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radical which together with C’ and N forms a ring having six ring atoms, where each of said

ring atoms other than C’ and N independently is unsubstituted or substituted by a suitable

substituent, and at least one of said other ring atoms is a heteroatom selected from O, N and

s S, and the remainder is carbon atoms;, and Ar is an aryl or heteroaryl group, and

pharmaceutically acceptable prodrugs, salts and solvates thereof The invention further

relates to pharmaceutically acceptable prodrugs, salts and solvates of these compounds. The

invention also relates to methods of inhibiting the activity of metalloproteinases by

administering a compound of fermula (1) or a prodrug, salt or solvate thereof The invention
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further relates to pharmaceutical compositions comprising an effective amount of these

compounds, prodrugs, salts, and solvates. The invention still further relates to methods and

intermediates useful for preparing these compounds, prodrugs, salts, and solvates.
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METALLOPROTEINASE INHIBITORS,
PHARMACEUTICAL COMPOSITIONS CONTAINING
THEM AND THEIR PHARMACEUTICAL USES,
AND METHODS AND INTERMEDIATES USEFUL
FOR THEIR PREPARATION

The present invention relates to compounds that inhibit
metalloproteinases, particularly matrix metalloproteinases and tumor necrosis
factor-c convertase, and their phammaceutically acceptable salts and
pharmaceutically acceptable prodrugs. The invention further relates to the
uses of these compounds, salts and prodrugs for the therapeutic treatment of
hzmans or animalis.

Matrix metalloproteinases ("MMPs") are a family of enzymes,
inciuding, but not limited to, collagenases, gelatinases, matrilysin, and
stomelysins, which are involved in the degradation and remodelling of
ccnnective tissues. These enzymes are found in a number of cell types that
arz found in or associated with connective tissue, such as fibroblasts,
monocyt=s, macrophages, endothelial cells and metastatic tumor celis. They
aiso sha~e a number of properties, including zinc and calcium dependence,
secretior: as zymogens, and 40-50% amino acid sequence homology.

Matrix metalloproteinases degrade the protein components of
the extrazellular matrix, i.e. the protein components found in the linings of
joir:ts, int=rstitial connective tissue, basement membranes, cartilage and the
like. These proteins include collagen, proteoglycan, fibronectin and lamanin.

Collagen is the major structural protein of mammalian tissue,
corprisir2 one-third of the total protein in mammalian organisms, and is an
esszntial component of many matrix tissues, including cartilage, bone,
tencons and skin. Interstitial collagenases catalyze the initial (rate-limiting)
clezvage <f native collagen types |, II, Ill and X. These enzymes cleave
coiizgen into two fragments which spontaneously denature at physiological
temoerature. Denaturation of collagen invoives conversion of the rgidly

coiled helx to a random coil referred to as gelatin. These gelatin (denatured
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collagen) fragments are then subject to further cleavage and degradaticn by
less specific enzymes. The net result of collagenase cleavage is thus the
loss of structural integrity in the matrix tissue (collagen collapse), an
essentially irreversible process.

The gelatinases include two distinct yet highly related enz, mes:
a 72-kiloDalton (kDa) enzyme and a 92-kiloDalton enzyme. The fcrmer !
released by fibroblasts while the latter is released by mononuclear
phagocytes, neutrophils, corneal epithelial cells, tumor cells, cytotrophctlasts
and keratinocytes. Both enzymes degrade gelatins (denatured coliager:s),
collagen types IV (basement membrane) and V, fibronectins (high molecular
weight multifunctional glycoproteins found in soft connective tissue and
basement membranes) and insoluble elastin (highly cross-linked hydrop obic
proteins found in load bearing fibers of mammalian connective tissue).

Stromelysins (1 and 2) cleave a broad range of matrix
substrates, inciuding lamanin, fibronectins, proteoglycans and collagen types
IV and IX (non-helical).

Matrilysin (putative metalloproteinase or PUMP) also degrades
a wide variety of matrix substrates, including proteoglycans, gelatins,
fibronectins, elastins and lamanin. Matrilysin has been found in mononuciear
phagocytes, rat uterine explants and tumor cells.

in normal tissues, the activity of matrix metalloproteinases is
tightly regulated. As a result, the breakdown of connective tissue mediated
by these enzymes is generally in a dynamic equilibrium with synthesis of new
matrix tissue.

Ih a number of pathological disease conditions, however,
deregulation of matrix metalloproteinase activity leads to the uncontrolled
breakdown of extracellular matrix. These disease conditions include arthritis
(e.g., theumatoid arthritis and osteoarthritis), periodontal disease, aberrant
angiogenesis, tumor metastasis and invasion, tissue uiceration (e.g., corneal
ulceration, gastric ulceration or epidermal uiceration), bone disease, HIV-

infection and complications from diabetes.



10

15

20

25

30

R — TN MR NP Lol o T SRR e S 5 5 AP .

s 014744

Administration of matrix metalloproteinase inhibitors has been
found to reduce the rate of connective tissue degradation, thereby leading to
a favorable therapeutic effect. For example, in Cancer Res., val. £3, p. 2087
(1993), a synthetic matrix metalloproteinase inhibitor was shown to have in
vivo efficacy in a murine model for ovarian cancer with an apparent mode of
action consistent with inhibition of matrix remodelling. The design and uses
of MMP inhibitors are reviewed, for example, in J. Enzyme Inhibition, 2, 1-22
(1987); Progress in Medicinal Chemistry 29, 271-334 (1992); Current
Medicinal Chemistry, 2, 743-762 (1995); Exp. Opin. Ther. Patents, 5, 12587-
1296 (1985); and Drug Discovery Today, 1, 16-26 (1 996).

Matrix metalloproteinase inhibitors are also the subject of
numerous patents and patent applications, including: U.S. Patent No.
5,189,178; U.S. Patent No. 5,183,900; U.S. Patent No. 5,506,242: U.S.
Patent No. 5,552,419; U.S. Patent No. 5,455,258; European Patent
Application No. 0 438 223; European Patent Application No. 0 276 436;
WIPO International Publication No. WO 92/21360; WIPO International
Publication No. WO 92/06966; WIPO International Publication
No. WO 82/09563; WIPO International Publication No. WO 86/00214; WIPO
International Publication No. 95/35276; and WIPO International Publicaticn
No. WO 96/27583, the disclosures of each of which are incorporated herein
by reference.

Tumor necrosis factor-« ("TNF-a") is a cytokine which is
produced as a 28-kDa precursdr and released in an active 17-kDa form. This
active form can mediate a large number of deleterious effects in vivo,

including inflarnmation, fever, cardiovascular effects, haemorrhage,
coagulation and acute phase responses, similar to those seen during acute
infections and shock states. Chronic administration of TNF-a can cause
cachexia and anorexia; accumulation of excess of TNF-a can be fatal.

TNF-a convertase is a metalloproteinase invoived in the
biosynthesis of TNF-a. Inhibition of TNF-a convertase inhibits production of
TNF-a.
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Since excessive TNF-a production has been noted in several
disease conditions characterized by MMP-mediated tissue degradation,
including multiple sclerosis, arthritis and cancer, compounds which inhib#
both MMPs and TNF-a convertase are especially advantageous for the
treatment or prophylaxis of disease conditions in which both mechanisms are
involved. Although compounds that both inhibit MMPs activity and TNF-c
production have been disclosed in WIPO International Publication Nos.

WO 94/24140 and WO 94/02466, the disclosures of which are herein
incorporated by reference, there is still a need for effective MMP and/or TNF-
a convertase inhibiting agents.

Because of their beneficial therapeutic effects, there is a need
for effective inhibitors of metalloproteinase activity. The present inventior is
therefore directed to certain compounds that inhibit metalloproteinases, such
as MMPs and TNF-a convertase, their pharmmaceutically acceptable prodrugs,
salts and solvates, pharmaceutical compositions containing the same and
methods of using the same, as well as to method and intermediates usefui in
their preparation. Additional features and advantages of the inventicn will be
set forth in the description which follows, and in part will be apparent from the
description or may be learned from practice of the invention.

To achieve these and other advantages, the present inventicn

provides a compound of formula 1:

wherein Zis O or S; V is a divalent radical which together with C* and N forms
a ring having six ring atoms, where each of said ring atoms other than C* and
N independently is unsubstituted or substituted by a suitable substituent, and
at least one of said other ring atoms is a heteroatom selected from O, N and
S, and the remainder are carbon atoms: and Ar is an aryl or heteroaryi group;

or a pharmaceutically acceptable prodrug, salt or solvate thereof.
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Preferred compounds of the formula 1 inciude those having the
formuia 1-a:
o ozr?—@-z—m
HO * N
\N)H/ W
Hoovow
\x/ ’
wherein

W, X and Y are each, independently of one ancther, CR,R,,

C=0, S, §=0, SO,, O, N-R,, or N*(O')-R,, where
R, and R, are independently selected from H and
a suitable organic moiety, or wherein R, and R,
together form a cycloalkyl group or a
heterocycloalkyl group,
Rsis hydrogen or a suitable organic moiety, and
R, is an alkyl group,

with the proviso that at least one, but not all, of W, X, and Y are

selected from CR,R, and C=0,
cr a prarmaceutically acceptable prodrug, salt, or solvate thereof,

The invention is also directed to a method of inhibiting the
activity of a metalloproteinase, such as an MMP or TNF-a convertase, by
administering a compound of the formula 1 or 1-a, or a pharmaceutically
accepizble prodrug, salt or solvate thereof. The invention is further directed
tc a pharmmaceutical composition comprising an effective amount of a
ccmpound of the formula 1 or 1-aor a pharmaceutically acceptable prodrug,
szlt or solvate thereof.

The invention is still further directed to a method for making
ccmpounds of the formula 1 or 1-a involving one or more reactions as follows,
wereir the variables in the formulas below are defined beginning at page 11:

(1) converting a compound of formula 2:

0

(2)

T
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or a salt or solvate thereof, to a compound of formula 3:
SRS
(3)

or a salt or solvate thereof, under conditions sufficient to form g compound of
formula 3;

(2) converting a compound of formula 3 above, or a salt or

5 solvate thereof, to a compound of formula 4-
SRe!
SO2J
(4)
or a salt or solvate thereof, under conditions sufficient to form a compound of
formuia 4, or a salt or solvate thereof:
(3) converting a compound of formula 2 above, or a salt or
solvats thereof, to a compound of formula 4 above, or a salt or solvate
10

therect, under conditions sufficient to form a compound of formula 4, or a sajt
or solvate thereof:
(4) converting a compound of formula 5:
0
HZNIj‘LOH
R

HS RZ‘

(§)

C-aszltor solvate thereof, to a compound of formula 6:

(6)

C~ @ sar or solvate thereof, under conditions sufficient to form a compound of

fcmulz 6, or a sait or solvate thereof:

T AN R TR T by ey
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(5) converting a compound of formula 6 above, or a salt or

solvate thereof, to a compound of formula 7:

(7)
or a salt or solvate thereof, under conditions sufficient to form a compound of

formuta 7, or a salt or solvate thereof,
5 (6) converting a compound of formula 11:

H O
L
R‘l
S R,
(11)
cr a szlt or solvate thereof, to a compound of formula 7 above, or a salt or

solvate thereof, under conditions sufficient to form said compound of formula

T, or z salt or solvate thereof:
(7) converting a compound of formula 5 above, or a salt or

10 solvats thereof, to a compound of formuia 11 above, or a salt or solvate
taerec’?, under conditions sufficient to form said compound of formula 11, or a
salt or solvate thereof,

(8) reacting a compound of formula 7 above, or a salt or solvate
terec?, or a compound of formula 11 above, or a salt or solvate thereof, with

15 e comzound of formula 4 above, or a salt of solvate thereof, under conditions

s ufficient to form a compound of formula 8:

saevy
" [Sf‘;RjOO

C- a sa or solvate thereof;

BT T PSR 4w mp ma ge e - -
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(9) converting a compound of formula 8 above, or a salt or

solvate thereof, to

a compound of formuia 9:

or a salt or solvate thereof, under conditions sufficient to form a compound of
fcrmula 9, or a salt or solvate thereof;

(10) converting a compound of formula 4 above, or a salt or
solvate thereof, to a compound of formula 9 above, or a salt or solvate
thereof, under conditions sufficient to form a compound of formula 9, or a salt
or solvate thereof,

(11) converting a compound of formula 7 above, or a salt or
solvate thereof, to a compound of formula 9 above, or a salt or solvate
thereof, under conditions sufficient to form a compound of formula 9, or a salt
or solvate thereof;

(12) converting a compound of formula 9 above, or a salt or

sclvate thereof, to a compound of formula 10:

E NHOH

(10) Re
or a sak: or solvate thereof, under conditions sufficient to form a compound of
fermulz 10, or a salt or solvate thereof; and
(13) converting a compound of formula 7 above, or a salt or
sc.vate thereof, to a compound of formula 10 above, or a salt or solvate
thereof, under conditions sufficient to form a compound of formula 10, ora

sa!t or solvate thereof.

ViEo/lyuds
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In the above-described conversions and reactions, the following

definitions apply:
Dis N or C-R,; wherein Ry is an alkyl group, a cycloalkyl group,

a heterocycloalkyl group, an aryl group, or g heteroaryl group,
ZisOorsS,

J is a halogen, 1,2,4-triazolyl, benzotriazoly! or imidazol-1-yl,
R, and R, are as defined above, and

Q is a cycloalkyl group, an aryl group, a heteroaryl group, a
heterocycloalky! group, or a group of formula

—AZRg
Ri1o
wherein A is C or Si, and Rs Ry, and R, are
independently selected from H and any suitable organic
moieity, or a salt or solvate thereof,
with the provisos that:
for conversion (1) above, when D is C-Ri Rigis a heteroary!
grouo, and
for conversion (4) above, the compound, salt or solvate of
formula 6 is not a diester and Q is not methyl, ethyl, isopropyl, n-butyl, -CH,-
Dhenyl,

o
—f—(CHz);,SCHzC(O)NH(CHZ);,/ U\O

HO
o) HO OH

o i 0
MOAN/\NH X/zi ’
, O 0 NH
K/KO

Additionally, the present invention is directed to compounds of
fermuias 3, 4,6, 7, 8, and 9 above. Forthe compounds, salts and solvates of
fermuiz 3 atove, when D s C-Ry Rigis a heteroaryl group. Further, the



10

15

20

2

Jivr7 94

-10 -

compound, salt or solvate of formula 6 is not a diester. Additionally, for the
compounds, salts, and solvates of formula 6, Qis not methyl, ethyl, isopropy|
n-butyl, -CH,-pheny!,

0
-t—(CHz)zSCHzc(O)NH(CHz)J/ \QA/O
HO

o HO OH
A i
0 H N/U\
,or 0 NH
x
%O T

Me 0

Preferred embodiments of the above-identified compounds,
compositions, and methods are discussed in more detail below following the
definitions.

As used in the present application, the following definitions
apply, unless otherwise indicated:

An "alkyl group" is intended to mean a straight or branched
chain monovalent radical of saturated and/or unsaturated carbon atoms and
nydrcgen atoms, such as methyl, ethyl, propyl, isopropyl, buty!, isobutyl,
-buty’, ethenyl, pentenyl, butenyl, propenyl, ethynyl, butynyl, propynyl,
centynyl, hexynyl, and the like, which may be unsubstituted (i.e., containing
cnly carbon and hydrogen) or substituted by one or more Suitable
substizuents as defined below.

An "O-alkyl group” or "alkoxy group" is intended to mean an
Cxyge~ bonded to an alkyl group, wherein the alkyl group is as defined above.

A "cycloalkyl group” is intended to mean a non-aromatic,
rronovalent monocyclic, bicyclic, or tricyclic radical containing 3, 4, 5, 6, 7, 8,
€ 10,71,12.13, or 14 carbon ring atoms, each of which may be saturated or
u=saturated, and which may be unsubstituted or substituted by one or more
svitable substituents as defined below, and to which may be fused one or
m.ore heterocycloalkyl groups, aryl groups, or heteroaryl groups, which
thr=mseives may be unsubstituted Or substituted by one or more suitable
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substituents. lllustrative examples of cycloalky! groups include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclopenteny!, cyclohexyl,
cyclohexenyl, cycloheptyl, cyclooctyl, bicyclo[2.2.1.}hepty!, bicyclo[2.2.1.]hept-
2-en-3-yl, bicyclo[2.2.2]octyl, bicyclo[3.2.1.]nonyl, bicyclo[4.3.0nonyl,
bicycio[4.4.0]decyl, indan-1-yl, indan-2-yl, tetralin-1-yl, tetralin-2-yl, adamanty/,
and the like.

A "heterocycloalkyl group” is intended to mean a non-aromatic,
moncvalent monocyclic, bicyclic, or tricyclic radical, which is saturated or
unsaturated, containing 3, 4, 5, 6, 7, 8, 8, 10, 11, 12, 13, 14, 15, 16, 17, or 18
ring &toms, and which includes 1, 2, 3, 4, or 5 heteroatoms selected from
nitrogen, oxygen and sulfur, wherein the radical is unsubstituted or
substituted by one or more suitable substituents as defined below, and to
v/hict may be fused one or more cycloalkyl groups, aryl groups, or heteroary!
grours, which themselves may be unsubstituted or substituted by one or
more suitable substituents. [llustrative examples of heterocycloalkyl groups
incluce, but are not limited to, azetidinyl, pyrrolidyl, piperidyl, piperazinyl,
morprolinyl, tetrahydro-2H-1,4-thiazinyl, tetrahydrofuryl, dihydrofuryl,
tetrahvdropyranyl, dihydropyranyl, 1,3-dioxolanyl, 1,3-dioxanyl, 1,4-dioxanyl,
1,3-oxathiolanyl, 1,3-oxathianyl, 1,3-dithianyl, azabicylo[3.2.1]octyl,
azabicylo[3.3.1]nonyl, azabicylo[4.3.0]nonyl, oxabicylo[2.2.1]heptyl, 1,5,9-
riazacyclododecyl, and the like.

An "aryl group" is intended to mean an aromatic, monovalent
rmonecyclic, bicyclic, or tricyclic radical containing 6, 10, 14, or 18 carbon ring
azoms. which may be unsubstituted or substituted by one or more suitable
substituents as defined below, and to which may be fused one or more
cvcloalxyl groups, heterocycloalkyl groups, or heteroaryl groups, which
remseives may be unsubstituted or substituted by one or more suitable
substituents. [llustrative examples of aryl groups include, but are not limited
tc. phenyl, naphthy!, fluoren-2-yl, indan-5-yl, and the like.

A "heteroaryl group” is intended to mean an aromatic
monovalent monocyclic, bicyclic, or tricyclic radical containing 5, 6,7,8,9, 10,
11,12, 13, 14, 15, 16, 17, or 18 ring atoms, including 1, 2, 3, 4, or 5

015794
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hetercatoms selected from nitrogen, oxygen and sulfur, which may be
unsubstituted or substituted by one or more suitable substituents as defined
below, and to which may be fused one or more cycloalkyl groups,
heterocycloalkyl groups, or aryl groups, which themselves may be
unsubstituted or substituted by one or more suitable substituents. llustrative
examples of heteroary! groups include, but are not limited to, pyrrolyl,
imidazolyl, pyrazolyl, furyl, thienyl, thiazolyl, oxazoly!, isoxazolyl, isothiazolyl,
oxadiazolyl, triazolyl, tetrazolyl, pyrazinyl, pyridyl, pyrimidyl, pyridaziny!,
indolyl, isoindolyl, benzimidazolyl, benzofuryl, isobenzofuryl, benzothienyl,
quinolyl, isoquinolyl, phthalazinyl, carbazolyl, purinyl, pteridinyl, acridinyl,
phenanthrolinyl, phenoxazinyl, phenothiazinyl, and the like.

An "acyl group" is intended to mean a -C(O)-R- radical, wherein
R is any suitable substituent as defined below.

A "sulfonyl group" is intended to mean a -S(0)(0)-R- radical,
wherein R is any suitable substituent as defined below.

The term "suitable substituent” is intended to mean any of the
substituents recognizable to those skilled in the art as not adversely affecting
the inhiditory activity of the inventive compounds. lllustrative examples of
suitable substituents include, but are not limited to, oxo groups, alkyl ‘groups,
hydroxy groups, halo groups, cyano groups, nitro groups, cycloalkyl groups,
hsterocycloalkyl groups, aryl groups, heteroaryl groups, trialkylsilyl groups,
groups of formula (A)

wrerein R, is hydrogen, an alky! group, a cycloalkyl group, a heterocycloalky!
group, &n ary! group, or a heteroary! group,
greups of formula (B)

0]

Il
PLENPL

R e
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wherein R, is hydrogen, an alkyl group, a cycloalky! group, a heterocycloalky!
group, an aryl group, or a heteroaryl group,
groups of formula (C)
i
R O
R

C

wherein R, and R, are independently hydrogen, an alkyl group, a cycloalkyl
group, a heterocycloalkyl group, an aryl group, or a heteroaryl group,

groups of formula (D)

wherein R, is hydrogen, an alkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, a hydroxy group, an alkoxy group,
an amino group, an alkylamino group, a dialkylamino group, or an acylamino
group; and R, is hydrogen, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, an amino group, an
alkylamino group, or a dialkylamino group,

groups of formula (E)

—S—R, €)

wherein R, is an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an

aryl group, o a heteroaryl group,

R R e A S L
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€roups of formula (F)
i R
—S—N"9% (;m
Il “r
(o) h

wrerein Ry and R, are independently hydrogen, an alkyl group, a Cycloalky|
gr=up, a heterocycloalkyl group, an aryl group, or g heteroaryl group,
greups of formula (G)

~o-f

wherein R, is an alkyl group, a cycloalkyl group, a heterocyc!oalkyl group, an
ary. group, a heteroaryl group, or a group of formyla (A), formula (B), formula
(C), formuia (H), or formula (K),

groups of formula (H)

\?J/R* (H)
R
wher=in R is hydrogen, an alkyl group, a cycloalkyl group, a heterocycloalkyl
grouz, an aryl group, a heteroaryl group, a hydroxy group, an alkoxy group,

Ng-R O

wnereir R, is hydrogen, an alkyl group, a Cycloalkyl group, a heterocycloalkyl
€7oup, 2nanyl group, a heteroary| group, or a group of formula (C), and
¢™oups of formula (K)
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wher2in R_, and R, are independently an alkyl group, a Cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroary! group, a hydroxy group, an
alkoxy group, an amino group, an alkylamino group, or a dialkylamino group.

The term "suitable organic moiety" is intended to mean any
orgar:ic moiety recognizable to those skilled in the art as not adversely
affectng the inhibitory activity of the inventive compounds. lllustrative
examples of suitable organic moieties include, but are not limited to (0)'00]
grougs, alkyl groups, hydroxy groups, halo groups, cyano groups, nitro
groups, cycloalkyl groups, heterocycioalkyl groups, aryl groups, heteroary|
groups, trialkylsilyl groups, and
groups of formulas (A), (B), (C), (D), (E), (F), (G), (H), (J). and (K), as defined
zbove.

A "hydroxy group” is intended to mean the radical -OH.

An "oxo group” is intended to mean the divalent radical =0.

A "halo group” or is intended to mean any of the radicals -F, ~-ClI,

A "cyano group" is intended to mean the radical -C=N.
A "nitro group" is intended to mean the radical -NO,.

A "trialkylsilyl group" is intended to mean the radical -SiR,R R

q' Vs

wnere F, R, and R, are each independently an alkyl group.

A "carboxy group" is intended to mean a group of formula (B)
w™erein R, is hydrogen.

A “alkoxycarbonyl group” is intended to mean a group of
foc-mula "3) wherein R, is an alky! group as defined above.

A ‘carbamoy! group" is intended to mean a group of formula (C)
wrarein R and R, are both hydrogen.

An "amino group” is intended to mean the radical -NH,.

An "alkylamino group” is intended to mean the radical -NHR,,
wrsrein = is zn alkyl group as defined above,

A "dialkylamino group” is intended to mean the radical -NR R,,
whsrein F and R,, which are the same or different, are each an alkyl group

as cefine< above,
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A "pharmaceutically acceptable prodrug" is intended to mean a
Comgound that is converted under physiological conditions or by solvolysis to
@ compound of the formula 1 or 1-a.

A "pharmaceutically acceptable solvate" jg intended to mean a
solvate that retains the biological effectiveness and properties of the
Diologically active components of Compounds of formula 1 of 1-a.

Examples of pharmaceutically acceptable solvates include, but
are nct limited to, compounds of formula 1 or 1-a in Combination with water,
tsoprosanol, ethanol, methanol, DMSO, ethyl acetate, acetic acid, or
glhanciamine.

In the case of solid formulations, it is understood that the
irventive compounds may exist in different forms, such as stable and
r2tastable crystalline forms and isotropic and amorphous forms, all of which
& e intended to be within the scope of the present invention,

A "pharmaceutically acceptable salt" is intended to mean those
saits that retain the biological effectiveness and properties of the free acids
ard bases and that are not biologically or otherwise undesirable.

Examples of pharmaceutica”y acceptable salts include, but are
nc: limit=d to, sulfates, pyrosulfates, bisuifates, sulfites, bisulfites,
przsphz:es, monohydrogenphosphates, dihydrogenphosphates,
mezaphesphates, pyrophosphates, chlorides, bromides, iodides, acetates,
preoionzzes, decanoates, Caprylates, acrylates, formates, isobutyrates,
cac-oates, heptanoates, propiolates, oxalates, malonates, Succinates,
sucsrates, sebacates, fumarates, maleates, butyne-1.4-dioates, hexyne-1,6-
dioztes, benzoates, chlorobenzoates, methylbenzoates, dinitrobenzoates,
hyc-oxybenzoates, methoxyenzoates, phthalates, sulfonates,
Xylemesutfonates, phenylacetates, phenylpropionates, phenylbutyrates,
citrazes, Iz otates, y-hydroxybutyrates, glycolates, tartrates,
metmiznestifonates, propanesulfonates, naphthalene~1-sulfonates,
naph:halene-Z-sulfonates, and mandelates.

If the inventive compound is a base, the desired sajt may be
prepzred ty any suitable method known to the art, including treatment of the
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free base with an inorganic acid, such as hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phosphoric acid and the like, or with an organic acid,
such as acetic acid, maleic acid, succinic acid, mandelic acid, fumaric acid,
malonic acid, pyruvic acid, oxalic acid, glycolic acid, salicylic acid, pyranosidyl
acids such as glucuronic acid and galacturonic acid, alpha-hydroxy acids
such as citric acid and tartaric acid, amino acids such as aspartic acid and
clutamic acid, aromatic acids such as benzoic acid and cinnamic acid,
sulfonic acids such a p-toluenesulfonic acid or ethanesulfonic acid, or the like.
If the inventive compound is an acid, the desired sajt may be
Frepared by any suitable method known to the art, including treatment of the
fze acid with an inorganic or organic base, such as an amine (primary,
ssconcary or tertiary), an alkali metal or alkaline earth metal hydroxide or the
li=e. lliustrative examples of suitable salts include organic salts derived from
amino acids such as glycine and arginine, ammonia, primary, secondary and
tertiary amines, and cyclic amines such as piperidine, morpholine and
proerazine, and inorganic salts derived from sodium, calcium, potassium,
rmagnesium, manganese, iron, copper, zinc, aluminum and lithium.
Additionally preferred is a compound of the formuta 1-f;

I
HO *N
C

\

wrerein V is as defined above and Ar is a monocyclic ary! group or

mcnocy<iic heteroaryl group, or a pharmaceutically acceptable prodrug or a
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pharmaceutically acceptable salt thereof. More preferred is g compound
Raving the formula 1-g

wnhereir Wand X are independently selected from CH,, C=0, s, $=0, O, N-
R..and N*(O)-R,, where R, is a hydrogen atom or a Suitable substituent,
ard R, ts a C,-C, alkyl group, wherein the alkyl group is a straight or branched
chain monovalent radical of carbon and hydrogen atoms having no
ur.saturation, which is optionally substituted by one or more suitable
suostituents, provided that when W is CH, or C=0, X is not CH, or C=0: and
R; and R.are independently selected from a hydrogen atom, a C,-C, alky!
greup, & -C(O)OR,, group, or a -C(O)NR,,R,, group, wherein Ry;and R, are
inc*apenc:ently selected from hydrogen and an alkyl group, and wherein the
alicvl growp is a straight or branched chain monovalent radical of carbon and
hycroger. atoms having no unsaturation, which is optionally substituted by
Ons or more suitable substituents, or R,and R,together form a monocyclic
cyc:oalky” group or a monocyclic heterocycloalky! group: or a
pharmaceutically acceptable prodrug thereof or a pharmaceutically
accsptabry2 salt thereof.

Preferably, in the above formulas 1, 1-a, 1-f, and 1-g, Aris &
marmocyciic aryl group or a monocyclic heteroary! group. When Aris a
mor.ocyciis aryl group, preferably it is unsubstituted or substituted at the meta
posiion and/or the para position with a suitable substituent, Preferably, the
subsiituerz is a halogen atom, an aryl or heteroaryl group, an alkoxy group, or
an aikyl group, wherein the alky! group is a straight or branched chain
morovalertt radical of carbon and hydrogen atoms having no unsaturation,
whic is octionally substituted by one or more suitable substitutents. Even
more preferably, Aris an aryl group that is substituted at the para position
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with a halogen atom, an alkoxy group or a monocyclic heteroary! group.
Particularly preferred embodiments of the present invention include those
where Ar is 4-fluorophenyl, 4-chlorophenyi, 4-methoxyphenyl 4-(imidazol-1-
yl)phenyl or 4-(imidazol-2-yl)phenyl. Preferably when Ar is a monocyclic
netercaryl group, Ar is a pyrid-4-y! group.

