (3.3 mL, 28.0 mmol), and the reaction, is
stirred for 24 hours at room temperature. The mixture is partitioned between water and
59% diethyl ether/ethy! acetate. The aqueous layer is removed and extracted with 50%
- diethy ether/ethyl acetate. The combined organic layers are washed with brine, dried
(M280,) and the solvent is evaporated. The crude product is purified by silica gel
chromatography (50% ethyl acetate/hexanes) to give methyl 2(R)-[[4-methoxybenzene-
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: suuonyl] (beﬂz}"l)ammol-6-(V-benzylcarbamoyl) hexanoate

To a solution of methyl Z(R)-[[4-medxoxytenzenesulfony1](be'xzyl)ammo] 6- (ce'xzy!-
carbamoyl) hexanoate (8.61 g, 15.53 mmol) in 95% ethanol (150 mL) is added IN

| pydrochloric acid (15.5 mL, 15.53 mmol) followed by 10% Pd/C (4.0 g). The mcuon
 ixture is stirred at room temperature under 1 atmosphere of hydroce'x gas for 2 hours,

- The mixture is filtered through Celite and the solvent is evaporatad tg provide -nethyl

o(R) [[--methoxybenzenesulfonyl](benzyl)ammo]—é—ammohexanoaze

Toa solution of methyl 2(R)-[[&memoxybenzenesulfonyl](benzyl)amiﬁoj.s-mmé-
hexanoate (5.05 g, 12.02 mmol) in refluxing formic acid (120 mL) containing sodium
formate (2.45 g, 36.07 mmol) is added 37% aqueous formaldehyde (2.70 mL, 36.07.
mmol). While continuing to reflux the reaction mixture, three more aliquots of 37%
aqueous formaldehyde (2.70 mL, 36.07 mmol each aliquot) are added at 10 minute
intervals. The mixrure is concentrated in vacuo to yield a yellow oil. The crude product iz
purified by silica gel chromatography (10:1:0.5; ethylacetate/methanol/ammonium
hydroxide) to provide nier.hyl Z(R)-[[Lme&otybenzenesulfonyl](benzyl)amino]—
6-(N.N-dimethylamino) hexanoate. This procedure is repea:ed and the combined product
is used in the next reaction. '

To a solution of methyl 2(R)-{{4-methoxybenzenesulfonyl)(benzyl)amino]-6-(N,N-
dimethylamino) hexanoate (4.55 g, 10.7 mmol) in tetrahydrofuran (100 mL) is added 1IN
agueous lithium hydroxide (20 mL, 20.33 mmol). The reaction mixture is stirred at room
temperature overnight. The reaction mixture is directly concentrated to dryness in vacuo
to give the lithium salt of 2(R)-[[4—methoxybenzenesu1fonyl](benzyl)ammo]-é-(\I N-
dimethylamino) hexanoic acid.

To a solution of 2(R)-{{4-methoxybenzenesulfonyl](benzyl)amino}-6-(N,N-dimethyi-
mino) hexanoic acid lithium salt (4.42 g, 10.18 mmol) in methylene chloride (100 mL)

. -Conuaining N- methylmorpholine (6.73 mL, 61.06 mmol), 1-hydroxybenzotriazole mono- |
hydrate (1.64 g, 10.687 mmol) and O-t-butylhydroxyl amine hydrochloride (1.41 g, 11.20
Mmol) is added N-{dimethylaminopropyl]-N"-ethylcarbodiimide hydrochloride (3.90 g,-
20.36 mmol) at 0°C. The reaction mixture is allowed to warm to room temperature and
Simring is continued overnight. The mixture is diluted with methylene chloride, washed
with saturated sodium bicarbonate, then with brine, dried (Na,SO,) and the solventis
®¥aporated. The crude product is purified by silica gel chromatography (10:1:0.5 ethyl -



'- acetate/metha.nol/a.mmomum hydrox1de) to provxde \L(t-butyloxy)-Z(R)-[[4-methoxy-
' 'benzenesulfonyl](benzyl)ammo]-6-(N,N~dunethy1ammo) hexanarmde ' '

(D) Slmxlarly prepared is N-hyd:oxy-Z-(R)'[[4-methoxybenzenesulfonyl](3-p1coly1)-
_ammo]-é -(N, N-d1methylammo)-hexanam1de dxhydrochlonde m.p. 179-180°C.
* The first step 1s camed out as described above The alkylauon step is camed out as
follows: ' '

To a solution of methyl 2(R)-[[4-methoxyb_enzenesulfonynamino]-é-(benzylcarbamoyl)-
hexanoate (10.48 g, 22.43 mmol) in dimethylformamide (220 mL) at 0°C is added

3-picolyl chloride hydrochloride (3.86 g, 23.55 mmol) followed by sodium hydride (2.24 _
g, 56.07 mmol, 60% in oil). The reaction mixture is warmed to room temperature and
stirred for 24 hours. The reaction mixture is quenched with water and extracted with ethyl
acetate. The combined organic extracts are washed with brine, dried (N2,S0,), and the
solvent is evaporated. The crude product is purified by silica gel chromatography (75% |
ethyl acetate/hexanes) to provide methyl 2(R)-{[4-methoxybenzenesulfonyl](3-picolyl)-
amino}-6-(benzylcarbamoyl) hexanoate. . :

All of the following steps are carried out as described above.

(c) Similarly prepared is N-hydroxy-2(R)-{{4-methoxybenzenesulfonyl](2-picolyl)-
amino]-6-(N,N-dimethylamino)-hexanamide dihydrochloride, m.p. 134-136°C, by _

alkylating with 2-picolyl chloride in the second step and carrying out the subsequent steps
as described above. :

Example 13: N-(t-Butyloxy)-2(R)-{[4-methoxybenzenesulfonyl}(benzyl)amino]-6-
[(N,N-dimethylglycyl)amino] hexanamide (2.17 g, 3.86 mmol) is dissolved in_
dichloroethane (12 mL) containing ethanol (0.22 mL, 3.86 mmol), and the reaction is
cooled to -10°C. Hydrochloric acid gas is bubbled through this solution for 30 minutes.
The reaction is sealed, warmed to room temperature and stirred for 2 days. The solvent is
reduced to 1/2 volume by evaporating solvent, and triturated with ether. The resulting
solid is removed and dried in vacuo to provide N-hydroty—Z(R) ([4-methoxybenzene-

sulfonyi] (benzyl)ammo]-G-[(N .N-dxmemylglycyl)ammo] hexanamide hydrochloride, m. p
105-108°C.
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" The starting material is prepared a's:t_'ollow'_s:' '

i ' Toa solution of methyl 2(R)-[[4-méthoxybenzenesulf0nyl] (benzyl)a:nino]¥6-amino -
- pexanoate hydrochloride (7.5 g, 16.44 mmol) in methylene chioride (170 mL) is added
" |-hydroxybenzotriazole monohydrate (2.64 g, 1726 mmol), N-methylmorpholine (5.44
" mL, 49.34 mmol), and N,N-dimethylglycine (1.86 g, 18.08 mmol), and the reaction is.

" ¢oled to 0°C. N-[dimethylaminopropyl]-N’~ethy1carbodiimide hydrochloride (6.30 g,

~ 32.88 mmol) is added at 0°C. The reaction mixture is warmed to room temperature and

stired overnight. The mixture is diluted with methylene chloride and washed with
- satrated aqueous sodium bicarbonate, and then with brine. The organic layer is dried

-(Na,SOy), filtered, and and the solvent is evaporated. The crude product is purified by
silica gel chromatography (10/0.5/0.5 ethyl acetate/methanol/ammonium hydroxide) to
provide methyl 2(R)-{[4-methoxybenzenesulfonyl](benzyl)amino]-6-[(N,N-dimethyl-
~ glycyl)amino] hexanoate (6.04 g). :

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-6-{(N,N-
dimethylglycyl)amino] hexanoate (3.95 g, 7.82 mmol) in tetrahydrofuran (75 mL) at 0°C
is added 1N lithium hydroxide (15.64 ml, 15.64 mmol). The reacuon mixture is warmed
to room temperature and stirred overmght. The tetrahydrofuran i is removed and the

~ remaining aqueous layer is acidified with 1IN hydrochloric acid. The mixture is
evaporated to dryness to yield 2(R)-{{4-methoxybenzenesuifonyl](benzyl)amino]-
6-{(N.N-dimethylglycyl)amino] hexanoic acid hydrochloride.

~ To a solution of 2(R)-{{4-methoxybenzenesulfonyl](benzyl)amino]-6-{(N,N-dimethy!-
glycyl)amino] hexanoic acid hydrochloride {(4.12 g, 7.82 mmol) in methylene chloride (78
mL) and dimethylformamide (5 mL) is added 1-hydroxybenzotriazole monohydrate (1.26
2. 8.21 mmol), N-methylmorpholine (2.58 ml, 23.45 mmol), and O-t-butyhydroxylamine
hydrochloride (1.08 g, 8.60 mmol). The reaction is cooled to 0°C, and
N-[dimethylaminopropyl]-N’-ethyicarbodiimide hydrochloride (3.0 g, 15.64 mmol) is
added. The reaction mixture is warmed to room temperature and stirred overnight. The
mixture is then diluted with methylene chloride and washed with saturated aqueous
Sodium bicarbonate, and then with brine. The orgahic layer is dried (Na,S0O,), filtered, and
and the solvent is evaporated. The crude product is purified by silica gel chromatography
{10/0.5/0.5 ethyl acetate/methancl/ammonium hydroxide) to provide

N-(t-butyloxy)-2(R)- {{4-methoxybenzenesulfonyl](benzyl)amino]-6- [(N N—chmethyl-
3lycyl)ammo] hexanamide.
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o E ample 14: (a) TO a soluuon of 4—[[4-methoxybenzenesulfonyl](benzyl)ammo]-..a,- y

_carboxy-tetrahydrothiopyran (413.0 mg, 1.0 ‘mmol) in methylene chloride (10 mL)
" containing dimethylformamide (80.0 mg, 1.1 mmol) is added a 2N solution of oxalyl
chloride in methylene chlonde (1.0ml, 2.0 mmol) at-10°C. The mixture is allowed to
* warm to 20°C for 30 minutes. This mixture is added to a pre-stirred mixture of _
= hydroxylamine hydrochloride (280.0 mg, 4.0 mmol) in tetrahydrofuran (10 mi)/water (1
ml) containing triethylamine (650._0 mg, 6.0 mmol) at 0°C dropwise. The reaction mixture
is allowed to slowly warm to room temperature and stirring is continued for 1.5days. The
" reaction is worked up by partitioning between 1 N hydrochloric acid and ethyl acetate.
* The aqueous layer is removed and repeatedly extracted with ethyl acetate. The combined
 organic layers are dried (N2,SO,) and the solvent is evaporated. The crude product is
purified by silica gel chromatography (2% methanol/methylene chloride) to give 4-[N-
hydroxy-carbamoyl]-4-[[4-methoxybenzenesulfonyl](benzyl)amno]-tetrahydroﬂuopyran
‘m.p. 179-181°C. :

The starting méterial is prepared as follows:

~ Asolution of tetrahydrothiopyran-4-one (4.64 g, 40.0 mmol) in methanol (10 mL) is added
. toa mixture of sodium cyanide (2.0 g, 40.0 mmol) and ammonium chloride (2.36 g, 4.0

- mmol) in water (8 mL). The reaction mixture is heated to reflux for 14 hours. The
mixture is diluted with water, basified with potassium carbonate, and extracted with
diethyl ether. The organic extract is dried (MgSO,) and filtered. The solution is acidified
with hydrochloric acid saturated with methylene chloride. The resulting precipitate is
filtered off providing 4-amino-4-cyano-tetrahydrothiopyran hydrochloride salt.

A solution of 4-amino-4-cyano-tetrahydrothiopyran (5.4 g, 30.3 mmol) in 6N aqueous

~ hydrochloric (250 mL) acid is heated to reflux for 24 hours. The mixture is triturated by
addition of methanol/toluene, and filtered. To the crude product, 4-amino-4-carboxy-
tetrahydrothiopyran is added 40 ml of methanol followed by careful addition of thionyl
chloride (3.0 ml, 41.1 mmol). The reaction mixture is heated to reflux for 12 hours,
cooled to room temperature, and concentrated in vacuo to'a reduced volume. The
femaining mixture is triturated with ethyl acetate/diethyl ether, and the product is.

Collected by filtration, to give 4-am1no-4-carbomethoxy—tetrahydrothxopyran
h)’dmchlonde
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o Toa ,oluuon of 4-am1no-4-carbome'hoxv-¢eu-ahv
- _qpmob) in methylene chloride (75 mL) conta.mm’e triethylamize (3.5 2. 330.0 mmol) is
,dded 4-methoxybenzenesulfonyl chioride (4.1 2. 20.0 mmol) a¢
- -2action mixture is stirred at room te'nperature for 18 hours, T
- water and the organic layer is removed. The aqueous layer i
and the organic extracts are washed with brine, dried (MgS0
 svaporated. The product is purified by silica ge] chromatogr,
B exanes) 1o provide 4.[[4.methoxybenzenesulfonyl]ammo]
' '1vdr0th10l3ym .

dromloovrm 'wdrcchxonde (3.12.15.0

room temperature. The

e mxxture ts dituted with

1S extracted with diethyl ether
0O.) and the sotven; ; is

raphy (50% ethylacetates
-4~carbomethoxy-tetra-

" 1oa solution of 4.[[(4.methoxybenzene)sulfonyl]ammo]~4-carbomemoxy-tetrahydrothxo-
e 690.0 mg, 2.0 mmol) in dimethylformamide (20 mL) at 0°C ig added sodium
T 100.0 mg, 2.5 mmol. 60% in oil} and benzyl bromice (0.5ml, 4.2 mmol). The
n)’dr:i; (rmxmre : allowed to warm to room temperature and stirred for 16 hours. The
‘.:a.cmre is quenched by addition of water and extracted with 50% ethyl acetate/diethyl
mix The combined organic extracts are dried (MgSO,), filtered, and the solvent is

| :/t:’orated. The product is purified by silica gel chromatography (50.% dmhib

| ;:her/hexanes) to provide 4-[_[4-methoxybenzenesu1fony1](‘oenzyl)amno]-4—c o~
. -methoxy-tetrahydrothiopyran.

To a solution of 4-([4-methoxybenzenesulfonyl] (;enzy;l?;.;n:z])-::::;u;ei::;zum

g i .0 mg, 1.9 mmol) in methano . :
:ﬁﬁ:giﬁn (18'22 mi:i;ne is heated to reflux for.IO hours, and then s%l:: :i:iz?e .

. h;droxide is added (3.0 g, excess) and refluxing is contmeed for 1? hot.lre. hivpininy

cencentrated to a volume of approximately 30 mL and acidified with cetnlc .

The mixture is partitioned between ethyl acetate and water. The orgafuc ay

washed with brine, dried (MgSO,), and the solvent is evaporated to gt:i/e -

4-{{4-methoxybenzenesulfonyl](benzyl)amino]-4-carboxytetrahydrothiopyran.

. .
(9) Similarly prepared is 4-[N-hydroxy—carbarnoyl]_-4-[[",-rnetl'xc).xybenzenedsulfotrl:n L’-one
(tenzyl)amino]-tetrahydropyran, m.p. 137-140°C, by starting \.mt;x t?ty ropy

in me'ﬁrst step, and carrying out the subsequent steps as described above.