In formula 1-a, preferably Y is CR,R,, where R, and R, are
independently selected from H and any suitable organic moiety. Preferably R,
and R, are independently selected from H, an alkyl group, a cycloalkyl group,
& heterocycloalkyl group, an aryl group, a heteroary! group, OR;, SR, NR,R,,
&gnd C(J)R,, where

R; is an alkyl group, a cycloalky! group, a heterocycloalkyl

group, an aryl group, a heteroaryl group, or C(O)NR,,R,,,

where R, and R,, are independently selected from H, an
alky! group, a cycloalkyl group, a heterocycloalkyl group,
an aryl group, and a heteroaryl group, or R;; and R,,,
together with the nitrogen atom to which they are
attached form a heterocycloalkyl group,

Rs is H, an alkyl group, a cycloalkyl group, a heterocycloalkyl

group, an aryl group, a heteroary! group, C(O)O-R,,, C(O)S-R,s,

or SO,-R,,,
wherein R, is an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl
group,

R; is OH, an alky! group, a cycloalkyl group, a heterocyclolalkyl

'group, an aryl group, a heteroaryl group, an O-alky! group,

NRyR,., or O-R,,, wherein Ri» Ry, and Ry, are independently

as defined atove,
or =, anc R, together form a cycloalkyf group or a heterocycloalkyl group.
Mc~2 preferably R, and R; are each a methyl group.

In formulas 1-a and 1-g, preferably R, is hydrogen, an alkyl
growp, a cycloalkyl group, a heterocycloalkyi group, an aryl group, a
het=roary’ group, C(O)-NR,;R,, C(O)-OR,q, C(O)-SR;s, SO,R,, or C(0)-R,,

016794
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where R, and R,, are independently selected from H, an alky|

group, a cycloalky! group, a heterocycloalkyl group, an aryl

group, and a heteroaryl group, or Ris and R,,, together with the

nitrogen atom to which they are attached form a

heterocycloalkyl group,and

Rys is an alkyl group, a cycloalky! group, a heterocycloalkyi

group, an aryl group, or a heteroaryl group.

Preferably, when W is CH, or N-R,, X is S, 8=0, O, N-R,, N*(O)-
R,or C=0. More preferably, when W is CH,, X is O, S=0 or N-R,, and R,is a
suitable substituent, preferably a hydrogen atom, an alkyl group, wherein said
&kyl group is a straight or branched chain monovalent radical of carbon and
hydrogen atoms having no unsaturation, which is optionally substituted by
¢ne or more suitable substituents, a C(0O)-R,, group, a C(0O)O-R,, group, a
C/O)NE-R,, croup, a C(O)NR;R,, group, an SO,-R,, group, wherein R,,; and
R., are each independently an alkyl group wherein said alkyl group is a
straight or branched chain monovalent radical of carbon and hydrogen atoms
hzving mo unsaturation, which is optionally substituted by one or more
suiiable substituents, and wherein Rys is @ monocyclic aryl group or an alkyl
group as defined above. More preferably, R,is a hydrogen atom, a C,-C,
al«yl group, or a SO,-R,, group, wherein R,s is an alky! group. Most
pr=feraby, when W is CH, Xis O, S, S=0, N-H, N-(SO,CH,) or N-(C,-C,
aliyl).

Alternatively, when W is N-R,, X is preferably C=0 and R,is
preferabi'y a hydrogen atom or an alky! group, more preferably a hydrogen
atom.

Particularly preferred embodiments of the present invention
inc:ude thiose compounds of the formula 1-aand 1-g where X is S, 8=0, O,
N-7=, or N™(O)-R,and Wis CH,orXisS, Oor N-R,and Wis C=0: or X is
C=Dand Wis N-R; or X is CH,and Wis O, S or N-R,, where R, is a C(0)-
R, groug. where R,; is as defined above. According to these preferred
embodiments of the present invention, R, and R, are preferably,
independently of one another, a hydrogen atom or a methyi group, and Ar is
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prelerably an aryl group which is unsubstituted or substituted in the para
position with a suitable substituent, preferably a halogen atom, an alkoxy
greup or a heteroary! group. More preferably, R, and R, are the same and Ar
is &n aryl group substituted in the para position with a fluorine atom, a
chicrine atom, a methoxy group or an imidazoly! group.

lllustrative examples of compounds according to these preferred
emcodiments of the present invention include, but are not limited to, 3(S)-N-
hyc ,-'oxy-2.2-dimethyl-4-(4-(4-(imidazol-z-yl)phenoxy)benzenesulfonyl)-
tetrzhydro-2H-1,4-thiazine-3-carboxamide and 3(S)-N-hydroxy-2,2-dimethy!-4-
(4-(ipyrid~=-yl)oxy)benzenesulfonyl)-tetrahydro-2H-1,4-thiazine-3-
carcoxamide,

Other preferred embodiments of the present invention include
those comoounds where Y is N-R,, where R, is a C(O)-R,, group, a C(0)O-
Ry, group, @ C(O)NH-R; group, a C(O)NR,;R,, group, an SO,-R,, group,
whersin R,- and R,, are each independently an alkyl group wherein said alky!
grouz is a straight or branched chain monovalent radical of carbon and
hydr=gen atoms having no unsaturation, which is optionally substituted by
cne cr more suitable substituents, and wherein R, is a monocyclic aryl group
or ar- aryl group as defined above.

Also, according to the preferred embodiments of the present
inverzion wnere X is N-R,, R, is a hydrogen atom, an alkyl group or an
alkyis ulfony: group, more preferably a hydrogen atom, a methy! group or a
metnanesuonyl group. lllustrative examples of compounds according to
these preferted embodiments of the present invention include, but are not
imite= to, (R)lN-hydroxy-1-(4-(4-chlorophenoxy)benzenesuIfonyl)-4-
{metrznesutionyl)-piperazine-2-carboxamide, (R)-N-hydroxy-1-(4-(4-
'.'.uorc:hencxy)benzenesulfony1)-4-(methanesulfonyl)-piperazine-2-
sarbexamics, (R)—N-hydroxy-1-(4—(4~methoxyphenoxy)benzenesuifonyl)-4-
1methznesu:‘onyl)-pipel:azine-2~carboxamide, (R)-N-hydroxy-1-(4-(4-
:'niorc:s:hencxy)benzene-suffonyl)-4-methylpiperazine-2-carboxamide, (R)-N-
hydroxy—1-(4-(4-ﬂuorophenoxy)—benzenesulfonyl)-4-methylpiperazine-z-
carboxamids, (R)-N-hydroxy-1~(4-(4-chlorophenoxy)benzenesulfonyl)-
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piperazine-2-carboxamide, (R)-N-hydroxy-1-(4-(4-ﬂuorOphenoxy)benzene-
sulfznyl)-piperazine-2-carboxamide, 3(8)-N-hydroxyl-4-(4-(4-
chlc.rophenoxy)benzenesulfonyl-z,2-dimethyl-tetrahydro-2H-thiazine-S-
carcoxamide, 2(R)-3,3-dimethyl-N-hydroxy-1-(4-(4-
chlcrophenoxyl)benzenesu!fonyl)-piperazine-z-carboxamide, 2(R)-3,3-
dimethyl-l\'-hydroxy-1-(4-(4-ﬂuorophenoxyl) benzenesulfonyl)—piperazine~2-
cart.oxamide, 2(R)-3,3-dimethyl-N-hydroxy-1-(4-(4-
brorhophenoxyl)benzenesulfonyl)-piperazine-2-carboxamide, 2(R)-1-(4-(4-
(chlcrophenoxybenzenesulfonyl)-N-hydroxy-3,3,4-trimethyipiperazine—2-
carboxamide, 2(R)-1 -(4-(4-(ﬂuorophenoxybenzenesulfonyl)-N-hydroxy-3,3,4-
trimezhylpiperazine-2-carboxamide, 3(S)-N-hydroxyl-4-(4-(4-
chlor:phen_v!sulfanyl)benzenesulfonyl-2,2-dimethyl-tetrahydro-2H-thiazine-3-
carbcxamice, 3(S)—N-hydroxyl-4-(4-(4-ﬂuorophenylsulfanyl)benzenesu!fonyl-
2,2-di:rneth_v}-tetrahydro—2H-thiazine-3-carboxamide, 2(R)—3.3-dimethyI-N-
hydrexy-1-(<-(4-flucrophenylsulfanyl) benzenesulfonyl)-piperazine-2-
carbcxamid=, 2(R)-3,3-dimethyl-N-hydroxy-1-(4-(4-
chlorapheny'isulfanyl)benzenesuh‘onyl)-piperazine-z-carboxamide, 2(R)-1-(4-
(4-(ﬂucrophenylsuifanyl)benzenesulfonyl)—N-hydroxy-3,3,4-
rrimetylpiperazine-2-carboxamide, 2(R)-1-(4-(4-
’chIor:phenyisulfanyl)benzenesulfonyl)-N-hydroxy-3,3.4-trimethylpiperazine-
2-carcoxamide, Z(R),3(S)-N-hydroxyl-4-(4-(pyrid-4-yl)oxy) benzenesulfonyl)-2-
methy'-tetranydro-2H-thiazine-3-carboxamide, 2(R),3(S)-N-hydroxyl-4-(4-
pyrid—‘»—yl)s:tr’anyl)benzenesulfonyI)—2-methyl-tetrahydro-2H-thiazine-3-

carboxamide. and a compound of formula:

JQ.,,

N

( J;‘LNHOH

S
The inventive compounds may exist as single stereoisomers,

r2temzzes and/or mixtures of enantiomers and/or diastereomers. All such
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single sterecisomers, racemates and mixtures thereof are intended to be
within the scope of the present invention.

Preferably, the hydroxamate-bearing carbon, i.e., the carbon
atom designated with ™" in formuias 1-a and 1-g, is in the "R" configuration
when X is CH,, C=0, O, N-R,, or N*(O’)-R, and in the "S" configuration when
Xis Sor 8=0. ltis understood by those skilled in the art that this difference
in designating configuration is a consequence of the sequence rules of the
Canhn-Ingold-Prelog system. When X is S=0, the sulfur atom is also
preferably in the "R" configuration in relation to the preferred "S" configuration

at the hycroxamate-bearing carbon atom. Thus a preferred compound is a

o 41
H

wherein X. W, Y, Z, and Ar are as defined above for formula 1-a. As generally

compound of the formula:

uncerstocd by those skilled in the art, an optically pure compound having one
chiral cenzer (i.e., one asymmetric carbon atom) is one that consists
esszntially of one of the two possible enantiomers (ie.is enantiomerically
pure), anc an optically pure compound having more than one chiral center is
one that is both diastereomerically pure and enantiomerically pure.
Preferably . the compounds of the present invention are used in a form that is
at least 90% optically pure, that is, a form that contains at least 90% of a
singa isomer (80% enantiomeric excess ("e.e.”) or diastereomeric excess
("d.e.™), more preferably at least 95% (90% e.e. or d.e.), even more
preferably at least 97.5% (95% e.e. or d.e.), and most preferably at least 99%
(98% e.e. ord.e.).

In the above described methods and intermediates, for
conversions 1, 2, and 8-12 and for compounds 3, 4, 8, 9, and 10 preferably D
is N. For conversions 2, 8, and 10 and for compound 4, preferably J is Cl.

014794
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Particularly preferred intermediates of formula 4 useful in conversions 2, 8,

and 10 are salts of formulas 4a and 4b:

o S
O QO L
H SO,C1 H S0,C1

cr (4a) Cl (4b)

For conversions 5 and & and 8-13 and for compounds 7, 8, and

9, when Q is a group of formula: Rs andAis C, preferably R, is H,

—-fAf—Rg

R1o

an alkyl group, an O-alky! group, an S-alky! group, a Cycloalkyl group, a
hetsrocycioalkyl group, an aryl group. & heteroaryl group, C=N, or C(O)R,,,
wherein R, is an alkyl group, an ary! group, a cycloalkyl group, a heteroaryl
group, or & heterocycloalkyl group, and Rsand R, are independently selected
from H, an alkyl group and an aryi group. Forthese same conversions and
compouncs, when Ais Si, preferably R,, R,and R, are independently
selected from an alkyl group, a cycicalkyl group, and an aryl group. More
preferably, for these conversions arg compounds Q is CH,, CH,CH,,
CH(CH,),, C(CH,),, CH,-CH=CH,, CH,C=N, ora group of the formula:

CH; CH, CH(CH,),

1 /s ]
——s.—Q 2 r —Si—CH(CHy),

L. CH,

Chy H(CH,),

wherein R,. is CH; or CH(CH,),

For conversion 4 and for compound 8, preferred embodiments
of the inventive methods and compounds are those such that when Q is an
A(RJR,)(R.,) group as shown above and A is C, preferably R, is H, an alky!
groug, an O-alkyl group, an S-alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl groug, a heteroaryi group, C=N, or C(O)R,, .,
wherein R,, is an alkyl group, an ary! group, a cycloalkyl group, a heteroaryl
group, or a heterocycloalkyl group, and R and Ry, are independently selected
from H, an alkyl group and an aryl group. For this same conversion and



10

15

20

25

010794

-25.
cormpound, when A is S, preferably R,, Ry and R, are independently
selected from an alky! group, a cycloalkyl group, and an aryl group. More
preferably. for this conversion and compound, Q is CH,, CH,CH,, CH(CH,),,
C(CH,);, CH,-CH=CH,, CH,C=N, or a group of the formula;

CIJHa CH, (ltH(CH;,)z
: R ,
—sl—% 2 or —Si—CH(CHy),
CH, ChHs
H(CH,),

wherzin R,. is CH, or CH(CH,),

For conversions 3-13 and for intermediates 6,7,8 and 9,
prefz-ably R, and R, are each a methyl group.

Particularly preferred compounds of formula 8, usefy| in
conversions 8 and 9, are those of formula 8a, where D is N, R, and R, are
each 2 methyl group, and Z is O, and of formula 8b, where D isN,R,and R,
are ezch a methyl group, and Z is S. ‘For compounds 9 and 10, preferably D
isNandR, and R. are each a methyl group.

The present invention is further directed to methods of inhibiting
metal. zprote nase activity, for example in mammalian tissue, by administering
& comzounc of the formula 1, 1-a, 1-f or 1-g, ora pharmaceutically
accerabie £ -odrug, salt or solvate thereof. The activity of the inventive
Sompc unds s inhibitors of metalloproteinase activity, such as the activity of
MMPs linclucing stromelysins, collagenases, gelatinases and/or matrilysin)
and/or TNF-= convertase, may be measured by any of the methods available
o thos= skille:; in the art, including in vivo and/or in vitro assays. Examples of
suitabie assavs for activity measurements include those described in Anal
Zioche=., vo. 147, p. 437 (1985), Anal. Biochem., vol. 180, p. 110 (1989),
~ZBS, wol. 8¢ p. 263 (1882)and European Patent Application No. 0 606 046.

Administration of the compounds of the formula 1, 1-a, 1-f or 1-
¢ orther pha-maceuticaliy acceptable prodrugs, salts or solvates, may be
Ferionmed accerding to any of the accepted modes of administration available
tc those skiiiec in the art. lllustrative examples of suitable modes of

ST TR v ———— -
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administration include oral, nasal, parenteral, topical, transdermal and rectal.
Preferably, the mode of administration is oral.

The inventive compounds of the formuig 1,1-a, 1-f or 1-g, or
their pharmaceutically acceptable prodrugs, salts or Solvates, may be
administered as a phamaceutical composition in any suitable Pharmaceutical
form recognizable to the skilled artisan. Suitable phannaceutical forms
include, but are not limited to, solid, semisolid, liquid or lyophilized
formutations, such as tablets, powders, capsules, SUppositories, suspensions
and a=rosols. Preferably, the pharmaceutical form is 3 tablet or capsule for
oral acministration. The pharmaceutical composition may ajso include
suitabie excipients, diluents; vehicles and carriers as well as other
oharmaceutically active agents, depending upon the intended use.

Acceptable methods of preparing suitable Pharmaceutical forms
cfthe charmaceutical compositions are known to those skilled in the art. For
examp:2, pharmaceutical preparations may be Prepared following
conventional techniques of the pharmaceutical chemist involving steps such
2s mixing, granulating and compressing when necessary for tablet forms, or
rrixing, filling, and dissolving the ingredients as appropriate, to give the
cssired oroducts for oral, parenteral, topical, intravaginal, intranasal,
ir':rabron:hial, intraocular, intraaural and/or rectal administration. ustrative
€xamples of such methods include those described in Remington's
Framazeutical Sciences, 18th edition (1990).

Solid or liquid phan'naceutically acceptable carriers, diluents,
venicles or excipients may be employed in the pharmaceutical compositions.
llizstrative solid carriers include starch, lactose, calcium Sulphate dihydrate,
tea albz. sucrose, talc, gelatin, agar, pectin, acacia, magnesium stearate
arz steanc acid. lllustrative liquid carriers include Syrup, peanut oil, olive oil,
sa..ne soiJtion and water. The carrier or diluent may include a suitable
Prciongec-release material, such as glyceryl monostearate or glycery!
diszzarate. alone or with a wax. When a liquid carrier js used, the preparation
ma. be in the form of a syrup, elixir, emulsion, soft gelatin capsule, sterile

R T R,
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injectable liquid (e.g. solution), or a nonaqueous or aqueous liquid
suspension.

A dose of the pharmaceutical composition contains at least a
therapeutically effective amount of the active compound (i.e., a compound of
the formula 1, 1-a, 1-f or 1-g, or their pharmaceutically acceptable prodrugs,
sa'ts or solvates) and preferably is made up of one or more pharmaceutical
dcsage uhits. An exemplary dosage unit for a mammalian host contains an
armount ¢f from 0.1 milligram up to 500 milligrams of active compound per
kiicgram body weight of the host, preferably 0.1 to 200 milligrams, more
preferabh 50 milligrams or less, and even more preferably about 10
miligrams or less, per kilogram of the host weight. The selected dose may be
administered to a mammal, for example, a human patient in need of
treazment mediated by inhibition of metalloproteinase activity, by any known
meod of administrating the dose including: topically, for example, as an
ointment cr cream:; orally; rectally, for example, as a suppository; parenterally
by i~jectic; or continuously by intravaginal, intranasal, intrabronchial,
intrzzural or intraocular infusion,

The amount of the inventive compounds, salts, solvates and/or
procugs tz be administered will vary based upon a number of factors,
including tr2 specific metalloproteinase to be inhibited, the degree of
inhit ion casired, the characteristics of the mammalian tissue in which
inhic~ion is desired, the metabolic stability and activity of the particular
invertive cc mpound employed, and the mode of administration. One skilled
in the art may readily determine a suitable dosage according to methods
known to ths ért. Preferably, the amount of inventive compound of the
formu.a 1, -3, 1-f or 1-g, or their pharmaceutically acceptable prodrugs,
salts cr solvztes, administered is between 0.1 ma’kg body weight and 100
mg/ks bedy weight per day.

The inventive compounds, and the salts, solvates, and prodrugs
snerec?. may be prepared by employing the techniques available in the art
-sing starting materials that are readily available. Exemplary methods of
crepaning the inventive compounds are described below. In the following

TR AR A T v e
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schemes. unless otherwise indicated, W, X, Y, Z Ar, R, and R, are as
previously defined herein.

The inventive compounds of the formula 1-a preferably can be
prepared by reacting a compound of the formula 12-a (where M is a hydroxy
group) with hydroxylamine in the presence of a suitable peptide coupling
reagent. liustrative examples of suitable coupling agents include 1,1-

- carbonyl-Ciimidazole, N-(dimethylaminopropyl)-N'-ethyl carbodiimide ("EDC"),
benéotriazoM-yloxy-tris(dimethylamino)phosphonium hexaﬂuorophosphate,
1 or propanephosphonic anhydride in an inert polar solvent, such as

dimethylformamide ("DMF").

0
i A
gt
M/\/
) (Pg)O-NH,
12-a: M=0OH
- 12-b: M= halogen Q0=3
HoN | 92.0:M=04Q RO\N)Kr\
‘ H

o X" 13
I Ar
R

X,W'] -a

HC
N
H

/._<_._

Alternatively, a compound of the formula 12-b (where M is a
halogen sucn as chlorine) can be reacted with hydroxylamine in a suitable
solvertt mixt_re such as tert-butanol-tetrahydrofuran ("THF")-dichioromethane,

15 preferably az 0 to 25 °C, to give hydroxamates of the formula 1-a,
Compounds of the formula 12-b are preferably prepared in a
form that is Cirectly useful for further reaction without isolation. For example,
such compounds can be prepared by allowing compounds of the formula 12-
a to react with a suitable halogenating agent, such as thiony! chloride or oxalyl

Chloride, prefierably in the presence of a catalytic amount of
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dimethyiformamide, and preferably in a suitable solvent such as
dichioromethane at a temperature from 0°C to room temperature.

Alternatively, the coupling reactions described above can be
carried out with compounds of the formula 12-a or 12-b and OXygen-protected
compounds of hydroxylamine (i.e., where Pg is a suitable protecting group
kriown to those skilled in the art, such as benzyl, t-butyl, t-butyldimethylsilyl, or
t-Eutyldiphenylsilyl, and/or described in T.W. Greene and P.G.M. wWuts,
Protective Groups in Organic Synthesis (1991), the disclosure of which is
incorporated herein by reference) to give compounds of formulz 13,
Deorotection of compounds of the formula 13 provides compounds of formula
1-a. Suitable methods of deprotecting compounds of the formuyla 13 are
known in the art, for example, as described in T.W. Greene and P.G.M. Wuts,
Prclective Groups in Organic Synthesis ( 1991).

Compounds of the formula 12-a can be Prepared by alkaline
hyd-olysis of the corresponding ester 12-¢ (where M = 0Q,andQisa
suitable protecting group such as methyl, ethyl, allyl, benzy! or t-butyl) using
a suTiable aqueous base, such as lithium hydroxide, sodium hydroxide, or
Fotassium hydroxide, preferably in a homogeneous aqueous-organic solvent
mixture at a temperature from 0°'Cto 25°C. Alternatively, these compounds
can 2lso be prepared by acidic hydrolysis of the Corresponding ester using a
suitadle aqueous acid, such as hydrochloric acid in aqueous dioxane, at a
suitaole terperature, preferably from 50°C to 100°C. Other methods
recognizabie by those skilled in the art as suitable for converting esters to
acids can aiso be employed, such as hydrogenolysis of benzyl esters using
hydroigen and palladium on carbon, acid-promoted cleavage of t-butyl esters
under anhycrous conditions, and palladium-catalyzed cleavage of allyl esters.

Cémpounds of the formula 1-c (i.e., 1-a, Where Wis CH, and Y
is CR.R, anc X is N-R,) in which Ryis an alkyl group, can be prepared directly
from compounds of the formula 1-b, for example by treatment with a suitable
alkylating agent, such as an alky! halide or alky! sulfonate ester, in a suitable
solvert at an appropriate temperature, such as THF at 5 temperature from
O'Cta 50°C
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the formula 14, More preferably, the reaction takes place in agueous-organic
solvent, such as acetonitrile-water, at a temperature from -20°C to 25'C, and
in the presence of excess base such as triethylamine.

For the preparation of enantiomerically pure Compounds of the
formuia 16, racemic piperazine-z-carboxylic acid can be first resolved
according to known methods, such as those described in Helv. Chim, Acta,
vol. 42, p. 888 (1960), and Helv. Chim. Acta, vol. 72, p. 1043 (1989), the
disclesures of which are incorporated herein by reference.

Examples of suitable electrophilic reagents Rq-Lg with suitable
regiosslectivity include BOC-ON, di-t-butyl dicarbonate, N-(benzyloxy-
carboxy)succinimide, and acetic anhydride. The intermediate of the formula
74 is tmen preferably further reacted, without isolation, under the same
conditizns with a sulfonyl chloride of the formula 15 to give compounds of the
formulz 16.

Alternatively, the intermediate of the formula 14 can pe isolated
and thes allowed to react with trimethylsilyl chloride and a suitable tertiary
2mine case, such as triethylamine or 4-methyimorpholine. Without isolation,
i"e res_lting material is then reacted with a sulfony! chloride 15 in a suitable
scivent such as dichloromethane at 25 °C to provide, after conventional
&zd we-<up, & compound of the formula 16.

Tne intermediate of the formula 14 can aiso be prepared by
trzating ne ccoper (I1) complex of piperazine-2-carboxyiate, prepared
&zcordin: to tne method described in U.S. Patent No. 4,032,639, the
d:=sclosu—=s of wh::ch is herein incorporated by reference, with Ra-Lg, followed
b decomplexe:ién by acidification and ion-exchange chromatography using
COWEX 20 resin. With this procedure, a broad range of electrophilic

—

€zgents R,-Le canbe employed.

Compounds of formula 15 can be preferably Prepared by
treztmer: of the corresponding aryl/heteroaryl phenyl ether or arylfheteroary!
pr=nyl tr.icethe - which are commercially available or can pe prepared by
me2nods «<nowr: to those skilled in the art, with an excess of chiorosuifonic
acc in dichlorormethane solution at a temperature from 0°C to 25°C.
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Alternatively, the aryl phenyl ether can be treated with between
0. and <.2 molar equivalents of chlorosulfonic acid at-20'C to 25° C. The
resulting sulfonic acid, with or without isolation, can be subsequently
ccnverted to the sulfony! chloride 15 with an excess of g chlonnatmg reagent,
such as cxalyl chloride or thionyl chloride, in the presence of g catalytic
amount ¢ dimethylformamide ("DMF") in a suitable solvent, such as
dichloromethane, 1,2- dichloroethane, or acetonitrile, at 25 ‘Cto80°C.
Alternatively, compounds of the formula 16-a, where Pgisa
su=ble protecting group as described above, are first converted to the
rresporrding methyl esters 17 by conventional methods, such as treatment
wit™ trimeznylsilyl diazomethane in a suitable solvent such as methanol-

dicrlcrom=thane at room temperature as shown in the following scheme.

FC/\/ N\ Q-O/L[ 1. Deprotedxon

(o]
9 / \ 1 Ar |
jo! C—-S— Z’ (¢} 0=? O/M;E?

kN/ 2 R3 Lg
162 Ao 17 Ao
=z ,ég 18-a; R1~R2 =R3=H
18-b: Ry and Ry = H
& R3isnct H

Surable protecting groups, Pg, for this type of reaction are
reccgnizat«e to those skilled in the art and include, but are not limited to, t-
buty' zrcuess and benzyl groups. Removal of the protecting group by known
metrods provides compounds of formula 18-a where R, is hydrogen, which
can o2 furtmer rezacted with reagents having the formula Rs-Lg, wherein Lgis
any s.itable leaving group, to give compounds of the formula 18-b where R,
s nct nydreen. lilustrative examples of suitable R;-Lg reagents include
methznesuitonyl chloride, methyl iodide, methyl isocyanate, ethyl
oromcacstans, dimethyicarbamoyl chloride, and methoxyacetic anhydride.
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Compounds of formula 18 (i.e.,12-c where W is CH, Yis

CR.R, anc X is NR;) can be prepared as illustrated in the scheme below.

O 0
i (0]
A—-OH 1 OH Il
07y [:N—S—QZAr Qo N‘ﬁ 2Ar
RiT NH, ] RNy H 3
R, o Rz
19 20 21
ol 1
S5 »-2Ar 0
o} \_7 00 OH 9
Q0 S ZAr
)9: -—— R, H
R: R
2 Rs 3
18 2

B-Amino-a-hydroxy esters of formula 19 and aziridines of
formu.z 20 a-e allowed to react in inert solvent such as dichioroethane or
preferably dioxane at elevated temperature, 60 to 100 °C, to give adducts 21.
Derivization <f the amine function of 21 to provide compounds of formuia 22
can be effiectad by conventional methods known to those skilled in the art.
Cyclizztion ¢* compounds of formula 22 under Mitsunobu-type conditions (see
J. Org. Crer. 1991, 56, 3900-3905, the disclosure of which is incorporated
10 nerein 2y refsrence) provides the piperazines 18.

Compounds of formula 19 where R,is Hand R, is alkyl can be
Frepar=d accrding to literature methods known to those skilled in the art.
V/here R, anc R, are both methyl, the amino alcohols 19 are available from a
ritronazz aikyation as described in Bull. Chem. Soc. Jpn. 1976, 49, 3181-

2184, t~e disziosure of which is incorporated herein by reference.

15

“Tne aziridines 20 can be prepared by treatment of sulfonyl
chlorides cf fermula 15 with excess ethanolamine in THF at -20 *Cto 25 °C,
feillowes by cyvclization of the resulting B-hydroxyethyl sulfonamides with
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DEAD and triphenylphosphine in THF. Compounds of formula 15 can be
prepared as described above,

Compounds of formula 28 (i.e., 12-c where X js NH, Wis C=0,
and Y is CR,R,) can be prepared according to the following scheme.