' , ifonyl]-
.. . g arbamoyl]-1-[[4-methoxybenzenesu
(¢) Similarly prepared is {-[N-hydroxy-c le 1-amino-
(cenzyl)amino]-cyclohexane, m.p. 149-151°C, by using commercially avaﬂallfsteps .
e
C /clohexanecarboxyhc acid in the second step, and carrying out the subsequ
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T gescribed above.”

@ similarly prepared is 1-{N-hydroxy-cazbamoyl]- 1-{[4-methoxybenzenesutfonyi]-
: (benzyl)ammo]-cyclopentane, m.p. 67.0-68.0°C, by using commercially available

L aminocyclopentane carboxyhc acid in the second step, and « carrymg out the subsequent
* seps 2 described above. ST

@ Similarly prepared is 1-[N-nydroxy-carbamoyn_-1-[[4-mezhoxyb¢nzene'su1f¢ny11(3-
picolyl)amino]-cyclohexane, m.p. 115°C, by using 1-aminocyclohexanecarboxylic acid in
" the second step, alkylating 1-[carbomethoxy]-1-{[(4-methoxybenzene)sulfonyljamino]-
cyclohexane with 3-picolyl chloride in the thxrd step, and carrying out the other steps as
* described above.

(D Similarly prepared is 1-[N-hydroxy—carbamoyl] -1-[[4-methoxybenzenesulfonyi]}-
~ (3-picolylamino]-cyclopropane hydrochlonde m.p. 205-207°C, sramng with 1-amino-1-
cyclopropanecarboxylic acid. -

Examole 15: 4-[N-t-Butyloxycarbamoyl]-4-{[4-methoxybenzenesuifonyl](benzyl)amino]- -
1-{benzyl]piperidine is dissolved in dichloroethane (60 mL) and ethanol (1.0 mL)in a
- glass sealed tube. Hydrochloric acid gas (from a lecture bottle) is bubbled through the
solution for 30 minutes at -10°C. The tube is sealed, gradually warmed to room |
temperature, and stirred overnight. At this point, hydrochloric acid gas is again bubbled
through the reaction mixture as done previously and stirred at room temperature for an
additional 24 hours. The reaction mixture is reduced to 1/3 volume in vacuo and triturated
with diethyl ether. The solid is filtered off and dried in vacuo to provide
[N-hydroxy-carbamoyll-4-[[4—memoxybenzenesulfony1](benzyl)ammo]— -[benzyl]-
piperidine, m.p. 135.5-142°C.

The starting material is prepared as follows:

A mixture of N-carboethoxy-4-piperidone (88.6 g, 517.2 mmol), sodium cyanide (30.0 g,
612.1 mmol) in water (54 mL), ammonium chloride (34.0 g, 635.5 mmol) in water (72
L), and ammonium hydroxide (76 ml) is heated to 60-65°C for S heurs, and then stirred
3t room temperature overnight. The resulting solid is filtered off, dissolved in me"mylene
chloride, and washed with a small amount of brine. The organic layer is dried MgSO4),
Concentrated in vacuo to 1/2 volume, and triturated with hexane. The resulting precipate
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o is couected by filtrauon and dned under vacuum 0 owe \-ca.rboed10xy-4-ammo- '
oy uanopxpendme | S |

o A solution of N-carboethoxy—4-axninb-4~cyan6pipéridizie (82.0 g)in waler (700 an_.) |
" . containing concentrated hydrochloric acid (800 mL) is stirred at room temperature for 4
_ days. The solvent is then evaporated to give 4-ammo-4-carboxyp1pendme

. dmydrochlonde

nto a heterogeneous mixture of 4—a:nino¥4écarboxypiperidine dihydfochlbrida (61.0¢g,
0.34 mmol) in methanol (600 mL) is bubbled hydrogen chloride gas at room temperature.

. Tnereaction mixture is concentrated to dryness in vacuo, dissolved in 1,4-dioxane (200

mL), and concentrated in vacuo. The residue is redissolved in methanol (1600 mL) into
~ which hydrogen chloride gas is bubbled for 45 minutes. The reaction mixture is refluxed
for 18 hours. Most of the solvent is then evaporated, the product is collected by ﬁltrauon,
and washed with ethyl acetate to give 4—ammo-4-carbomethoxyp1pendme

dihydrochloride.

* Toamixture of 4-amino-4-carbomethoxypiperidine dihydrochloride (6.60 g, 28.7 mmol)
and potassium carbonate (18.8 g, 143.5 mmol) in dioxane/water (350 mI/176 ml) at 0°C is
added di-t-butyl-dicarbonate (8.14 g, 37.31 mmol) in dioxane (60 mL) over 2 hours. The

~ reaction mixture is warmed to room temperature and stirred for 8 hours. To this mixture is
added a solution of 4- methoxybenzenesulfonyl chloride (7.71 g, 37.31 mmol) in dioxane
(60 mL) at 0°C. The reaction mixture is stirred at room temperature overnight. An
additional portion of 4- methoxybenzenesulfonyl chloride (7.71 g, 37.31 mmol) in dioxane
(60 mL) is added to the mixture at 0°C. The reaction mixture is allowed to warm to room
emperature and stirred overnight. The mixture is concentrated in vacuo, diluted with
water, and extracted with ethyl acetate. The aqueous layer is removed, saturated with
sodium chloride, and re-extracted with ethyl acetate. The combined extracts are dried
(MgS04), and the solvent is evaporated. The crude product is purified by silica gel
chromatography (50% ethylacetate/hexane) to provide 4-[[4-methoxybenzenesulfonyl]-
amino]-1-{(t-butoxycarbonyl}-4-[carbomethoxy]-piperidine, contaminated with a small
amount of 4-methoxybenzene-sulfonic acid. '

Toa solﬁtion of 4-{[4-methoxybenzenesulfonyl]lamino]-1-{(t-butoxycarbonyl]-4-[carbo-
methoxy]-piperidine (4.0 g, 9.30 mmol) in dimethylformamide (150 mL) at 0°C is added
Sodium hydride (1.12 g, 28.0 ml, 60% in oil) followed by benzyl bromide (4.8 g, 28.0
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qmob)- The reaction mixture is auowed to warm to rocm ternperature Lor Ihour The
- mixture is quenched with water and extracted with diethyl ether. The organic extractis
 gried (MgSO,) and the solvent is evaporatzd. The crude product is purified by silica gel .
. cm-omatography (50% ethy! acetate/hexanes) to prov_ide 4-[[4-methoxybenzenesulfonyl]- |
' (penzybamino]-1-{(t-butoxycarbonyl]-4-{carbomethoxy] piperidine. . -

To a solution of 4-[[4-methoxybeﬁzenesu1fonyl] (benzyl)arﬁino]- 1-[(t-b\itoxycarbo nyl}-4- |
[carbomethoxy]-piperidine (1.8 g, 3.47 mmol) in ethyl acetate (10 mL) is added a
hydrogea chloride gas saturated methylene chloride solution (15 mL). The reaction
mixture is stirred for 4 hours at room temperature. The mixture is concentrated in vacuo
o give 4-[[4—methoxybenzenesu1fonyl] (benzyl)amxno]-4—-[ca.rbemethoxy]-plpendme

-

To a solution o_f 4—[[4-methoxybenzenesulfonyl](benzyl)amino]-4-[carbomethoxy]- -
piperidine (1.0 g, 2.39 mmol) in dimethylformamide (160 mL) is added sodium hydride
(287.0 mg, 7.18 mmol, 60% in oil) at 0°C, followed by benzy! bromide (450.0 mg, 2.63
mmol). The reaction mixture is slowly warmed to room temperature and stirred overnight.
- The mixture is quenched with water and extracted with ethyl acetate. The combined .
organic layers are washed with brine, dried (Na,SO,) and the solvent is evaporated to give
4-[[4-methoxybenzenesulfonyl}(benzyl)amino]- 1-[benzyl}-4-[carbomethoxy]-piperidin e.

A heterogeneous mixture of 4-[[4-methoxybenzenesulfonyl}(benzyl)amino}-1-[benzyl]}-
4-{carbomethoxy]-piperidine (1.2 g, 2.26 mmol) in 50% aqueous sodium hydroxide (10
mL) and methanol (50 mL) is heated to reflux for 16 hours. The methanol is evaporated -
and the residue is neutralized with 4 N hydrochloric acid. The aqueous solution is
extracted with ethyl acetate. The combined organic extracts are dried (NaSO,) and the
solvent is evaporated to give 4-[[4-methoxybenzznesu1fonyl](benzyl)ammo] 1-[benzyl]-
4-[carboxy]-piperidine. =

To a mixture of 4-{[4-methoxybenzenesulfonyl] (benzyl)a.mino]-1-[benzyl]-4—[ca;rboxy}'
piperidine (850.0 mg, 1.64 mmol) in methylene chloride (100 mL) containing
N-methylmorpholine (0.6 ml, 5.48 mmot) and O-t-butylhydroxyl amine hydrochloride
(620.0 mg, 4.94 mmol) is added N-{dimethylaminopropyl]-N’-ethylcarbodiimide

- hydrochloride (1.1 g, 5.74 mmol). The reaction mixture is stirred overnight at room
temperature. The mixture is diluted with water and extracted with methylene chloride.
The combined organic extracts are dried (N2,SO,) and the solvent is evaporated. The
‘rude product is purified by silica gel chromatography (ethy! acetate) to provide -
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' ﬁ . buiyloxy-catbamOyl]J-[[4;mﬁeﬂthoxyben'zenesulfonyll(benzyl)am'mo]. _1-[beniyl]- -

o piperidine. |
-~ yjrematelys 4;[[4-rhethoxy'benzenésulfon'yllamino]-1—[(t-butoxycarbbnyl]-d,-ca:bo-
o moxy]-piperidine is first hydrolyzed with sodium hydroxide to 4-{[4-methoxybenzene-
me

. lfonyl]amino]-1-[(t-butoxycarbonyl]'-4-.[carboxy]-piperidine. Treatment with O-t-butyl-
-

hydmxylamine under conditions described above gives 4-[_N-t-butyloxy—carbamoy1]-4-
{[4,memoxybenzenesulfonyll(benzyl)amho]— 1-[t-butoxycarbonyl]-piperidine. Reaction

- with IN hydrochloric acid in ethyl acetate yields 4-[N-t-butyloxy-carbamoyl}-4-{{4- .
memoxybenzenesulfonyll(benzyl)axpir_x_o]-piperidine, which is treated with benzyl bromxde
45 described above.

. Sirniiarly preﬁared,-starﬁng from 4-[[4-’memoxybenzenesiﬂfonyl(benzyl)ammo].4.[carbo_
qethoxy]-piperidine, are the following:

(.a) 4_{N-Hydr6xy-carbamoy1]-4-[[4-methoxybenzenesulfony1](benzyl)-amino]—l-
" (dimethylaminoacetyl}-piperidine hydrochloride, m.p. 145°C;”

) L[N-Hydroxy-éarbamoyl]-4—[[4—me£hoxj(benzenesulfonyl(benzyl)-amino]- 1-
(3-picolyl]-piperidine dihydrochloride, m.p. 167°C; ' :

© L[N-Hydroxy-ca:bamoyl]-&t—[[&memoxybenmnesulfonyll (benzyl)-amino]-1-
[carbomethoxymethyl]-piperidine hydrochloride, m.p. 183.5-185°C;

(d) 4-(N-Hydroxy-carbamoyi] -4-[[4-metho_xybenzenesu1fony1] (benzyl)—aminq]—piperidine
trifluoroacetate; '

() 4-[N-Hydroxy-carbam°y1]-4-[[4-methoxybenzenesu1fonyl](benzyl)-amino]-1-
(-butoxycarbonyl]-piperidine;

@ 4'[N-Hydroxycarbamoyl]-4—[[4-methoXybenzenesulfonyl](benzyl)-amino]-1-[methy_1-
sulfonyl]-piperidine; AR - :

® 4'[N-Hydroxyc_:arbamoyl]-4-[[4-rnethoxybenzem:sulfonyl](benzyl)amino]- 1-
(methyl}piperidine hydrochloride, m.p. 185.5-187°C;
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e [\J-Hydroxycaxbamoyl]-4-[[methoxybenzenesulfonyl](benzyl)ammo] -1- | _ |
O,pnolmocarbonyllplpendme m.p. 89-91°C : .

QY Hydmxycz’ubamoyu"""[[“’melhm‘l}'benzenesulfon}’l](benzyl)ammo]-1 [4-
o[yl]pxpendme dxhydrochlonde m.p. 1630(: - | |

/am_p.lﬁ_lé Ethyl 2-[[4-methoxybenzenesulfonyl] (benzyl)ammo]acetate (11.20 g, 30. 9

- qmol) i dissolved in methanol (100 mL). To this solution is added hydroxylamine
dechlonde (4.31 g, 62.0 mmol), followed by the addition of sodium methoxide, freshly
epared from sodium (2.14 g, 93.0 mmol) dissolved in methanol (55 mL).- The regctibn
.s stirred overnight at room temperature. The reaction is worked up by partitioning

werween dilute hydrochloric acid (pH=~3) and ethyl acetate. The aqueous phase is
sxtracted well with ethyl acetate, the combined organic layers are dried (Na,SO,), and the
“solvent is evaporated. The product is purified by silica gel chromatography (75 % ethyl
acetate/ hexane) to give N-hydroxy-z-[[4-methoxybenzenesulfonyl](benzyl)ammo]-
acetamide, m.p. 112-114°C. :

The starting material is prepared as follows:.

Benzylamine (16.0 mL, 145.2 mmol) is dissolved in chloroform (110 mL), and the
solution is cooled to 0°C. To this solution is added 4-methoxybenzenesulfonyl chloride
(10.0 g, 43.4 mmol). The reaction is stirred at room temperature for 1 hour, and then
refluxed for 1 hour. After cooling back to room temperature, the reaction is washed three
times with 4N hydrochloric acid (200 mL), twice with water (100 mL), once with brine
(30 mL), then dried (Na,SO,), and the solvent is evaporated to give N-[4-methoxy-
benzenesulfonyl]-benzylamme

Sodium hydride (1.56 g of a 50 % oil dispersion, 33.0 mmol) is suspended in tetrahydro-
furan (85 mL). To this is added a solution of N-[4-methoxybenzenesulfonyl]-benzylamine
(9.0 g, 32.5 mmol) also in tetrahydrofuran (85 mL), and the reaction is stirred for 30
Minutes at room temperature. Then ethyl bromoacetate (5.40 mL, 48.8 mmol) is added,
and the reaction is stirred overnight at room temperature. The reaction is quenched with a
Small amount of water, and all the solvent is removed. The crude mixture is partitioned
between ethyl acetate and water, the aqueous phase is extracted several times with éthyl '
&etate, the combined organic layers are dried (N2,S0O,), and the solveat is evaporated.

The product is purified by silica gel chromatography (30% ethy! acetate/hexane) to give

Lo
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i, [[4-methoxybenzenesulfonyl](benzyl)aminO]ac eia:e,' .
2yt o .

- /mn&y_ The followmg compounds arc prepared smxlarly 0 Example 16:

(21 e . . : .

AN Hydroxy-z-[[4~methoxybenzenesulfonyl](1sobutyl)ammo]aceta.m1de m.p.

3 _134°C, by coupling isobutylamine with 4-methoxybenzenesulfonyl chloride i in the
ust step, and carrying out the subsequent steps as described in example 16.

_ b) iy droxy‘z [[4-memoxybenzenesulf0nyl](cyclohexylmethvl)ammo]acetamuie m.p.
145-146°C, bY ‘coupling cyclohexanemethylamine with 4-methoxybenzenesulfony1
joride in the first step, and carrying out the subsequent steps as described in example 16.

© N.Hydroxy-2~[[4-methoxybenzen_esulfonyl](cyclohexyl)amino]aceramide, m.p.
148-149°C, by coupling cyclohexylamine with 4-methoxybenzenesulfonyl chloride in the
arst step, and carrying out the subsequent steps as described in example 16. '

id) N.Hydroxy-z-[[4-methoxybenzenesulfonyl](phenemyl)amino]acetamide, m.p.
137-138°C, by coupling phenethylamine with 4-methoxybenzenesulfonyl chloride in the
irst step, and carrying out the subsequent steps as described in example 16.

¢) N-Hydroxy-2-{[4-methoxybenzenesulfonyl}(3-methylbutyl)amino]acetamide, m.p. '
108°C, by coupling 1-amino-3-methylbutane with 4-methoxybenzenesulfonyl chloride in
“the first step, and carrying out the subsequent steps as described in example 16.

:) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](sec-butyl)amino}acetamide, m.p. 138°C,
% coupling (sec)-butylamine with 4-methoxybenzenesulfonyl chloride in the first step,
ind carrying out the subsequent steps as described in example 16.

‘9 N-Hydroxy-z-[[&methoxybenzenesulfpnyl] (tert-butyl)amino]acetamide, m.p.
150-151°C, by coupling (tert)-butylamine with 4-methoxybenzenesulfonyl chloride in the
iststep, and carrying out the subsequent steps as described in example 16.

h: N- -Hydroxy- 2-[[Lmemoxybenzenesulfonyl](&ﬂuorobenzyl)ammo]acetarmde, m.p.
1:-1 19°C, by coupling 4-fluorobenzylamine with 4-methoxybenzenesulfony! chloride in
frst $tep, and carrying out the subsequent steps as described in example 16.
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@ N-H)’droxy-2°[[4-fllethoxybenzeheéulfonyl](4-éhlorobenzyl)amino]é.cet#ni:ide m .p -
121-123°C, by coupling 4-chlorobenzylamine with 4-methoxybenzenesulfonyl chloride in
the first step, and carrying out the sutsequent steps as described in ekample, 16.

) N-Hydroxy-z-[[4-methoxybenzene$ulfonyl](isoprole)afnino]aéetamide, m.p.
139-141°C, by coupling isopropylamine with 4-methoxybenzenesulfony! chloride in the
first step, and carrying out the subsequent steps as described in example 16.

x N-Hydroxy-z-[[4-methoxybenzenesulfohyl] (&methylbenzyl)amino] 'ace_:tamide, m.p.
133-135°C, by coupling 4-methylbenzylamine with 4-me mo_xybenzetiesulfonyl_ chloride in
the first step, and carrying out the subsequent steps as described in example 16.

m N—Hydroxy—z-[[4-methoxybenzenesi11fonyl] (3~phenyl-l-propyl)amino]acetamide by
coupling 3-phenyl-1-propylamine with 4-methoxybenzenesulfonyl chlo:_'ide in the first
step, and carrying out the subsequent steps as described in example 16.

(m) 'N-Hydroxy-z-[[4wmethoxybenzenesulfony1](Lphenylbutyl)amino]acetamide, m.p.
109-112°C, by coupling 4-phenylbutylamine with 4-methoxybenzenesuifonyl chloride in
the first step, and carrying out the subsequent steps as described in example 16.

(n) N—Hydroxy-z-[[&methoxybenzenesulfonyl](chclo'hexylethyl)amino]acetamide, m.p.
143-144°C, by coupling 2-cyclohexylethylamine with 4-methoxybenzenesulfonyl chloride
in the first step, and carrying out the subsequent steps as described in example 16.

(0) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](4-phenylbenzyl)aminolacetamide by
coupling 4-phenylbenzylamine with 4-methoxybenzenesulfonyl chloride in the first step,
and carrying out the subsequent steps as described in example 16.

(p) N-Hydroxy-2-{[4-methoxybenzenesulfonyl](2,2,2-trifluoroethyl)amino]acetamide,
m.p. 142-143°C, by coupling 2,2,2-triflucroethylamine with 4-methoxybenzenesuifonyl
chloride in the first step, and carrying out the subsequent steps as described in example 16.

(q) N-Hydroxy-2-{[benzenesulfonyl](isobutyl)amino]acetamide, m.p.' 130-131°C, by
coupling isobutylamine with benzene_sulfonyl chloride in the first step, and carrying out
the subsequent steps as described in example 16.
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g \[_Hydroxy-Z-[m-mﬂuoromethylbenzenesulfonyl](xsobutvl)ammo]ac tamxde, m .
130-1 31°C. by coupling isobutylamine with Lmﬂuommemvlbenzenesulfonyl chlonde in

e ISt step. and carrying out the subseqmnt steps as descnbed m exa.mple 16

R o)1 q.Hydroxy-Z—[[4—chlorobenzenesulfonyl](150butyl)ammo]acetamxde m.p. 126-127°C,
by coupling isobutylamine with 4-chlorobenzenesulfonyl chloride in the first step, and
carrying aut the subsequent steps as described in exa.mple 16

o N.Hydroxy-Z-[[4-methylbénzenesulfonyll(isobutyl)amino]acetamide, m.p. 13 8- 140°C,
oy coupling isobutylamine with 4-methylbenzenesulfony! chloride'in the first step, and
. carrying out the subsequent steps as described in example 16.

® N-Hydroxy-z-[[Lﬂuorobenzenésulfo'nyi](isobuiyl)aminolaceta:ﬁide, m.p. 144-146°C,
by coupling isobutylamine with 4-fluorobenzenesulfonyl chloride in the first step, and
carrying out the subsequent steps as described in example 16.

(v) N-Hydroxy-2-{[2-thiophenesulfonyl](isobutyl)amino]acetamide by coupling
'isobutylamine with 2-thiophenesulfonyl chloride in the first step, and carrying out the
subsequent steps as described in example 16. ‘

(w) N-Hydroxy-2-{[benzenesulfonyl](benzyl)amino]acetamide, m.p. 90-93°C, by coupling
benzylamine with benzenesulfonyl chloride in the first step, and ca:rymg out the

subsequent steps as described in example 16.

(x) N-Hydroxy-2-{[4-nitrobenzenesulfonyl](isobutyl)amino]acetamide, m.p. 128-130°C,
by coupling isobutylamine with 4-nitrobenzenesulfonyl chloride in the first step, and
carrying out the subsequent steps as described in example 16.

(y) N-Hydroxy-2-[[4-(tert)-butylbenzenesulfonyl](isobutyl)aminojacetamide, m.p.
113-114°C, by coupling isobutylamine with 4~(tert)-butylbenzenesulfonyl chioride in the
first step, and carrying out the subsequent steps as described in example 16.

(2) N-Hydroxy-2-[{[4-methylsulfonylbenzenesulfonyl}(isobutyl)amino]acetamide, m.p.
139-161°C, by coupling isobutylamine with 4-methylsulfonylbenzenesulfony! chloride in
the first step, and carrying out the subsequent steps as described in example 16.
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@ N-Hydroxy-2-([3-trifluoromethylbenzenesulfonyl] (isobutylaminolacetamide, m.p.
y 10-141°C, by coupling isobutylamine with 3-triflucromethylbenzenesulfonyl chloride in

R e first Step: and garrying out the subsequent steps as described in example 16.

| '-lbb)'N-HydfOxY'Z-[[2.4.6-tdmethylb¢h2eﬁe$ulfonyl](isobutyl)amino]acetafnide; m.p.
. 142-143°C, by coupling isobutylamine with 2,4,6-trimethylbenzenesulfonyl chloride in the
| first St€P and carrying out the subsequent steps as described in example 16. '

(cc) 'N-Hydroxy-Z-[[2,5-dimethoxybenzenesulfonyl](isobutyl)amino]acetamide, m.p.
50-53°C, by coupling isobutylamine w';th 2,5-dimethoxybenzenesulfonyl chloride in the
fist step, and carrying out the subsequent steps as described in example 16.

(&d) N-Hydroxy-2-{[3,4-dimethoxybenzenesulfonyl](isobutylamino]acetamide, m.p.
146-148°C, by coupling isobutylamine with 3,4-dimethoxybenzenesulfonyl chloride in the
first step, and carrying out the subsequent steps as described in example 16.

(ee) N-Hydroxy-2-([2,4,6-triisopropylbenzenesulfonyl] (isobutyl)amino]acetamide, m1.p.
131-133°C, by coupling isobutylamine with 2,4,6-triisopropylbenzenesulfonyl chloride in
the first step, and carrying out the subsequent steps as described above.

() N—f—Iydroxy—Z—[[3.5-dimethylisoxazo1e-4-sulfonyl(benzyl)amino]acetamide, m.p.
140°C, by coupling benzylamine with 3,5-dimethylisoxazole-4-sulfonyl chloride in the
first step, and carrying out the subsequent steps as described in example 16.

(22) N-Hydroxy-z-[[2.4-dimethy1thiazble-5-su1fony1(benzyl)amino] acetamide, m.p. 55°C,
by coupling benzylamine with 2,4-dimethylthiazole-5-sulfonyl chloride in the first step,
and carrying out the subsequent steps as described in example 16.

Example 18: Ethyl 2-{[4-methoxybenzenesulfonyl]}(4-methoxybenzyl)amino]acetate (0.90
* 2.3 mmol) is dissolved in methanol (20 mL). To this solution is added hydroxylamine
hydrochloride (0.80 g, 11.5 mmol), followed by the addition of sodium methoxide (5.2 mL
of 2 2.67M solution). The reaction is stirred overnight at room temperature. The reaction
i worked up by partitioning between dilute hydrochloric acid (pH=~3) and ethyl acetate.
The aqueous phase is extracted well with ethyl acetate, the combined organic layers are
Washed with brine, dried (Na,SO,), and the solvent is evaporated. The product is
®erystallized from ether/ethyl acetate to give N-hydroxy-2-{[4-methoxybenzenesulfonyl]-
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. .(4.memoxybenzyl)émino]acetamide. m.p.flS4-_ 135.5‘fC. |

" “The starting material is prepared as follows: =

Glycine ethyl ester hydrdchloride (31.39 g, 225.0 mmol) is dissolved in dioxane (150 mL)
" and water (150 mL), triethylamine (69.0 mL, 495.(_) mmol) is added, and the solution is

~ cooled to 0°C. To this solution is added 4-methoxybenzenesulfonyl chloride (51.15 g,

* 248.0 mmol) over 10 minutes. The reaction is warmed to room temperature and stirred
overnight. The next day the mixture is reduced to one-half volume by evaporating

solvent, diluted with IN sodium hydroxide, and extracted well with ether. The combined
organic layers are washed with brine, dried (Na,SO,), and the solvent is evaporated. The
product is recrystallized from ether/ethyl acetate/hexanes to give ethyl 2-{[4-methoxy-
benzenesulfonyl]amino]acetate.

To a suspension of sodium hydride (0.906 g, 22.67 mmol) in dimethylformamide (50.0
mL), is added ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate (4.13 g, 15.11 mmol)
and 4-methoxybenzyl chloride (2.17 mL, 15.87 mmol), and the reaction is stirred
overnight at room temperature. The reaction is cooled to 0°C, quenched with IN
hydrochloric acid, and extracted well with ether. The combined organic layers are washed
with brine, dried (Na,SO,), and the solvent is evaporated. The product is recrystallized
from ether/hexanes to give ethyl 2-[[4-methoxybenzenesu1fonyl] (Lmemoxybenzyl)-
amino]acetate.

Example 19: The following compounds are prepared siniilarly to example 18:

(2) N-Hydroxy-2-{[4-methoxybenzenesulfonyl](2-picolyl)aminolacetamide, m.p.
138.5-139.5°C, by alkylating ethyl 2-{[4-methoxybenzenesulfonyljamino]acetate with
2-picolyl chloride in the second step, and can'ymg out the other steps as described in
example 18

(b) N-Hydroxy-2-([4-methoxybenzenesulfonyl](3-picolyl)amino]acetamide, m.p.

- 144-145°C, by alkylating ethyt 2-[{4-methoxybenzenesulfonylJamino]acetate with

| 3-picolyl chloride in the second step, and carrying out the other steps as described in
example 18. o '

{¢) N-Hydroxy-2-[[4-methoxybenzenesulfonyl](piperonyl)amino]acetamide, m.p.
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* 143-144°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]amino)acetate witi

piperonyl chloride in the second step, and carrying out the other steps as described in
example 18.

(d) N-Hydroxy-2-{[4-methoxybenzenesulfonyl](2-piperidinylethyl)amino]acetamide, m.p.
120-122°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate with
N-(2-chloroethyl)-piperidine in the second step, and carrying out the other steps as
described in example 18. '

Example 20: (a) N-(t-Butyloxy)-Z-[[4-memoxybenzenesu1fonj'l](2-quinolinylmethyl)—’
amino]acetamide (1.15g, 2.42 mmol) is dissolved in methylene chloride (30.0 mL) and
ethanol (0.20 mL) in a glass sealed tube. Hydrochloric acid gas (from a lecture bottle) is
bubbled through the solution for 20 minutes, and then the tube is sealed and stands at room
temperature overnight. The next day, additional hydrochloric acid gas is bubbled
through the solution for 20 minutes, more ethanol (0.20 mL) is added, and then the tube is
sealed and stands at room temperature for two days. After that time, the solvent is
removed. The product is purified by silca gel chromatography (5% to 15% methanol/-
methylene chloride with ~1% ammonium hydroxide) to give N-hydroxy-2-[[4-methoxy-
benzenesulfonyl](2-quinolinylméthyl)amino]acetamide, m.p. 177-178°C.

The starting material is prepared as follows:

To a suspension of sodium hydride (0.84 g, 35.0 mmol) in dimethylformamide (120.0
mL), is added ethyl 2-{[4-methoxybenzenesulfonyl]amino]acetate (3.19 g, 11.67 mmol)
and 2- (chloromethyl)quinoline (2.62 g, 12.26 mmol), and the reaction is stirred for three
days at room temperature. Then, additional NaH (0.46 g, 11.67 mmol) is added, and the
reaction is heated to 50°C for 5 hours. The reaction is cooled to 0°C, quenched with
water, and extracted well with ether. The combined organic layers are washed with brine,
dried (Na,SO,), and the solvent is removed to give ethyl 2-[[4-methoxybenzenesulfonyl]-
(2-quinolinylmethyl)amino]acetate.