BRI 2
o} o o=s—©—zf oo='s'—©_zf'°"
Nz 15 N !
e Q- H e o \

R , R R CO.Et
23 R 24 R | 25 R
Ar Q Ar
Cce z 0 0= z 0 o="l P
oY “—— o' YN e— o "
RN CO£t COEt
Q': H 28 27 Ry NH(Pg) 26 R, COH
5 Treatment of compounds of formula 23 (prepared as described

in Angew. Chem. Int. Ed. Engl. 1994, 33, 998-999, the disclosure of which is

incorporated herein by referehce) with sulfony! chlorides of formula 15, as

descrivec above, give compounds of formula 24, Alkylation of compounds of
formuia 24 with ethyl bromoacetate proceeds in the presence of a suitable

1~ base. such as potessium carbonate, in a suitable solvent, such as DMF, at 25
*C 20 €0 °C for a period of 1 to 48 hours to provide Compounds of formula 25.
Oxzdatior: of alkenes 25 to compounds of formula 26 proceegs under suitable
oxicizing <onditions, such as excess sodium periodate in the presence of
ca=iytc ruthenium trichloride in acetonitrile:carbon tetrachloride-water (2:2:3)

15 sonantal 25 °C for 1 to 18 hours, Treatment of compounds of formula 26
wit~ disnenylphosphoryl azide ("DPPA") in the presence of a suitable base,
sucr es triethylamine, in an inert solvent, such as benzene, at 70-100 °C for
1-1Z heurs gives an intermediate isocyanate, which upon addition of a
suit=ble alzohol, such as benzyl alcohol, provides compounds of formula 27,

20 Where Pg s a cerresponding protecting such as benzyloxycarbony protecting
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group. Removal of the protecting group from compounds of formula 27 under
conventional conditions leads to spontaneous lactamization to provide

compounds of formula 28.
An alternative sequence making use of the intermediates of

5 formula 24 is shown below.

I I
> o= Z 0 0= b4 o=t 7
N
R R TNooH Ry 0
R, | 24 R, 29 R, H 30
0 A 0 Ar
] I
o c:'l' N 0 0= V4 0= b4
N
3o)k,’ «— OH «—— N
R ™ Ri NJ/ Rr 7 NH,
RoH 18¢ ReH 32 Re 3

Oxidzion cf compounds of formula 24 under the conditions described in the
orece=ding paragragh for the oxidation of compounds of formula 25 gives
comgzunds of formula 28. Curtius rearrangement of acids 29, as described
‘or the conversion of 26 to 27 above except in the absence of added alcohol,
10 :2ads 0 formation of compounds of formula 30. Mild basic hydrolysis of
compcunds cf formula 30 with, for example, 1 molar equivalent of lithium
nydroxide in THF-water at 0 °C for 0.5 to 18 hours leads to compounds of
“omuiz 31, Reaction of amines of formula 31 with excess ethylene oxide in
2.cohc:ic soivent at 25 °C to 75 °C for 1 to 18 hours provides compounds of
15 *zrmuiz 32, which upon treatment with DEAD and triphenylphosphine in THFE
2125 ° C yieles compounds of formula 18-¢. It will be appreciated by those
skilled n the art that utilization of enantiomerically-enric‘hed compounds of

Sormulz 24, which are accessible utilizing the methods reported in the
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literature and known to those skilled in the art, wil yield enantiomerically-
enrichec compounds of formula 28 and 18-c.

Alternatively, the intermediate compounds of formula 29 can be
preparec in enantiomerically-enriched form according to the following

(§1]

scheme.
-Ar 3
o ) 8 L
: P oy o=t
Ho NN Ho” N Ho” NN
Eﬁ]/cxpm - ‘\ﬂ/wg) - RijO(Pg) > 29
3z ) 4§ s e

Treatment of compounds of formula 33, which are readily
derived frem D-aspartic acid by methods known to those skilled in the art,
witr trimeylsilyl chloride and triethylamine in dichioromethane at 25°C for
apcroximately 1 hour provides the trimethylsilyl esters, which, without

10 isoiztion, are further reacted with aryl suifonyl chlorides of the formula 15 in
the oreser ce of additional base to provide, after conventional work-up, the
corrzsponcing sulfonamides of the formula 34. Treatment of a sulfonamide
34 with apzroximately 3 molar equivalents of a strong base, such as lithium
diisc sropyizmide ("LDA"), at a temperature between -78°C and 0 °C in an
5 iner: solve~t such as THF, followed with 1 equivalent of an appropriate lower
alky: nalide of the formula R,-X, preferably at a temperature between 0°C and
-78°C, gives a mono-alkylated product of formula 35 where R, is H. Without
isolz=ion, tre reaction mixture is treated with an additional equivalent of base,

and then ai.owed to react with a second alkyl halide of the formula R,-X,

20

whers R,and R, are preferably the same, but can be different, to give, after
acidiz work-up, a sulfonamide of the formula 35. Following esterification of
the carboxy'.ic acid function of 35, the protecting group Pg is removed to

provice the =cid 29.
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Alternatively, compounds of the formula 18-c can be prepared

o

15 — NS v T

(Pg)HN\)
36

according to the following scheme.

O% I o ll
0 §—©»z- s ZAr
Q- /H/ j - —
‘\'7\N

Rz H18c

Ry NH(PQ)

Arylsulfonyl chlorides of formula 15 can be converted to

su~oramides of formula 36 by reaction with monoprotected derivatives of

5 etr vleneciamine. Condensation of a sulfonamide 36 with an a-keto ester of
the fcrmua 37 in the presence of an acid catalyst, such as p-toluenesulfonic
aciz, crovides a compound of the formula 38. Conversion of a compound of
the formu .z 38 to the corresponding compound of the formula 18-c is effected
by cyc.ization in the presence of catalytic base, such as potassium carbonate,

10 in 2 suiaze solvent, such as DMF, followed by removal of the protecting
gre=p Pg.
_ Additionally, compounds of the formuia 42 (i.e., 12-a where X is

N-F. Wis CH, and Y is CR;R, can be prepared according to the following

sch=me,

A TEEY Ky 3 7 g T G N = e o
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oot o 15 QoA e 0
%
Bozc/k"“:@c@ — E:o,c/(N(\CN —L—> EQC)\N/ \Q
3 Noy A
ol ol
= A X
o : Bog ZAr C\{/o
b B Et “«— E
: 4 Qe
1 42 A 41 40 ®

Treatment of diethyl aminomalonate, which is commercially
avaiiable, with chloroacetonitrile or bromoacetonitrile in the presence of
diisopropylethyl amine in ethyl alcohol provides diethy!
(cyanomethyl)aminomalonate, which is further reacted with an arylsulfony!

5 chioride of the formula 15 to give a compound of the formula 39. Nitriles of
the formula 39 are reduced to corresponding amine salts of the formula 40 by
hydrogenation over a suitable metal catalyst, such as palladium or platinum,
in the presence of acid in alcohol solution. Reaction of a amine salt of the
formula 40 with an excess of a ketone R4-CO-R, gives a piperazine derivative

10 of the formula 41. After protection of the amine function by conventional
methods known to those skilled in the art, basic hydrolysis of the ethyl esters
followed by decarboxylation under acid conditions provides a compound of
the formula 42,

Compounds of the formula 44 (i.e., 12-a where where W is N-H,

15 Xis C=0, and Y is CH) can be prepared according to the following scheme.

° H 45 OQg -

DAsn —» i

NH NH
a Y a Y
(o] (o]
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Preferably, a warm aqueous solution of D-asparagine, which is
ccmmercially available, is treated with formalin to provide, after cooling to 0
°C, 6(R)~carboxy-tetrahydropyrimidin-4-one (43). Treatment of 6(R)-carboxy-
tezrahydropyrimidin-4-one with trimethylsilylchloride in a suitable base, such
as N-methylmorpholine or diisopropylethylamine, in a polar aprotic solvent,
such as DMF, generates the corresponding trimethylsily! ester. This ester can
be treated, without isolation, with a sulfonyl chloride 15 in the presence of
acditional base for several hours at 25 °C to provide, after aqueous work-up,
a compeund of the formula 44. Alternatively, the compound of the formula 44
can be prepared directly by treating a solution of 6(R)-carboxy-
tezahydropyrimidin-4-one and a base, such as N-methyl-morpholine, in a
suTable aqueous:organic mixed solvent, such as water:dioxane, with a
suiTonyl chiaride of the formula 15 at 25 °C for several hours followed by
ac.eous acid work-up.

Compounds of formula 48 (i.e., compounds of formula 12-¢
wrere W and X are CH, and Y is N-R;) can be prepared according to the

Z-Ar 0 ‘
0] l ]
(0]
\\S Q-O)kf

15 —» H,N HN™ \\O

fol.owing scheme.

45

Slow addition of compounds of formula 15, as a solution ina
iner solve=t such as dichloromethane, to four molar equivalents of 1,3-

diamunopropane in the same solvent at -20 °C to 0 °C provides the
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compounds of formula 45, which are readily isolated by a acid-base extraction
sequence to remove small amounts of the bis-sulfonamide byproduct.
Treatment of amines 45 with glyoxalate esters of formula 46, which are
commercially-available or well-known in the literature, provides intermediates
of formula 47, which can exist partially or substantially as the corresponding
open-form imine tautomers. Reaction of compounds 47 with an appropriate
electrophilic reagent R3-Lg then provides compounds of formula 48,

A method for preparing compounds of formula 54, where X is O
or S, is shown in the scheme below.

o c A o)
LN, 00=8 z 0
15 NH N-S 2Ar
R, - — Ry X
;oo R 50
Ry 49 1R2 oH Ry 51
M\/\Lg‘i
52
o)
00=$ 2 00=§ 2
! 1
) )
Ri R, X Ry~
54a:X=0 S
54-b: X=8

10 The starting B-hydroxy a-amino esters 49 are either commercially available,
for exampie serine, threonine, and allo-threonine esters, or can be prepared
by m=sthods described in the literature (see, for example, J. Org. Chem.,
199€. 61, 2382-2583, the disclosure of which is incorporated herein by
reference). Compounds of formula 49 are treated with an sulfonyl chloride

15 havirg the formula 15 in the presence of a suitable tertiary amine base, such
as N-methytmorpholine, in an aprotic solvent, such as DMF-dichloromethane,

B 5. . R L
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at 0'C to 25°C to provide the B-hydroxy a-sulfonylamino esters having the
formuia 50.

Treatment of compounds of the formula 50 with suitable
dehyzrating reagents, for instance triphenylphosphine and DEAD in THF
solut.cn at 25 °C, provide the sulfonylaziridines of formula 51. Treatment of
aziric:nes of formula 51 with a thiol (X = S) or alcohol (X = O) of formula 52,
where Lg is any suitable leaving group (or a precursor, such as hydroxyl, to
such z leaving group) in the presence of a Lewis acid, such as boron
‘riflucrde etherate, at 0'C to 25°C, either without additional solvent or in a
suitat = inert solvent such as dichioromethane, yields compounds of formula
53. S.-bseguent treatment of the compounds having the formula 53 with a
oase such as potassium carbonate in an aprotic solvent such as DMF then
crovicss compounds of formula 84. In the case where Lg is hydroxyl,
cyciizzzion cf 53 to give 54 is effected with triphenylphosphine and DEAD in
THF sziution at 25°C.

Alternatively, compounds of formula 54-a can be prepared from

=minc zsters 49 by the sequence shown below.
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“
G-i N
O o 0 00=5=0
oo N O 1S C,O)J;(N1
- ' P —_—
R1R/2[\OH RR2 OH R1R2 OH "OH
49 55 56
ZAr /
Y
N ZA
o |
\ Z
OO=|S=O OO=IS
“w — O
R, R,
OTs
R; o’ Ry o
54-a 57

Hydroxyethylation of amino esters 49 can be effected with
eZnylens oxide in alcholic solvent at 25 °C to 70 °C to provide compounds of
fo-mulz 55, which can be converted to compounds of formula 56 by treatment
wn sulfanyl chlorides 15. Diol §6 can be cyclized with the Mitsunobu

5 protecoi (see Holladay, M. W.; Nadzan, A. M. J. Org. Chem. 1991, 56, 3900-
3225, ¢~ in traditional Williamson-style via the tosylate 57 and base to give
ccrmpound of formula 54-a.

Alternatively, compounds of the formula 54-c (i.e.. 54-b where Q
is z=2rt-bLyl, X is § and R, and R, are both hydrogen) can be prepared

10 aczording to the following scheme.
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Preferably, t-buty! 2,3-dibromopropionate (prepared according to
tne me:hod described in J. Perkin Trans I, p. 1321 (1973), the dislosure of
v/hich i3 incorporated herein by reference) is treated with 2-

mercartoethylamine and triethylamine in a suitable solvent, such as a mixture

w

¢ chlc~oform and benzene, to provide t-butyl tetrahydro-1,4-thiazine-3-
carboxlate, which upon reaction with a compound of the formula 15 under
<itabl= conditions, such as in the presence of triethylamine in
cichlor=methane solution at 25'C, provides compounds of the formula 54-c.
As shown in the scheme below, oxidation of tetrahydrothiazines
12 c<form ula 54-b to the corresponding sulfoxides of formula 54-d can be
carrie¢ out under suitable oxidizing conditions, such as m-chloroperbenzoic
= -~id in Zichicromethane at-78 °C to 0 °C or sodium perborate in acetic acid
= 25°C to 50 °C. ltis to be understood that such oxidations can also be
czrriec aut a: other intermediate stages in the synthesis of compounds of
i-rmulz 1-a where X is S=0, and also to directly convert compounds of
i-rmulz 1-a where X is S to compounds of formula 1-a where X is $=0.

Compounds of the formula 54-b can be prepared according to

| A ,
sodd Y R o
RN )
- S 54b Ri™T>s” 54-g
T2 R2 6

tr = follewing scheme.
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58 59 60

First, B-mercapto-a-amino acids of formula 88, such as D-
r=niciiizmine or D-cysteine, both of which are commercially available, are

trzz2ted with 2-bromoethanol in the presence of a base, such-as sodium
.5 crovide 2-hydroxyethyl sulfides of formula 53. Intermediates of

2 zre then reacted directly with compounds of the formula 15 in the

pr=sence ¢f a suitable base, such as sodium carbonate, in an appropriate
sc ventzvsiem, such as DMF/water to provide the N-sulfonyi derivatives 60

iz function of compounds of formula 60 is then protected as a suitable

st il

es=zrcrooc Q. for example, the t-butyl ester which is prepared by reaction of
6C witn -yl bromide in the presence of a suitable base, such as potassium

anc a suitable catalyst, such as benzyltriethylammonium chloride

Ca IZlhalz.

TEACT) i ¢methylacetamide at a temperature between 50°C and 60°C.

¢
C+cizanz cftne ccmpoeund of the formula 61 can be effected using

t"““-‘="‘ o
Fiwm inzl -

™~

scnine and DEAD in a suitable solvent, such as THF, to yield a

cc—ocurs citne fermula 54-b.
N'ore preferably, compounds of the formula 1-d (e.g., 1-a where

W = CH- Xis S, and Y is CR,R;) can be prepared according to the following

th
(o

T

SCr
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R (P90
HOL /\’/r N (Pg)O. b - :j
e
R 1d

Treatment of compounds of formula 58 with a trialkyisilyl
z-loric=. such as trimethylsilyl chloride, in the presence of a tertiary amine
- ase, such as diisopropylethylamine, in an aprotic solvent, such as DMF,

= -ovide3 the corresponding trialkylsilyl ester, which upon reaction with 1,2 -

c chioroethane or |,2-dibromoethane in the presence of DBU at 25 °C gives

Lt

12 intz "med:ate tetrahydrothiazine of the formula 7-b. Without isolation, this
i-ermeZiate is further reacted with S-fluorenyimethyl chioroformate ("FMOC-
Z7)in e presence of additional base, such as N-methyl morpholine, to

z-ovids after aqueous acidic workup, the free carboxylic acid of the formula

1n £Z. Tr.s acic can then be coupled to an O-protected hydroxylamine, for
e zamp:= where Pg is t-butyldiphenylsilyl, with conventional peptide coupling
rzzgenz=. sucn as EDC, to give the protected hydroxamate of the formula 63.
F zmovz of tre FMOC protecting group with conventional methods, such as

¢ ceridms in DMF, followed by reaction with a sulfony! chloride of the formula
15 % 2 in tr= presance of base, such as N-methyl morpholine, in a suitable

[ P

s: vent such as dichloromethane, provides compounds of the formula 13-b.

F =movz. of tre protecting group Pg affords compounds of the formula 1-d.
Rarticularly preferred compounds of this invention are

ccmreounds ¢f formula 10. The preparation of compounds of formuia 64-b

20 c=scrice S abeve can be applied to the synthesis of compounds of formula 10.

ih
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*Aore creferably, however, compounds of the formula 10 are prepared

zccorc ng to the process described below.

Summary of the Process

One aspect of the present invention is a process for the

synthesis of certain matrix metalloprotease inhibitors, represented by the

“=rmuiz 10.

—he rezction scheme can be summarized as involving the following steps:

Steg 1
— OO0
(2)
Steg 2
P
—_—
= L/J DC(LCLSOsH
(2 (3)
Step 3
<Sie spe!
Cue - ~Ssem T D 50,1
(2 (4)
S=p4
g 0]
._.:H\/\O_ HZN\)OQ
SE HS R1
RS = R,
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or Step 4A
- H O
2o ENfOH
R,
3 RZR’ SR,
(5) (11)
Step §
$ P
H.N N
e — O
(g) (7)
or Step EA
H\}O H O
kN N
[ OH E foo
Q/_—R‘l R1
oo™ S R,
(1) (7)
Steo 6
—_ CI_: (\/ZO\
© ~"za e 50,0
CRgg [ oQ
“ R
(7) (8) STRZ
Stec 7
C/ - >
7 Nz o R D~ S0, 0
- ~*ca N Ao
{ ) \E\A-R—R?‘ [ /"\_R1

01:. 79,
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Z
7
0% SRQ!
DJ ~"50, 0 —_— SG, 0
2 N
N Ao [ NHOH
L R S Ry
SR (10) R,

The process comprises combining a suitably activated two-
carbon piece with the amino acid § to form a tetrahydro-2H-1,4-thiazine
cerivative 11 or with a suitable ester 6 to form a tetrahydro-2H-1,4-thiazine
cerivative 7. A compound of formula 7 is treated with an activated sulfonic

5 acid de-ivative 4 to give the corresponding sulfonamide 8. The ester
functiorality Q in compound 8 is deprotected to give compound 9, which is
tren aczivated by formation of an acid chloride or other suitable activating
group. The activating group is displaced by hydroxylamine or a suitable salt
c- derivztive of hydroxyiamine to give the hydroxamic acid 10. The activated

10 ciaryletrer sulfonic acid derivative 4 can be prepared from the diaryl ether 2
b chlorasulfcnaticn directly to the sulfonyl chloride or by a stepwise process
¢” sulforation to the sulfonic acid 3, followed by conversion to the sulfonyl

c-ioride or other suitably activated sulfonic acid derivative.

Detailec Description of the Process
15 A number of diarylethers 2 are commercially available. In cases
wrere tre diarylether is not commercially available, the first step of the
prccess involves preparing the diarylether 2. In the case where D is nitrogen,
ccmpounds 2 can be made by combining either 4-chloropyridine
hy=rochioride or 1-{4-pyridyl)pyridinium chloride hydrochioride with phenol or
20 thicoher:cl at cr above 100°C eitner neat or in water, toluene, xylenes, or
ot=2r suizable solvent.
In Step 2 of the process, the diaryl ether is treated with
ch.crosuionic acid, sulfuric acid, sulfur trioxide, or other suitable sulfonating

agsntto zive the sulfonic acid 3, which is used directly or isolated by water
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quench fcllowed by solvent removal or extraction into a suitable water
imr-iscibi= organic solvent. In some cases, a quaternary ammonium salt
sucn as tetrabutylammonium bromide can be used to increase the solubility
of i~e suonic acid 3 in organic solvents.

Step 3 of the process involves adding thionyl chloride, oxaly!
chizride, =hlorosulfonic acid, phosphorus pentachloride, or another suitable
chicrinati~g reagent to the sulfonic acid 3 in acetonitrile, dichloromethane,
1,2-3Zichic -cethane, or another suitable organic solvent. The resulting sulfony!
chi=ride 4 can be isolated by solvent removal or water quench followed by
filtr=-ion ¢ - extraction. Alternatively, the sulfonic acid 3 can be converted to
the sulforv! flucride with fluorosulfonic acid or sulfonyl bromide with thiony!
brc—ide. f desired, the sulfonyl chloride, sulfony! fluoride, and sulfonyl
brc—ide compounds can be converted to the more stable triazolide or
berzotriz=olide derivatives by treatment with 1,2 4-triazole or benzotriazole
rescectively.

In Step 4, ccmpound 5 is converted to a suitable silyl or carbon
est=- In T1e cases where a silyl ester is utilized, trimethyisilyl chloride, tert-
but. dimemyisilyl chioride, dimethylthexylsilyl chloride, triisopropylsily!
chiz -ide, ¢~ another suitabie silylating reagent is added to a mixture of
cor-ounz 5 and 1,8-diazabicycio[5.4.0] undec-7-ene, triethylamine,
diisz cropy-athylamine, 4-methylmorpholine, pyridine, or other suitable tertiary
am:~ = baz = in N,N-dimethylformamide, acetonitrile, dichioroethane, or cther
suizz ole 2= rotic solvent . The resuiting mixture of the sily! ester 6 can be used
dire=tly in Step £, or the silyl ester can be isolated by aqueous work-up,
extrz ction and‘solvent removal.

In the cases where a carbon ester is utilized, a mixture of
corm=sunc 5 anc sulfuric acid, hydrogen chloride, p-toluenesulfonic acid, or
anc.-er sutable organic cr mineral acid in methanol, ethanol, isopropano!, 1-
butz -c!. t=t-butanol, allyl aicohe!, or other suitable alcohot solvent is heated
atr=“uxfc- 4 to 80 hours. The resulting ester is isolated as either the free
basz or a—ine sait by solvent removal and/or aqueous work-up, followed by

extrz ction with an appropriate soivent and finally solvent removal or salt



v

10

(=Y
w

20

138
L4}

30

-50-

‘ormat on by addition of an appropriate acid. Alternatively, the tert-butyl ester

can be prepared by maintaining a mixture of compound 5 in liquid
isobutiene, a suitable organic solvent such as 1,4-dioxane, and a suitable
~inerz acid or organic acid such as sulfuric acid, hydrogen chloride, or p-
-sluenesulfonic acid at reflux for 4 to 60 hours.
In Step 4A, compound 5 is mixed with 1,8-

ciazat cyclo]5.4.0Jundec-7-ene, sodium hydroxide, potassium hydroxide, or
c:ner s itable organic or inorganic base, and 1,2-dichloroethane, 1,2-
¢'oromr oathane, or other suitable activitated two carbon moiety in 1,2-
¢ chlorzethane, N, N-dimethylformamide, methanol, ethyl acetate,
zirahy zrofuran, acetonitrile, water or other appropriate solvent. The resulting

12irahy=ro-2H-1 4-thiazine derivative 11 is isolated by precipitation, followed
t . fiitrazon cr by solvent removal. Alternatively, the carboxylic acid
f.ncticmzlity ¢f compound § can be protected in-situ by addition of

t~ meth,silyl chloride and 1,8-diazabicyclo[5.4.0Jundec-7-ene. The resulting

wn

yl estzris treated with 1,2-dichloroethane, 1,2-dibromoethane, or another
s-itable activated two carbon moiety and 1,8-diazabicycio[5.4.0Jundec-7-ene
¢~ anci~er suitable tertiary amine base in 1,2-dichloroethane, N,N-
¢ meihyformamide, or other suitable aprotic solvent. The silyl ester is
czorstesied ir-situ by addition of methanol, 2-propano!, or another alcoholic
s: vent =nd the resulting tetrahydro-2H-1,4-thiazine derivative 11 is isolated
b. orecizitaticn and filtration.

in Step 5, the ester 6 is treated with 1,8-
¢ zzabic clo[S 4.0Jundec-7-ene, sodium hydroxide, potassium hydroxide, or
ci-ersumabie organic or inorganic base, and 1,2-dichloroethane, 1,2-
¢.z-cmc=tnans, or other suitable activitated two carbon moiety in 1,2-
d.znicrestnans. N N-dimethylformamide, methanol, ethyl acetate,
teznyc—ciuran. acstonitrile, or other appropriate solvent. The resulting
teznyc-o-ZH-1,4-tnjazine derivative 7 is isolated by precipitation or agueous
w2 «-ur “zliowad by extraction with an organic solvent and solvent removal.
|~ Steo 5A, compound 11 is converted to a suitable silyl or

cz—cn exier. 0 the cases where a silyl ester is utilized, trimethylsilyl chloric:,



[y
1,1

3
vy

010794
-51-

tet-buty .dimethylsilyl chloride, dimethyithexylsilyl chloride, triisopropylsily!
c-loride or another suitable silylating reagent is added to a mixture of
ccmpou~d 11 and 1,8-diazabicyclo[5.4.0]lundec-7-ene, triethylamine,
d’'soprecoylethylamine, 4-methylmorpholine,pyridine, or other suitable tertiary
zmine bzse in N,N-dimethylformamide, acetonitrile, dichloroethane, or other
s.itable =protic solvent . The resulting mixture of the silyl ester 7 can be used
d-sctly i~ Step 6, or the silyl ester can be isolated by aqueous work-up,
excractic~, and solvent removal.

in the cases where a carbon ester is utilized, a mixture of
ccmpourd 11 and sulfuric acid, hydrogen chloride, p-toluenesuifonic acid, or
ar other zuitable organic or mineral acid in methanol, ethanol, isopropanol, 1-
buranol, t=rt-butanol, allyl alcohol, or other suitable alcohol solvent is heated
at ~efiux. The resulting ester is isolated as either the free base or amine salt
by solve~: removal and/or aqueous work-up, followed by extraction with an
ar cropriz:e solvent, and finally solvent removal or salt formation by addition
of n apr -opriate acid. Alternatively, the tert-butyl ester can be prepared by
mz ntain:~ g a mixture of compound 11 in 1,4-dioxane or other suitable
scvent, i-zuid isobutylene, and sulfuric acid, hydrogen chloride, p-
tol_znesc fonic acid, or ancther suitable mineral acid or organic acid at reflux

Alzernatively, the tetrahydro-2H-1,4-thiazine derivative 11 can be

ir Step 6, the tetrahydro-2H-1,4-thiazine derivative 7 or 11 and

th

()]

zctivazed diarylether sulfonic acid derivative 4 are combined in

dicm crom=thane, 1,2-dichloroethane, acetonitrile, N,N-dimethylformamide,
eth. acelzte, tciuene, teri-butyl methy! ether, or another suitable solvent in
the creser ce of 4-methylmorpholine, pyridine, triethylamine,
ciiszsreove2thyiamine, potassium carbonate, or another suitable organic
teruzry am.ne base or incrganic base. The resulting sulfonamide derivative 8
is isziated Tv agueous werk-up, extraction into an appropriate organic solvent,

anc soiver: removal.
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Step 7 involves the deprotection of the ester protecting group of
compound 8 to give carboxylic acid 9. In the cases where a silyl ester is
utilize<. deprotection is accomplished by maintaining a mixture of the ester
and methanol, ethanol, isopropanol, or another alcohol solvent at 20°C to
reflux and isolating the product by filtration or solvent removal. Alternatively,
silyl esters can be deprotected by treatment with mineral acid or acetic acid in
either crganic or aqueous solution or by treatment with fluoride ion in organic
soluticn.

In the cases where a carbon ester is utilized, the ester can by
removed by heating a mixture of compound 8 and hydrogen chloride, sulfuric
2zid, ¢~ other mineral in water, dioxane or another suitable organic solvent at
reflux. Alternatively, the ester can be removed by treatment with sodium
r ¢drox:Ze, lithium hydroxide, potassium hydroxide, or another suitable
I~ orgar. < base in water or a combination of water and methanol,
teirahyzrofuran, or another suitable organic solvent. In the case where Q is
g yl, the ester can be removed by treatment with N-methylaniline, morpholine,
¢ - anotrer suitable secondary amine and
tezrakis riphenylphosphine)palladium(0) or another suitable paliadium(0)
cztalyst " ethyl acetate, acetonitrile, or another suitable organic solvent. In
tr= cass where Q is benzyl, the ester can be removed by catalytic
k. zrcge ~atior.

The final step of the process is a two-step procedure involving
ir-situ aztivation of the carboxyl functionality of compound 9 ang subsequent
diszlace ment with hydroxyiamine or a suitable salt or derivative of
hyzroxyizmine. The activation is accomplished by reaction of compound 9
wiz~ oxa i chicride or thiony! chloride with or without N,N-dimethyiformamide

resent 2s catalyst in dichlorcmethane, acetonitrile, or other suitable solvent

je)

tc zive tr= correspending acid chloride. Alternatively, the carboxyl can be
actvatec Dy acdition of methanesulfonyl chloride, isobutylchioroformate or
var tus ctner cnloroformate reagents, 1,3-dicyclohexylcarbodiimide or other
carzodiir Je reagents. The activatad compound is added to hydroxylamine or

a s_:able salt cr derivative of hydroxylamine and an appropriate organic or
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inorganic base, if necessary, in water, tetrahydrofuran, dioxane,
dimetroxyethane, tert-butyl alcohol, dichloromethane, or other suitable
solver: or solvent combinations. The resulting hydroxamic acid 10 can be
isolated by solvent removal or by dissolution in aqueous hydroxide, adjusting

5 ‘e pk to 5 to 10 range, and collecting the precipitate by filtration.
A preferred compound is 3(8)-N-hydroxy-4-(4-((pyrid-4-
v joxy, zenzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1 4-thiazine-3-
carborzmide, illustrated by the structural formula:

(10a) S

A preferred carboxylic acid protecting group, Q, is
16 d.methy tnexyisilyl, where A is silicon, Rs and R, are both CH,, and R is

(C=2),C=C(CH,),, lllustrated by the following structural formula:

Cther compounds of the formula 1 may be prepared by
meInods <nown to those skilled in the artin a manner analagous to the
g€~ zrai Z-ocedures described above., Specific exampies of methods used to
prezare :-= invantive compounds are described below along with illustrative
pre“srrec embediments of the inventive compounds of the formula 1, 1-a, 1-f
or “-3, ¢” tneir charmacettically acceptable prodrugs, salts or solvates.