. Ethyl 2-[{4-methoxybenzenesulfonyl](2-quinolinylmethyl)amino]acetate (4.0g, 9.63
mmol) is dissolved in tetrahydrofuran (70.0 mL). To this solution is added lithium
hydroxide (18.0 mL of a 1N aqueous solution, 18.0 mmol), and the reaction is stirred at
room temperature overnight. The tetrahydrofuran is evaporated, the reaction is then
acidified to pH =~3 using 1N hydrochloric acid, and extracted well with ethyl acetate.
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The combined organic layers are dried (Na,SO,), and the solvent is evaporated to give
2-[[4-methoxybenzenesulfonyl}(2-quinolinylmethyl)amino]acetic acid hydrochloride.

2-[[4-methoxybenzenesulfonyl}(2-quinolinylmethyl)amino]acetic acid hydrochloride (1.49
g, 3.35 mmol), 1-hydroxybenzotriazole (0.539 g, 3.52 mmol), 4-methylmorpholine (1.55
mL, 14.9 mmol), and O-t-butylhydroxyl amine hydrochloride {0.464 g, 3.70 mmol) are
dissolved in methylene chloride (50.0 mL), and the reaction is cooled to 0°C. To this
solution is added N- [dimethylaminopropyl]-N’-ethylcarbodiimide hydrochloride (1.35 g,
7.04 mmol), and the reaction is allowed to warm up to room temperature and stir
overnight. The reaction is diluted with more methylene chloride, and the organic layer is
washed with saturated sodium bicarbonate, brine, dried (MgSO,), and the solvent is
evaporated. The product is purified by silica gel chromatography (1% methanol/-
methylene chloride) to give N-(t-butyloxy)-2-[[4-methoxybenzenesulfonyl}(2-quinolinyl-
methyl)amino]acetamide.

(b) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](4-picolyl)amino]-
acetamide hydrochloride, m.p. 193°C, by alkylating ethyl 2-[{4-methoxybenzenesulfonyl]-
aminoJacetate with 4-picolyl chloride in the second step, and carrying out the other steps .
as described above, | '

Example 21: (a) 2-[[4-Methoxybenzenesulfonyl}(6-chloropiperonyl)amino]acetic acid
(1.87 g, 4.51 mmol) is dissolved in methylene chloride (45.0 mL). To this solution is
added oxalyl chloride (0.784 mL, 9.02 mmol) and dimethylformamide (0.35 mL, 4.51
mmol), and the reaction is stirred at room temperature for 60 minutes. Meanwhile, in a
separate flask, hydroxylamine hydrochloride (1.25 g, 18.04 mmol) and triethylamine (3.77
mL, 27.06 mmol) are stirred in tetrahydrofuran (20.0 mL) and water (5.0 mL) at 0°C for
15 minutes. After 60 minutes, the methylene chloride solution is added in one portion to
the second flask, and the combined contents are stirred overnight as the flask gradually
warms up to room temperature. The reaction is then diluted with acidic water (pH =-~3),
and extracted several times with ethyl acetate. The combined organic layers are dried
(Na,SQ,), and the solvent is evaporated. The product is recrystallized from ethyl
acetate/methanol/acetone to give N-hydroxy-2-[[4-methoxybenzenesulfonyl}(6-chloro-
piperonyl)amino] acetamide, m.p. 168-169°C.

The starting material is prepared as follows:
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To a suspension of sodium hydride (1.08 g, 27.06 mmol) in dimethylformamide (180.0
mL), is added ethyl 2-[[4-methoxybenzenesulfonyl]amino]acetate (4.93 g, 18.04 mmol)

and 6-chloropiperonyl chloride (3.88 g, 19.0 mmol), and the reaction is stirred overnight at
room temperature. The reaction is cooled to 0°C, quenched with 1IN hydrochloric acid,

and extracted well with ether. The combined organic layers are washed with brine, dried
(Na,S0,), and the solvent is evaporated. The product is recrystallized from ether/hexanes
to give ethyl 2-[[4-methoxybenzenesulfonyl](6-chloropiperonyl)amino]acetate . |

Ethyl 2-{[4-methoxybenzenesulfonyl](6-chloropiperonyl)amino]acetate (2.12g, 4.79
mmol) is dissolved in tetrahydrofuran (40.0 mL). To this solution is added lithium
hydroxide (10.0 mL of a 1N aqueous solution, 10.0 mmol), and the reaction is stirred at
room temperature overnight. The tetrahydrofuran is evaporated the reaction is then
acidified to pH =~3 using 1N hydrochloric acid, and extracted well with ethyl acetate.
The combined organic layers are dried (Na,SO,), and the solvent is evaporated to give
2-[[4-m :thoxybenzenesulfonyl](6- chloropiperonyl)amino]acetic acid.

(b) Similarly prepared is N-hydroxy-2-{[4-methoxybenzenesulfonyl}(3,4,5-trimethoxy-
benzyl)amino]acetamide, m.p. 116-118°C, by alkylating ethyl 2-[[4-methoxybenzene-
sulfonyl]amino]acetate with 3,4,5-trimethoxybenzyl chloride in the second step, and .-
carrying out the other steps as described above.

(c) Similarly prepared is N-hydroxy-2-[[4-methoxybenzenesulfonyl](3-methoxybenzyl)-
aminoJacetamide, m.p. 118-119°C, by alkylating ethyl 2-[[4-methoxybenzenesulfonyl]-
amino]acetate with 3-methoxybenzyl chloride in the second step, and carrying out the
other steps as described above.

Example 22: Ethyl 2-[[4-methoxybenzenesulfonyl] (2-[4-morpholino]ethyl)amino]acetate
(7.1 g, 18.4 mmol) is dissolved in ethanol (100 mL), followed by the addition of sodium
spheres (1.1 g). To this solution is added hydroxylamine hydrochloride (2.47 g, 35.5
mmol). The reaction is refluxed overnight. The reaction is worked up by removing most
of the solvent, and partitioning between saturated sodium bicarbonate and ethyl acetate.

- The aqueous phase is extracted well with ethyl acetate, the combined organic layers are
washed with brine, dried (MgSQO,), and the solvent is evaporated. The product is purified
by silica gel chromatography (80% ethyl acetate/16% methanol/4% acetic acid). The
solvent is removed to give the product containing residual acetic acid. The productis
partitioned between ethyl acetate and water (pH = 7.1), the organic phase is dried
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(MgSOy,), and the solvent is concentrated and then triturated with ether to give

N-hydroxy-2-[[4-methoxybenzenesulfonyl}(2-[4-morpholino]ethyl)amino)acetamide, rn.p.'
108-112°C. '

The starting material is prepared as follows:

Ethyl 2-{[4-methoxybenzenesulfonyl]amino]acetate (13.7 g, 50.0 mmol) is dissolved in
ethanol (500 mL), followed by the addition of sodium spheres (2.5 g, 109.0 mmol). To
this solution is added N-(2-chloroethyl)morpholine hydrochloride (10.0 g, 53.7 mmol), the
reaction is stirred at room temperature for 2 hours, and then refluxed for 1.5 hours. The
reaction is partitioned between et!iyl acetate and brine. The aqueous phase is extracted
well with ethyl acetate, the combined organic layers are dried (MgSO,), and. the solvent is
evaporated to give ethyl 2-[{4-methoxybenzenesuifonyl}(2-[4-morpholino]ethyl)amino]-
acetate.

Example 23: N-Hydroxy-2-[{[4-aminobenzenesulfonyl](isobutyl)amino]acetamide, m.p.
50-55°C, is obtained by hydrogenation of N-hydroxy-2-{[4-nitrobenzenesulfonyl]-
(isobutyl)aminoJacetamide (sée example 17x), m.p. 128-130°, using 10% palladium on
carbon.

The starting material is prepared according to example 16 by coupling isobutylamine and
4-nitrobenzenesulfonyl chloride in the first step thereof.

Example 24: N-Hydroxy-2-{[4-dimethylaminobenzenesulfonyl](isobutyl)amino]-
acetamide, m.p. 127-129°C, is obtained by methylation of N-hydroxy-2-[[4-amino-
benzenesulfonyl](isobutyl)amino]acetamide using the procedure from Synthesis p. 709,
1987. '

Example 25: Ethyl 2-[[4-hexyloxybenzenesulfonyl](isobutyl)amino]acetate (1.22 g, 3.05
mmol} is dissolved in methanol (15 mL). To this solution is added hydroxylamine
hydrochloride (0.43 g, 6.11 mmol), followed by the addition of sodium methoxide, freshly
prepared from sodium (0.35 g, 15.3 mmol) dissolved in methanol (5 mL). The reaction is
stirred for 36 hours at room temperatute. The reaction is worked up by partitioning
between dilute hydrochloric acid (pH=~3) and ethyl acetate. The aqueous phase is
extracted well with ethyl acetate, the combined organic layers are dried (Na,SO,), and the
solvent is evaporated. The product is crystallized from hexnae/ethyl acetate and collected
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py filtration to give N-hydroxy-z-[[4-hexyloxybenzenesulfonyl](1sobutyl)-
amino]acetamide, m.p. 108-110°C.

The starting material is prepared as follows:

A solution of ethanethiol (15 mL) and methylene chloride (15 mL) is cooled to 0°C.
Aluminum trichloride (9.62 g, 72.2 mmol) is added (the solution turns green), and the
reaction is warmed to room temperature. Ethyl 2-{[4-methoxybenzenesulfonyl](isobutyl)-
amino]acetate (4.75 g, 14.44 mmol) is added in methylene chloride (5 mL), and the
reactiom is stirred for 3.5 hours at room temperature. The reaction is then slowly
quenched with water, and the crude reaction is partitioned between water and methylene
chloride. The aqueous layer is extracted well with methylene chloride, the combined
organic layers are dried (Na,SO,), and the solvent is evaporated. The product is purified .
by silica gel chromatography (25% to 50% ethyl acetate/hexane) to give ethyl
2-{[4-hydroxybenzenesulfonyl](isobutyl)amino]Jacetate.

Ethyl 2-[[4—hydroxybenzenesu1fony1](isobutYl)amino]acetate (1.0 g, 3.17 mmol) is
dissolved in dimethylformamide (16 mL). Cesium carbonate (1.03 g, 3.17 mmol) is added,
followed by 1-iodohexane (0.47 mL, 3.17 mmol), and the reaction is stirred overnight at
room temperature. The reaction is then partitioned between water and ethyl acetate, the
aqueous layer is extracted well with ethyl acetate, the combined organic layers are dried
(Na,SO,), and the solvent is evaporated. The product is purified by silica gel
chromatography (10% ethyl acetate/hexane) to give ethyl 2-[[4-hexyloxybenzene-
sulfonyl](isobutyl)amino]acetate.

- Example 26: The following compounds are prepared similarly to example 25:
(a) N-Hydroxy-2-[[4-ethoxybenzenesulfonyl](isobutyl)amino]acetamide,by using ethyl

iodide in the cesium carbonate alkylation step, and carrying out the subsequent steps as
~ described in example 25.

" (b) N-Hydroxy-2-[[4-butyloxybenzenesulfonyl](isobutyl)amino]acetamide, m.p.
125-127°C, by using iodobutane in the cesium carbonate alkylation step, and carrymg out

the subsequent steps as described in example 25.

(¢) N-Hydroxy-2-{[4-(3-methyl)butyloxybenzenesulfonyl](isobutyl)amino]acetamide, m.p.
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> 96°C, by using 1-iodo-3-methylbutane in the cesium carbonate alkylatiofi St€p, and’
yrying out the subsequent steps as described in example 25.

)q.Hydroxy-z [[4-heptyloxybenzenesulfonyl](1sobuty1)ammo]acetam1de, m.p.
110 .123°C, by using 1-iodoheptane in the cesium carbonate alkylation step, and carrying
qutthe subsequent steps as described in example 25.
) N_Hydroxy-z-[[4-(cyclohexylmethoxy)benzenesulfonyl](isobutyl)amino]acetamide,
0P 75-80°C, by using cyclohexylmethyl bromide in the cesium carbonate alkylation
step, and carryir_lg out the subsequent steps as described in example 25.

0 N.Hydroxy-Z-[[4-isopropyioxybenzenesulfonyl] (isobutyl)amino]acetamide, m.p.
¢5-66°C, by using isopropyl bromide in the cesium carbonate alkylation step, and carrying
out the subsequent steps as described in example 25.

© N.Hydroxy-z-[[4-emoxyethoxybenzenesulfonyl](isobutyl)amino]acetamide, m.p. '
111-114°C, by using 2-bromoethyl ethyl ether in the cesium carbonate alkylation step, and
carrying out the subsequent steps as described in example 25.

Example 27: (a) N-(t-butyloxy)-2-{[4-methoxybenzenesulfonyl](benzyl)amino]-2-
((2-methyl-5-tetrazolyl)methyl]acetamide (0.77 g, 1.55 mmol) is dissolved in methylene
chloride (2.0 mL) and ethanol (0.1 mL) in a glass sealed tube, and the reaction is cooled to
0°C. Hydrochloric acid gas (from a lecture bottle) is bubbled through the solution for 20
minutes, and then the tube is sealed at room temperature for 3 days. After that time, the
solvent is removed, and the reaction is partitioned between ethyl acetate and saturated .
sodium bicarbonate. The organic phase is dried (Na,SO,), and the solvent is evaporated.
The product is purified by silica gel chromatography (2% methanol/methylene chloride) to
give N-hydroxy-2-[[4—methoxybenzenesulfonyl](benzyl)ammo]-z [(2-methy1-5-
ttrazolyl)methyljacetamide, m.p. 72-75°C.

The starting material is prepared as follows:

D"’siiaragine (13.2 g, 100.0 mmol) is dissolved in dioxane (75.0 mL) and water (125.0
i), triethylamine (21.0 mL, 150.0 mmol) is added, and the solution is cooled to 0°C. To
lids Solution is added 4-methoxybenzenesulfonyl chloride (22.7 g, 110.0 mmol) over 10
Minutes. The reaction is warmed to room temperature and stirred for 3 days. The
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p;ecipi‘ate is then filtered off, the filtrate is acidified to pH=~4, and extracted well with
cthyl acetate. A first crop of pure product precipitates from the ethyl acetate and is
couected by filtration. A second crop is obtained by evaporating off the ethyl acetate, and
rnsing the solid obtained with water to remove inorganic salts. The two crops are
combined to give N-[4-methoxybenzenesulfonyl]-(D)-asparagine.

N-[4-methoxybenzenesulfonyl]-(D)-asparagine (10.1 g, 33.3 mmol) is dissolved in
dimethylformamide (167.0 mL). Cesium carbonate (5.43 g, 16.66 mmol) is added,

| followed by'the addition of methyl iodide (2.22 mL, 33.3 mmol), and the reaction is

stired overnight. The reaction is then diluted with saturated ammonium chloride (366.0
mL), and extracted well with ethyl acetate. The combined organic extracts are washed
with brine, dried (Na,SO,), and the solvent is evaporated. The crude product is
recrystallized from toluene to provide N-[4-methoxybenzenesulfonyl]-(D)-asparagine
methyl ester. '

To a suspension of N-[4-méthoxybenzenesulfonyl]-(D)-asparagine methyl ester (8.54 g,
27.0 mmol) in methylene chloride (47.0 mL) is added pyridine (10.9 mL., 135.0 mmol).
Para-toluenesulfonyl chloride (10.3 g, 54.0 mmol) is added, and the reaction mixture is
allowed to stand without stirring at room temperature overnight. The next day, saturated
sodium bicarbonate is added (125.0 mL), and the mixture is stirred for 1 hour. The
mixture is then diluted with water and extracted well with ethyl acetate. The combined
organic extracts are washed with brine, dried (Na,SO,), and the solvent is evaporated.
The crude product is recrystallized from 20% tetrahydrofuran/methanol to provide methyl
2(R)-{[4-methoxybenzenesulfonyl]amino]-4-cyano-propionate. o

To a suspension of sodium hydride (0.93 g, 23.2 mmol) in dimethylformamide (95.0 mL),
is added methyl 2(R)-[[4-methoxybenzenesulfonyl]amino]-4-cyano-propionate (6.92 g,
23.2 mmol) in dimethylformamide (10.0 mL). After stirring at room temperature for 20
minutes, benzyl bromide (3.1 mL, 25.5 mmol) is added, and the reaction is stirred
overnight at room temperature. The reaction is then partitioned between ethyl acetate and
acidic water (pH=~5), the organic layer is dried (Na,SQ,), and the solvent is evaporated.
The nroduct is purified by silica gel chromatography (40% ethyl acetate/hexane) to give
methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino}-4-cyano-propionate.

To a solution of methyl 2(R)-[[&methoxybenzenesulfonyl] (benzyl)amino]-4-cyano-

Ppropionate (1.34 g, 3.47 mmol) in dimethylformamide (5.4 mL) is added triethylamine
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nydrochloride (0.95 g. 6.93 mmol) and sodium azide (0.43 g, 6.93 mmol). The reaction is
strred at 110°C overnight. The next day, the solvent is evaporated, the residue is acidified
with 1N hydrochloric acid (16.0 mL), and extracted well with ethyl acetate. The

combined organic extracts are washed with brine, dried (N2,SQ,), and the solvent is
evaporated to yield methyt 2(R)-([4-methoxybenzenesulfonyl](benzyhamina]-
2.[(5-tetrazolyl)methyljacetate.

This crude tetrazole is dissolved in dimethylformamide (17.4 mL). Cesium carbonate
(0.56 g, 1.73 mmol) is added, followed by the addition of methyl iodide (0.23 mL, 3.47
mmol), and the reaction is stirred overnight. The reaction is then diluted with brine and
extracted well with ethyl acetate. The combined organic extracts are washed with brine,
dried (Na,S0O,), and the solvent is evaporated. The product is purified by silica gel
chromatography (40% ethyl acetate/hexane) to give separately the two regioisomers:
methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[(1-methyl-S-tetrazolyl)-
methyl]acetate (0.50 g); and methyl 2(R)-[[4-methoxybenzenesulfonyl](benzyl)ammo]-
2-{(2-methyl-5-tetrazolyl)methyl]acetate.

Methyl 2(R)-{[4-methoxybenzenesulfonyl](benzyl)amino]-2-[(2-methyl-5 -tetrazolyl)- .
methyl]acetate (1.0 g, 2.27 mmol) is dissolved in tetrahydrofuran (11.3 mL) and water .
(113 mL). To this solution is added Lithium hydroxide hydrate (0.095 g, 2.27 mmol), and
the reaction is stirred at room temperature for 2 hours. The reaction is then acidified to
pH=~3 using 1N hydrochloric acid, and extracted well with ethyl acetate. The combined
organic extracts are washed with brine, dried (Na,SO,), and the solvent is evaporated to
provide 2(R)-[[4-methoxybenzenesulfonyl](benzyl)amino]-2-[(2-methyl-5-tetrazolyl)-
methylJacetic acid (0.96 g).

2(R)-{[4-methoxybenzenesulfonylj(benzyl)amino}-2-[(2-methyl-5-tetrazolyl)methyl]acetic
acid (0.96 g, 2.24 mmol), 1-hydroxybenzotriazole (0.30 g, 2.24 mmol), 4-methyl-
morpholine (0.86 mL, 7.89 mmol), and O-t-butylhydroxylamine hyd}ochloride (0.30 g,
2.24 mmol) are dissolved in methylene chloride (75.0 mL). N-[dimethylaminopropyl]-
N'-ethylcarbodiimide hydrochloride (0.86 g, 4.48 mmol) is added, and the reactionis" -
. stired overnight. The reaction is then diluted with water and extracted with methylene

" chloride. The combined organic extracts are washed with brine, dried (Na,SOy), and the
solvent is evaporated. The crude product is purified by silica gel chromatography (50%
ethyl acetate/hexane) to give N-(t-butyloxy)-2-{[4-methoxybenzenesulfonyl](benzyl)-
amiﬂO]-Z-[(Z-me'thyl-s-tetrazolyl)ruethyl]acetamide:.
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(b) Similarly prepared is the other tetrazole regioisomer, N-hydroxy-2-{[4-methoxy-
penzenesulfonyl](benzyl)amino]-2-{(1-methyl-5-tetrazolyl)methyi]acetamide, m.p. 92-
96°C, by completing the synthesis as described above.

(c) Similarly prepared is N-hydroxy-z-[[Lmemoxybenzenesulfonyl](berizyl)amino]—Z-
((5-terazolyl)methyl]acetamide, m.p. 91-94°C, by completing the synthesis as described
above, except trityl chloride is used to protect the tetrazole ring in place of methyl iodide.

(d) Similarly prepared is N-hydroxy-2-{[4-methoxybenzenesulfonyi](4-phenyibenzyl)-
amino]-2-[(5-tetrazolyl)methyljacetamide, m.p. 184°C, by completing the synthesis as
described above, except 4-chloromethylbiphenyl is used in place of benzyl bromide in the
alkylation step.

Example 28: Oxalyl chloride (106 mL, 1.22 mol) is added over 1 hour to dimethyi-
formamide (92 mL) in methylene chloride (1250 mL} at 0°C. To.this is added a solution
of 2(R)-[[4-methoxybenzenesulfonyi](3-picolyl)amino]-3-methylbutanoic acid
hydrochloride (248 g, 0.6 mol) in dimethylformamide (450 mL) over 1 hour, maintaining
the temperature at 0°C. This solution is stirred an additional 2 hours at room temperature,
and then added dropwise to a mixture of hydroxylamine (460 g of a 50% aqueous solution,
6.82 mol) in tetrahydrofuran (2400 mL). The reaction is stirred an additional 3 hours at -
5°C, and then at room temperature overnight. The reaction mixture is filtered, the organic
layer is collected, and the solvent is evaporated. The crude product is re-dissolved in
methylene chloride (2 L), washed with water (2 X 1 L), saturated sodium bicarbonate (4 X
1 L), brine (1 L), dried (N2,S0,), and the solvent is evaporated. The product is dissoived
in ethyl acetate (700 mL) and diluted with ether (1400 mL) to induce precipitation. The
pure product is collected. by filtration to provide N-hydroxy-2(R)-{[4-methoxybenzene-
sulfonyl](3-picolyl)amino]-3-methylbutanamide. After conversion ta the hydrochloride
salt, a white solid is obtained, m.p. 169-170°C (dec).

The starting material is prepared as follows:

To a solution of D-valine (2000 g, 17.09 mol) in water (16.9 _L) and acetone (9.5L),

cooled to 5°C, is added triethylamine (4769 mL, 34.22 mol), and the reaction is stirred for
30 minutes. Then a solution of 4-methoxybenzenesulfonyl chloride (3524 g, 18.48 mol) in
acetone (7.4 L) is added over 30 minutes, and the reaction is stirred at room temperature
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overnight. Most of the acetone is evaporated off, and the pH is adjusted to pH=8.25 with
6N sodium hydroxide. The crude product is washed with toluene (2 X 10 L), and then the
pH is re-adjusted to pH=2.2 with 6N hydrochloric acid. The mixture is then extracted
with methylene chloride (3 X 12 L), the combined organic layers are washed with 2N~
hydrochloric acid, water, dried (Na,S0,), and the solvent is evaporated to provide
N-{4-methoxybenzenesulfonyl]-(D)-valine.

To a solution of N-[4-methoxybenzenesulfonyl]-(D)-valine (8369 g, 29.13 mol) in
methanol (30 L) at 5°C is added thiony! chloride (2176 mL, 29.7 mol) over 2.5 hours.
After stirrihg for 3 hours at 5°C, the reaction is stirred for 36 hours at room temperature.
Most of the solvent is evaporated, and the crude product is dissolved in toluene (80 L).

The toluene layer is then washed with water (20 L), saturated sodium bicarbonate (20 L),
water again (20 L), 2N hydrochloric acid (20 L), brine (20 L), dried (Na,SO,), and the
solvent is evaporated. The solid obtained is dissolved in ethyl acetate (8 L) and heptane
(16 L) is added to induce crystallization. The precipitated product is collected by filtration
to provide methyl 2(R)-[[4-methoxybenzenesulfonylJamino]-3-methylbutanoate.

To a solution of methyl 2(R)-[[4-methoxybenzenesulfonylJamino]-3-methylbutanoate
(1662 g, 5.52 mol) in dimethylformamide (10.9 L) is added 3-picolyl chloride
hydroehloride (947.3 g, 5.77 mol) followed by powdered potassium carbonate (2409.9 g
17.36 mol). The reaction mixture is stirred at room temperature for 2 days. At that time,
additional quantities of 3-picolyl chloride hydrochloride (95 g) and powdered potassium
carbonate (241 g) are added, and the reaction is stirred for 3 more days. The solids are
then filtered away, the crude product is poured into water (22 L), and the pH is adjusted to
pH=8 with 6N sodium hydroxide. This solution is extracted well with toluene (4 X 10 L),
the combined organic layers are washed with water (2 X 12 L), and then with 6N
hydrochloric acid (3 X 1600 mL). This aqueous layer is then re-adjusted to pH=8 with 6N
sodium hydroxide, extracted with toluene (4 X 10 L), dried (N2,SO,), and the solvent is
evaporated. The oil obtained is re-dissolved in ethyl acetate (12 L), cooled to 5°C, and to
_ this is added methanolic HCI (834 mL). After stirring for 2 hours, the precipitated product
is collected by filtration to give methyl 2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)-
" amino}-3-methylbutanoate hydrochloride. o

Methyl 2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoate E
hydrochloride (7164 g, 16.7 mol) is added to a solution of water (27 L) and concentrated
hydrochloric acid (9 L), and heated to 120°C for 3 days. After cooling down to room
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temperature, charcoal (350 g) is added, stirring is continved for 45 minutes, the reaction is
filtered, and the solvent is evaporated. The crude solid is re-dissolved in methanol (7.1 L)
and ethyl acetate (73 L), and cooled to 3°C for 2 hours. The precipitated product is
collected by filtration to give 2(R)-[[4-meth05tybenzenesu1fony1](3-picoly1)amino].
3-methylbutanoic acid hydrochloride.

Example 29: N-Benzyloxy-2(R)-{[4-methoxybenzenesulfonyl](3-picolyl)amino]-
3-methylbutanamide (see example 29a) is reacted with hydrogen in the presence of 10%
palladium on charcoal catalyst at room temperature and atmospheric pressure to yield-
N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanamide.
After conversion to the hydrochloride salt, a white solid is obtained, m.p. 169-170°C
(dec).

(a) The N-(benzylbxy) substituted prodrug derivative of the above compound is prepared
as follows:

2(R)-{{4-methoxybenzenesulfonyl](3-picolyl)amino}-3-methylbutanoic acid hydrochloride
is reacted with O-benzylhydroxylamine hydrochloride under conditions described for
reaction with O-t-butylhydroxylamine hydrochloride to yield N-(benzyloxy)-2(R)-
([4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methyi-butanamide, m.p. 74.5-76°C.

(b) The corresponding N-(4-methoxybenzyloxy) substituted prodrug derivative,
N-(4—methoxybenzyloxy)-2(R)—[[4-methoxybenzenesulfonyl](3-p1coly1)ammo]-
3-methyl-butanamide, is prepared as follows:

2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-methylbutanoic acid hydrochloride
(2.41 g, 5.82 mmol), 1-hydroxybenzotriazole (0.786 g, 5.82 mmol), 4-methy1—morphoh‘ne'
(1.9 mL, 17.46 mmol), and O-(4-methoxybenzyl)hydroxylamine (1.78 g, 11.63 mmol)
(prepared according to Pol. J. Chem. 55, 1163-1167 (1981)) are dissolved in methylene
chloride (55 mL). N-[dimethylaminopropyl]-N’-ethylcarbodiimide hydrochloride (1.45 g,
7.57 mmol) is added, and the reaction is stirred overnight. The reaction is then diluted
- with water and extracted with methylene chloride. The combined organic extracts are
-washed with brine, dried (Na,SO,), and the solvent is evaporated. The crude product is
purified by silica gel chromatography (ethyl acetate followed by 5% methanol/ethyl
acetate) to give N-(4-methoxybenzyloxy)-2(R)-[[4-methoxybenzenesulfonyl]-
(3-picolyl)amino]-3-methylbutanamide, m.p. 45-53°C.
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similarly prepared are: (¢} the N-(2,4-dimethoxybenzyloxy)-substituted prodrug
derivative, N-(2,4-dimethoxybenzyloxy)-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)-
amino]-3-methyl-butanamide, m.p. 45-60°C;

(d) the N;(2-methoxybenzyloxy)-substituted prodrug derivative, N-(2-methoxybenzyl-
oxy)-Z(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-3-méthyl-butar;amide, m.p.
46-56°C.

Example 30: N-(t-Butyloxy)-2(R)-[[4-methoxybenzenesulfonyl](3-picolyl)amino]-
3(R)-(3-picolyloxy)butanamide (1.3 g, 2.4 mmol) is dissolved in methylene chloride (50
mL) containing ethanol (0.14 mL, 2.4 mmol) in a round bottom flask, and the reaction is
cooled to -10°C. Hydrochloric acid gas (from a lecture bottle) is bubbled through for 20
minutes. The reaction is sealed, allowed to slowly warm to room temperature, and stirred
for two days. The solvent is reduced to 1/3 the volume by evaporation and the residue is
triturated with ether. The mixture is filtered, the fiter cake is removed and dried in vacuo -
to providé N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl}(3-picolyl)amino]-
3(R)-(3-picolyloxy)-butanamide dihydrochloride as a white solid; [a]p2=+35.26°

(c=5.58, DMSO).

The starting material is prepared as follows:

To a solution of D-threonine (5.0 g, 0.042 mol) in water (50 mL) and dioxane (50 mL)
containing triethylamine (8.9 mL, 0.063 mol) at room temperature is added 4-methoxy-
benzehesulfonyl chloride (9.54 g, 0.046 mol). The reaction mixture is stirred overnight at
room temperature. Most of the dioxane is evaporated off, and the pH is adjusted to pH=2
with IN HCL. The mixture is then extracted with ethyl acetate. The combined organic
extracts are washed with brine, dried (Na,SO,), and concentrated in vacuo to provxde
N-[4-methoxybenzenesulfonyl]-(D)-threonine.