Tr2 followinz specific examples are intended to be illustrative of
the nven: onand should not be construed as limiting the scope of the
Y inve-ticn =s de“ned by the appended claims. These examples include

pre‘=rec =mbodimen:s of the inventive compounds.
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Example 1. Process for the preparation of 3{S)-N-hydroxy-4-{4-((pyrid-4-
vlloxy)benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thjazine-3-

carboxamide

1(a) Via the intermediate 3(S)-dimethylthexylsilyl 2,2-dimethyl-
tetrahydro-2H-1,4-thiazine-3-carboxylate
Ste- 1. Preparation of 4-Phenoxypyridine
Phenol (2.82 kg, 30.0 mol) was heated to 50 °C and 4-
chlorc oyridine hydrochloride (1.5 kg, 10.0 mol) was added. The resulting

soluticn was heated at 150°C for 15 hours. The dark amber solution was
coolec to 25°C then poured into 3 M aqueous sodium hydroxide (16 L). The
zquec.s was extracted with dichloromethane (3 x4 L). The combined
crganiz was washed with 1 M sodium hydroxide (2 x 4 L), water (4 L), and
crine (< L) tren dried over sodium sulfate and filtered. The solvent was
remov=d uncer vacuum and the residual oil was dissolved in hexanes (6 L).
The mxture was cooled to -60°C with stirring and the resulting solid was
collec:=d by fitration and dried to give 1.1 kg of 4-phenoxypyridine (64%
vield). mp 45-49°C. 'H NMR (300 MHz, CDCI3) 5 8.45 (dd, J = 1.5, 8 Hz,
ZH), 721 (de. J=12,12 Hz, 2H), 7.28 (dd, J= 12, 1H), 7.06 (d, J = 12 Hz,
ZH), 6.24 (dc. J= 1.5, 8 Hz, 2H).

Ster = Pr=oaration of 4-[(Pyrid-4-yhoxylbenzenesulfonic acid 3a

To a vigorously stirred solution of 4-phenoxypyridine (1 kg) in
¢y 1,z-dichicroethane (3 L) at -10°C under a stream of argon, chlorosulfonic
acid (€74 mL was added slowly. The addition rate of the chlorosulfonic acid
w2s ac_Jstec :0 keep the reaction temperature below 0°C. After half of the
c-.oros 2ifoniz acid was added, the exotherm stopped. The cooling bath was
reamovez anc the addition of chiorosulfonic acid continued over 3 hours while
t~= rezztion solution warmed to room temperature. While continually purging
w7 ine~ gas the vigorously stirred reaction mixture was heated to 45°C. By
t~:n lay=- chrcmatography analysis, no more starting material remained after

22 hour=.
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The reaction mixture was cooled to room temperature and
sizwly poured into ice cold water (5 L) while stirring. Potassium phosphate
trizasic /212 g¢) was added as a solid to the mixture and this was stirred for 10
m nutes ‘ollowed by addition of sodium hydroxide (2M) to pH 2. After stirring
fc- 1 hou-, the pH was changed to 7 by the addition of sodium hydroxide
(2!.1). Aciation was continued for § minutes then the organic layer was

rzined =% and discarded. The mixture was extracted a second time with

i:hlbrorﬁethane (2L), the mixture agitated for § minutes, and the organic
la.erdra ned cff and discarded. The remaining aqueous mixture was
exz-actez by additicn of dichloromethane (6 L), tetrabutylammonium bromide
(83 g), 2nd scdium hydroxide (2M) to pH 7. The mixture was agitated for 5
m.~utes =nd the organic layer (bottom) drained into a flask. The extraction
prz cedur= was repeated twice. The combined organic was dried over
mz znesium suifate, filtered, and the solution was concentrated under vacuum
to 2ncil. The residual ol was diluted with 20% ethanol in ethyl acetate (8 L,
dr. . anc ~ydrcgen chloride gas added to a pH of 1. The solid was filtered oft
arz the fier czke rinsed with 20% ethanol in ethyl acetate (2L). The solid
wasz driez unde- vacuum at 45°C for 15 hours to yield 4-[(pyrid-4-
yhiz wyipe~zenesulfenic acid 3a (1.3 kg) as a white powdery solid.

rmz dez 272 °C

~ralca c fer CyyHgNO,S: C,52.58; H, 3.61; N, 5.57; S, 12.76. Found: C,
62.20; H, .88, N,5.51; S, 12.67.

1= NM~ {230C MHz, DMSO-d6): & 8.86 (dd, J = 1.5, 7.4 Hz, 2H), 7.84 (dd,
J=".5 7=z, 2754 (dd, J=1.5,7.4 Hz, 2H), 7.35 (dd, J = 1.5, 7 Hz, 2H).

Tc a suspension of 4-[(pyrid-4-yl)oxyJoenzenesulfonic acid 3a
(1.3 «g; in =cetcnitrilz (8 L), was added N,N-dimethyliormamide (12.35 mL)
anc e vizTous sacuon mixture was heated tc 75 °C. Thionyl chioride (756

mL) was 2222d 1o the reaction mixture over 30 minutes. The reaction mixtur~
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s.owly cecame less viscous and became homogeneous after 45 minutes,
v/nich irdicated the reaction was complete. A portion of the solvent (4 L) was
e aporzated under vacuum and tert-butyl methyl ether (4 L) was added. The
resulting slurry was filtered under inert atmosphere. The filter cake was

5  rimsed with tert-butyl methyl ether (2 L) and the sclid dried under vacuum to
yield 4-[\pyrid-4-yhoxy] benzenesulfonyl chloride hydrochloride 4a (1.35 kg)
zz a flufy off-white solid of pearlescent flakes: mp 182 °C: 'H NMR (300
M.’—iz,. CDOCI3): 58.87(d, J=7Hz,2H),824 (d, J=8.5Hz, 2H), 7.50 (d, J =
8.2 Hz, ZH), 7.43 (d, J =7 Hz, 2H).

10 Steps £ anc 5. Preparation of 3(S)-dimethylthexyisilyl 2 2-dimethyi-
e -ahyc -0-2H-1 4-thiazine-3-carboxyla

Under argon atmosphere, D-penicillamine (375 g, 2.51 mol) was
stzoenc=d in dry N, N-dimethylformamide (3.8 L) and 1,8-diazabicyclo
[5.<.OlurJec-7-ene (413 mL, 2.76 mol) was added, forming a clear solution.

15 W- s ths tempoerature was kept between 20-30°C, dimethylthexylsily!

ch cride 343 mL, 2.76 mol) was added dropwise. After stirring for 1.5 hours,

dizzabicy Slo [£.4.0]undec-7-ene (788 mL, 5.27 mol) was added over 1 hour,

kezzirg 1e temperature between 25-30°C. The resulting mixture was stirred

[{®]

20 at Z2°C izr 3 hours then quenched into a 0°C mixture of water (8 L), tert-butyl
meinyl etmer (z L), and hexanes (2 L). After stirring 5 minutes, the phases
wers seszraiec and the aqueous was extracted with additional tert-butyl
meTylet~er (2 L) and hexanes (2 L) mixture. The combined organic layers
wers cries ove- magnesium sulfate, filtered, and the solvent removed under

25 vac.um iz give 878 g (110% vyield) of crude 3(S)-dimethylthexylsily] 2,2-
dim=ny-istrahydro-2H-1,4-thiazine-3-carboxyiate as a thick, yellow oil. H
NM= (332 MHz CDCl,) 6 3.65 (s, 1H), 3.42-3.37 (m, 1H), 2.98-2.83 (m, 2H),
2.30-2.22 m. 1H),1.69-1.58 (m, 1H), 1.42 (s, 3H), 1.31 (s, 3H), 0.92-0.85 (m,
12k C.34 (s. 34), €.30 (s, 3H).

)
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Steps 3 and 7, Preparation of 3(S)-4-{4-((pyrid-4-yl)oxy)benzenesulfonyl)-
2 Z-dim=*hyl-tetrahydro-2H-1 4-thiazine-3-carboxylic acid

Crude 3(S)-dimethylthexylsilyl 2,2-dimethyl-tetrahydro-2H-1,4-
thiazine-3-carboxylate (878 g, 2.51 mol) and 4-methylmorpholine (547 mL,
4.28 mc ' were dissolved in dry dichloromethane (14 L) and the solution
ccoled tz -20°C. 4-[(pyrid-4-yl)oxy]benzenesulfonyl chloride hydrochloride 4a
(620 g, 2.26 mol) was added and the mixture was warmed slowly to 20°C and
mamiair;ed at 20°C for 12 hours. The resulting red suspension was poured
ino wate- (8 L). The phases were separated and the organic layer dried over
scZium sulfate, filtered, and the solvent removed under vacuum, giving 1.4 kg

177% y:=ld) of 3(S)-dimethylthexylsilyl 4-(4-((pyrid-4-
yl: =xy)be nzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carooxyizte as a red oil which was used without purification or
chzracte—zation.

The residual red oil was dissolved in methanol (14 L) and the
sc.ztion was heated at reflux for 1 hour, forming a precipitate. The mixture
was cooi=d to 4°C and the precipitate was collected by filtration, washed with
meinanc  and dried to give 575 g (62% vyield) of 3(S)-4-(4-((pyrid—<4-
y!}:xy)be‘.zenesulfonyl)-2,2-dimethyl-tetrahydro-ZH-1,4-thiazine-3—carboxyiic
aciz as & ghtpink solid: mp dec. >235°C: 'H NMR (300 MHz, CDCI3): &
8.€-(dd, . = 1.5, 5Hz 2H),7.86 (d, J= 8.5, 2H), 7.39 (d, J = 9 Hz, 2H), 7.11
(dc J=73 5Hz 2H), 4.3 (s, 1H), 4.03 (d, J = 12.5 Hz, 1H), 3.75 (ddd, J =
2.2 13,12 Hz, 1H), 3.02 (ddd, J = 3, 12.5, 13 Hz, 1H), 2.62 (d, J= 14 Hz, TH),
1.82(s. =), 1.35 (s, 3H).

S:=p £ Sreparation of 3(S)-N-hvdroxy-4-(4-((pyrid-4-
yhe - vibe-zenesulforyl)-2 . 2-dimethvl-tetrahydro-2H-1 4-thiazine-3-
carz oxam 2e

A suspensicn of 3(S)-4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-2,2-
dime:nyl-ts:rahydroQH-1.4-thiazine-3-carbo>§ylic acid (700 g, 1.71 mol) in

dicr crom=thane (7 L) was cooled to -65°C. Oxalyl chloride (179 mL, 2.05
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mol) was added rapidly. The cooling bath was removed and the mixture was
stirred &t 20°C for 15 hours. The resulting solution was added over 1.25
hcurs tc a solution of hydroxylamine (1.05 L of 50% aqueous solution, 17.15
mol) in tetrahydrofuran (3.5 L) and tert-butyl alcohol (1.8 L), keeping the
termperature between 5 and 20°C. The resulting mixture was stirred at 20°C
for 15 heurs then poured into 1 M aqueous sodium hydroxide (10 L) at 5°C.
Thz phasas were separated and the aqueous was extracted with tert-buty!
meth.yl etner (4 L). The aqueous layer was filtered through Celite and the pH
ad;.sted 10 8.5 by adding saturated aqueous ammonium chloride and
corcentrz:ed hydrochloric acid. The resulting suspension was stirred for 3
hcours. Tre solid was collected by filtration, washed with water, and dried to
givs 665 z (92% yield) of crude product. The crude material was
rec-ystali:zed from a mixture of ethanol, water, and dichloromethane to give
46¢ g (7C" - recovery) of 3(S)-N-hydroxy-4-(4-((pyrid—4-
yl)c7y)berzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1 4-thiazine-3-
carzoxar e as a white, crystalline solid: mp 184-186° with gas evolution;
"H &MR (220 MHz, DMSO-d6): & 10.69 (d, /= 1.5Hz, 1H),8.93(d, J= 1.5
Hz. “H), € 27 (¢4, J=1.5,45Hz, 2H), 7.83 (dd, J=2, 7 Hz, 2H), 7.37 (dd, J
=2 T HzZH), 7.11(dd, J= 1.5, 4.5 Hz, 2H), 4.06 (s, 1H), 4.07 (ddd, J = 2.5,
12.2 12.8 =iz, 1H), 3.91 (ddd, J= 3, 2.2, 12 Hz, 1H), 2.98 (ddd, J = 3.7, 13,
13.2 Hz, 1=),2.7-2.85 (m, 1H), 1.49 (s, 3H), 1.22 (s, 3H).

Example 1(b) Via t-Buty! 3(S)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carcoxylats

Stzo dA  3(8)-2 2-Dimethvi-tetrahvdro-2H-1 4-thiazine-3-carboxylic acid 11

To 2 stirred suspension of D-penicillamine (14.92 g), in 1,2-
dich.zrostrzne (00 mL) and N N-dimethylformamide (2 mL) at 0 °C was
adds: 1,8-c .azaticycic [5.4.0]undec-7-ene (22.4 mL), followed by
trimexnyisit, chioride (19.0 mL). The reaction mixture was stirred for 3 hours,

slow:. warrm. ng tc room temperature. To the homogeneous solution 1,8-

3¢ diazazicycle 5.4.Cjundec-7-ene (22.9 mL) was added over 10 minutes and

v10794

i
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tr= reaction warmed to 47 °C. The reaction mixture was cooled to room
te mperature and was stirred an additional 17.5 hours. Methanol (10 mL) was
acded t> the reaction mixture and a precipitate formed after stirring for 10
m nutes. The reaction mixture was filtered and the precipitated material
3 rirsed with a minimum amount of methanol. The solid was dried under
vacuum at 5C °C for 6 hours to yield 3(S)-2,2-dimethyl-tetrahydro-2H-1,4-
thizzine-3-carboxylic acid (16.18 g) as a white powdery solid: mp dec. >
212"6; "H NMR (300 MHz, D20): & 3.71(s, 1H), 3.68-3.60 (m, 1H), 3.27-3.01
(m 2H), 2.78-2.64 (m, 1H), 1.45 (s, 3H), 1.42 (s, 3H).

10 Step 4a was also performed as follows:

To a stirred suspension of D-penicillamine (14.92 g),in1,.2-
dicmiorogthane (10 mL) and dimethyl formamide (15 mL) at room
teoerazure, was added trimethy! silyl chloride (19.0 mL) over 30 minutes and
the reacton wzrmed to 43 °C. To the resulting vixcous suspension 1,8-

15 diazabicy 2lof5.4.0.jundec-7-ene (22.4 mL) was added at a constant rate over
4 rzurs, 2nd curing the addition the reaction warmed to 48 °C. The reaction
mix Ztre s. owly cooisd to room temperature and was stirred an additional 2
hol-s. iszproganoi (75 mL) was added to the reaction mixture and this
mixzure was st red for 3 hours while a precipitate formed. The reaction

2t mixzzre wzs filzzrec and the precipitated material rinsed with isopropanol (100

-

mL  Tne solid was dried under vacuum at 50 °C for 6 hours, to yield the
proc uct 3 8)-2.Z-Dimethyl-thiomorpholine-3-carboxylic acid (1547 g)as a

whizz pow3Zery solid.

Sr=z A Pre-arazon of t-butyl 3(S)-2.2-dimethyl-tetrahydro-2H-1 4-

L0 thizzne-Z-zarboxylste,

A singie neck 2.0 L flask was charged with dioxane (320 mL)
and = (S;—Z..2-dir‘:eth;¢‘:-tetrahydro-2H-1,4-thiazine-3-carboxylic acid (28.0 g,
0.1€ =cl; The suspension was cooled to 0° C before adding concentrated

sultumz acis (32 mL. 0.6 mol.) via addition funnel over 10 minutes. Cooling
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was removed and liquid isobutylene (200 mL, 2.2 mol.) was added to the
suspension. (Isobutylene was condensed in a separate graduated cylinder at
- 20° C from a 400 g lecture bottle.) The gas was refluxed at room
remperature with a double jacket condenser using -50° C ethanol from a
recircuiating cryobath. Stirring was continued for 19 hours before work-up.
The reaction was poured into a cold, biphasic mixture containing ethyl acetate
(400 m_) and 2 M sodium bicarbonate solution (1 L). The organics were
isolaiec’ and the aqueous was back extracted with ethyl acetate (200 mL).
7 ne combined organics were washed with brine and dried over sodium
s lfate. After filtration, the solvent was concentrated under vacuum to give t-
£ utyl 3(S)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylate as an oil that
sclidifie= on standing. (32.7g, 89% yield): 1H NMR {300 MHz, CDCI3) 3.42
(s 1H), 2.2-3.35 (m,1H), 2.7-2.85 (m, 2H), 2.05-2.2 (m, 1H), 1.37 (s, 6H), 1.3
(s.3H), 7.2 (s.3H).

Step € t-Butyl 3(S)—4-(4-((Dvrid-4-vl)oxv)benzenesulfonyl)-z_2-dimethyl-
g ahyc-2-2H-1 4-thiazine-3-carboxylate

2(8)-t-Buty! 2,2-dimethyl-tetrahydro-2H-1 .4-thiazine-3-
Cz 2oxyizte (2.31 ¢, 0.01 mol) was combined with methylene chloride (25
M- anad <-metnylmorpholine (2.42 mL, 0.022 mol) to form a solution. To this
sc _tion was added 4-[(pyrid-4-yl)oxy]benzenesulfonyl chloride hydrochloride
(3.22 g, C.0102 mo!). The reaction became an orange suspension
accompanied ty a mild exotherm. The reaction was poured into ethyl acetate
(3C2 mL) =fter stirring 4 hours at room temperature. The organics were
wazned wth 2N socium hydroxide (50 mL) and brine solution (50 mL) before
dry'~g ov=- socium sulfate. The solution was fiitered then concentrated under
vaz_um tz give t-buryl 3¢ S)-4-(4-((pyrid-4-yl)oxy)benzenesu!fonyl)-2,2-
dimsthyl-istrahvdro-2H-1 4-thiazine-3-carboxylate as a yellow solid (4.4 g, 94
% y-2ld). ~H NMR (300 mHz, CDCI3) 8.55 (d, 2H), 7.80 (dd, 2H), 7.17 (dd,
2H, 5.82 Zd, 2H), 4.37 (s, 1H), 4.07 (dd, 1H), 3.89 (dt, 1H), 3.15 (qt, 1H),
2.4% {d, 1+, 1.€3 (s. 3H), 1.36 (s, 3H), 1.33 (s, SH).
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Step 7 Preparation of 3(S)-4-(4-((pvrid-4-vl)oxv)benzenesulfonvl)-2.2—
dimethy'-tetrahydro-2H-1.4-thiazine-3-carboxylic acid hydrochloride

A 100 mL flask was charged with dioxane (20 mL) and 3(S)-t-
Buy!l 4-(c‘.-((pyrid-4-yl)oxy)benzenesuIfonyl)-2,2-dimethyl—tetrahydro—2H-1 4-
thizzine-3-carboxylate (4.37 g, 0.0094 mol). To this was added 4 M hydrogen
ch.oride in dioxane (20 mL,0.08 mol) and the mixture was heated to refiux.
Af:ef 4 heurs at reflux, the reaction mixture was cooled and filtered to give
3(E .-4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-z,2-dimethyl-tetrahydro—2H-‘l 4-
thizzine-E-carboxylic acid hydrochioride (3.6 g, 81%) as a white solid. 1H
NM'2 (362 mHz, CDCI3) 8.82 (d, 2 H), 8.15 (d, 2 H), 7.5-7.6 (m, 4 H), 4.4 (s,
TF 412 (dd, 1H),3.85(dt, 1 H), 3.16 (dt, 1 H), 2.55 (d, 1 H), 1.64 (s, 3 H).
1.3z (s, & H).

Exampiz 1(c) Via Methyl 3(S)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carcoxylate

S:2p 5 reparation of methyl 3(S)-2.2-dimethyl-tetrahydro-2H-1.4-thiazine-
3-cz “ooxy ate.

To a stirred solution of 1,2-dibromoethane (1.03 mL) in 10 mL of
dry '. N-c:methyiformamide at 25 °C was added over one hour via cannula, a
solu= on D-2enicillamine methy! ester hydrochloride (2.0 g), and 1,8-
diazzoicyc 2 [5.4.0lundec-7-ene (4.5mL)in 20 mL of dry N,N-
dimsznyifc —mamide. The reaction was stirred for 2 hours, then poured into
sod._m tic=rbonate solution and extracted with ethyl acetate (3 x 100 mL),
the c -3anic ractions were combined, dried over sodium sulfate, filtered,
iscecane zdded and the solvent removed. The residue was placed under
vacu_m fcr 24 hours to give methyl 3(8)-2,2-dimethyl-tetrahydro-ZH-1,4—
thiaz:=g-3-carboxylate (1.41 g) as a slightly yellow oil: "H NMR (300 MHz,
CDC Z ):Z Z.88(s, 1H), 3.67(s, 3H), 3.39-3.30(m, 1H), 2.95-2.80(m, 2H), 2.31-
218, 1K 1.38(s, 3H), 1.27(s, 3H).
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Sten 6. Preparation of methy! 3(8)-4—(4-((Dvrid—4-vl)owlmuz§g§_&|fmj__

2.2-d'methvi-tetrahydro-2H-1 A4-thiazine-3-carboxylate

To a solution of methy! 3(S)-2,2-dimethyl-tetrahydro-2H-1 4
thiazine-3-carboxylate (0.756 g) in dichloromethane (20 mL) at room
-emperature was added 4-methyimorpholine (0.44 mL), followed by 4-[(pyrid-
<-yhoxylbenzenesulfonyl chioride hydrochloride 4a (1.28 g). The reaction
+~as s~rred for 24 hours then poured into pH 7 buffer (100 mL) and extracted
.vit'n.emyi acetate (3 x 100 mL). The combined organic extracts were dried
Sver sodium sulfate, filtered, and the solvent removed under vacuum, The
“@sidu= was chromatographed on silica, eluting with 40% ethyl acetate in
Zichlcromethane. The product-containing fractions were combined and the
solver removed. A minimum of dichloromethane was added followed by
~2xanzs. The solvent was slowly removed which caused Crystallization of
—ethy: 3(S)-4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-Z.2-dimethyltetrahydro—2H-
" 4-thizzine-3-carboxylate (1.06 g) as a crystalline white solid: mp 151°C: 'y
MR (200 MHz, CDCly): 5 8.55(dd, J = 1.5, 5 Hz, 2H), 7.75 (dd, =2, 6.5 Hgz,
<), 7.77(dg, J=2, 6.5 Hz, 2H), 6.89 (dd, J = 1.5, 5 Hz, 2H), 4.47 (s, 1H),
= 10(e=d, J=15 1.7, 12,5 Hz, 1H), 3.78 (ddd, v = 3,125 12 5 Hz, 1H),
< 48(s 3H),3.18(ddd, J=4, 13, 13.5 Hz, 1H), 2.48 (ddd, J = 2.5,3, 14 Hz,
T 1.25 (s, 3H), 1.29 (s, 3H).

Step = Preparation of 3(8)—4-(4-((Dvrid-4-vl)oxv)benzenesulfonvl)-Z.2-
¢ _methy ~tetrahydro-2H-1 4-thiazine-3-carboxvlic acid

A solution of methy| 3(S)-4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-
<. -cimsthyl-tatrahydro-2H-1 4-thiazine-3-carboxylate (15g,35.5 mmol) in 6

<

' sauecus hydrochloric acid (74 mL) was heated at reflyx for 15 hours. The
fr.siare was cooled slightly and the pH adjusted to 6 by addition of 3 M

ac -eous scdium hydroxide and 50% aqueous sodium hydroxide. The
resulling suspensicn was cooled to 20°C and the precipitate collected by

fizmation. washed with water (200 mL), and dried to give 3(8)-4-(4-((pyrid-4-
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ylyox )benzenesulfonyl)-2,2-dimethy|-tetrahyd ro-2H-1 ,4—thiazine—3-carboxylic
acid '2) as a white solid weighing 13.3 g (92% vyield).

Example 1(d) Via Allyl 3(S)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carbcxylate

Stex 5a. Preparation of allyl 3(8)-2.2~dimethvl—tetrahvdro-2H-1.4-thiazini

2-carcoxylate 7
A 50 mL flask was equipped with heating mantle, Dean-Stark

rap, &1d reflux condenser and charged with 3(S)-2,2-dimethyl-tetrahydro~2H-
*.4-th:zzine-3-carboxylic acid 11 (0.87 g, 0.005 mol). To this was added
-enzene (20 mL), p-toluenesulfonic acid monohydrate (0.856 g. 0.0045 moy),
=nd sL furic acid (0.14 mL, 0.0025 mol). The reaction was refluxed for 16
~ours T give an amber solution white 0.2 ml of water was azeotroped.
—2atinT was removed, and the reaction was Poured into water (25 mL). The
23usoucs layer was separated and combined with methylene chioride (25 mL).
~ne pk was adjusted from 1 to 9 with 1N sodium hydroxide solution. The
"3anic was dried and the solvent removed under vacuum to give allyl 3(S)-
.2-cirr-ethyf-tetrahydro—2H-1,4-thiazine-3-carboxylate as a colorless oil (0.47
44% vield,. 1H NMR (300 MHz, CDCl3) 1.24 (s, 3H), 1.42 (s, 3H), 2.3-
28 {c 1H). 2.8-2.9 (dt, 1H), 2.92-3.1 (dt, 1H), 3.3-3.4 (m, 1H), 3.65 (s, TH),
= 7 (2. ZH),£.3-5.5 (m, 2H), 5.8-6.1 (m, 1H).

Step £ Preparation of allyl 3(8)—4-(4-((Dvrid-4-vl)oxv)benzenesulfonvl)-Z,2-
C ety ~tetranvdro-2H-1 4-thiazine-3-carboxviate

-‘,.-[(4-Pyridyl)oxy]benzenesulfonyl chloride hydrochloride 4a (610
2. 2.0 mmo. was suspended in dry acetonitrile (10 mL) and potassium
ca oenae {S£J mg. 4.0 mmol) was added After stirring for 30 minutes, a
sc Jten =fally. 3(8)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylate
(423 mg 2.0 mmo!j in acetonitrile (5 mL) was added dropwise over 15

The mixture was stirred at 20°C for 24 hours. The reaction was

m—Ia

12

qL-=ncnes intc pH 7 buffer and the pH adjusted to 7 with 2 M hydrochloric
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acid. The mixture was extracted with methylene chloride (2 x 25 mL). The
comt ned crganic layers were washed with brine, dried over sodium sulfate,
and f.ierec. The solvent was removed under vacuum, giving allyl 3(S)-4-(4-
{ (pyric--4-yl';oxy)benzenesuIfonyl)-2,2-dimethyl-tetrahydro—2H-1 4-thiazine-3-
camcxylate as a yellow solid weighing 700 mg (78% yield). "THNMR (300
MHz, CDCi;) 8.53 (d, J=5Hz, 2H), 7.78 (d, J= 8 Hz, 2H), 7.15 (d, v = 8 Hz,
2H;, €.90 (c, J = 8 Hz, 2H), 5.84-5.71 (m, 1H), 5.30-5.22 (m, 2H), 4.49 (s,
‘;H;,‘4.35 (€, J=5Hz 2H), 4.10(ddd, /= 1515 9 Hz, 1H), 3.78 (ddd, J =
1.8 12.12Hz, 1 H), 3.18 (ddd, J= 1.5, 12, 12 Hz, 1H), 2.43 (ddd, J = 1.5,
.S, 12 Hz, 1H), 1.65 (s, 3H), 1.31 (s, 3H).

Ster 7 Preparation_of 3(S)-4-(4- ((Dvnd-4-\d)oxv)benzcnesulfonvl) 2.2-
z:metryitetrahydro-2H-1.4-thiazine-3- carboxylic acid

To a solution of allyl 3(S)-4-(4-((pyrid-4- yl)oxy)benzenesulfonyl)
-2-cirmethyl-retranydro-2H-1,4-thiazine-3- -carboxylate (0.150 g) in ethyl
ecelate (3m_) at 0°C, was added N- -methylaniline(0.071 mL) followed by
°°°° tnon=nylpnosphme)palladlum(O) (0.0076 g). The reaction mixture
v-as sti—ed fcr 2 hours at 0°C, hexanes added (4 mL), and the solid filtered off
&-C cri=d in vacuo to give 3(S)—4-(4-((pyrid—4-yl)oxy)benzenesulfonyl)-2,2-
¢ meiny -tetrz Nydro-2H- 1 4-thiazine-3-carboxylic acid (0.085 g) as a white

-

Ezampu= 2 Freparation of Intermediates of Formula 15

(z 4-Z=2roxbenzenesulfonyl chloride

"o a stirred solution of 42.5 g (0.25 mol) of phenyl ether in 200
m_ cfdianicremethane at -20 °C under argon was slowly added 23.3 g (0.20
m< . of amizrosulfonic acid. After the addition was complete, the reaction was
al.owed =2 siowly warm to room temperature. After 16 hours, 150 mL of
isccciane was added and the solution was concentrated to an oily residue.
&2issonstien :n 200 mL of 1:3 dichloromethane/isooctane and

recznierration with cooling to about 100 mL gave a solid. The supernatan:
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was cecanted, and the solid triturated with additional isooctane and then
dried :n vacuo to give 55.2 g of crude 4-phenoxybenzene sulfonic acid. The
crude acid was dissolved in 200 mL of dichloromethane, and 22 mL (32 g,
2.25 mol) of oxaly! chloride was added, followed by 2.5 mL of N,N-
dimetnylformamide. After 2 days, the reaction solution was poured into 200
L of ice water, and extracted with 400 mL of hexane. The organic layer was
washed with 100 mL of water and 100 mL of brine, dried over magnesium
su!r’éte. and concentrated. Recrystallization of the residue from
<ichioromethanefisooctane gave 38.5 g of 4- phenoxybenzenesulfonyl
cnlorice as a white solid: mp 41.5 °C; 1H NMR (CDCl3) 5 7.10 (apparent t,
< H J=7Hz),7.28(t 1H, J = 7 Hz), 748 (t, 2H, J = 8 Hz), 7.98 (d, 2H, J =
£.8 Hz,

(=) 4-/£-Methvlphenoxv)benzenesulfonvl chloride

To a solution of 1.84 g (10.0 mmol) of 4- -methyldiphenyi ether

(s2e J. Chem Soc., Perkin Trans. 17,1992, 407-408) with 2 mL of
C cniorcmethane in an ice-bath was added a solution of chiorosulfonic acid (
€ 73mL 11.0 mmol) in 2 mL of dichloromethane dropwise. The resulting
I Xture was stirred at 0°C to room temperature for 2 hours, and then oxalyl

T .oride . 11.14mL, 13.0 mmol) was added dropwise, followed by 0.15 mL of
D7, Tre resulting mixture was heated to 40°C for 1 hour and then allowed
tc 2cci it room tempereature over a 2 hour period. The reaction mixture was
pc Jred im0 ice-pH 7 phosphate buffer (50mL), then extracted with
ElDAzik2xane (4:3) (3x150mL). The combined organic layers were washed
Witn Erins (75fnL) The aqueous layer was extracted with EtOAc/Hexane(4 3)
(123mL; The crganic layer was dried over Na2804 then evaporated by
vazJdum > give crude preduct as white solid. This solid was triturated with
he.2ne &~d coliected by filtration, then dried under high vacuum to give 1.555
giiv7%)ct 4 (4 methvlphenoxy)benzenesulfonyl chloride as white solid: mp
262-300°C H NMR (DMSO-d6) & 2.34 (s, 3H), 6.91-6.99 (dd, J = 7.7,8.4Hz,
4k 7.24-7 .27 (d, J = 8.4Hz, 2H), 7.61-7.63 (d, J = 8.1Hz, 2H).
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Anal. cale. for C13H11O3SCI: C. 55.22; H, 3.92: S, 11.34; CI,
12.71. Found: C, 55.06; H, 3.95; S, 11.28: CI, 12.71.
The following were prepared in a similar fashion:

(c_ 4-(4-Bromophenoxy)benzenesulfonvi chloride

Prepared from 4-bromobiphenyl ether (Aldrich), mp 81 °C.

(d__4-(4-Chiorophenoxy)benzenesuifony! chioride

Prepared from 4-chlorobiphenyl ether (Transworld), mp 61 °C.

(e} 4-(4-Tluorophenoxy)benzenesulfonyl chloride

Prepared from 4-fluorobiphenyl ether (Riedel-de Haen), mp
76°C.
{f) =-(4-Cvanophenoxy)benzenesulfonyl chloride

Prepared from 4-cyanobiphenyl ether (Transworld).

(@) =-(4-1' sthoxyphenoxy)benzenesulfony! chioride

Prepared from 4-methoxybiphenyl ether (which was prepared
from 4-hy=roxybiphenyl ether by methylation with methy! iodide and
potassium carbonate in refluxing acetone).

(h) =-(Pyrz-2-yhoxybenzenesulfonyl chloride

Prepared from 2-phenoxypyridine (ICN): 1H NMR (CDCI3) d
8.28 'm, 1~ 8.05(d, 2H, J = 9 Hz), 7.81 (t 1H,J=8Hz),7.34 (d,2H J=9
Hz). 715(2d, 1H J=7&5Hz),7.06 (d, 1H, J = 8 Hz).

Exarmple 2.

{a) ¢ S\-N-wvdroxv-4-(4-(4-(imidazoM-vl)phenoxv)benzenesulfonvl)-2.2-
dime-nvl-teahydro-2H-1 4-thiazine-3-carboxamide.

This compound was prepared in a manner similar to the
oroce Zure <ascribed in Example 1(d), except that 4-(imidazol-1-yl)bipheny!
ether preczred by the procedure described in U.S. Patent 4,006,243, the
disclczure ¢ which is incorporated herein by reference) was used in place of

<-phe-oxyc .ridina: mp 148-150 °C.
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(b) 3’S)-N-hvdroxv-4-(4-(4-chloroohenoxv)benzenesulfonvl)—Z.2-dimethv|;
fetrar vdro-2H-1.4-thiazine-3-carboxamide.

This compound was prepared in a manner similar to the
oroceure described in Example 1(d), except that 4-(d-
chlorc ohenoxy)benzenesulfonyl chioride (Example 2(d)) was employed in
clace of 4-[(4-pyridyl)oxy]benzenesulfony! chloride hydrochloride in step 6:
—p 173-180°C.

Anal. Caled for CygH,1N,055,C1+0.3H20: C, 49.94; H, 4.63; N,
£.13,3.14.03; Cl, 7.76. Found: C, 48.34, H, 4.77, N, 6.96; S, 13.35; Cl, 7.46.

o) 3 ‘5\-N-hvdroxv~4-(4-((DVrid-4-vl)suIfanvl)benzenesulfoml)-z.2-dimethv}_
‘strahy=ro-2H-1.4-thiazine-3-carboxamide.

This compound was prepared in a manner similar to the
= "ocec re described in Example 1(d), except that thiophenol was employed in
= :ace c” phenol (in example 1(a), step 1): mp 128-131°C with gas evolution;
T NME (30T MHz, DMSO-d6) 5 10.70 (s, 1H), 8.92 (s, 1H), 8.48 (dd, J= 1.5,
~z.2+),7.83(d. J=8.5Hz, 2H), 7.74 (d, J= 8.5 Hz, 2H), 7.25 (dd, J = 1.5,
€ Hz,2-),4.15-4.00 (m, 1H), 4.06 (s, 1H), 3.97-3.85 (m, 1H)

()]

Examp 2 4

z ’?/S‘)--‘.-hvc'—oxv-‘.-(4-/4-bromophenoxv)benzenesulfonvl)-cl-ﬂ-
£ =1oxyczrbonvl)-piperazine-2-carboxamide

Step 1. A solution of 2(R/S)-piperazine-2-carboxylic acid
d:~ydrecniorice (1.06 g, 5.23 mmol) in 8 mL of 1:1 dioxane:water was brought
tc ok 17 with 10% aqueous sodium hydroxide and then cooled to 0°C. To
th.:z saluzon was acded a solution of di-t-butyldicarbonate (1.37 g, 6.28 mmol)
ir 2 mL =% dioxane. and the reaction mixture was allowed to warm slowly to
re= weroerature overnight. The reaction mixture was then re-cooled to 0°C,
ar:z iret=viamine (4.0 mL) and 4-(4-bromophenoxy)benzenesuifonyl chioride
(2.233. 275 mmol, as a solution in 3 mL of dioxane) was added. The

rez ction Tixturs was stirred for 5 hours at 0°C to room temperature, and then
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acicified t= pH 2.5 with 2 N hydrochloric acid. The mixture was extracted with
ethy! acetate (3 x 100 mL) and the combined organic layers were washed
witt 1 N azueous scdium hydrogen sulfate and brine, dried over sodium
sulfzte. ard concentrated. The residue was purified by chromatography on
200 g of s7iica, eluting with 1:10:1 ethyl acetate:hexane:acetic acid, to give
1.07 g (38 %) of 2(R/S)-1-(4-(4-bromophenoxy) benzenesulfonyl)-4-(t-
butc xycar=onyl)-piperazine-2-carboxylic acid: mp 112.8°C.

Siep 2. To a solution of 2(R/S)-1-(4-(4-
bromophe Toxy)benzenesulfonyl)-4-(t-butoxycarbonyl)-piperazine-2-carboxylic
acic (2.42 g, 4.47 mmol) in 15 mL of anhydrous dichloromethane at 0°C was
adc=d O-:-butyl-dimethyisilyl)hydroxylamine (898 mg, 6.71 mmol), followed
by & sciutan of EDC methiodide (1.99 g, 6.71 mmol) in 20 mL of
dicr .orom=than=. Tne resulting mixture was stirred for 16 hours at 0°C to
roo— tem=--erature, and then concentrated in vacuo. The residue was
par-icnec between ethyl acetate and water, and the organic layer was
was 1ed wh water, saturated aqueous sodium bicarbonate, and brine. After
dryi—g ove - sodium sulfate, the organic layer was concentrated, and the
resizue wzs purified by rapid filtration through a pad of silica gel, eluting with
1.1 =inyi 2 cetats:hexane. After concentration of the filtrate, the residue was
tritw -ated with hexans, filtered, and dried under vacuum to give, in two crops,
1.72 g (687 75) of 2(R/S)-N-(t-butyl-dimethylsilyloxy)-1-(4-(4-
bro—ooneoxy; cenzene-sulfonyl)4-(t-butoxycarbonyl)-piperazine-2-
carc oxame2e as a white solid: mp 163.6°C.

Step 3 To a solution of 2(R/S)-N-(t-butyldimethylsilyloxyl)-1-(4

(4-t omor ~enoxy)benzenesulfonyl)-4-(t-butoxycarbonyl)-piperazine-2-

carcoxamize (1.58% g, 2.28 mmol) in 8 mL of anhydrous THF was added a 1
M sz utior of terrabutylammonium fluoride in THF (3.6 mL). After 0.5 hours,
the —zactic = mixture was concentrated and the residue was partitioned
betw2en eyl acetaiz and water. The organic layer was washed with
satu—aed =guecus sodium bicarbonate and brine, dried over sodium sulfate,

and zcncetrated. Trturation of the residue with t-butyl methyl ether:hexane

1U794
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cave a precipitate which was filtered and dried under vacuum to give 1.320 g
(29%) cf 2(R/S)-N-hydroxy-1-(4- (bromophenoxy)benzenesulfonyl)—4-(t-
E stoxycarbonyl)-piperazine-2-carboxamide: mp 112.4°C. Anal. calc. for
C22HpEN,O,S: C, 47.49, H, 4.71; N, 7.55; Found: C, 47.56; H, S.01 N, 7.42.

Exampie §
(21 2(R/3)-N-hydroxy-1 (4-(4-bromophenox1)benzenesulfonv|)-oiperazine~2—

c="boxz mide hydrochloride
2(R/S)-N-hydroxy-1-(4-(4-bromophenoxy)benzenesuifonyl)—4~(t-

b_toxycarbonyl)-piperazine-2-carboxamide (999.1 mg, 1.80 mmol) was
d.ssoived in 40 mL of 4:3:1 ethyl acetate/dichloro-methane/methano| with
g=ntle n=ating. The resulting clear solution was allowed to cool to room
temrcerzture, and 5 mL of 4 M hydrogen chioride in dioxane was added. After
5 ~ours, :he reacticn mixture was partially concentrated under reduced
pressurs. anc ther diluted with ethyl acetate:ethyl ether. The precipitate was
cc-:ectec by firraticn, washed with ethyl acetate and ethyl ether, and dried
ur-zer va suurm to give 548.8 mg (62%) of 2(R/S)-N—hydroxy-1-(4-(4_
brzmepranoxy) benzenesulfonyl)-piperazine-2-carboxamide hydrochioride as
a whre s2lid: mp 185.6°C.

=ne. cale for Cy-H,,CiBrN,O.S: C, 41.43: H, 3.89/ N, 8.53; Found: C,
4% L7+ 3.88: N, £.38.

Tne fcilowing compound was prepared in a similar manner:

(b 2(PJS --N-h'.'drow-‘l-/-‘—-Dhenovaenzenesulfonvl)-piperazing-z-

ca—soxam-de: mp 180.4°C;
Foal ezl i CprtygN,0sS: C, 54.10: H, 5.07;N, 11.13; 8, 8.50; Found: C.
54.24:H. 208 N, 1°.06: S, 8.44,
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Example 6
{a) 2/R/S -N-hydroxy-1-(4-(4-chiorophenoxy)benzenesuifonyl}-4-(N-
me-vicarcamoyl)-piperazine-2-carboxami

S:2p 1. 7o a suspension of 1.20 g of 2(R/S)-4-(benzyloxycarbonyl)-
pip=razins-2-carboxylic acid (obtained according to the method of M.E. Freed
anc J.R. Fotoski, U.S. Pat. No. 4,032,639 (1977), the disclosure of which is
her=in incorporated by reference) in dichloromethane (2.5 mL) at 0°C was
adcéd 0.€3 mL of trimethylsilyl chloride. After 10 minutes, triethylamine (1.55
mlL was zdded, followed by addition of 1.37 g of 4-(4-
chiz -ophe~oxy)benzene-sulfonyl chloride. After 3 hours, the mixture was
parziionec between dichloromethane and pH 4 citrate buffer. The organic
lays - was washed with water, dried over sodium sulfate, and concentrated.
The residu2 was purified by chromatography, eluting with 0.5% acetic acid in
85:Z dichicromethane/ethanol, to provide 2.05 g (85%) of 2(R/S)-1-(4-(4-
chic -ophe~oxy)benzenesulfonyl)-4-(benzyloxycarbonyl)-piperazine-2-
carz oxylic z2cid: mp 104.2°C.

Anal. cale. for C,sH,,CIN,0,S: C, 56.55; H, 4.37; N, 5.28: S,
6.0~ Foumd: C, 66.65; H,4.41; N, 5.22; S, 6.10.

Step 2. A solution of 2(R/S)-1-(4-(4-
chic ~opner oxy)tenzenesulfonyl)4-(benzyloxycarbonyl)-piperazine-2-
carz oxyiic zcid (2.21 g) in 18:1:1 ethanol:ethyl acetate:water was
hycogenazed at 1 atm over 10% Pd/C (0.22g) for 1 day. The catalyst was
remzved £ - filtration and the solution concentrated to give 2(R/S)-1-(4-(4-
chic ~spher oxy)benzenesulfonyl)-piperazine-2-carboxylic acid of ca. 959
pur~. . whizh was used without further purification.

Step 3. To a solution of 2(R/S)-1-(4-(4-chlorophenoxy)benzene-
sulfz ~y'-p:2erazine-2-carboxylic acid (0.987 g) and triethylamine (0.41 mL) in
20 r~._ ci a~nydrous DMF was added methyl isocyanate (0.16 mL). After 6
hou~z. tre —zacticn was partitioned between dichloromethane and 1 N sodium
bisu:"ate. T ne acueous layer was extracted twice more with dichloromethane,

and Tne ccmbined organic layers were dried (sodium sulfate) and

v1iv794-
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concentrated. The residue was purified by chromatography, eluting with
35:1E dichloromethane:ethanol containing 0.5% acetic acid, to provide 0.918
3 (81%) of 2(R/S)-1-(4-(4-chlorophenoxy) benzenesulfonyl)-4-(N-
methy.carbamoyl)-piperazine-2-carboxylic acid: mp 212.7°C. Anal. calc. for
C1Hz-CIN,QS: C, 50.27; H, 4.44; N, 9.26; S, 7.06: Found: C, 50.56; H, 4.40;
N, 8.23; S, 58.93.
Step 4. To a solution of O-(t-butyldimethylsilyl)hydroxylamine
13.282 g)in 12 mL of 5:1 dichloromethane:DMF at 0°C was added 0.580 g of
*-(4-(~-chlcrophenoxy) benzenesulfonyl)-4-(N~methylcarbamoyl)—2R/S-
ciperazinecarboxylic acid followed by EDC hydrochloride (0.294 g) and the
~zactict mixiure was stirred for 15 minutes at 0'C and then allowed to warm
3 room temoerature. After 1.5 hours, the reaction was partitioned between
=thyl 2 cetats and aqueous sodium bicarbonate. The organic layer was
washe< with water and brine, dried over sodium sulfate, and concentrated.
" ne residue was crystallized by slow evaporation from dichioromethane/t-
¢ Jtyl matnyi ether/isocctane to provide 0.643 g (86%) of 2(R/S)-N-(t-butyl-
c metrisilyioxy)-1 -(4-(4—chlorophenoxy)benzenesulfonyl)—4-(N~
—e&tnyizarba moyl}-piperazine-2-carboxamide as a white solid- mp 171.0°C.
Anal. calc. for CpsH,sCIN,O.SSi: C, 5149, H,6.05; N, 9.61: S,
.50 =ourd: C, 51.59; H, 6.06; N, 9.67; S, 5.58.
Step 5. To a solution of 2(RIS)-N-(t-butyldimethylsilyloxy)-1—(4-

('-'--chicr:ohe'1oxy)benzenesulfonyl)—4-(N-methylcarbamoyl)—piperazine-2-

n

20

czrpoxamide in 20 mL of methanol at 25'C was added 0.5 mL of
tmTuorczcetic acid. After 30 minutes, 20 mL of toluene was added and the
25 st.utor was soncentrated. The residue was recrystallized from
C cnioromethaneft-butyl methyl ether/isooctane to give 781 mg (99%) of
Z R/S)-*v-hycroxy-1 -(4-(4-chlorOphenoxy)-benzenesulfonyl)-4-(N-
rm-2inyiczroomoyl)-piperazine-2-carboxamide as a white solig- mp 133.2°C.
Anal. cale. for CyHyCIN,OgS: C, 48.66: H, 4.51; N; 11.95; S,

30 €34 Found C 48.74; H, 4.53; N; 11.90: S, 6.91.
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he fcilowing compounds can be prepared in a similar manner:

‘9) 2("-?\-N-hvdroxv-1-E-(A-ﬂuorophenoxv)benzenesulfonvl)-4-(N-
methy carbamoyl)-piperazine-2-carboxamide:

72) 2(P -N-hvdroxy-1 -(4-(4-methoxyphenoxy)benzenesulfonyl)-4-(N-
methy: carbamovyl}-piperazine-2-carboxamide: and

(2) 2(F. S)-N-hydroxy-1-(4-(4-chlorophenoxy)benzenesulfonyl)-4-(N-
isoprozvicarbamoyl)-piperazine-2-carboxamide.

Example 7

(=) 2(F.’S)-N-hvdroxv-1-(4—0henoxybenzenesulfonvl)-4-acetvl-piperazine-2-
czrbox=mide

Step 1. To a stirred solution of 42.5 g (0.25 mol) of phenyi ether
ir 200 —L of dichloromethane at -20°C under argon was slowly added 23.3 g
(2.20 m2l) of chlorosulfonic acid. After the addition was complete, the
reactior was allowed to slowly warm to room temperature. After 16 hours,
120 mL ofisooctane was added and the solution was concentrated to an oily
residue Redissolution in 200 mL of 1:3 dichloromethane/isooctane and
re conce ~tration with cooling to about 100 mL gave a solid. The supernatant
wzs de=anted, and the solid triturated with additional isooctane and then
dr=din vacuc to give 55.2 g of crude 4-phenoxybenzene sulfonic acid. The
cr-de a=d was dissolved in 200 mL of dichloromethane, and 34 g (0.25 mol)
o oxaly: chioride was added, followed by 2.5 mL of DMF. After 2 days, the
rezction solution was poured into 200 mL of ice water, and extracted with 400
m. of hexane. The organic layer was washed with 100 mL of water and 100
m.- of brme, dried over magnesium sulfate, and concentrated.

€lrysiz...zaticn of the residue from diéhloromethane/isooctane gave 38.5¢

of <-pne~sxybanzenesulfonyl chloride as a white solid: mp 41.5°C.

Siep 2. To a stirred solution of 2(R/S)-piperazine-2-carboxylic
aciz (1.27 g, 10.0 mmol) and triethylamine (3.6 mL) in 25 mL of 2:2:1
diczanersvater/acetronitrile at -20°C was added dropwise 1.13 mL (1.22 g,

12.2 mma) of acetic anhydride. After 2 hours at -20°C, an additional 1.5 mL.
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¢ triethylamine was added, followed by 2.69 g (10 mmol) of 4-

pr2noxydenzenesulfonyl chioride. The reaction mixture was allowed to warm
sicwly tc room temperature. After 18 hours, the reaction was partitioned
bexweer 100 mL of 0.5 N potassium dihydrogen phosphate and 100 mL of
et~yl acetate. The agueous layer was acidified with 10 mL of 2 M sulfuric
ac: 3, anc extracted with an additional 100 mL of ethyl acetate. The combined
orzanic ayers were dried over sodium sulfate and concentrated. The residue
wes cissolved in 100 mL of 1:1 toluene/methanol, and
trirmetnylsilyldiazomethane (2 M solution in hexane) was added dropwise until
the yeiow coler no longer dissipated (about 15 mL). After addition of 2 drops
of zzetic acid to consume excess trimethyisilyl-diazomethane, the solution
was ceneentrated and the residue was purified by chromatography on 150 g
of s’iica ¢!, eluting with a 80% ethyl acetate/hexane to ethyl acetate gradient.
Corzentrztion of the product-containing fractions gave an oil which solidified
upc tritu-ation with i-butyl methyl ether/hexane to give 1.86 g (44%) of
mezny.: 2( :JS)-‘.--(4-p'nenoxybenzenesulfonyl)-4-acetyl-piperazine-2-
carzoxylaz=: mp 118°C.

Anal. cale. for CpoH,,N,06S: C, 57.41: H, 9.30; N, 6.69; S, 7.66:

Fzarz: C,57.38,H,5.29; N, 6.75: S, 7.72.

St2p 3. To a solution of methyl 2(R/S)-1-(4-

rhe- :x,'bsnzenesulfcnyl)—4-acetyl-piperazine-2—carboxylate (1.672g)in 12

— -
i

mL =*T5F and 8 mL of methanol was added in a dropwise manner 4 mL of 2

N ac uecus lithium hydroxide. Afier 1 hour, the reaction solution was
part-orec aeMeen 100 mL of ethyl acetate and 25 mL of 1 N aqueous
sodium oiscifate. The organic layer was washed with brine, dried over
scdium suifate, and concentrated. The residue was triturated with t-buty!
metr . eins- anc filterad to give 1.544 g (96%) of 2(R/S)-1-(4-
pher.:x.":-eﬁzenesuifcnyl)—4-acety|—piperazine-2-carboxylic acid as a white
solic mz Z73°C.

Anzi. caic. for CygHoN,04S: C, 56.43; H, 4.98; N, 6.93: 5, 7.93:
Fourc: T 23.50; H, 4.96: N, 6.90; S, 8.01.
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Step 4. To a solution of O-(t-butyldimethylsilyl)hydroxylamine
(2.575 g) in 13 mL of dichloromethane at 0°C was added 1.212 g of 2(R/S)-1-
(-i-pher.oxybenzenesulfonyl)-4-acetyl—piperazine-2-carboxylic acid. To this
rmixture was added 2.0 mL of DMF, resulting in a clear solution. After about 3
rminutes. EDC hydrochloride (0.634 g) was added in one portion, and the
reactior was stirred for 15 minutes at 0°C and then allowed to warm to room
temperature. After 2 hours, the reaction was partitioned between 100 mL of
21 e-th;.z acetate/hexane and 50 mL of water. The organic layer was washed
wh satrated aqueous sodium bicarbonate, 1 N aqueous sodium bisulfate,
a~d pH ~ phosphate buffer/brine, dried and concentrated. Trituration of the
residue with t-butyl methyl ether/hexane and filtration gave 1.351 g (B4%) of
2 'DJS)-?~--(t—butyldimethyisilyloxy)-1-(4-phenoxy-benzenesulfonyl)—4-acetyl-
p->erazi~e-2-carboxamide as a white solid: mp 146°C.

Anal. cale. for Cp H3sN,04SSi: C, 56.26; H, 6.61;N,7.87; S,
6.2, Found: C, 56.33; H, 6.66; N, 7.94; S, 6.09.

Step &, To a solution of 2(R/S)-N-(t-butyldimethylsilyloxy) 1-(4-
prenoxy=enzenesulfonyl)-4-acetyl- piperazine-2-carboxamide (1.200 g, 2.25
m—ol) ir. 20 m_ of methanol at 25° was added 0.5 mL of trifluoroacetic acid.

ATz 1 hzurs, 20 mL of toluene was added and the solution was

meTyi ewer to give 850 mg (84%) of 2(R/S)-N-hydroxy-1-(4-
pne-ﬁoxy:-enzer‘:esulr’onyl)-4—acetyl-piperazine-2-carboxamide as a white solig:
mg 171°C (cecomp).

nal. cale. for CygHyN;04S+0.25 C,H 120 (t-BuOMe)s0.25 H,0:
= 3.85/N. 9.44, S, 7.20; Found: C, 54.62: H, 5.45; N; 9.38; S,

[N
()

~N O
"y
: i
o))
[oh)

Tr2 foliowing compounds can be prepared in a similar manner

fro~ enariomerically pure 2(R)-piperazine-2-carboxylate:

(B) 2 Ry-N_virexy-1-(4- ~(4-chlorophenoxy)benzenesulfonyl-4- -acetyl-
pips-azine-Z.zarpoxamide:
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i) 2(F =-N-hydroxy-1-(4-phenoxybenzenesuifonyl)-4-(methoxyacetyl)-

C'perazine-2-carboxamide:

) 2(P -N-hvdroxv-1-(4-phenoxybenzenesulfonyl-4-( isobutyryl)-piperazine-2-
carboxzmide:

=} 2(F --N-hvdroxv-1-(4-(Dvrid-4-vl)ovaenzenesulfonvl)-4-acetvl-piperazine-
Z-carboxamicde:

(£_2(R.-N-hygroxy-1-(4-(4-fluorophenoxy)benzenesutfony)-4-acetyl-
£ peraz ne-2-carboxamide; and

{2 2(R -N-hydroxy-1-(4-(4-chlorophenoxy)benzenesulfonyi-4-
(< 'meth viamiroacetyl)-piperazine-2-carboxamide.

Examp.2 8
(z_ 3R -M~hvc‘roxv-4-(ﬂ4-chloroohenoxv)benzenesu!fonvl)-moroholine—S-

C="boxz Mide
Step 1. To mixture of D-serine methyl ester hydrochloride
(" ©.20 ¢ and N-methylmorpholine (16.5 mL) in 385 mL of 10:1

dizhlorcethane DMF at -10°C was added, in portions over a 2 hour period,
< 1€ g =7 4-(¢-chlorophenoxy)benzenesulfony! chloride. The mixture was
st red &~ additional 2.5 hours at-10°C, and then partitioned between 1 M
ac ~2ous scdium bisulfate (200 mL) and 4:1 ethyl acetate:hexane (400 mL).
Tr= aguzous layer was extracted with additional ethyl acetate:hexane (200
m. and ne ccmbined organic layers were washed with water, 1 M aqueous
scz:um Csulfae, saturated aqueous sodium bicarbonate, and brine. After
dr."ng ov=r socium sulfate, the solution was concentrated almost to dryness,
arc tne r=sidue was crystallized from t-butyl methyl
etrsndicr.orom sthane:isooctane to give two crops of 18.09 g and 3.20 g.
Tez=lyieiz of N-{4-(4-chlorophenoxy)benzenesulfonyl)-D-serine methyl ester

was: 21.2Z g:mz 103.9°C.

in

S:zp 2. To a stirred solution of N-(4-(4-chlorophenoxy)benzene-
suirznyl)-C-serire methyl ester (8.3 g) and triphenyl phosphine (6.79 g) in 150

704



10

15

3¢

-76 - 019794

mL of TH= was added diethyl azodicarboxylate (4.07 mL) in 2.5 mL THF.
After 18 hours, the reaction was partitioned between 1:1 ethyl acetate: hexane
anc water. and the organic layer was washed with brine, dried over sodium
sulfate, and concentrated. Chromatography of the residue (20% ethyl
ace:atethexane) provided 7.05 g (89%) of methyl 2(R)-1-(4-(4-
chleropheroxy)benzene-sulfonyl)aziridine-2-carboxylate as a thick syrup.

Step 3. To a stirred solution of methyl 2(R)-1-(4-(4-chloro-
pher.oxy) cenzenesulfonyl)aziridine-2-carboxylate (6.81 g) in 13 mL of 2-
brormoethanol at 0°C was added dropwise 1.85 mL of boron trifluoride
etherate. The reaction was stirred for 30 minutes at 0°C and for 6 hours at
room temperaturs, and then partitioned between 200 mL of 0.1 NpH7
phoszhate buffer and 250 mL of 2:1 ethyl acetate:hexane. The organic layer
was washed with water and brine, dried over sodium sulfate, and
concsntrated. Recrystallization of the residue from t-butyl methyl
ether."sooctane gave 3.69 g of a slightly impure solid, which was again
recrysialiized from t-butyl methyl ether/isooctane to yield 2.35 g of fine white
need.zs. Tre combined filtrates were concentrated and the residue was
chror-atogrzphed on 150 g of silica gel with 40% to 50% t-butyl methy| ether
in hexzne. The product-containing fractions were partially concentrated to ca.
50 m_ velurme, and the crystalline solid isolated by fiitration to provide an
additiznal 1.71 g cf product. Total yield of N-(4-(4-chlorophenoxy)
cenze nesuliznyl)-O-(2-bromoethyl)-D-serine methy! ester was 4.36 g (51%):
mp 9€°C.