N-[4-methoxybenzenesulfonyl]-(D)-threonine (4.0 g, 13.84 mmol), 1-hydroxybenzo-
triazole (1.87 g, 13.84 mmol), 4-methylmorpholine (7.9 mL, 69.2 mmol), and O-t-butyl-
hydroxylamine hydrochloride (5.22 g, 41.52 mmol) are dissolved in methylene chloride
(100 mL). To this solution is added N-[dimethylaminopropyl]-N"-ethylcarbodiimide
hydrochloride (3.45 g, 17.99 mmol), and the reaction is stirred overnight. The mixture is
then diluted with water and extracted with methylene chloride. The combined organic
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extracts are washed with brine, dried (Na,SO,), and concentrated in vacuo. The crude
product is purified by silica gel chromatography (ethyl acetate) to give N-(t-butyloxy)-
2(R)-{[4-methoxybenzenesulfonyl]-amino}-3(R)-hydroxybutanamide.

To a solution of N-(t-butyloxy)-2(R)-[[4-methoxybenzenesulfonyl]Jamino]-3(R)-
hydroxybutanamide (3.04 g, 8.44 mmol) in dimethylformamide (150 mL) is added
3-picolyl chloride hydrochloride (1.45 g, 8.87 mmol) followed by potassium carbonate
(11.65 g, 84.4 mmol). The reaction mixture is stirred at room temperature overnight, then
heated to 45°C for 5 hours. An additional amount of 3-picolyl chloride hydrochloride
(692.0 mg, 4.23 mmol) is added at this point. The reaction mixture is stirred at 45°C for .
10 hours. The reaction mixture is diluted with water and extracted with ethyl acetate. The
combined organic extracts were washed with brine, dried (Na,SO,), and concentrated in
vacuo. The crude product is purified by silica gel chromatography (ethyl acetate, then 5%
methanol/methylene chloride) to give N-(t-butyloxy)-2(R)-{[4-methoxybenzenesulfonyl]-
(3-picolyl)amino]-3(R)-(3-picolyloxy)butanamide.

Example 31: (a) N-(t-Butyloxy)-2(R)-[[4-methoxybenzenesulfonyl](4-picolyl)aminc}-
cyclohexylacetamide (1.9 g, 3.9 mmol) is dissolved in dichloroethane (50 mL) containing -
ethanol (0.21 ml, 3.9 mmol) in a round bottom flask, and the reaction is cooled to -10°C,
Hydrochloric acid gas (from a lecture bottle) is bubbled through for 30 minutes. The
reaction is sealed, allowed to slowly warm to room temperature, and stirred for 4 days.

The solvent is reduced to 1/3 volume by evaporation and triturated with ether. The

mixture is filtered, filter cake removed, and dried in vacuo to provide N-hydroxy-2(R)-
([4-methoxybenzenesulfonyl](4-picolyl)amino]-2-cyclohexylacetamide hydrochloride as a
white solid, m.p. 154.5-156°C. |

The starting material is prepared as follows:

To a solution of D-cyclohexyiglycine hydrochloride (10.4 g, 53.7 mmol) in 1:1
dioxane/water (200 mL) containing triethylamine (37.0 g, 366.0 mmol) at room

- temperature is added 4-methoxybenzenesulfonyl chloride (15.0 g, 73.0 mmol), and the

reaction mixture is stirred at room temperature overnight. The mixture is then diluted with

"* ‘methylene chloride, washed with IN aqueous hydrochloric acid and water. The organic
layer is washed agaixi with brine, dried (Na,SO,), and the solvent is evaporated to provide
N-[4—methoxybenzenesulfonyl]—(D)-cyclohexylglycine as a crude product. A solution of
this crude product in toluene (200 mL) containing N,N-dimethylformamide di-t-butyl
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acetal (48.5 mL, 200.0 mmol) is heated to 95°C for 3 hours. The solvent is then
evaporated. The crude product is purified by silica gel chromatography (30% ethy!
acetate/hexanes) to provide N-[4-methoxybenzenesulfonyl}(D)-cyclohexylglycine t-butyl
ester. '

To a solution of N-{4-methoxybenzenesulfonyl]-(D)-cyclohexylglycine t-butyl ester (2.0
g, 4.1 mmol) in dimethylformamide (100 mL) is added 4-picolyl chloride hydrochloride
(0.74 g, 4.5 mmol) followed by potassium carbonate (5.61 g, 40.7 mmol). The reaction
mixture is stirred at room temperature for 4 days. The mixture is then diluted with water
and extracted with ethyl acetate. The combined organic extracts are washed with brine,
dried (Na,SO,), and the solvent is evaporated. The crude.product is purified by silica gel
chromatography (ethyl acetate) to give t-butyl 2(R)-[[4-methoxybenzenesulfony1]-
(4-picolyl)amino]-2-cyclohexylacetate. :

- t-Butyl 2(R)-[[4-methoxybenzenesulfonyl}(4-picolyl)amino]-cyclohexyla cetate (2.0 g, 4.2
_ mmol) is dissolved in methylene chloride (80 mL) and cooled to -10°C. Hydrochloric acid
' -gas is bubbled into the solution for 10 minuntes. The reaction mixture is then sealed,
warmed to room temperature and stirred overnight. The solvent is then evaporated to
provide 2(R)-[[4-methoxybenzenesulfonyl] (4-p1colyl)ammo]-z-cyclohexylacenc acid
 hydrochloride.

2(R)-[[4-Methoxybenzenesulfonyl](4-picolyl)amino]-cyclohexylacetic acid hydrochloride
(1.8 g, 4.2 mmol), 1-hydroxybenzotriazole (0.65 g, 4.81 mmol), 4-methyl-morpholine (2.4
mL, 24.04 mmol), and O-t-butylhydroxylamine hydrochloride (1.81 g, 14.4 mmol) are
dissolved in methylene chloride (100 mL). N-[dimethylaminopropyl]-N’-ethyl-
carbodiimide hydrochloride (1.2 g, 6.25 mmol) is added, and the reaction is stirréd
overnight. The reaction is then diluted with water and extracted with methylene chloride.
The combined organic extracts are washed with brine, dried (Na,SO,), and the solvent is
evaporated. The crude product is purified by silica gel chromatography (5%
methanol/methylene chloride) to give N-(t-butyloxy)-2(R)-[[4-methoxybenzenesulfonyl]-.
(4-picolyl)amino]-2-cyclohexylacetamide.

(b) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](2-(2-pyridyl)-
ethyl)amino]}-2-cyclohexylacetamide, m.p. 131.5-134.0°C,

The first two steps are carried out as described above. A Mitsunobu step is substituted for
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the alkylation step as described below.

To a stirring solution of N-{4-methoxybenzenesulfonyl]-(D)-cyclohexylglycine-t-butyl
ester (2.0 g, 5.25 mmol) in tetrahydrofuran (50 mL) is added triphenylphosphine (4.13 g,
15.75 mmol) and 2-(2-hydroxyethyl)-pyridine (646.0 mg, 5.25 mmol) followed by diethyl
azodicarboxylate (2.28 g, 13.1 mmol). The reaction mixture is stirred at room temperature
for 48 hours. The mixture is concentrated directly in vacuo. The crude mixture is applied
to a column of silica gel (30% ethylacetate/hexane) to provide t-butyl
2(R)-[N-[4-methoxybenzenesulfonyl](2-(2-pyridyl)ethyl)amino]- 2-cycloheky1acetate.

All of the subsequent steps are carried out as described under (a).

(c) Similarly prepared is N-hydroxy-2(R)-[[4-methoxybenzenesulfonyl](3-(3-pyridyl)-
propyl)amino]-2-cyclohexylacetamide, m.p. 136.0-138°C, by using 3-pyridinepropanol in
the Mitsunobu step, and carrying out the subsequent steps as described above.

(d) Similarly prepared is N-hydroxy-ch)-[[4-me_thoxybenzenesu1fony1](2-methyl-
pyrid-S-ylmethyl)amino]-2-cyclohexylacetamide, m.p. 156.5-157.0°C, by using
6-methyl-3-pyridinemethanol (prepared as in J. Org. Chem. 53 3513 (1988)) in the
Mitsunobu step, and carrying out the subsequent steps as described above.

(e) Similarly prepared is N-hydroxy-Z(R)-[[4—methoxybenzenesulfony1](4—tetrahydro—
pyranmethyl)amino]-2-cyclohexylacetamide, m.p. 75.0-87.0°C, by using 4-(hydroxy-

methyl)tetrahydropyran (prepared as in Okrytiya. Izobret. 82 (1985)) in the Mitsunoba
step, and carrying out the subsequent steps as described above.

Example 32: N-(t-Butyloxy)-2(R)-[(4-methoxybenzenesulfonyl)(benzyl)amino]-2-(4-N-
methylpiperidinyl)acetamide (733.0 mg, 1.46 mmol) is dissolved in methylene chloride
(60 mL) containing ethanol (67.0 mg, 146 mmol), and the reaction is cooled to -10°C.
Hydrochloric acid gas (from a lecture bottle) is bubbled through for 15 minutes. The
reaction is sealed, allowed to slowly warm to room temperature, and stirred for 6 days.
The solvent is reduced to 1/3 volume by evaporation and triturated with ether. The mixture
is filtered, filter cake removed, and dried in vacuo to provide N-hydroxy-
2(R)-[(4-methoxybenzenesulfonyl)(benzyl)amino]-2-(4-N-methylpiperidinyl)acetamide
hydrochloride as a light tan solid, m.p. >160°C (dec). '
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The starting material is prepared as follows:

To a solution of ethyl 4-pyridylacetate (11.17 g, 67.62 mmol) in 2N hydrochloric acid
(100 mL) is added platinum (IV) oxide (275 mg). The mixture is shaken in a Parr
hydrogenation apparatus for 60 hours under a hydrogen pressure of 50 psi (= 3.45 bar).
The reaction mixture is basified to pH 8-9 with saturated aqueous sodium carbonate and
then washed with methylene chloride. The aqueous layer is concentrated in vacuo
providing sodium 4-piperidyl acetate as a white solid. To a solution of the crude product
(5.0 g, 30.3 mmol) in 3:1 water/dioxane (200 mL) at 0°C is added a solution of
di-tert-butyldicarbonate (6.38 g, 29.3 mmol) in dioxane (25 mL) in one portion. The
cloudy reaction mixture is warmed to room temperature and stirred overnight. The mixture
is then filtered; cooled to 0°C and acidified with cold 6N hydrochloric acid (pH=2-3).This
solution is extracted with ethyl acetate. The combined organic layers are dried (Na,SO,),
and the solvent is evaporated to provide-N-t-BOC-piperidine-4-acetic acid as a white
crystalline solid.

To a solution of N-t-BOC-piperidine-4-acetic acid (4.67 g,-19.22 mmol) in tetrahydrofuran
at -78°C is added triethylamine (2.53 g, 24.99 mmol) followed by pivaloyl chloride (2.55
g, 21.14 mmol). The resulting white slurry is stirred at--78°C for 15 minutes, warmed to
0°C for 45 minutes, then recooled to -78°C. In a separate flask, (R)-(+)-4-benzyl-2-
oxazolidinone (4.09 g, 23.1 mmol) is dissolved in tetrahydrofuran (50 mL) and 1 M
n-butyl lithium in hexanes (14.4 mL, 23.06 mmol) is added dropwise at -78°C. The
solution is added via cannula to the aforementioned white slurry at -78°C. The reaction
mixture is stirred at -78°C for 15 minutes, then warmed to room temperature over 2.5
hours. The mixture is quenched with saturated aqueous sodium carbonate and the
tetrahydrofuran is evaporated in vacuo. The remaining aqueous layer is diluted with water
and extracted with ethyl acetate. The combined organic extracts are washed with brine,
dried (Na,S0O,), and the solvent is evaporated under vacuum. The product is purified by
silica gel chromatography (75% to 50% hexane/ethyl acetate) to give 3-[2-(N-t-BOC-
4-piperidinyl)-1-oxoethyl]-4(R)-(benzyl)-2-oxazolidinone.

. To a solution of 3-[2-(N-t-BOC-4-piperidinyl)-1-oxoethyl]-4(R)-(benzyl)-2-oxazolidinone
(7.54 g, 18.76 mmol) in tetrahydrofuran (175 mL) at -78°C is added a 0.5 M solution of
potassium bis (trimethylsilylamide in toluene (37.5 mL, 18.76 mmol) dropwise. After
stirring for 20 minutes at -78°C, a pre-cooled solution of trisylazide (7.25 g, 23.4 mmol) in
tetrahydrofuran (55 mL) is added via cannula at -78°C. The mixture is stirred for 15
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qinutes at -78°C, then acetic acid 3.38 g, 56.28 mmol) is added followed by immediate
warming to room temperature through immersion in a water bath. The reaction mixture is
qirred for 1.5 hours at room temperature. The tetrahydrofuran is removed under vacuum
and the resulting residue is partitioned between saturated aqueous sodium carbonate and
othyl acetate. The aqueous layer is removed and extracted with ethyl acetate. The
combined organic extracts are washed with brine, dried (N2,S0,), and concentrated in
vacuo. The product is purified by silica gel chromatography (30% to 50% ethyl
acetate/hexanes) to give 3-[2-(R)-azido-2-(N-t-BOC-4-piperidinyl)-1-oxo-
ethyl]-4(R)-(benzyl)-2-oxazolidinone.

To a solution of 3-[2-(R)-azido-2-(N-BOC-4-piperidinyl)-1-oxoethyl]-4(R)-(benzyl)-
2-oxazolidinone (5.84 g, 13.17 mmol) in 3:1 tetrahydrofuran/water/200 mL) at 0°C is
added 30% aqueous hydrogen peroxide (5.12 mL, 52.67 mmol) followed by lithium
hydroxide monohydrate (1.11 g, 26.34 mmol). The reaction mixture is stirred at 0°C for 1
hour. The mixture is quenched by addition of sodium sulfite (7.1 g) at 0°C. The
tetrahydrofuran is removed in vacuo and the remaining aqueous layer is further diluted
with water. This aqueous layer is then washed with methylene chloride and acidified with
1IN hydrochloric acid. The resulting acidic aqueous layer is extracted with ethyl acetate.
The combined organic extracts are dried (Na,SO,4) and concentrated in vacuo to provide
crude 2-(R)-azido-2-(N-t-BOC-4-piperidinyl)acetic acid.