Step 4. To a solution of N-(4-(4-
:h!orc:henc:ry)ber.zenesuIfonyl)-O-(Z-bromoethyl)—D-serine methyl ester
(3.94 ¢ in 4 mL cf anhydrous DMF at 0°C was added 4.0 g of powdered
Fotass -m caryonate. After the addition, the ice bath was removed, and the
mixturs was stirrec vigorously as the reaction was allowed to warm to room
tempe~=iure. After 1 hour, the mixture was partitioned between 200 mL of
vater 2~d 2C7 mL cf 1:1 ethy! acetate:hexane. The organic layer was

washec with Z00 m_ of 0.1 N pH 7 phosphate buffer, 50 mL of water, and 50
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mL ¢? brine. dried over sodium sulfate, and concentrated. The resulting thick
syrup (3.86 g) was dissolved in 60 mL of 4:1:1 dioxane:methanol:water at 0°C
and 12 mL of 2N aqueous lithium hydroxide was added. The mixture was
stirrec for 30 minutes at 0°C and then allowed to warm to room temperature.
After 2n additional hour, the reaction was partitioned between 250 mL of 2:1
ethyt acetatethexane and 100 mL of 0.5 N aqueous sodium bisulfate. The
aquec s layer was extracted with an additional 50 mL of ethyl
acetar2:hexane, and the combined organic layers were washed with brine,
cried cver scdium sulfate, and concentrated. The residue was
cnromztographed on 150 g of silica with 70% ethyl acetate:hexane containing
C.5% zcetic acid. The product-containing fractions were concentrated to
£rovids 2.98 g (94%) of 3(R)-4-(4-(4-chlorophenoxy)benzenesulfonyl)-
rmorphziine-3-cartoxylic acid as a syrup which solidified on standing: mp
151.8'C.

Ster 5. To a solution of 3(R)-4-(4-(4-
cnlerog wenoxy)benzenesuIfonyl)-morpholine-3-carboxylic acid (3.06 g) in 35
. of € 1 dichloromethan:DMF at 0°C was added O-(t-butyldimethysilyl)-
hwdroxyiamine (1.47 g) followed by EDC hydrochloride (1.77 g). The solution
wzs sti—ad fc- 30 min at 0-C and then allowed to warm to room temperature.
AZ2r 2 ~ours, the reaction was partitioned between 150 mL of 1:1 ethyl
acstate:nexares ans 100 mL of water. The organic layer was washed with
cc.d 0.1 N aqueous sodium bisulfate (25 mL), 0.1 N agqueous sodium
bizarborate (25 mL), and brine, dried ever sodium sulfate, and concentrated
tc an oil whicr solidified upon standing. Trituration with hexane and filtration
gzve 3.42 g (E5%) cf S(R)-N-(t-butyldimethylsilyloxy)-4-(4-(4-
ch :roprenoxy')benzenesulfonyl)-morphoiine—3-carboxamide as a white solid:
mz 129.7°C.

Sep € To a suspension of 3(R)-N-(t-butyldimethylsilyloxy)-4-
(4- 4-chzcroph-:—noxy‘)benzenesulr’onyl)—morpholine-3-carboxamide (3.35g) in
25 L of methanol 2t 25°C was added 0.3 mL of trifluoroacetic acid. After 1

hcor, 20 =L of -oluene was added and the solution was concentrated to a
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volume of about 10 mL. Upon addition of an additional 10 mL of toluene, a
solid precipitated. After a few minutes, 20 mL of hexane was added and the
solid was coliected by filtration and dried in vacuo to give 2.65 g (95%) of
3! R)-N-hydroxy-4-(4-(4~chlorophenoxy) benzenesu!fonyl)-morphonne-3-
carboxzamide & 0.33 toluene as a white solid: mp 104-C, Anal. cal. for
C47H;,CIN,0,8+0.33 C,Hg: C, 52.32; H, 4.47, N, 6.32; Cl, 8.00; S, 7.23;
Found: C, 52.31; H, 4.47; N, 6.26; Cl, 7.97; S, 7.38.

The fzllowing compounds can be prepared in similar manner:

(b) 3(R)-N-hvdroxv-4-(4-phenovaenzenesuifonvl)-morpholine-

3-carboxamide:;

{c) 3( R)-N-hvdroxv-4-(4-(4-methoxvnhenoxv)benzenesulfonvl)~
morpholine-3-carboxamide:

{d) 3(R)-N-hydroxy-4-(4-( Dyrid-4-vl)ovaenzenesulfonvl)-
morpholine-3-carboxamide:

() 3(R\-N-hvdroxv-4-(4-(4-ﬂuoroohenoxv)benzenesulfonvl)-
morpholine-3-carboxamide: and

[ 3(R\-N-hvdroxv-4-(4-(4-(imidazol-2-vl)nhenoxv)benzene-
sulfonyi)-merpholine-3-carboxamide.

Example 9

(a 2(R\--‘J-hvc‘roxv-‘;-(4-(4-chloroohenoxv)benzenesu!fonyl)—4-(t-
bur-xyes ~onyl:-pipe-azine-2-carboxamide

Step 1. To a solution of Z(R)-piperazine~2-carboxylic acid (1.30
g) and trizthylamine (3.50 mL)in 25 mL of 3:2 acetonitrile:water at -15° C was
adcz=d BC 2-ON (2.7C g) ir one portion. The mixture was allowed to warm
slow’y to Z5°C overnight, and then concentrated to a volume of ca. 10 mL.
The resui=ng mixture was partitioned between 25 mL of water and 50 mL of
4:1 2thyl 2 zetate:hexane. The aqueous layer was further washed with
dich. srom=thane (3 x 40 m-) and then concentrated. The semi-solid residue
was iturgzad with ethanol and filtered to give 1.18 g of 2(R)-4-(t-

butoxycars anyl)-piperazine-z-carboxylate. Concentration of the filtrate gave a
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seconz crop of 0.58 g: total yield of 2(R)-4-(t-butoxycarbonyl)-piperazine-2-
carboxvlic acid was 1.76 g (76%).

Step 2. To a stirred suspension of 2(R)-4-(t~butoxycarbonoyl)-
Tiperazine-2-carboxylic acid (4.62 g) and N-methylmorpholine (5.5 mL) in 90
mL of Z:1 dichloromethane:DMF was added dropwise trimethylsilyl chloride
(2.79 rL) with cooling in a 15° C water bath. After 1 hour,
clisopr=pyletnylamine (3.5 mL) was added and the mixture was stirred for
anotﬁe' hour. at which point little solid remained. Additiona] trimethylsilyl
cnlorics (0.20 mL) was added, and after 30 minutes, the reaction was a
-omog=nous solution, and 4-(4-chiorophenoxy)benzenesulfonyl chloride
(2.67 ¢ was added in one portion. The reaction was stirred for 2 hours, and
tmen guencec with ca. 10 mL of water. After 30 minutes, the mixture was
£zrtitic~=d between 300 mL of 2:1 ethyl acetate:hexane and 100 mL of 0.5 N
azueous sodium bisulfate. The organic layer was washed with 100 mL each
c* 0.2 M and C.05 N sodium bisulfate and with 50 mL of brine, dried (sodium
s-iiate, and concentrated. The residue was purified by chromatography on
220 g c7 silica. eluting with a gradient of 30% to 40% to 50% ethyl
acswats nexare containing 0.5% acetic acid, to give 9.33 g of 2(R)-4-(t-
b:.oxycsrbon'_.'l)-1-(4-(4—:hlorophenoxy)-benzenesulfonyl)—piperazine-Z-
carzoxy'. s acic as a solid foam containing traces of solvent.

Step 3. To a solution of 2(R)~4-(t-butoxycarbonyl)-1-(4-(4-

C.oroprenoxy ) benzenesulfonyl)-piperazine-2-charboxylic acid (995 mg) in
12 mL ¢ dichizromethane at 0°C was added O-(t-butyl-
dimethy:siiyl)hedroxylamine (430 mg) followed by EDC hydrochioride (460
mz .. Afi=r 20 minutes, tne reaction was allowed to warm to 25°C. After 2
nc.rs, tr= reaction was cartitioned between water and 1:1 ethyl
acsiatermaxans. Tha orcanic layer was washed with water and cold 0.1 N
ac'seous sodium pisulfate, and finally with pH 7 phosphate buffer/brine. The
orzznic izver was dried over sodium sulfate, and concentrated to a solid.
Dis:solution in ¢ chioromethane, dilution with isooctane, and partial

Corcentrztion cave a heavy precipitate, which upon fittration and drying
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orovided 1.137 g (88%) of 2(R)-N-(t-butyldimethylsilyloxy)-4-(t-
outoxycarbonyl)-1-(4-(4-chlorophenoxy)benzenesulfonyl)-piperazine-2-
carboxamide: mp 181.6°C.

Anal. calc for C;5H,,CIN;0,SSi: C, §3.70; H, 6.44; N, 6.71; S,
£.12; Founc:C, 53.79; H, 6.46; N, 6.72; S, 5.19.

Step 4. To a solution of 2(R)-N-(t-butyldimethylsilyloxy)~4-(t-
tutoxy-carbcnyl)-1-(4-chlorophenoxy)benzenesulfonyl)-piperazine-2-
:arbdxamide (100 mg) in methanol (4 mL) was added TFA (0.2 mL). After 1
rour, toluene (20 mL) was added and the solution was concentrated to a solid
residus. which was recrystallized from methanol to give 48 mg of 2(R)-N-
r-'ydror_.'-‘l-(4—(4-chlorophenoxy)-benzenesulfonyl)-4—(t-butoxycarbony])-

£:perazine-2-carbonxamide as fine white needles: mp 94.6°C.

The following compounds were prepared in a similar manner:

b)Y 2({R)}-N-hyd roxv-1-(4-(4-ﬂuorophenoxv)benzenesulfonvl)-4-
-t-butoxycarbonyl)-piperazine-2-carboxamide: mp 151.2°C;

-2} 2(R/S)-N-hydroxy-1-(4-( 4-cyanophenoxy)benzenesulifonyiy-
<-(t-butoxycarbonyl)-piperazine-2-carboxamide: mp 131.3°C;
and

(d) 2 R/S)-N-hvdroxv-1-(4-(pvrid—2-vl)OXVbenzenesuIfonvl)-4-(t-
cutoxycarbonyl)-piperazine-2-carboxamide: mp 133.5°C:

Anal. calc. for CpyH,N,0,S: C, 52.71; H, 5.48; N, 11.71; S,
€.70. Found: C, 5.54; H, 5.48; N, 11.61; S, 6.75.

Exampie 10

(2R ~N-'nvc'roxv—1-(4-f4-chIoroohenoxﬂbenzenesulfonvl)-piperazine-Z-
Cepoxamide hvdrochloride

To a solution of 2(R)—N-(t-butyldimethylsiIyloxy)-4-(t-butoxy-
cazeny! - 1-(4- 4-ch?:orophenoxy)benzenesulfonyl)-piperazine-2-carboxamide

(373 mg in7 mL of 5:1 dichloromethane:methanol was added 2.0 mL of 4M
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HCl in dioxane. After 1 hour, the solution was Partially concentrated to ca.?2
mL, diluted with 5 mL of ethy!l acetate, and reconcentrated to near dryness.
The residue was triturated with ethyl acetate, filtered, ang dried in vacuo to
provide 198 mg (88%) of 2(R)-N~hydroxy-1-(4—(4-chlorophenoxy)-
benzenesulfonyl)-piperazine-2-carboxamide hydrochloride as a white solid:
mp 169°C.

Anal. calc. for C17H1sCN;04S: C, 45.54; H, 4.27: N, 9.37; C|,
15.82; 8, 7.15; Found: C, 45.59; H, 4.25; N, 9.20; CI, 15.66: S, 7.02.

The following compound was prepared in a similar manner:

(b) 2( R)-N-hvdroxv-1-(4-(4-ﬂuorophenoxv)benzenesulfonyl)-
piperazine-2-carboxamide hydrochloride: mp 150.8°C.

The following compounds can be Prepared in a similar manner-

{c) 2( R)-N-hvdroxv-1-(4-(4-methoxvohenoxv)benzenesuh‘onvl)-
p_iperazine-2~carboxamide hvdrochloride;

{d) 2(R)-N-hvdroxv—1-(4-(4-methvlohenoxv)benzenesulfonyl-
p_iperazine—2-carboxamide hvdrochloride; and

(e) 2(R)—N~hvdroxv-1-(4-(ovrazol-Bﬂbenzenesulfonvl)-
piperazine-2-carboxamide hydrochloride.

Example 11

(z 2(R‘»-N-hvdroxv-1-(4-(4-chloroohenoxv)benzenesulfgnyl)-4-me1hyl-

Rizerazine-2-carboxamide hydrochloride

To a solution of 313 mg of 2(R)—N-(t—butyldimethylsiiyloxy)-4-(t-
bu".oxycarbonyl)-T -(4—(4-chlorophenoxy)benzenesulfonyl)-piperazine-Z-
carzoxamide in 2 mL of dichioromethane was added 1 mL of trifluoroacetic
acid. After 2 hours, 2 mL of methanol was added and the solution was
strred for 15 minutes ang then diluted with 5 mL of toluene. Concentration
=&ve an oily residue, which partitioned between brine/saturated sodium
Biczrbonate and ethyl acetate. The aqueous layer was extracted with two

adcitional portions of ethyl acetate, and the combined organic layers were
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dried over sodium sulfate and concentrated to give 231 mg of slightly impure
2(R)-N-hydroxy-1 -(4-(4-chlorophenoxy)benzenesulfonyl)-piperazine-2-
carpoxamide. To a solution of 186 mg of this solid and diisopropylethylamine
(0.15 mL) in 3.5 mL of 6:1 acetonitrile:DMF was added iodomethane (0.031
mL). After 1.5 hours at 25°C, the reaction was diluted with ca. 5 mL of ethyl
acetate and concentrated. The residue was partitioned between 0.5 M
agueous sodium bicarbonate and ethyl acetate. The aqueous phase was
éxtracted with a second portion of ethyl acetate, and the Combined organic
laysrs were washed with brine, dried over sodium sulfate, and concentrated.
The resicue was chromatographed on 10 g of silica gel, eluting with gradient
of €% to 8% to 10% methanol in dichloromethane. The product—containing
fraczions were concentrated, and the residue was dissolved in 5 mL of ethy|
acezate:dichloromethane (4:1). To this solution was added 0.4 mL of 1 M HCJ
in ezhano., and the mixture was concentrated to a white residue, which was
tritu-ated with ethyl acetate and filtered to give 115 mg of 2(R)-N-hydroxy-1-
(4-(4~chlorophenoxy)benzenesulfonyl)—4-methyl-piperazine-2-carboxamide
hydrochlcride as a white solid: mp 152°C (decomp).

Anal. cale. for C1sH1CLN,0,S: C, 46.76; H, 4.58: N, 8.09; CI.
15.34:8,8.83; Found: C, 46.65; H, 4.65: N, 8.98, Cl, 15.18; S, 6.84.

The follewing compounds were prepared in a similar manner;

(b) 2(R)-N-hvdroxv-1-(4-phenovaenzenesulfonvl)-4-mgthvl-
piperazine-2-carboxamide: mp 127.7°C:

' Anal. calc. for CiehiN:0sS_0.5 hexane: C, 56.71; 1, 5.08. N,
10.18-

Found: C, §6.70; H, 5.99: N, 10.05;
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(c) 2(R)-N-hvdroxv-1-(4-(4-chloropmnoxv)benzenesulfonvl)—4-
@hoxvcarbonvlmethvl)-pioerazine-2-carboxamide

hydrochloride: mp 163.7°C;
Anal. calc. for C,1H,sCI,N,0,S: C, 47.20; H, 4.72; N, 7.86; S,

6.0C;
Found: C, 47.09; H, 4.77; N, 7.93; S, 5.90; and

(d) 2(R)—N-hvdroxv-1-(4-(4-ﬂuorophenoxv)bengengsulfogylM-
methvl—oiperazine-Z-carboxamide:

Anal. calc. for C1sH20FN,04S: C, 52.80; H, 4.92; N, 10.26: S,
7.82: Found: C, 52.66; H, 4.95;N, 10.01; S, 7.56.
The following compound can be prepared in a similar manner;

(e) 2(R)-N-hvdroxv-1-(4-(4-ﬂuorooherw_xv)benzenesulfonvl)-zl-
{gyclonropvlmethvl)-pioerazine—2-carboxamide hydrochloride.

Example 12

(a) 2(R)-N~hvdroxv-1-(4-(4-chloroohenoxv)benzenesulfonvl)-4-
Qnethanesulfonvl)-oiperazine-2-ca rboxamide

Step 1. To a suspension of 1.00 g of 2(R)-N-(t-
butylc'imethylsilyloxy)-4-(t-butoxycarbonyl)—1 -(4-(4-
:h.‘or:phenoxy)benzenesulfonyl)-piperazine-2-carboxarnide in 4 mL of
Zichicromethane was added 3 mL of trifluoroacetic acid, resulting in a clear
solution. After 2 hours at 25°C, the solution was concentrated to near
cryness, ard the residue was dissolved in 10 mL of methanol. After 10
minutss, the solution was reconcentrated, the residual Syrup was dissolved in
S0 mL of mathanol, and ca. 15 mL of IRA-68 weakly basic resin was added.
" ne muxture was stirred gently for 2 hours, and then the resin was removed
Cy filtration. The filtrate was concentrated to a white solid, which was
“nurazad with hot t-buty methyl ether, and after cooling to -20°C, filtered to
crovids 2(R‘--N-hydroxy-1-(4-(4-chlorophenoxy)benzenesulfonyl)-piperazine-
<-carboxamide (0.552 g) as a white solid: mp 147.0°C.



10

15

20

30

U19794
-84 -

Step 2. To a suspension of 2(R)-N-hydroxy-1-(4-(4_
chlorophenoxy)-benzenesu!fony!)-piperazine-2-carboxarnide (1.03g)in 20 mL
of dichloromethane was added 0.70 mL of triethylamine, 0.41 mL of N-
methylmorpholine, and, in a dropwise manner, 0.67 mL of trimethyl-
chlorosilane. After 1.5 hours, the mixture was cooled to 0°C and
methanesulfonyl chloride (0.20) was added dropwise. The mixture was
stirred for 30 minutes at 0°C and then allowed to warm to 25° ¢ After an
addiiional 45 minutes, the mixture was partitioned between 12.5 mL of 4:1
ethyl acetate:hexane and 50 mL of 0.2 M aqueous sodium bisuifate. The
organic layer was washed with an additional S0 mL of aqueous sodium
bisulfate, and then with 2.5 mL of 1 M phosphate buffer (PH 7) and finally with
brire. The organic layer was dried over sodium sulfate and concentrated,
anc the residue was purified by chromatography (75 g of silica gel, eluting
with 40% to 50% ethy! acetate:dichloromethane containing 1% acetic acid).
Firs: to elute were severa| mixed fractions, followed by pure product fractions,
which were pooled and concentrated. The residue was re-concentrated from
tolusne (to remove residual acetic acid), and finally from dichloromethane:t-
buty. methyl ether to give a white solid. Trituration with 2:1 t-butyl methy!
ethe~hexane (ca. 15 mL) and filtration gave 2(R)-N-hydroxy-1-(4-(4-
chIor:aphenoxy)benzenesulfonyl)-4- (methanesulfonyl)-piperazine-Z-
carbcxamide (0.646 g) as a white powder.

Anal. Calcd for C18H20CIN;0,85+0.35 hexane: C,46.41; H,
4.83; N, 8.08; S, 12.33. Found: C.46.43 H, 4.93: N, 8.04: S, 12.25.

The following compounds were prepared in a similar manner-

(b) 2 R)-N-hvdroxv-1-(4-(4-ﬂuorophenoxv)benzenesulfonvl)-4-
methanesulfonvl)-nioerazine-Z-carboxamide: mp 102.5°C.

() 2 ( R/S)-N-hydroxy-1-(4-(4-
methoxvohenoxv)benzenesulfonvl—4-( methanesulfonyl)-
piperazine-2-ca rboxamide

Anal. calc. for Cy9H3,N30,S,: C, 47.00; H, 4.78: N, 8.65; S,
©3.21; Found: C, 47.09; H, 4.81: N, 8.57; S, 13.11.
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(d) 2 (R)-N-hvdroxv-1-(4-(4-chIoroohenoxv)benzenggglfgnyl)-4-
( 1~methvlimidazole-4-sulfoml)—oioerazine-Z-carboxamide:

mp 186 °C (decomp); 'H NMR (DMSO-d6): 5 9.05 (br s, 1H),
7.9-7.7 (m, 4H), 7.57 (dd, J = 2, 6.6 Hz, 2H), 7.24 (dd, J = 2. 6.6
Hz, 2H), 7.15 (d, J = 6.6, 2H), 4.47 (s, 1H), 3.85 (d, J = 12 Hz,
1H), 3.7 (s, 3H), 3.75-3.35 (m, 3H), 2.45 (dd, J = 4.4, 12.5 Hz,
1H), 2.25-2.16 (m, 1H). Anal. cale. for C,,H,,N,0,S,Cl-0.5H,0:
C,44.64; H,4.10; N, 12.40; S, 11.35. Found: C, 44.57; H, 4.08;
N, 12.39; S, 11.37.

The following compounds can be prepared in a similar manner:

(e) 2( R)-N-hvdroxv-1-(4-(DVrid—4-vl)ovaenzenesulfon\Ll)-4-
(methanesulfonyl)-piperazine-2-carboxamide:

(f) 2(R)-N-hydroxy-1-(4-(4-(pyrazol-3-yl)phenoxy)benzene-
squanI)-4-(methanesulfonvl)-pioerazine-Z-carboxamide; and

(q) 2(R)-N-hvdroxy-1-(4-(4-( imidazol-2-y)phenoxy)benzene-
sulfonyl-4-( methanesulfonyl)-piperazine-2-carboxamide.

(a) 3(R/S)—N-hvdroxv—4-{4-bromophenovaenzenesulfonvl)-
tetrahydro-2H-1.4-thiazine-3-carboxamide.

Step 1. To a solution of t-butyl-1,2-dibromopropionate (J.C.S.

Fzrkin/ p. 1321 (1973); 10.85 g, 37.7 mmol) in chloroform (28 mL) and

benzen= (20 mL) was added a hot solution of 2-mercaptoethylamine (2.9 g,

37.7 mmol) in chloroform, benzene and triethylamine (11 mL, 79 mmol). This

mixture was stirred for 3 days after which it was washed with water and brine.

Tr= orgznic phase was dried (Na,S0,), evaporated, and the remaining oil

ch-omat=grapned on silica (1:1 ethyl acetate/hexane) to give tert-butyl 3(R/S)-

tetahydro-2H-1,4-thiazine-3-carboxylate.
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Anal. calc. for CgH;NO,S: C, 53.17; H, 8.43; N, 6.89: S, 15.77;
Found: C, 53.30; H, 8.41; N, 6.96; S, 15.85.

Step 2. A solution of tert-butyl tetrahydro-2H-1,4-thiazine-3-
carboxylate (1.02 g, 5 mmol), 4-(4-bromophenoxy)benzenesulfonyl chloride
(.58 g, 5 mmol), and triethylamine (0.84 mL, 6 mmgl) in methylene chloride
(10 mL) was stirred at room temperature for 20 hours after which it was
di.uted with methylene chloride and washed with 3 N HCI. The organic phase
wz2s aried (Na,SO,) and the solvent evaporated. The remaining orange
residue was purified by silica gel chromatography (25% ethyl acetate/hexane)

to give t-butyl 3(R/S)-4-(4-(4-bromophenoxy)benzenesuIfonyl)-tetrahydro-2H-

- 1,4-thiazine-3-carboxylate.

~nal. calc. for CyH,,NOsS,Br: C, 49.03; H, 4.70; N, 2.72; Br, 15.53;
=ounc: C,48.94; H, 4.67; N, 2.76: Br, 15.62.

Step 3. A solution of t-butyl 3(R/S)4-(4-(4-
brc mopr:enoxy)benzene- sulfonyl)-tetrahydro-2H-1 .4-thiazine-3-carboxylate
(0.2 g, C.97 mmol) and trifluoroacetic acid (0.5 mL) in methylene chloride (11
mL  was stirred at room temperature for 1 hour, after which it was
cor zentrated to give 3(R/S)~4-(4-(4-bromophenoxy)benzenesulfonyl—
tetranydro-2H-1 4-thiazine-3-carboxylic acid, which was used in the next step
witi~ out further purification.

Step 4. To a solution of 3(R/S)-4-(4-(4-
brermoph=noxy)benzenesulfonyl)-tetrahydro-2H-1 4-thiazine-3-carboxylic acid
(0.€2 g, 1.4 mmol) and O-t-butyldimethylsily! hydroxylamine (0.27 g, 1.8
mmzl) in 5 mi of 5:1 dichloromethane:DMF at 0°C was added EDC (0.52 g,
2.6 mmol. . The mixture was stirred at 0°C for 30 minutes and at room
temzerature for 22 hours and then partitioned between ethyl acetate and
water. Tre organic phase was washed with brine, dried (Na,S0,), and
conzentrazed. Purification of the residue by chromatography provided 3(R/S)-
N-(t«:utylci':methylsilyl)oxy-4-(4-(4-bromophenoxy)-benzenesulfonyl)-

tetraydrc~2H-1,4-thiazine-3-carboxamide.
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Step 5. A solution of 3(R/S)-N-(t-butyldimethylsilyl)oxy-4-(4-(4-
bromophenoxy)benzenesulfonyl)-tetrahydro-2H-1,4-thiazine-3-carboxamide
(0.3 g, 0.51 mmol), trifluoroacetic acid (2.5 ml), and methanol (5.5 mL) in
methylene chloride (10 mL) was stirred at room temperature for 1 hour. The
solvents were evaporated to leave a solid residue which was washed onto
filter paper with ether to give 3(R/S)-N-hydroxy-4-(4-(4-bromophenoxy)
benzenesulfonyl)-tetrahydro-2H-1,4-thiazine-3-carboxamide.

An-al. calc. for C4;H;N,OsBr: C, 43.14; H, 3.62; N, 5.92: S, 13.55; Found:
C,432.21; H, 3.66; N, 5.83; S, 13.45.

The following compounds were prepared in a similar manner:

b) 3(R/S)-N-hydroxy-4-(4-phenoxybenzenesulfony|)-tetrahydro-2H-1 .4-
thiazine-3-carboxamide;

Ana.. calc. for C;HgN,05S,: C, 51.76; H, 4.60; N, 7.10; S, 16.26; Found: C,
51.81: H,4.56; N, 7.17; S, 16.18; and

{c) 3(R/S)-N-hydroxy-4-(4-(4-fluorophenoxy)benzenesulfony))-tetrahvdro-2H-
- 4-th'azine-3-carboxamide;

C.459.40,H, 4.12; N, 6.72; S, 15.48.

Example 14

(2) H{F./S). 3¢ R/S)-N-hydroxy-1-0x0-4-(4-(4-bromophenoxy)benzene-sulionyl)-
t=trahvdro-2H-1.4-thiazine-3-carboxamide.

Ster 1. A solution of t-butyl 3(R/S)-4-(4-(4-bromophenoxy)-
t-=nzeresulionyl)-tetrahydro-2H-1,4-thiazine-3-carboxylate (0.3 g, 0.38 mmol)
and sadium perborate (0.11 g, 0.73 mmol) in acetic acid (3 mL) was stirred at
23°C fer 5 hours, after which it was quenched with saturated agqueous sodium
b carbcnate and extracted with ethyl acetate. The organic layer was dried
(f+a,SC.) and concentrated to give a foam which was purified by silica gel

c-romazograshy (ethyl acetate) to give t-butyl 1(R/S),3(R/S)-4-(4-(4-
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bromcphenoxy)-benzenesulfonyl)-1-oxo-tetrahydro-2H-1,4-thiazine-3-
carboxylate: MS (FAB) found 530 (M+H)".

Step 2. To a solution of t-butyl 1(R/S),3(R/S)4-(4-(4-
bromophenoxy)-benzenesulfonyl)-1-oxo-tetrahydro-2H-1,4-thiazine-3-
carboxylate (0.18 g, 0.34 mmol) in methylene chloride (4 mL) was added 1.8
mL of of triflucroacetic acid. After 4 hours, the solution was concentrated to
give 1(R/S),3(R/S)-4-(4-(4-bromophenoxy) benzenesulfonyl)-1-oxo-
tetra-hydro-ZH-1 ,4-thiazine-3-carboxylic acid, which was used without further
purificztion.

Step 3. To a solution of 1(R/S),3(R/S)-4-(4-(4-
bromophenoxy)benzene-sulfonyl)-1-oxo-tetrahydro-2H-1,4-thiazine-3-
carpoxylic acid (0.08 g, 0.17 mmol) and O-t-butyldimethylsilyl hydroxylamine
(C.037 g, 0.25 mmol) in 6:1 dichloromethane:DMF (3.5 mL) at 0-C was added
EDC (0.06 g, 0.34 mmol). The mixture was stirred at 0°C for 30 minutes
followed by room temperature for 3.5 hours and then partitioned between
ethyl acetate and water. The organic phase was washed with brine, dried
(Na,SO,) anc concentrated. The residue was purified by chromatography
(ethyi acetate) to give 1(R/S),3(R/S)-N-(t-butyl-dimethyisilyl)-oxy-1-ox0-4-(4-
(4-bromophenoxy) benzenesulfonyl)-tetrahydro-2H-1,4-thiazine-3-
carbexamide.

Step 4. A solution of 1(R/S),3(R/S)-N-(t-butyldimethylsilyl)oxy-1-
oxo~4-{4-(4-bromophenoxy)benzenesulfonyl)-tetrahydro-2H-1,4- thiazine-3-
ca~poxamide (0.069 g, 0.11 mmol) and trifluoroacetic acid (0.5 ml) in 2 mL of
1.7 met;‘*..anol:rﬁethylene chloride was stirred at room temperature for 1 hour.
The solvents were evaporated to leave a solid residue which was washed
on:> fite- paper with ether and hexane to give 1(R/S),3(R/S)-N-hydroxy-1-
oxc—4-(4-4-brcmophenoxy)benzenesulfonyl)-tetrahydro-2H-1,4-thiazine-3-
carooxaride.

na.. cale. fer Cy,H N, O6S,Br: C, 41.72; H, 3.50; N, 5.72; S, 13.10; Br,
16.33;
Fourd: C, 41.81; H, 3.46; N, 5.65; S, 13.01; Br, 16.44.
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The following compound was prepared in a similar manner:;
(b) 1(R/S),3(R/S)-N-hydroxy-1-oxo-4-(4-(4-fluorophenoxy)benzene-sulfonyl)-
tetrahydro-2H-1,4-thiazine-3-carboxamide;
Anal. calc. for Cy;N,0S,F: C, 47.66; H, 4.00; N, 6.54; S, 14.97; Found: C,
47.70; H, 4.09; N, 6.45; S, 14.86.

Example 15

(2) 6(R)-(N-hydroxycarbamovl)-1-(4-phenoxy)benzenesulfonyvi-
tetrahydropyrimidin-4-one

Step 1. To a solution of D-asparagine (15.0 g) in 400 mL of water at 45°C
was added 8.25 mL of 37% formalin. After 1 hourat 45°C, the solution was
cooled to -5°C to give a slurry. The slurry was allowed to warm to 0°C, and
the precipitate collected by filtration to give, following drying in vacuo, 2.26 g
of 6(R)-carboxy-tetra-hydropyrimidin-4-one as a white crystalline solid: 'H
NMR (D0, 300 MHz) & 4.70 and 4.58 (AB quartet, 2H, J = 11 Hz), 4.22 (dd,
1H, J = 6 and 8 Hz), 3.04 (dd, 1H, J =6 and 16 Hz), 2.82 (dd, 1H, J = 9 and
1€ Hz).

Step 2. To a solution of 6(R)-carboxy-tetrahydropyrimidin-4-one in 8 mL of
water and 4 mL of dioxane was added 1.5 mL of N-methyl-morpholine,
foi.owec by a solution of 4-phenoxybenzenesulfony! chioride (1.88 g) in 4 mL
of dioxane. The mixture was stirred for 6 hoursand then poured into pH 4.0
ciate buffer and extracted with ethyl acetate (2 x 50 mL). The organic layer
wes dried over sodium sulfate and concentrated, and the residue
chromatographed (15% methanol in dichloromethane containing 1% acetic
acd) to give R-carboxy-1-(4—phenoxy)benzenesulfonyl-tetrahydropyrimidin-4-
onz as & white solid: '"H NMR (D,0, 300 MHz) 5 7.86 (d, 2H, J =9 Hz), 7.48
(t, 2H, J =8Hz), 7.29 (t, 111, J =7 Hz), 7.11-7.18 (m, 4H), 5.03 (d, 1H, J = 14
Hz 4.6 (d, 1H,J =14 Hz), 4.31 (t, IH, J=7 Hz), 268 (dd, 1H, J=17 and 7
Hz . 2.47 (dd, 1H, J =17 and 8 Hz).

S=p 3 To a solution of 215 mg of 6(R)-carboxy-1-(4-
ph=noxy:benzenesulfonyl-tetrahydro-pyrimidin<4-one in 5.5 mL of 10:1
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dichloromethane:DMF was added O-(t-butyldimethyisilyl) hydroxylamine (126
mg) followed by EDC hydrochloride (131 mg). After 4 hours, the reaction was
partitioned between 1:1 ethyl acetate:hexane and aqueous sodium
bicarbonate. The organic layer was dried over sodium sulfate, concentrated,
and the residue was rapidly chromatographed with 20% ethyl acetate in
dichloromethane to give 6(R)-(N-(t-butyldimethylsilyl)oxycarbamoy1)-1-(4-
phenoxy) benzenesulfonyl-tetrahydropyrimidin-4-one as a solid, which,
wﬁhéut further purification, was dissovled in 5 mL of methanol and 0.2 mL of
trifiuoroacetic acid. After 1 hour, 5 mL of toluene was added and the solution
was concentrated. The residue was purified by rotary chromatography
(63:20:15 dichloromethane:ethyl acetate:ethanol containing 0.5% acetic acid)
to give 6(R)-(N-hydroxycarbamoyl)-1-(4-phenoxy)benzenesulfonyl-
tetrahydropyrimidin-4-one (31 mg) as a white solid: 'H NMR (methanol-d,,
300MHz) _7.90(d,2H,J=9Hz), 747 (t, 2H,J=8.7Hz), 7.27 (¢, 1H,J =7
Hz}, 7.09-7.16 (m, 4H), 5.02 (d, 1H, J = 14 Hz), 4.80 (d, 1H, J = 14 Hz), 4.37
(t, 1H,J =7 Hz), 2.77 (dd, 1H, J =17 and 7 Hz), 2.72 (dd, 1H, J= 17 and 8
Hz .

Thne following compound was prepared in a similar manner:
(b} 3(R)-(N-hydroxycarbamoyl)-1-(4-(4-fluorophenoxy)benzene-sulfonvl)-
tetahydropyrimidin-4-one,

Anal. calc. for C;,HsFN;0S: C, 49.87; H, 3.94; N, 10.26; S, 7.83: Found:
C, £8.84; H, 3.95; N, 10.18; S, 7.73;

The following compounds can be prepared in a similar manner:

) 5(R)-(N-hydroxycarbamoyl)-1-(4-(4-chlorophenoxy)benzene-sulfonyl)-
tetr=hydropyrimidin-4-one;

(d) S(R)-(N-hvdroxvcarbamovl)-1-(4—(4-methoxvphenoxv)benzene—sulfonyl)-
tetr=hydropyrimidin-4-one; and T

{e) S(R)-(N-hvdroxvcarbamovl)-1Jé-(4-(fur-2-vl)ohenoxv)—benzenesulfonvn-

etrzhydr rimidin-4-one.




10

15

20

25

30

-91-

Example 16

(a} 3(S)-N-hvdroxy-4-(4-{4-bromophenoxy)benzenesulfonyl)-2.2-dimethyl-
trahydro-2H-1 4-thiazine-3-carboxamide

Step 1. A suspension of D-penicillamine (0.5 g, 3.35 mmol) in methanol
was cooled to 0°C and powdered sodium hydroxide (0.28 g, 7.04 mmol) was
added in one portion to give a colorless solution. 2-Bromo-ethanol (0.24 mL,
3.25 mmol) was added and the reaction mixture stirred at 0°C for 25 minutes
anc |;oom temperature for an additional 80 minutes. The solvent was
evaporated and the solid residue was treated with water, brought to pH 3 with
6N HCI and reconcentrated. The resulting oily residue was dissolved in water
(6 mL) and stirred with DMF, sodium carbonate (1.17 g, 11.04 mmol) and 4-
(4-bromephenoxy)benzenesulfonyl chloride (1.28 g, 3.68 mmol) for 17 hours.
The solution was diluted with water and washed with ethy| acetate. The
aqueous layer was acidified to pH 1.5 with concentrated HCI and extracted
with ethyl acetate. The organic extracts were combined, washed with water
and brine and dried. The solution was filtered, evaporated and azeotroped
from. benzene to give the crude acid as a viscous oil (0.807 g; 48% yield).

Stzp 2. A portion of this oil was dissolved in DMA (3 mL), treated with
potassium carbonate (2.4 g, 17.5 mmol), benzyltriethylammonium chloride
(0.15 g, 0.87 mmol) and t-butyl bromide (3.7 mL, 32 mmol). The reaction
mixt.ire was stirred vigorously for 18.5 hoursat 55°C, after which it was
dilut=d with ethy! acetate, washed with water, dried and evaporated to give a
viscous oi: which was purified by silica gel chromatography (50% ethyi
acetzte:hexane) to give 2(S)-3-(2-hydroxyethylsulfany1)-3-methyl-2-(4-(4-
bromophenoxy)-benzenesulfonylamino)-butyric acid tert-butyl ester as a
coloriess, viscous glass.

Anal. calz. for C,3HyNOgS,Br: C, 49.28; H, 5.39; N, 2.50; S, 11.44; Br,
14.25;

Found: C, 48.21; H, 5.25; N, 2.46; S, 11.37; Br, 14.31.

Step 3. 7o a solution of 2(S)—3-(2-hydroxyethylsuIfanyl)-3-methyl-2~(4-(4-
oromophenoxy)benzenesulfonylamino)-butyric acid tert-butyl ester (0.17 g,
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0.30 mmotl) in THF (5 mL) was added triphenylphosphine (0.102 g, 0.39
mmol) and diethylazodicarboxylate (0.61 mL, 0.39 mmol). After stirring at
room temperature for 20 minutes, the solvent was evaporated and the
product purified on silica gel (40% ethyl acetate:hexane) to give tert-butyl
3(S)-4-(4-(4-bromophenoxy)-benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-
1,4-thiazine-3-carboxylate as a light yellow oil.

Anal. calc. for C,3H,sNOsS,Br: C, 50.92; H, 5.20; N, 2.50; S, 11.82;

Found: C,51.03; H, 5.18; N, 2.95; S, 11.33.

Step 4. A solution of tert-butyl 3(S)-4-(4-(4-bromophenoxy)-
benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylate (0.12
g, 0.22 mmol) in dichloromethane (2 mL) and TFA (1 mL) was stirred at room
temperature for 50 minutes, after which the solvents were evaporated and the
residue azeotroped from benzene to give 3(S)-4-(4-(4-
bromophenoxy)benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carboxylic acid as a white solid, which was next used without further
purification.

Step 5. A solution of 3(S)-4-(4-(4-bromophenoxy)benzenesulfonyl)-2,2-
dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylic acid (0.11 g, 0.22 mmol), O-
t-butyldimathisilyl hydroxylamine (0.049 g, 0.33 mmol) and EDC (0.085 g,
0.44 mmol) in dichloromethane (2 mL) was stirred at room temperature for 30
minutes, after which the reaction mixture was diluted with dichloromethane
(30 mL), washed with 5% citric acid and saturated sodium bicarbonate, dried
and evaporated to give crude 3(S)-N-(t-butyldimethyisilyl)oxy-4-(4-(4-
bromophe nbxy)—benzenesulfonyl)—2,2-dimethyl-tetrahydro~2H-1 4-thiazine-3-
carboxam:de, which was next used without further purification.

Step 6. A solution of 3(S)-N-(t-butyldimethyisilyl)oxy-4-(4-(4-

oromophenoxy)benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1 4-thiazine-3-
carpcxamide (0.12 g, 0.19 mmol) and trifluoroacetic acid (2 mL) in
dichicromethane (2 mL) was stirred at room temperature for 1 hour, after
whict: the solvents were evaporated and the residue was azeotroped from

oenzene. The product was triturated with diethyl ether, filtered and washed
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with diethyl ether to give 3(S)-N-hydroxy-4-(4-(4-
bromophenoxy)benzensulfonyl)-2,2-dimethyl-tetrahydro-2H-1 4-thiazine-3-
carboxamide.

Anal. calc. for C,gH,N,O5S,Br: C, 45.51; H, 4.22/ N, 5.59; S, 12.79: Br,
15.94;

Found: C, 45.31; H, 4.17; N, 5.50; S, 12.69, Br, 16.09.

The following compound can be prepared in a similar manner:

(b) 2(S)-N-hydroxy-2.2-dimethyl-4-(4-(4-fluorophenoxy)benzene-sulfonyl)-
tetranydro-2H-1.4-thiazine-3-carboxamide.

Example 17

(a) 1/R).3(S)-N-hydroxy-4-(4-(4-bromophenoxy)benzenesulfonyi)-2.2-
dimethyl-1-oxo-tetrahydro-2H-1.4-thiazine-3-carboxamide

Steo 1. A solution of t-butyl 3(S)-4-(4-(4-bromOphenoxy)benzene—sulfonyl)—
2,2-d'methyl-tetrahydro-2H-1,4-thiazine-3-carboxylate (0.65 g, 1.2 mmol) in
acetic acid (2 mL) was treated with NaBO;+4H,0 (0.23 g, 1.5 mmol) and
stirrec at room temperature for 2 hours, after which the reaction mixture was
JiluteZ with ethyl acetate, washed with water and saturated sodium
Dicarconate, dried over sodium sulfate and evaporated. The foamy residue
was twice chromatographed on silica gel (20% hexane:ethyl acetate) to give
=-buty’ 1 (R),3(S)—4-(4-(4-bromophenoxy)benzenesu!fonyl)—Z,2-dimethyl-1 -0XO0-
z2trahwvdro-2H-1,4-thiazine-3-carboxylate as a white foam.

Ana’. calc. for C,3H,gNOgS,Br: C, 49.46; H, 5.05; N, 2.51: S, 11.48; Br,
~4.31; |

Fourd: C, 49.44; H, 5.11; N, 2.53: S, 11.55; Br, 14.21.

Ster 2. A solution of t-buty! 1(R),3(S)-4-(4-(4-
£ romozhenoxy)benzenesulfonyl)-2,2-dimethyl-1 -oxo-tetrahydro-2H-1,4-
t=iazine-3-carboxylate (0.37 g, 0.66 mmol) in dichloromethane (4 mL) and
“=A (¢ mL) was stirred at room temperature for 7 hours, after which the
solvenzs were evaporated and the residue azeotroped from benzene. The

Foduct was triturated with a warm 50% diethyl ether:hexane solution and
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filtered to give 1(R),3(S)-4-(4-(4-bromophenoxy)benzenesulfonyl)-2,2-
dimsthyl-1-oxo-tetrahydro-2H-1,4-thiazine-3-carboxylic acid as a white solid.
ral. calc. for C,gH,NOgS,Br: C, 45.42; H, 4.01; N, 2.79; S8, 12.76; Br,

15.€0;

Fcund: C, 45.51; H, 4.08; N, 2.84; S, 12.66; Br, 15.83

St=p 3. A solution of 1(R),3(S)-4-(4-(4-bromophenoxy)benzenesulfony1-
2,2-dimethyl-1-oxo-tetrahydro-2H-1,4-thiazine-3-carboxylic acid (0.32 g, 0.64
mmoll) in dichloromethane (3 mL) and DMF (1 mL) was cooled to 0°C and
treated with O-t-butyldimethylsilyl hydroxylamine (0.11 g, 0.76 mmol)
immadiately followed by EDC (0.183 g, 0.96 mmol). The resuiting reaction
mixtare was stirred at 0°C for 80 minutes, after which additional O-t-
buty:dimethylsilyl hydroxylamine (0.094 g, 0.64 mmol) and EDC (0.15 g, 0.76
mmc!) were added, and the mixture was stirred at 0°C for an additional hour
and =t room temperature for 1 hour. The reaction mixture was diluted with
ethy! acetate and washed with 5% citric acid, water and saturated sodium
bicaroonate, to give 1(R),3(S)-N-(t-butyldimethylsilyl)oxy-4-(4-(4-
bromiophenoxy) benzenesulfonyl)-2,2-dimethyl-1-oxo-tetrahydro-2H-1,4-
thiaz:ne-3-carboxamide, which was next used without further purification.

Sten 4. A solution of 1(R),3(S)-N-(t-butyldimethylsilyl)oxy-4-(4-(4-
promophenoxy)benzenesulfonyl)-2,2-dimethyl-1-oxo-tetrahydro-2H-1,4-
thiazime-3-carboxylic acid O-t-butyldimethylsilyl hydroxamide (0.13 g, 0.21
mmol in dichloromethane (2 mL) and TFA (1 mL) was stirred at room
remperature for 2 hours, after which the solvents were evaporated and the
~esidue was. azeotroped from benzene. The resulting white solid was filtered
and washed with diethyl ether to give 1(R),3(S)-N-hydroxy-4-(4-(4-
sromopher.oxy)-benzenesulfonyl)-2,2-dimethyl-1-oxo-tetrahydro-2H-1 4-
tnigzima-3-carboxamide.

Ana. caic. for C4gHyN,OgS,Br: C, 44.10; H, 4.09; N, 5.41; S, 12.39:

Fourmd: C. 43.84; H, 4.20; N, 5.37; S, 12.25.

Tne Jollowing compound can be prepared in a similar manner:
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(b3 1(R), 3(S)-N-hydroxy-1 -oxo—2.2-dimgthvl-d.-(4;(4-ﬂuoroghengxy)
benzenesulfonyl)-tetrahydro-2H-1,4-thiazine-3-carboxamide.

Example 18
—(a> 3(S)-N-hydroxy-4-(4-((pyrid-4-yhoxy)benzenesulfony|)-2.2-dimethyi-

tetrahydro-2H-1.4-thiazine-3-carboxamide

Step 1. To a stirred solution of D-penicillamine in 20 mL of dry DMF was

added diisopropylethylamine (1.74 mL) followed by, in a dropwise manner,

trimethylsilyl chloride (1.52 mL). After 30 minutes,
diazabicyclo[4.2.0Jundecane (4.48 mL) was added to the clear solution, and
the resulting solution was slowly transferred via cannula over a 1 hour period
to a solution of 1,2-dibromoethane (0.95 mL) in 20 mL of dry DMF at 50°C.
After the addition was complete, the solution was heated for an additional 1
hour at 50°(§, and then cooled to 0°C. To the stirred solution was added N-
methwimorpheline (1.00 mL), followed by 9-ﬂuorenylmethoxycarbonyl chloride
(2.84 g), and the solution was kept at -20°C for 16 hours. An additional 0.50
g of &-fluorenylmethoxycarbony! chloride was added, and the solution was
stirrec for an additional 1 hour at 0°C and then quenched with 1 mL of water.
The r=action was partitioned between 3:1 ethyl acetate:hexane (200' mL) and
0.2 N aqueous sodium bisulfate (200 mL). The organic layer was washed
with aZditional 0.2 N agueous sodium bisulfate solution (150 mL) and with
Erine {50 mL), dried over sodium sulfate and concentrated. The residue was
curified by chromatography on 150 g of silica gel, eluting with 25% to 35%
ethyl acetate:hexane containing 0.5% acetic acid. The product-containing
fractions were concentrated to give a syrup, which was twice concentrated
from tcluene, and finally from t-butyl methyl ether:isooctane, to give 2.84 g of
3'S)-4-! 9-ﬂuorenylmethoxy-carbonyl)-2,2-dimethyl-tetrahydro-2H-1 ,4-thiazine-
3-carbexylic acid as a white solid.

Step 2. To a solution of 3(S)-4-(9-ﬂuorenylmethoxycarbonyl)-Z,2- dimethyl-
te<rahyZro-2H-1,4-thiazine-3-carboxylic acid (2.98 g) in 20 mL of
dichloromethane at 0°C was added O-(t-butyldiphenyl- silyl)hydroxylamine
(2.71 g followed by EDC hydrochloride (1.58 g). The reaction was stirred at
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0°C to 25°C for 16 hours and then partitioned between 1:1 ethyl
acetate:hexane (200 mL) and 0.2 N pH 7 phosphate buffer (100 mL). The
organic layer was washed with brine, dried over sodium sulfate and
concentrated. The residue was purified by chromatography on 150 g of silica
gel, eluting with 20% to 30% ethyl acetate:hexane, to provide, after
concentration from dichloromethane:isooctane, 3(S)-N-(t-
butylc'iphenylsilyI)oxy~4-(9-ﬂuorenylmethoxycarbonyl)-2,2-dimethyl-tetrahydro-
2H—1',4-thiazine-3-carboxamide (4.42 g) as a white solid.

Step 3. To a solution of 3(S)-N-(t-butyldiphenylsilyl)oxy-4-(g-
fluorenylmethoxycarbonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carboxamide (4.33 g) in THF (10 mL) was added diethylamine (5 mL). After1
hour, the solution was concentrated and the residue was chromatographed
on 75 g of silica gel, eluting with ethyl acetate, to give 3(S)-N-(t-
Eutyldiphenylsilyl) oxy-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxamide
(2.11 g) as a sticky solid foam.

Step 4. To a solution of 4-phenoxypyridine (6.84 g) in 20 mL of 1,2-
cichloroethane at 0°C was added 8.0 mL of chlorosulfonic acid in a dropwise
manne:. After 10 minutes, the ice bath was removed and the solution was
a'lowec to warm to 25°C. After an additional 1 hour, the solution was heated
tc 40°C for 3 hours, and then cooled to 25°C, and oxaly! chioride (4.4 mL)
was added. The solution was heated to 50°C for 16 hours, and then an
acditional 2.2 mL of oxalyl chloride was added. After 5 hours more at 5°C,
th= solution was cooled to 25°C, and poured with rapid stirring into 250 mL of
diethyl ether. After 1 minute, the solids were allowed to settle and the
supernaiant was decanted. The residue was suspended in 3:1
to.uene:dichloromethane (250 mL) at about 5°C and 50 mL of 1.6 M aqueous
K:0O, was added with stirring. After about 30 seconds, the mixture was
transferrad to a separatory funnel and the layers were separated. The organic
layer was washed with 25 mL of 1 N pH 7 phosphate buffer and with 10 mL of
brine, ard the combined aqueous layers were extracted with 50 mL of

toluene. The combined organic layers were dried over sodium sulfate then
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filtsred through a glass-fiber filter. To the filtrate was immediately added 11
mL of 4 M HCl in dioxane and the solution was then concentrated. Partial
cor.centration from dichloromethane:t-butyi methyl ether and filtration gave
2.11 g of 4-((pyrid-4-yl)oxy)benzenesulfonyl chloride hydrochloride.

S:ep 5. To a solution of 3(8)-N-(t-butyldiphenylsilyl)oxy-2,2-dimethyl-
tetrahydro-2H-1,4-thiazine-3-carboxamide (2.11 g) in dichloromethane (20
mL; at 0-C was added N-methyimorpholine (1.35 mL) followed by 4-((pyrid-<4-
yl)oiy)benzenesulfony! chloride hydrochloride (1.71 g). The solution was
stir=d at 0°C for 3 hours, and then at 25°C for 4 hours, The reaction was
partiioned between 3:1 ethyl acetate:héxane (150 mL)and 0.5 N pH7
pnosphate buffer (50 mL). The organic layer was washed with additional
buffer anc with brine, dried over sodium suifate and concentrated. The
resicue was chromatographed on 150 g of silica gel, eluting with 30% to 50%
etny: acetate:dichloromethane to give, after partial concentration from
dichioromethane:isooctane, 3(S)—N-(t-butyldiphenylsilyl)oxy—4-(4—((pyrid-4-
yi;oxj)benzenesulfonyl)—2,2-dimethyl-tetrahydro-2H-1 4-thiazine-3-
carbcxamide (2.36 g) as a pale yellow solid.

Step 8. To a solution of 3(S)-N-(t—butyldiphenylsilyl)oxy-4-(4- ((pyrid-4-

yi;oxy)benzenesulfonyl)-2,2-dimethyl—tetrahydro—2H-1, 4-thiazine-3-
carocxamice (2.25 g) in methanol (10 mL) was added 5 mL of a 10% solution
of comcentrated HCI in methanol. After 1 hour at 25°C, the solution was
Siiutec with methanol (50 mL) and treated with Amberlite IRA-68 weakly basic
"es'n s about 15 mL) until the pH measured 7.2. The resin was removed by
Titration anc washed well with methanol, and then the filtrate was
corcentraied to about 10 mL. Addition of 20 mL of t-butyl methyl ether gave
= viurmirous precipitate, which was collected by filtration to give 1.19 g of an
cfi-whize solid. The solid was dissolved in 50 mL of 10% methanol in ethyl
eceii= and filtered through a 0.45 pm syringe filter to remove trace particles.
“ne filcate was partially concentrated to about 20 mL, diluted with additional
&y: acewate and reconcentrated to about 20 mL. The crystalline precipitate

wzs caillected by filtration and dried in vacuo to give 3(S)-N-hydroxy-4-(4-
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((pyrid-4-yl)oxy)benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carboxamide (0.97 g) as a white solid: mp 149.8°C.
Anal. cale. for CigH1N3055,.0.5 H,0: C, 49.47, H, 5.19; N, 9.62; S, 14.67:
Found: C, 49.49; H, 5.15; N, 9.37; S, 14.41.

The following compound was prepared in a similar manner:

() 3(S)-N-hydroxy-4-(4-((pyrid-2-y[)oxy)benzenesulfonyl)-2. 2-dimethyi-
tet-ahydro-2H-1.4-thiazine-3-carboxamide;
HRMS (FAB) calc. for (M+Cs)™: 556.9977; found: 556.9963.

Anal. cale. for CygHpN305;8240.75 H,0: C, 49.47; H, 5.19; N, 9.62: S,
14.57;

Found: C, 49.22; H, 4.81; N, 8.57; S, 14.69;

The following compound can be prepared in a similar manner:

&) 3(S)-N-hydroxy-4-(4-(4-(imidazol-2-yl)phenoxy)benzenesulfonyl}-2 . 2-
dimethyl-tetrahydro-2H-1.4-thiazine-3-carboxamide.

Example 19

(a) 1(S). 3(S)-N-hydroxy-4-(4-((pyrid-4-ylloxy)benzenesulfonyl)-2.2-dimethv-
1-oxotetrahydro-2H-1.4-thiazine-3-carboxamide and 1(R), 3(S)-N-hydroxy-4-
(4-(. pyrid-4-ylloxy)benzenesulfonyl)-2,2-dimethyl-1-oxotetrahydro-2H-1 4-
thigzine-3-carboxamide

To a solution of 3(S)—N-hydroxy-4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)—2.2-
dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxamide (0.423 g, 1.00 mmol) in
30 mL of 5:1 dichloromethane:methanol at -10°C was added 0.15 g (0.85
mmol) of m-chloroperbenzoic acid in portions over a 2 hour period. The
soluzion was diluted with 60 mL of methanol and then passed through 10 mL
of Amberiite IRA-68 weakly basic resin to remove the byproduct m-
chlorobenzoic acid. The filtrate was concentrated and the residue was
chrarnatographed with 6% to 12% methanol in dichloromethane. Eluting first
was 1(S), 3(S)—N-hydroxy-4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-2,2-dimethyl-
1-oxotetrahydro-2H-1,4-thiazine-3-carboxamide (200 mg): 'H NMR (300
MHz. DMSO-dg): 6 10.92 (s, 1H), 9.04 (s, 1H), 8.57 (m, 2H), 7.90 (d, J=8.5
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Hz, 2H),7.39 (d, J = 8.5 Hz, 2H), 7.12 (d, J = 4.5 Hz, 2H), 4.39 (s, 1H), 4.33-
4.20 (m, 1H), 3.94-3.86 (m, 1H), 3.21-3.10 (m, 1H), 3.02 (d, J = 15 Hz, 1H),
1.42 (s, 3H), 1.25 (s, 3H);

Ana!. calc. for C18H21N30682-0.15H20, 0.1EtOAc: C, 49.00; H, 4.94; N,
8.32; S, 14.22. Found: C, 48.99; H, 4.97; N, 9.27; S, 14.32.

Continued elution provided 1(R), 3(S)-N-hydroxy-4-(4-((pyrid-4-
yljyoxy)benzenesulfonyl)-2,2-dimethyl-1-oxotetrahydro-2H-1,4-thiazine-3-
carbbxamide (50 mg): "HNMR (300 MHz, DMSO-dg): 6 10.98 (s, 1H), 9.20 (s,
1H), 8.58 (d, J = 6 Hz, 2H), 7.88 (d, J = 9 Hz, 2H), 7.40 (d, J = 9 Hz, 2H), 7.12
{d, J = 8 Hz, 2H), 4.40 (s, 1H), 4.10-3.90 (m, 2H), 3.45-3.35 (m, 1H), 2.70-2.50
¢m, 1H), 1.27 (s,3H), 1.25 (s, 3H); LSIMS: mv/e expected for C4gHy4N4OgSo+H*
= 440; m/e cbserved = 440.

Anal. calc. for C1gH;1N30gS5¢0.2H50, 0.3EtOAc: C,49.11; H, 5.11: N,
£.95; 8, 13.€6. Found: C, 49.21; H, 4.98; N, 8.99: S, 13.60.

The following compound was prepared in a similar manner:

{5 1R 3(S‘~N-hvdroxv-4-(4-(4-ch1orophenoxv)benzenesuIfonvl)-2.2-
¢ meth'-1-oxo-tetrahydro-2H-1.4-thiazine-3-carboxamide.

rmp 145-147 °C. Anal. Calcd for C4gH,, CIN,05S,%0.8H20: C, 48.3; H, 4.48;
N. 5.82:8,13.55; Cl, 7.41. Found: C, 46.96; H, 4.69; N, 5.64; S, 13.01: CI.
7.30.