To a pre-stirred solution of tin (II) chloride (3.14 g, 16.55 mmol) in methanol (100 mL) at
0°C is added 2-(R)-azido-2-(N-t-BOC-4-piperidinyljacetic acid (2.35 g, 8.27 mmol) in
methanol (25 mL) dropwise. The reaction mixture is stirred at 0°C for 10 minutes then
warmed to room temperature overnight. The methanol is removed in vacuo to provide
crude R-(N-t-BOC-4-piperidinyl) glycine, which is used directly in the next reaction
without purification. The crude product from the above reaction is dissolved in 2:1
dioxane/water (120 mL) and triethylamine (7.53 g, 74.43 mmol) and cooled to 0°C. To
this mixture is added 4-methoxybenzenesulfonyl chloride (2.22 g, 10.75 mmol) and then
the reaction mixture is warmed to room temperature overnight. The dioxane is removed in
vacuo and the residue is partitioned between dilute aqueous sodium bicarbonate and ethyl
" acetate. The basic aqueous layer is removed, acidifed with 1 N hydrochloric acid, and
extracted with ethyl acetate. The resulting emulsion is passed through a celite pad washing
“with ethyl acetate. The organic filtrate is dried (Na,SO,) and concentrated in vacuo to
provide 2(R)-[(4-methoxybenzenesulfonyl)amino}-2-(N-t-BOC-4-piperidinyl) acetic acid
as crude product.
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A solution of crude 2(R)-{(4-methoxybenzenesulfonyi)amino]-2-(N-t-BOC-4-piperidin-
yl)-acetic acid (2.88 g) in dimethylformamide (60 mL) containing N,N-dicyclohexylamine
(1.22 g, 6.73 mmol) and benzyl bromide (1.15 g, 6.73 mmol) is stirred at room
temperature for 3.5 hours. To this same reaction mixture is again added benzyl bromide
(1.26 g, 7.4 mmol) followed by potassium carbonate (6.5 g, 47.11 mmol). The reaction
mixture is stirred over the weekend at room temperature. The mixture is diluted with
water and extracted with ethylacetate. The combined organic extracts are washed with
brine, dried (N2,SO,), and concentrated in vacuo. The crude product is purified by silica
gel chromatography (15% to 25% ethyl acetate/hexanes) to provide benzyl
2(R)-{(4-methoxybenzenesulfonyl)(benzyl)-amino}-2-(N-t-BOC-4-piperidinyl)acetate.

A solution of benzyl 2(R)-[(4-methoxybenzenesulfonyl)(benzyl)amino]-2-(N-t-BOC-4-
piperidinyl) acetate (2.0 g, 3.3 mmol) in dichloromethane (50 mL) is cooled to 0°C and
hydrochloric acid gas (from a lecture bottle) is bubbled through for 10 minutes. The
reaction mixture is warmed to room temperature over 30 minutes. The solvent is removed
in vacuo to yield benzyl 2(R)-[(4-methoxybenzenesulfonyl)(benzyl)}-
amino}-2-(N-t-BOC-4-piperidinyl) acetate hydrochloride as a white foam.

To a solution of benzyl 2(R)-[(4-methoxybenzene sulfonyl)(benzyl)amino]-2-(N-t-BOC-

- 4-piperidinyl) acetate hydrochloride salt (1.28 g, 2.35 mmol) heated to reflux is added
sodium formate (480.0 mg, 7.06 mmol) and formaldehyde (0.57 mL, 7.06 mmol). The
reaction mixture is refluxed for 10 minutes, then two additional aliquots of formaldehyde
(0.57 mL, 7.06 mmol) are added at 10 minute intervals. The reaction mixture is refluxed
for an additional 3 hours. The formic acid is removed in vacuo and the residue is panioned
between saturated aqueous sodium bicarbonate and ethyl acetate. The basic aqueous layer
is further extracted with ethyl acetate. The combined organic extracts are washed with
brine, dried (N2,SO,) and concentrated in vacuo to provide benzyl 2(R)-{(4-methoxy-
benzenesulfonyl)benzyl)amino]-2-(4-N-methylpiperidinyl) acetate as a crude product. A

_solution of this crude product (1.23 g) in 3N HCI (40 mL) is refluxed at 120°C for 2 days.
The mixture is concentrated in vacuo to provide acid as a crude product. To a solution of

- this crude product (1.08 g) in methylene chloride (75 mL) is added 1-hydroxy-

benzotriazole (0.312 g, 2.31 mmol), 4-methylmorpholine (1.64 g, 16.17 mmol),

O-t-butylhydroxylamine hydrochloride (870.0 mg, 6.93 mmol), followed by

N-[dimethylaminopropyl}-N’-ethylcarbodiimide hydrochloride (576.0 mg, 3.0 mmol).

The reaction mixture is stirred at room temperature overnight. The redction is then diluted
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with water and extracted with methylene chloride. The combined organic extracts are
washed with brine, dried (Na,SO,), and the solvent is evaporated. The crude product is
purified by silica gel chromatography (3% w0 7% methanol/methylene chloride containing
0.5% ammonium hydroxide) to give N-(t-butyloxy)-2(R)-[(4-methoxybenzenesulfonyl)-
(benzyl)amino]-2-(4-N-methylpiperidinyl)acetamide.

Example 33: Preparation of 3000 ca_psulés each containing 25 mg of the active ingredient,
for example, N—hydroxy-Z(R)-[[4—methoXybenzenesulfonyl] (3-picolyl)-
amino]-3-methylbutanamide hydrochloride:

Active ingredient 75.00 g
Lactose 750.00 g
Avicel PH 102 : 300.00 g
(microcrystalline cellulose) _

Polyplasdone XL. . 30.00 2
(polyvinylpyrrolidone) _ .

Purified water g.s.
Magnesium stearate ' 9.00¢g

The active ingredient is passed through a No. 30 hand screen.

The active ingredient, lactose, Avicel PH 102 and Polyplasdone XL are-blended for 15
minutes in a mixer. The blend is granulated with sufficient water (about 500 mL), dried in
an oven at 35°C overnight, and passed through a No. 20 screen.

Magnesium stearate is passed through a No. 20 screen, added to the granulation mixture,
and the mixture is blended for 5 minutes in a mixer. The blend is encapsulated in No. 0

hard gelatin capsules each containing an amount of the blend equivalent to 25 mg of the
active ingredient.
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'(a) wherein
| Aris carbocyclic or heterocyclic aryl;

R is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or polyshalo-lower
 alkyl, C5-Cy-cycloalkyl, Cs-Co-cycloalkyl-lower alkyl, (oxa or thia)-C5-Cq-Cycloalkyl,
[{oxa or thia)-Ce-CﬁocycloalkyI] -lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl,
lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sul-fonyl)-lower alkyl, (amino,
mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl,
or (morpholino, thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower
alkylpiperidyl)-lower alkyl; | o S

R, is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower
alkyl, C;-Cy-cycloalkyl, C;-Co-cycloalkyl-lower alkyl, hydroxy-lower alkyl, .
acyloxy-lower alkyl, lower alkoxy-lowef alkyl, (carbocyclic or heterocyclic aryl)-lower
alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or suifonyl)-lower alkyl, (amino, mono- or
di-lower alkylamino)-lower alkyl, (N-lower alkyl-piperazino or N-carbocyclic or
heterocyclic aryl-lower alkylpiperazino)-lower alkyl, (morpholino, thiomorpholino,
piperidino, pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl, acylamino-lower
alkyl, piperidyl or N-lower alkylpiperidyl; . .

R, is hydrogen or lower alkyl;

* ¢ L M s *x | .




(b) of wherein R and R, together with the chain to which they are auached forma
1,2 3,4-tetrahydro-isoquinoline, pipen'dine oxazolidine, thiazolidine or pyrrolidine ring, -
~each unsubsututed or substxtuted by lower a.kyl and Ar and Rz have meanmg as defined

(c) or wherein R; and R, “togémer with the carbon atom to which they are attached form a

-  ring system selected from C;-C-cycloalkane which is unsubstituted or substituted by ~ -

jower alkyl; oxa-cyclohexane, thia-Cyclohexane, indane, tetralin, piperidine or piperidine
substituted on nitrogen by acyl, lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl,

- (carboxy, esterified or amidated carboxy)-lower alkyl or by lower alkylsulfonyl and Ar
and R have meaning as defined under (a);

a pharmaceutically acceptable prodrug derivative thereof; or a phannaceuucally
acceptable salt thereof.

~ 2. A compound accoxding to claim 1 of the formula Ia

X
/ \_
o CHy CHy o
nmt b
HO—I;I-C-(lz——-N——lsl—Ar ()
H Rz o]

wherein X represents methylene or 1,2-ethylene each unsubstituted or substituted by lower

- alkyl, or X represents oxygen, sulfur, or 1,2-phenyiene; Ar and R, have meaning as
defined in claim 1; or a pharmaceutically acceptable prodrug derivative thereof; ora
pharmaceutically acceptable salt thereof. -

3. A compound according to claim 1 of the formula Ib

(o]
o
o
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Ar (Ib).
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e whe-'exn Y is a direct bond, C[-C4-stra1°ht cham alkylene opuonauy subsumted bv lower
 alkyl, CH,OCH,, CH,SCH;, 1,2-phenylene, CH,-1,2-phenylene or CH,N(R,)-CH, in-
* which R4 represents hydrogen, lower atkanoyl, di-lower alkylamino-lower alkanoyl. aroyl,
~ carbocyclic aryl-lower alkanoyl, lower a!kyl carbocyclic or heterocylic aryl-lower alkyl, -
(carboxy, esterified or amidated ca.rboxy)-lower alkyl or lower alkylsulfonyl; Arand R
have meaning as defined in claim 1; or a pharmaceuucally acceptable prodmg derivative
 thereof or a pharmaceutically acceptable salt thereof. ' -

4. A compound according to claim 3 of the formula Ic

" in which Y” represents oxygen, sulfur, a direct bond, methylene or methylene substituted
by lower alkyl, or NR4; R4 represents hydrogen, lower alkanoyl, di-lower
alkylamino-lower alkanoyl, carbocyclic aryl-lower alkanoyl, lower alkyi, carbocyclic or
heterocyclic aryl-lower alkyl, (carboxy, esterified or amidated carboxy)-lower alkyl or
lower alkylsulfonyl; Ar and R have meaning as defined in claim 1; or a pharmaceutically
acceptable prodrug derivative thereof; or a pharmaceutically acceptable salt thereof. -

5. A compound of formula I according to claim 1 wherein Ar is phenyl which is
unsubstituted or mono-, di- or tri-substituted by C,-C,q-alkoxy, hydroxy; phenyl-lower
alkoxy wherein pheny! is unsubstituted or substituted by lower alkyl, lower alkoxy,
halogen or trifluoromethyl; heterocyclic aryl-lower alkoxy wherein heterocyclic aryl is
selected from pyridyl, tetrazolyl, triazolyl, thiazolyl, thienyl, imidazolyl and quinolinyl,
each unsubstituted or mono- or disubstituted by lower alkyi or halogea ;.
C;-Cy-cycloalkyl-lower alkoxy, (lower alkyl, phenyi-lower alkyl or C;-Cycycloakkyl-
lower alkyl)-thio, lower alkyloxy-lower alkoxy, halogen, lower alkyl, cyano, nitco,
triflucromethyl, lower alkyl-(sulfiny! or sulfonyl), amino, mono- or di-lower alkylamino
or, on adjacent carbon atoms, by C,-C,-alkylenedioxy or oxy-C,-Cy-alkylene; or Aris
thienyl, isoxazolyl or thiazolyl each of which is unsubstituted or mono- or di-substituted

* < L M $ * :
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by lower alkyl;

R is hydrogen, lower alkyl, Phen}‘l~10iwer_aikyl wherein phenyl is ur{s'uﬁsti.t.uged or
substiuted by lower alkyl, lower alkoxy, halogen ot wifluoromeihyl: gheny| u hi
- unsubstituted or mono-, di- or tri-substituted by lower » Phenyl which is

_ alkoxy, hydroxy, halogen low
. . » halogen, lower
alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(thio, sulfinyl or sulfonyl), amino, mone

or di-lower alkylamino or, on adjacent carbon atoms, by Cl-Cz-alkylenedioxy or
0xy-C,-C;-alkylene; or a heterocyclic aryl radical selected from pyridyl, tetrazoly|
triazolyl, thiazolyl, thienyl, imidazolyl and quinolinyl, each unsubstituted or mono: or
disubstituted by lower alkyl or halogen; biphenylyl which is unsubstituted or substituted
by lower alkyl, lower alkoxy, halogen, trifluormethy! or cyano; biphenylyl-lower alkyl
wherein biphenylyl is unsubstituted or substituted by lower alkyl, lower alkoxy, halogen,
trifluormethyl or cyano; (pyridyl, thienyl, quinolinyl or thiazolyl)-lower alkyl,

. trifluormethyl, C3-Ci-cycloalkyl, C3-Co-cycloalkyl-lower alkyl, (oxa or
thia)-C;-Cg-cycloalkyl, [(oxa or thia)-C;-C4-cycloalkyl]-lower a.lkyl hydroxy-lower alkyi,
lower alkanoyloxy-lower alkyl, lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or
sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, lower
alkanoylamino-lower alkyl, (N-lower alkyl-piperazino or N-phenyl-lower |
alkylpiperazino)-lower aikyl or (morpholino, thiomorpholino, piperidino, pyrrolidino,
piperidyl or N-lower alkylpiperidyl)-lower alkyl;

R, is hydrogen, lower alkyl; phenyl-lower alkyl wherein pheny! is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen, trifluoromethyl or, on adjécent carbon
atoms, by C,-C,-alkylenedioxy or oxy-C,-C;-alkylene; phenyl which is unsubstituted or
substituted by lower alkyl, lower alkoxy, halogen or trifluoromethyl; pyridyl, thienyl,
biphenylyl, biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl wherein heterocyclic
aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazoly!l and tetrazolyl each
‘unsubstituted or substituted by lower alkyl; trifluoromethyl, C;-Co-cycloalkyl,
C;-Co-cycloalkyl-lower alkyl, hydroxy-lower alkyl, lower alkanoyloxy-lower alkyl, lower
alkoxy-lower alkyl, (pheny! or pyridyl)-lower alkoxy-lower alkyl, lower alkyl-(thio,
sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl,
(N-lower alkyl-piperazino or N-phenyl-lower alkylpiperazino)-lower alkyl, (morpholino,
thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower alkylpiperidyl)-lower alkyl,
lower alkanoylamino-lower alkyl; R;-CONH-lower alkyl wherein R; represents (di-lower
alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino
or N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl;

R O
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.' R, is hydrogen or lower alkyl;

- (b) or wherein R and R, together with the ch_ain to which they are attached forma o
1,2.3,4-tewahydro-isoquinoline, piperidine, oxazolidine, thiazolidine or pyrrolidine ring,

“each unsubstituted or mono- or di-substituted by lower alkyl; and Ar and R, have meaning
as defined under (a); o

(c) or wherein R, and R, together with the carbon atom to which they are attached form a
ring system selected from C;-Cy<cycloalkane which is unsubstituted or substituted by

lower aikyl; oxa-cyclohexane, thia-cyclohexane, indane, tetralin and piperidine which is
~ unsubstituted or substituted on nitrogen by lower alkanoyl, di-lower a!kylamino-lower_ :
alkanoyl, lower alkoxycarbonyl, (morpholino, thiomorpholino or piperidino)-carbonyl,
lower alkyl, (phenyl or pyridy!)-lower alkyl, (carboxy, lower alkoxycarbonyl, -
benzyloxycarbonyl, aminocarbonyl or mono- or di-lower alkylaminocarbonyl)-lower alkyl
or by lower alkylsulfonyl; and Ar and R have meaning as defined under (a);

a pharmaceutically acceptable prc:drucr denvanve thereof; or a pharmaceutically
acceptable salt thereof.

6. A compound of formula I according to claim 1 wherein Ar is phenyl which is
unsubstituted or mono-, di- or tri-substituted by C,-C4-alkoxy, hydroxy, phenyl-lower
alkoxy, C;-Cs-cycloalkyl-lower alkoxy, lower alkyloxy-lower alkoxy, halogen, lower
alkyl, cyano, nitro, trifluoromethyl, lower alkyl-(sulfinyl or sulfonyl), amino, mono- or
di-lower alkylamino or, on adjacent carbon atoms, by C,-C,-alkylenedioxy or
oxy-C,-C;-alkylene; or Ar is thienyl, isoxazolyl or thiazolyl each of which is
unsubstituted or mono- or di-substituted by lower alkyl; '

R is hydrogen, lower alkyl, phenyl-lower alkyl; phenyl which is unsubstituted or mono-,
di- or tri-substituted by lower alkoxy, hydroxy, halogen, lower alkyl, triflucromethyl, or,
on adjacent carbon atoms, by C,-C,-alkylenedioxy or oxy-C,-C;-alkylene; or a

- beterocyclic aryl radical selected from pyridyl, thiazolyl and quinolinyl, each
unsubstituted or mono- or disubstituted by lower alkyl; biphenylyl; biphenylyl-lower
alkyl; (pyridyl or thienyl)-lower alkyl, trifluormethyl, C;-C;-cycloalkyl,
C,-C,-cycloalkyl-lower.alkyl, (oxa or thia)-C;-Cs-cycloalkyl, [(oxa or : :
thia)-C3-Cg-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, (N-lower alkyl-piperazino or

* c L M S * '
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© . Nephenyl-lower alkylpiperazino)-lower alkyl or (morpholino, thiomorpholino, piperidino,
pyrrolidino, piperidyl or N-lower alkyl_piperidyl)—lower alkyl; - -

R;is hydrogen, lower alkyl; phenyl-lower alkyl wherein phenyl is unsubstituted or

- substituted by lower alkyl, lower alkoxy, halogen, trifluoromethyl or, on adjacent carbon
. atoms, by C,-C,-alkylenedioxy; biphenylyl-lower alkyl; heterocyclic aryl-lower alkyl

* wherein heteracyclic aryl is selected from thiazolyl, pyrazolyl, pyridyl, imidazolyl and

" tetrazolyl each unsubstituted or substituted by lower alkyl; C;-Cq-cycloalkyl, |

_ -C3-C7-cycioalkyl-lower alkyl, hydroxy-lower alkyl, (phenyl or pyridyl)-lower
- alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl, (amino, mono- or
di-lower alkylamino)-lower alkyl, (N-lower alkyl-piperazino or N-phenyi-lower
alkylpiperazino)-lower alkyl, (morpholino, thiomorpholino, piperidino, pyrrolidino, -
piperidyl or N-lower alkylpiperidyl)-lower alkyl, lower alkanoylamino-lower alkyl;
R;-CONH-lower alkyl wherein R, represents (di-lower alkylamino, N-lower
alkylpiperazino, morpholino, thiomorphelino, piperidino, pyrrolidino or
N-alkylpiperidyl)-lower alkyl; piperidyl or N-lower alkylpiperidyl; -

R, is hydrogen or lower alkyl;

(b) or wherein R and R, together with the chain to which they are attached form a
thiazolidine or pyrrolidine ring, each unsubstituted or mono- or di-substituted by lower
alkyl; and Ar and R, have meaning as defined under (a);

(c) or wherein R, and R, together with the carbon atom to which they are attached form a

ring system selected from C;-C;-cycloalkane which is unsubstituted or substituted by
lower alkyl; oxa-cyclohexane, thia-cyclohexane and piperidine which is unsubstituted or

substituted on nitrogen by lower alkanoyl, di-lower alkylamino-lower alkanoyl, lower

alkoxycarbonyl, (morpholino, thiomorpholino or piperidino)-carbonyl, lower alkyl,

(phenyl or pyridyl)-lower alkyl, (carboxy, lower 'alkoxycarbonyl, aminocarbonyl or mono-

or di-lower alkylaminocarbonyl)-lower alkyl or by lower alkylsulfonyl; and Ar and R
“have meaning as defined under (a); ‘

a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically
acceptable salt thereof.

7. A compound according to claim 1 of the formula II

.
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‘wherein

* Ris hydrogen, lower alkyl, carbocyclic aryl-lower alkyl. carbocyclic aryl, hetémcyélic
aryl, biaryl, biaryl-lower alkyl, heterocyclic 'aryl-lower alkyl, mono- or poly-halo-lower

- alkyl, C;-Cy-cycloalkyl, C;-Co-cycloalkyl-lower alkyl, (oxa or thia)-C;-Cgcycloalkyl,
{(oxa or thia)-C;-Cs-cycloalkyl]-lower alkyl, hydroxy-lower alkyl, acyloxy-lower alkyl,
lower alkoxy-lower alkyl, lower alkyl-(thio, sulfiny! or sulfonyl)-lower alkyl, (amino,
mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyi,
or (morpholino, thiomorpholino, piperidine, pyrrolidino or N-lower alkylpiperidyl)-lower
alkyl; _ _ _ _

R;is hydrogen, lower alkyl, carbocyclic aryl-lower alkyl, carbocyclic aryl, heterocyclic
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower
alkyl, C5-Cy-cycloalkyl, Co-Cr-cycloalkyl-lower alkyl, hydroxy-lower alkyl,
acyloxy-lower alkyl, lower alkoxy-lower alkyl, lower alkyl-(thio, sulfinyl or
sulfonyl)-lower alkyl, (amino, mono- or di-lower alkylamino)-lower alkyl, (N-lower
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl,
(morpholino, thiomorpholino, piperidino, pyrrolidino, piperidyl or N-lower
alkylpiperidyl)-lower alkyl, piperidyl, N-lower alkylpiperidyl, or acylamino-lower alkyl

. represented by R;-CONH-lower alkyl;

R, is hydrogen; .

R; in R;-CONH-lower alkyl is lower alkyl, carbocyclic or heterocyclic aryl, di-lower
alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino,
pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower alkylpiperazino, -
morpholino, thiomorpholino, piperidino, pyrrolidino, pyridyl or N-lower
alkylpiperidyl)-lower alkyl;

-

A O
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R4 ishydrogen, lower a.lkbxy, 'hydro'xy; cerboeyelie or heterocyclic' afvl-lower aLkeky,
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, Iower alkyloxy-lower E
alkoxy halogen tnﬂuoromethyl lower alkyl mtro or cyano;

" Ryis hydrogen, lower 'alkyl or halogen;

E or R4 and Ry tocether on adjacent carbon atoms represent methylenedmxy, ethylenedxoxy, )
‘oxyethylene or oxypropylene; -

or a pharmaceutically acceptable prodrug denvauve thereof ora pha.rmaceuncally
acceptable salt thereof.

8. A compound according to claim 1 of formula I

|
o R CHz' o R
] *
HO—T-C—T-N—ISI m
H Ry Rs

wherein _ _

R and R, together with the chain to which ttiey are attached form a

1,2,3, 4—tetrahydro-woqmnohne pxpendme, thiazolidine or pyrrolidine ring;

R, is hydrogen;

R, is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy,
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower

* alkoxy, halogen, trifluoromethyl, lower alkyl, nitro or cyano;

Ry is hydrogen, lower alkyl or halogen;

or R4 and Ry together on adjacent carbon atoms represent methylenedioxy, ethylenedioxy,

oxyethylene or oxypropylene;

* or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically

acceptable salt thereof.

r

9. A eompound according to claim 1 of formula II

T ¢ L Mos e
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Ho x0T R

wherem

R is hydrogen, lower alkyl, carbocychc aryl—lower alkyl ca.rbocychc aryl heterocychc
aryl, biaryl, biaryl-lower alkyl, heterocyclic aryl-lower alkyl, mono- or poly-halo-lower
alkyl, C5-C;~cycloalkyl, C;-C;-cycloalkyl-lower alkyl, (oxa or thia)-C;-Cg-Cycloalkyl,
[(oxa or t!ua.)-C;-C;cycloalkyl}lower a.lkyl hydroxy-lower alkyl, acyloxy-lower alkyl,

- lower alkoxy-lower alkyl, lower a]kyl-(tluo, sulfiny! or sulfonyl)-lower alkyl, (amino, -

~ mono- or di-lower alkylamino)-lower alkyl, acylamino-lower alkyl, (N-lower
alkyl-piperazino or N-carbocyclic or heterocyclic aryl-lower alkylpiperazino)-lower alkyl
or (morpholino, thiomorpholino, piperidino, pyrrolidino or N-lower alkylpiperidyl)-lower
allyl; . . . | : o

R, and R, together with the carbon atom to which they are artached form a ring system
selected from cyclohexane, cyclopentane, oxacyclohexane, thiacyclohexane, indane,
tetralin, piperidine or piperidine substituted on nitrogen by acyl, lower alkyl, carbocyclic
or heterocyclic aryl-lower alkyl or by lower alkylsulfonyl;

R, is hydrogen, lower alkoxy, hydroxy, carbocyclic or heterocyclic aryl-lower alkoxy,
lower alkylthio or carbocyclic or heterocyclic aryl-lower alkylthio, lower alkyloxy-lower
alkoxy, halogen, trifluoromethyl, lower alkyl, nitro or cyano;

Rs is hydrogen, lower alkyl or halogen; :

or R, and R4 together on adjacent carbou atoms represent methylenedioxy, ethylenedxoxy,
oxyethylene or oxypropylene;

or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically
acceptable salt thereof.

10. A compound according to claim 1 of formula I

I
o) CH; O '
| |l o
Ho—bl:—c—cu—N—-ﬁ Rq (IID)
H ll ° -

AL AR A
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- | :_- wherem R represents Iower alkyl mﬂuoromethyl Cs-CrcycIoalkyl (oxa or
- th1a)-C4-C5-cycloalkyl biaryl, carbocyclic monocychc aryl or heterocychc monocychc
| . ] aryl R, represents hydrogen, lower alkyl, CS-C-,-cycloalkyI monocyclic carbocyclic aryl,
" carbocyclic aryl-lower alkyl, heterocyclic aryl-lower alkyl, lower alkoxy-lower alkyl,
* lower alkyl-(thio, sulfinyl or sulfonyl)-lower alkyl; di-lower alkylamino- -Tower alkyl,
- (N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino or pyrrolidino)-lower
- alkyl or R;-CONH-lower alkyl; Ry represents lower alkyl, carbocyclic aryl, heterocyclic
" ) aryl.' di-lower alkylamino, N-lower alkylpiperazino, morpholino, thiomorpholino,
 piperidino, pyrrolidino, N-alkylpiperidyl, or (di-lower alkylamino, N-lower .
alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or
N-alkylpiperidyl)-lower alkyl; R, represents lower alkoxy or carbocyclic or heterocyclic
aryl-lower alkoxys; or a pharmaceutically acceptable prodrug derivative thereof; ora |
pharmaceutically acceptable salt thereof.

.. 11. A compound of formula IIT according to claim 10 wherein R represents heterocyclic
. ‘monocyclic aryl selected from tetrazolyl, triazolyl, thiazolyl, imidazolyl and pyridyl, each
unsubstituted or substituted by lower alkyl; or R represents phenyl or phenyl substituted

- by lower alkyl, lower alkoxy, halogen or triﬂuorome-t.hyI; R, represents lower alkyl,
cyclohexyl, or R;-CONH-lower alkyl wherein Ry represents (di-lower alkylamino, -
N-lower alkylpiperazino, morpholino, thiomorpholino, piperidino, pyrrolidino or
N-alkylpiperidyl)-lower alkyl; and R, represents lower alkoxy or phenyl-lower alkoxy; or
a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically
acceptable salt thereof. | |

12. A compound of formula III according to claim 10 wherein R represeats 2-, 3- or
4-pyridy! or phenyl; R, represents C,-C,-alkyl, cyclohexyl or R;-CONH-C,-C,4-alkyl
wherein R represents di-C,-C,-alkylamino-C,-C4-lower alkyl; and R, represents lower |
alkoxy; or a pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically -
acceptable salt thereof.

13. A compound of formula IIT according to claim 10 wherein R represents 3-pyridyl or
4-pyridyl; R, represents isopropyl or cyclohexyl; and R, represents lower alkoxy; or a
pharmaceutically acceptable prodrug derivative thereof; or a pharmaceutically acceptable
salt thereof.

A R
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T 14.A compound accordmo to any one ot claims 1- 13 wherein the asymmemc carbon to
. which is auached R,is assxoned the (R)-conﬁgurauon ?

_ 15 Acompound 'accor'dino'toclaim'l which is N-hydroxy-Z(R) I([4-me'th0xybenzené- o
: _sulfonyl](3-p1colyl)ammo]o3-memylbutanamxde, a pharmaceuucauy acceptable prodruo
: denvauve Lhereof ora pharmaceuncall acceptable salt thereof o
_' . 16. A compound accordmc to claun 1 which is N—hydroxy-Z(R) [[4-methoxybenzene-

- sulfonyl](3-p1colyl)ammo]-3—methylbutanamxde ora pharmaceuucally acceptable sait-
thereof - -

1‘7 A compound according to. claim 1 which is N-hydroxy-2(R)- [[4—merhox'ybenzene-
. sulfonyl] (3-p1coly1)ammo]-2—cyclohexylacetamlde ora pharmaceuucally acceptable salt
thereof. -

'18. A compound accofdino to claim 1 which is N-hydroxy-2(R)- t[&methoxybenzene-

sulfonyl](benzyl)ammo]-&memylpentanamxde or a pharmaceutically acceptable salt
thereof : =

* 19. A compound according to claim 1 which is N-hydroxy-2(R)-[[4-methoxybenzene-
sulfonyl](benzyl)amino]-6-[(N,N-dimethylglycyl)amino] hexanamide hydrochloride or a

pharmaceutically acceptable salt thereof.

-20. A pharmaceutical compositioo comprising a compound according to any one of claims
ltol9%anda pharmaceutically acceptable carrier. -

2LLA compound according to any one of claims 1 to 19 foruseina method for the
therapeutic treatment of the animal or human body.

22. A compound according to any one of claims 1 to 19 for use in the treatment of
stromelysin and collagenase dependent conditions.

23. The use of a compound according to any one of claims 1 to 19 for the manufacture of a
pharmaceutical composition. '

24. The use of a compound according to any one of claims | to 19 for the manufacture of a

R AU
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. :pharmaceuucal composmon for the t.reatrnent of sr.romelysm and couaoenase dependent
"condmons _ ' - o :

23.A process for the preparauon of a compound of formula I accordmg o clazm L, Wthh '
o 'compnses condensing a carboxyhc acid of formula IV,

or a reactive functional derivative thereof, wherein R, R,, R, and Ar having meaning as
defined in claim 1, with hydroxylamine of formula V,

NHyOH (V)
optionally in protected form, or a salt thereof;

and, if necessary, temporarily protecting any interfering reactive group(s), and then
liberating the resulting compound of the invention; and, if required or desired, converting
a resulting compound of the invention into another compound of the invention, and/or, if
desired, converting a resulting free compound into a salt or a resulting salt into a free
compound or into another salt; and/or separating a mixture of isomers or racemates
obtained into the single isomers or racemates; and/or, if desired, resolving a racemate into
the optical antipodes.

* [ L M s *



 Arvisulfonamido-substituted hvdroxamic acids
 Abstract of the Disclosure

. Compounds of formula 1"

[ Tt

wherein R, R, R, and Ar are as defined in the description, have valuable pharmaceutical
progerdes and are effective especially as matrix metalloproteinase inhiditors, for example
for the reatment of arthrids. They are prepared in a manner known per se. -