Exampie 20

3."S\-4-!4-(4-(furan-3-v|)ohenoxv)benzenesulfonvI-N-hvdroxv—tetrahvdro-2 H-
1 £-thiazine-3-carboxamide

Step . To a suspension of D-penicillamine (0.75 g, 5 mmol) in 10 mL of
dry DM~ was added 0.87 mL (5 mmol) of diisopropylethylamine, followed by
0.75 mL (6 mmol) of trimethylsilyl chioride. After twenty minutes, 1,8-
dizzabicyclo [5.4.0jundec-7-ene (2.24 mL, 15 mmol) was added to the
homogeneous solution and the solution was transferred to an addition funnel

amd ther: added dropwise over a 1 hour period to a stirred solution of 0.50 mL
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(5.8 mmol) of 1,2-dibromoethane in 10 mL of DMF at 50 °C. After an
additional 30 minutes after the addition was complete, the sojution was
cooled to 0 °C, and 0.55 mL (5 mmol) of N-methylmorpholine was added,
followed by the dropwise addition of a solution of 4-(4-
bromophenoxy)benzenesulfonyi chioride (1.94 g, 5.5 mmol) in 5 mL of DMF
over a 15 minute period. The reaction was stirred for 2 hours at 0 °C and
then allowed to warm to room temperature. After an additional 2 hours, 0.3 g
moré of 4-(4-bromophenoxy)benzenesulfonyl chloride was added. After an
additional 15 minutes, the reaction was partitioned between 0.2 N aq. sodium
bisulfate and 1:1 ethyl acetate:hexane. The aqueous layer was extracted
twice with 1:1 ethyl acetate:hexane, and the combined organic layers were
washed with 0.2 N aq. sodium bisulfate and with brine, dried over sodium
sulfatz, and concentrated. The residue was purified by chromatography on
silica gel, eluting with a gradient from dichloromethane to 8% methanol in
dichlcromethane, to provide, after rotary evaporation from dichloromethanett-
butyl methyl ether, 3(S)-4-(4-(4-bromophenoxy)benzenesuIfonyl-tetrahydro-
2H-1,4-thiazine-3-carboxylic acid (0.84 g, 37%) as a solid foam: 1H NMR
(CDCig): 8 7.70 (d, 2H, J=9.19 Hz), 7.50 (d, 2H, J=8.82 Hz), 7.01 (d, 2H,
J=8.83 Hz), 6.94 (d, 2H, J=8.82 Hz), 4.50 (s, 1H), 4.01 (d, 1H, J=13.24 Hz),
3.7-3.6 (m, 1H), 3.2-3.1 (m ,1H), 2.42 (d, 1H, J=13.98 Hz), 1.61 (s, 3H), 1.39
(s, 3H)

Step 2. A mixture of 0.45 g (1.0 mmol) of 3(8)-4-(4-(4-bromophenoxy)
benzenesulfonyl-tetrahydro-2H-1,4-thiazine—3-carboxylic acid and 0.11 g (1.0
mmol) of 3-furan boronic acid (J. Org. Chem. 1984, 49, 5237-5243) in 2 mL of
banzere, 2 mL of 2M aq. sodium carbonate, and 1.5 mL of ethano] was
d=soxygenated with a stream of argon for 15 minutes, and then 115 mg (0.1
mmol) of tetrakis(triphenylphosphine)palladiumwas added and the mixture
was heated at 80 °C for six days. After cooling to room temperature, the
mixture was partitioned between ethyl acetate and pH 4 citrate buffer. The
acueous layer was extracted twice with ethyl acetate, and the combined

organic iayers were washed with brine, dried over sodium sulfate, and
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concentrated. The residue was purified by chromatography on silica gel,
eluting with a gradient from dichloromethane to 5% methanol in
dichioromethane, to provide 3(S)-4-(4-(4-(furan-3-
y!)pr:enoxy)benzenesulfonyl-tetrahydro-2H-1,4-thiazine-3-carboxylic acid
(0.377 g, 67%) as a sticky solid foam, FAB+MS Calcd for
M+Cs+=606.0021. Obs 606.0036; 1H NMR (CDCl3) 5 7.72-7.43 (m, 6H),
7.04 (d, 2H, J=8.46 Hz), 7.00 (d, 2H, J=8.82 Hz), 6.67 (s, 1H), 4.51 (s, 1H),
4.1-3_.9 (bm, 1H), 3.7-3.6 (bm, 1H), 3.2-3.1 (bm, 1H), 2.42 (bd, 1H, J=12.87
Hz), 1.61 (s, 3H), 1.38 (s, 3H)

Step 3. To a solution of 3(S)-4-(4-(4-(furan-3-yl)phenoxy)benzenesulfonyl-
terahydro-2H-1,4-thiazine-3-carboxylic acid (293 mg, 0.62 mmol) and O-(tert-
butyldiphenylsilyl)hydroxylamine (0.22 g, 0.8 mmol) in 5 mL of
dichloromethane was added EDC (132 mg, 0.69 mmol). After 18 hours at 25
°C. the mixture was partitioned between 1 N aq. sodium bisulfate and
dichloromethane. The aqueous layer was extracted twice with
dichieromethane, and the combined organic layers were washed with brine,
dried over sodium sulfate, and concentrated. The residue was purified by
shromatography on silica gel, eluting with a gradient from dichloromethane to
S% methanol in dichloromethane, to provide 3(S)-N-(tert-
buty.'diohenylsilyl)oxy—4-(4-(4-(furan-3-yl)phenoxy)benzenesulfonyl-tetrahydro-
zH-1,4-thiazine-3-carboxamide (40 mg, 8%). FAB+MS Calcd for
ﬁ.4+Cs-"=859_1308 Obs 859.1274; 1HNMR (dg-DMSO): & 10.81 (s, 1H),
€.17 (s. 1H), 7.74 (s, 1H), 7.67-7.61 (m, 8H), 7.45-7.30 (m, 6H), 7.10 (d, 2H,
v=8.83 Hz), 7.00 (d, 2H, J=8.46 Hz), 6.94 (s, 1H), 4.06 (s, 1H), 3.95-3.89 (bm,
14).3.77-3.73 (bm, 1H), 2.87-2.78 (bm, 1H), 1.28 (s, 3H), 0.99 (s, SH), 0.61
(s. 39)

Stzp £ To a 25 °C solution of 3(S)—N-(tert-butyldiphenylsilyl)oxy-4-(4-(4-
(r’uran-S—yl)phenoxy)benzenesuIfonyl-tetrahyd ro-2H-1,4-thiazine-3-
carboxarnide {35 mg) in 2 mL of THF was added 0.060 mL of 2M
tecrasutwiammonium fluoride in THF. After 30 minutes, the solution was

pattizoned bewween 1 M pH 7 phosphate buffer and ethy! acetate. The
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aqueous layer was extracted once with ethyl aceate, and the combined
organic layers were washed with brine, dried over sodium sulfate, and
concentrated. The residue was triturated with hexane and the resulting solid
was collected by filtration to yield 3(S)-4-(4-(4-(furan-3-
yl)phenoxy)benzenesulfonyl-N-hydroxy-tetrahydro-2H-1,4-thiazine-3-
carboxamide (22 mg). 1H NMR (CDCl3): 5 8.69 (bs, 1H), 7.24 (d, 2H, J=8.82
Hz), 7.51 (d, 2H, J=8.46 Hz), 7.05 (t, 4H, J=9.37 Hz), 6.69 (s, 1H), 4.57 (s,
1H), #.02 (d, 1H, J=12.5 Hz), 3.28-3.12 (m, 2H), 2.50 (d, 1H, J=12.87 Hz),
1.61 (s, 3H), 1.31 (s, 3H).

Example 21

Ster 1. To a stirred mixture of 2(R/S)-(tert-butoxycarbonyl)amino-3,3-
cimethyl-4-pentenoic acid (3.6 g, 15 mmol) and anhydrous sodium
Eicarbonate (3.78 g, 45 mmol) in 25 mL of DMF was added methyl iodide
(7.03 mL, 17 mmol) dropwise. The mixture was stirred for 27 hours at room
ta2mperature, and then poured into water (100 mL). The mixture was
extract=d with 2:1 ethyl acetate:hexane (3 x 50 mL), and the combined
c-ganic layers were washed with 5% aq. sodium thiosulfate solution, water,
sat. ag. sodium bicarbonate, and finally with brine. The organic layer was
d-ied ower magnesium sulfate, and concentrated to provide methyi 2(R/S)-
(tert-duzoxycarbonyl)amino-3,3-dimethyl-4-pentenoate (3.37 g, 87%) as a
swTup wmich was used without further purification.

Step 2. To a solution of methyl 2(R/S)-(tert-butoxycarbonyl)amino-3,3-
dimethy~4-pentenoate (4.97 g, 19.3 mmol) in 50 mL of dichloromethane at 0
°C was added 16.5 mL of trifluoroacetic acid. After 2 hours, the solution was
ccneentrated and the residue was dissolved in 100 mL of dichloromethane
ard wasned with sat. ag. sodium bicarbonate (50 mL). The organic layer was
dri=d over sodium sulfate and concentrated to give methyl 2(R/S)-amino-3,3-
dimetnyi-4-pentenoate (2.30 g), which was dissolved in 50 mL of
dichlorornethane and cooled to 0 °C. Triethylamine (8.1 mL, 58 mmol) was

acded, followed by addition of 4-(4-ﬂuor0phenoxy)benzenesulfonyl chloride
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(6.71 g, 21.3 mmol). The reaction was allowed to warm to room temperature
and stirred for 18 hours and then washed 3 N hydrochloric acid (125 mL),
dried cover sodium sulfate and concentrated. The residue was purified by
chromatography on silica gel, eluting with 20% ethyl acetate in hexane, to
vield 4.41 g (61%) of methyl 2(R/S)-[4-(4-
fiuorophenoxy)benzenesulfonyl]lamino-3,3-dimethyl-4-pentenoate as a white
solid.

Anal. Calcd for C5oH,,FNOgS: C, 58.96; H, 5.44; N, 3.44; S, 7.87. Found:
C, 59.01; H, 5.47; N, 3.50; S, 7.95.

Step 3. A mixture of methyl 2(R/S)-[4-(4-
f.uorophenoxy)benzenesulfonyllamino-3,3-dimethyl-4-pentenoate (4.31 g,
10.6 mrmol) and potassium carbonate (3.65 g, 26.4 mmol) was stirred

igorously in 25 mL of DMF at 85 °C as ethyl bromoacetate was added
aropwise. After 16 hours, an additional 1.82 g of potassium carbonate and
4.1 mL of ethyl bromoaceate was added. After an additional 3 hours at 65
°C, 6.0 mL of ethyl bromoaceate was added and stirring was continued for
anotner 4 hours. After cooling to room temperature, the solvent was removed
irr vacuo (~ 1 torr), and the residue was partitioned between ethyl acetate and
wzater. The organic layer was washed with water and with brine, dried over
sodium sulfats, and concentrated. The residue was chromatographed on
siiZca, eiting with a gradient of 10% to 20% ethyl acetate in heaxane to
provide 4.05 ¢ (78%) of methyl 2(R/S)-[4-(4-fluorophenoxy)
benzenesuIfonyl][(ethoxycarbonyl)methyl]amino-3.3-dimethyl-4-pentenoate.

Anal. Calcd for Co4HpsFNO,S: C, 58.42; H, 5.72; N, 2.84: S, 6.50. Found:
C, 58.34; H,5.75; N, 2.90; S, 6.40.

Step 4 To 2 mixture of methy! 2(R/S)-[4-(4-ﬂuorophenoxy)benzenesulfonyl]
[(e=hoxy=arbonyl)methyllamino-3,3-dimethyl-4-pentenoate (3.52¢g,7.13
mrnol) in 40 mL of 2:2:3 carbon tetrachloride:acetonitrile:water was added
0.C37 g (D.18 mmol) of ruthenium trichloride monohydrate and 7.78 g (36.4
mrmol) of sodium periodate. The mixture was stirred vigorously at room

termprature for 22 hours, then diluted with 150 mL of water and extracted with
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dichloromethane (3 x 50 mL). The combined organic layers were dried over
sodium sulfate and concentrated. The residue was purified by
chromatography on silica gel, eluting with a gradient from 1:1 ethyl
acetat=:hexane to ethyl acetate, to yield 2(R/S)-[4-(4-fluorophenoxy)
benzenesulfonyl][(ethoxycarbonyl)methyl]Jamino-3,3-dimethyl-butanedioic
acid, 1-methyl ester (2.27 g, 62%) as an off-white solid.

Step 5. To a solution of methyl 2(R/S)-[4-(4-
ﬂuorﬁp henoxy)benzenesulfonyl] [(ethoxycarbonyl)methyllamino-3,3-dimethyl-
butanedioic acid (2.00 g, 3.91 mmol) and triethylamine (0.6 mL, 4.30 mmol) in
50 mL of benzene at 80 °C was added diphenyylphosphoryl azide (0.93 mL,
4.3 mmol). After 4 hours, benzyl alcohol (1.62 mL, 15.6 mmol) was added.
After an additional 20 hours, the reaction was cooled to room temperature
and pa-titioned between ethyl acetate and 10% aq. citric acid. The organic
layer was washed with sat. ag. sodium bicarbonate, dried over sodium
sulfate, and concentrated. The excess benzyl aicohol was removed by
kugelrar distillation at 0.28 torr, 70 °C, and the residue was purified by
chremazography on silica, eluting with 30% ethyl acetate in hexane, to give
methyl 2(R/S)-[4-(4-
fluorophenoxy)benzenesulfonyl][(ethoxycarbonyl)methyljamino-3-
(benzyioxycarbonyl)amino-3-methylbutanoate (1.81 g, 75%) as a colorless,
viscous oil.

Anal. Taled for CygH33FN,OgS: C, 58.34; H, 5.55; N, 4.54; S, 5.19. Found:
C. 58.5C; H, 5.43; N, 4.60; S, 5.16.

Step7. A sr;lution of methyl 2(R/S)-[4-(4-ﬂuorophenoxy)benzenesulfonyl]
[(ezhoxyzarbenyl)methyllamino-3-(benzyloxycarbonyl)amino-3-
methylbutancate (1.89 g, 3.06 mmol) in 50 mL of ethanol was hydrogenated
over 0.13 g of 10% palladium on carbon under 1 atm of hydrogen for 1 hour
at room zemperature. The catalyst was removed by filtration, and the filtrate
was concentrated. The residue was triturated with 50 mL of warm diethyl

ether and filtered to give 1.07 g (80%) of methyl 2(R/S)-1-[4-(4-
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fluorcphenoxy)benzenesulfonyl}-3,3-dimethyl-5-oxo-piperazine-2-carboxylate
as an off-white solid.

Anzl. Calcd for CogH,1FN,OgS: C, 55.04; H, 4.85; N, 6.42; S. 7.35. Found:
C, 55.15; H, 4.95; N, 6.33; S, 7.20.

Step 8. A solution of methyl 2(R/S)-1-[4-(4-
fluorcohenoxy)benzenesulfonyl}-3,3-dimethyl-5-oxo-piperazine-2-carboxylate
{0.20 g, 0.46 mmol) and 0.123 g (0.92 mmol) of lithium iodide in 8.8 mL of
‘reshiy-distilled 2,6-lutidine was heated at 120 °C. After 1.25 hours at 120 °C.
an additional 0.123 g of lithium iodide was added. After an additional 3 hours,
more {ithium iodide (0.123 g) was added and the reaction was stirred for
another 2 hours. After cooling to room temperature, the reaction was poured
into water (V5 mL) and extracted with 3 x 40 mL of ethyl acetate (to remove
2,6-lutdine}). The aqueous layer was then acidified and extracte with ethyl
gcetats (2 x 50 mL). The combined organic layers were dried over sodium
sulfate. treated with decolorizing carbon, filtered, and concentrated. The oily
rasidus was triturated with diethyl ether (5 mL) and hexane (2 mL). The solid
was cc lected by filtration and washed with diethyl ether to provide 121 mg
(22%) cf 2(R’S)-1-[4-(4-ﬂuorophenoxy)benzenesulfonyl]-3,3-dimethyl-5-oxo-
F :peraz’ne-2-carboxylic acid as a beige solid.

Aral. Caled for CygHgFN,OgS: C, 54.02; H, 4.53; N, 6.63; S, 7.59. Found:
C. 8413, H, 4.59; N, 6.54; S, 7.47.

Step 2. Tc a stirred solution of 2(R/S)-1-[4-(4-
ﬂ;orcphenoxy)benzenesulfonyl]—B,3-dimethyl-s-oxo-piperazine-2-carboxylic
acid {5C mg, 0.12 mmol) and N-methyl morpholine (0.10 mL) in DMF (0.5 mL)
at 22 °C was added 92 mg (0.18 g) of PyBOP followed by addition of 33 mg
(.27 mmol) of hydroxylamine hydrochloride. After 22.5 hours , the reaction
Wzs cartitionsd between ethyl acetate and 10% aqueous citric acid, and the
orzanic iayer was washed with water, sat. aq. sodium bicarbonate, water, and
brine The orzanic layer was dried over sodium sulfate and concentrated,
and tne -2sidue was redissolved in 20 mL of diethyl ether and partially

concentrated 10 provide 0.23 g of a white solid which was somewhat impure
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accoring to TLC analysis. Purification by chromatography on silica, eluting
with 0.5% acetic acid in ethyl acetate, provided 7.1 mg of 2(R/S)-1-[4-(4-
ﬂuorophenoxy)benzenesulfonyl]-S,3—dimethyl-N-hydroxy-s-oxo-piperazine_z_
carboxamide: FAB HRMS calcd. for CygH21FN30gS (M+H)+: 438.1135.
Found: 438.1145.

Anal. Cal. for C,H,N,0,SF+0.25H,0: C, 51.63; H, 4.68; N,
8.51: 8,7.26. Found: C, 51.58;H, 4.70; N, 9.42; S, 7.1.7.

Example 22

2(R/S)-3-acetyl-1 -4-(4~ﬂuoroohenoxv)benzenesuIfonvl-N-hvdroxv-
hexanydropyrimidine-2-carboxamide

Step 1. To a stirred solution of 1,3-diaminopropane (6.7 mL) in 100 mL of
dichicromethane at -10 °C was slowly added over a 2 hour period a solution
of 4-(4-fluorophenoxy)benzenesulfony! chloride (5.7 g, 20 mmol) in 50 mL of
dichicromethane. The reaction was stirred for 15 minutes after the addition
was complete, and then partitioned between ethyl acetate and water. The
resulting emulsion was cleared by addition of dichloromethane, and the
organic layer was separated. The aqueous layer was extracted with
cCichloromethane and the combined organic layers were extracted with 0.5 N
&g. scdium bisulfate. The aqueous phase was brought to pH 8 with sodium
bicarbonate and then extracted with dichioromethane (3x 100 mL). The
combined organic layers were dried over sodium sulfate and concentrated to
g volume of about 50 mL. Addition of hexane resulting in formation of a
precipitate, which was collected by filtration to provide N-(3-aminopropyt)-4-
(+fluorophenoxy)benzenesulfonamide (4.27 g) as a white solid: mp 184 °C
(softens), 237 °C (melts) 'H NMR (300 MHz, DMSO-dg): 57.84 (d, J= 9 Hz,
2H), 7.28-7.21 (m, 4H), 7.12 (d, J = 9 Hz, 2H), 3.6-3.2 (brs, 3H), 2.80 (dd, J =
7, 7Hz 2H), 2.77(dd, J = 7, 7 Hz, 2H), 1.72-1.60 (m, 2H).

Step 2. To a solution of N-(3-aminopropyl)-4-(4-ﬂuorophenoxy)
benzenesulfonamide (3.24 g, 10 mmol) in 100 mL of dichloromethane was
added 2.26 mL of a 50% solution of ethyl glyoxalate in toluene. After 2 hours,
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10 g of 3 A molecular sieves were added. After 18 hours, an additonal 2.26
mL of ethyl glyoxalate was added portionwise while monitoring the reaction
progress by TLC. After 4 hours, the reaction was filtered through Celite 545,
and tre filtrate was concentrated. The residue was purified by
chromatography on silica, eluting first with 2:2:1
nexanz:dichloromethane:ethyl acetate and then with 1:3 ethyl
acetatz:dichloromethane, to give 1.2 g of a mixture of two compounds by TLC
analy='s which was employed without further purification in the next reaction.

Ster 3. To a solution of the product (1.1 g) from the previous paragraph in
<5 mL of dichloromethane was added 0.67 mL of 4 M hydrogen chloride in
Cioxar:=. Afier 1 hour at room temperature, the solution was cooled to -20 °C,
and acatyl chloride (0.19 mL) was added, followed by addition of N-methyl
morphoiine (0.89 mL). After 2 hours at -20 °C and 1.5 hours at room
t=mprazure, the reaction was partitioned between water and ethyl acetate.
Tne orzanic layer was dried over sodium sulfate, concentrated, and the
residue was purified by chromatography, eluting with 40% acetone in hexane,
tc yield ethyl 2(R/S)-3-acetyl-1-4-(4-ﬂuorophenoxy)benzenesulfonyl-
hexahydropyrimidine-2-carboxylate (0.24 g) as a clear syrup: LSIMS m/e
expectad for CyyHoyFN,O6S (M+H)*: 451. Found: 451.

Step 2. A solution of ethyl 2(R/S)-3-acetyl-1-4-(4-
ﬂuorcphenoxy)benzenesulfonyl-hexahydrOpyrimidine-Z-carboxylate (0.225 g)
and nycroxylamine (0.10 mL of a 50% aqueous solution) in 5 mL of ethanal
wz=s stired at 25 °C for 18 hours, and then at 55 °C for 24 hours, The
reactor soluton was concentrated and chromatographed, eluting first with
4C'% etryl acetate in dichloromethane and then with 54:40:5:1
dichisrarnethane:ethyl acetate:methanol:acetic acid, to yield 37 mg (17%) of
Z(R/S}-E-acetjvm-4-(4-ﬂuorophenoxy)benzenesulfonyI-N-hydroxy-
he:xarycrepyrmidine-2-carboxamide as a white foam after concentration from
dichicrerethanefiscoctane: mp 79°C; 'H NMR (300 MHz, DMSO0-dg) 5 11.0
(br s. 1H'., 9.03 (brs, 1H), 7.79 (d, J = 9 Hz, 2H), 7.39-7.30 (m, 2H), 7.28-7.21
(m. 25), 7.12(d, J= 9 Hz, 2H), 6.77 (s, 1H), 3.73 (d, J = 14.5 Hz, 1H), 3.58
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(d, J=13 Hz, 1H), 3.33-3.13 (m, 2H), 1.93 (s, 3H), 1.44-1.35 (m, 1H), 1.17-
1.07 (m, 1H); HRMS (FAB) (+Cs)+expected: 570.0111. Found 570.0122.
Anal. calc. for CyoH,0FN,04S+0.1 CH,Cl,+0.25 isooctane: C,
52.05; H, 4.97; N, 9.06; S, 6.91. found: C, 52.03; H, 5.00; N, 9.05; S, 6.85.
Anal. calc. for C,,H,N,0,SF/*+0.4H,0, 0.3 hexane, 0.1 tolyene: C, 52.72; H,
5.01; N, 9.09;, §, 6.93. Found: C,52.75; H, 4.96; N, 8.03; 8, 6.78.

The results obtained during biological testing of some preferred
embodiments of the inventive compounds are described below.

BIOLOGICAL DATA
Enzvme Assavs

10 Stromelysin enzymatic activity was measured using a modified
version of a resonance energy transfer fluorogenic assay as desribed in
F~EBS. vol. 296(3), p. 263 (1992), the disclosure of which is incorporated
herein by reference. The MCA-peptide substrate is shown below. The
fiuorescent MCA group is quenched by resonance energy transfer to the 2,4-
13 cinitrophenyl group. Matrix metalloproteinases cleave this substrate af the
Gly-Leu bond. Cleavage results in the loss of energy transfer and a large

increase in fiuorescence of the MCA group.

NO,
7-methoxycoumarin-4-yl—acetyl-pro-leu-gly—leu-3-(2,4-dinitr0pheny|)-1_-2'3-

diaminoproprionyl-ala-arg-NH,

20
The MCA assay was performed at 37°C in buffer containing 50

mM Tricme (pH 7.5), 10 mM CaCl,, 200 mM NaCl, and 1% DMSO with the
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following concentrations of matrix metalloproteinases: 1.4 nM stromelyin,
0.C63 nM matrilysin, and 0.030 nM gelatinase A. The concentration of MCA
substrate was 10 or 20 pM in a final volume of 1.6 mL. Fluorescence data
was collected with Perkin-Elmer LS-5B and LS-58 spectrofluorimeters with
Aexctation = 328 NmM and Amission = 393 nm. Spectrofluorimeters were interfaced

with IBM-compatible microcomputer systems.

Competitive Inhibition Analvses

The K, for the MCA peptide substrate with the matrix
metalloproteinases is quite high and exceeds its solubility under assay
conditions. Consequently, the apparent K, (Ki'app) was determined to describe
the strength of inhibition. However, in this case, K,-'app would be essentially
equal to K; since [S]«K,,. For the determination of Ki'app, the concentration of
the inhibitor was varied at a constant and low concentration of substrate and
the steady-state rates of fluorescence change determined. In most cases
abscrptive quench due to the presence of ligand was not observed. For slow-
binding inhibitors, onset of inhibition curves were collected for at least 45
minutes so that equilibrium was established. Steady-state rates of
fluorescence change were obtained by fitting a curve to an equation for a
single exponential decay containing a linear phase. The fitted value of the
linear phasa was taken as the steady-state rate. The steady-state rates were
fitted 0 the Michaelis equation describing competitive inhibition by non-linear
methods. Data resulting from tight-binding inhibition was analyzed, and Kiapp
determined by fitting the data to the tight-binding equation of Morrison See
(Biockem. Biophys. Acta, vol. 185, Pp. 269-286 (1969)) by non-linear
methecds.

The results of the above-described tests are presented below in

Table 1.
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Tumor modeils
Primary subcutaneous tumors were established in female BDF,

mice by trocar innoculation of the murine Lewis lung carcinoma (NIH) tumor
line. This tumor line produces spontaneous lung metastases which arise from
the primary tumor. Primary tumor growth was monitored by measuring the
length and width of the subcutaneous tumor using calipers; lung metastases
were counted at the end of the experiment (22 days after tumor implantation)
by rerﬁoving the lungs and counting the lesions using a dissecting
microscope. The test compound was administered daily, i.p., beginning 24
hours after tumor implantation (day 1) and continuing through day 21.
Primary tumor volumes and number of lung metastases were compared to
control animals using an ANOVA followed by a comparison of means using
the F statistic. For example, the compound of example 9(a), at a dosage of
50 mg/kg, produced a statistically significant (p < 0.025) tumor growth delay,
calculated as the delay in reaching 1000 mm?® tumor volume between control
and treated animals, and in the number of lung metastases (p < 0.05) relative
to the control. All drugs were administered at 50 mg/kg, i.p., daily, Day 1-Day

21. The results are presented in Table 2 below.

TABLE 2
Example No. Tumor Growth Delay %_Inhibition-Lung Metastases
5(a) 2.0 days 13.6%
8(a) -0.1 days 7.5%
7(a) 0.0 days 16.1%
9(a) : 7.2 days (p < 0.025) 77.6% (p < 0.05)

Arthritis mode]

Previously frozen bovine nasal cartilage plugs weighing
approximately 20 mg were embedded in polyvinyl sponges impregnated with
Myobacterium tuberculosis and implanted subcutaneously in female Lewis
rats. Dosing was begun 9 days after implantation and the plugs were

harvested about one week later. The plugs were weighed and then
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hydrolyzed and the hydroxyproline content measured. Efficaciousness was
determined by the comparison of the compound-treated groups with vehicle-

treated controls. The results are presented in Table 3.

TABLE 3

dose p.o. weight loss hydroxyproline
Example No. (ma/ka/day) % inhibition o )
3(a) 25 97.5 nd.
2(b) 25 81.1 nd.
>(a) 10 59.6 72.5
7(a) 10 77.4 86.7

p < 0.01 for all entries; n.d. = not determined
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We claim:
1. A compound of formula 3:

Dc:(A(j‘s’,o;,H

(3)

wherein D is N or C-R,; wherein Ry, is a heteroaryl group, and Zis O or S, or
a salt or solvate thereof.

2. A compound according to claim 1, wherein said compound is
& compound of formula 3a or 3b:

SR O,

(3a) (3b)

cr a salt or solvate thereof.

3. A compound of formula 4:

@ L@
D S0
(4)

wnereir D is N or C-R s wherein R, is an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group, Z is O or S, and J
is a halc group, 1,2,4-triazolyl, benzotriazoly! or imidazol-1-yl, or a salt or
sc'vate thereof.

4. A salt according to claim 3, wherein said salt is a salt of
formula 4a or 4b:

SRe! ©
SR
H SO.Cl. i o)

cl
cr (4a) Cl (4b) o
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5. A compound of formula 6:

0
HZNfOQ
HS R
(6)

wherein R, and R, are each a methy! group, and
wherein Q is a cycloalkyl group, an aryl group, a heteroaryl group, a
heterocycloalkyl group, or a group of formula

_AZ_RQ
Rio
wherein A is C or Si, and Ry, R,, and R,, are independently selected from H
and any suitable organic moieity, or a salt or solvate thereof,
with the proviso that the compound, salt or solvate of formula 6 is not a
diaster and with the proviso that Q is not methyl, ethyl, isopropyl, n-butyl, -
CH,-phanyl,

o
—(CH2)2SCH,C(O)NH(CH2)w™ \Q/\O
{
HO
0 HO OH
A i
0 NH N/[k
K/J\

Me %

8. A compound according to claim 5, wherein
wrenA s C,

R, is H, an alkyl group, an O-alkyl group, an S-alkyl group, a
Cy=ioalky! group, a heterocycloalkyl group, an ary! group, a heteroary! group,
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C=N, or C(O)R,, , wherein R,, is an alkyl group, an aryl group, a cycloalkyl
group, a heteroaryl group, or a heterocycloalky! group, and
R, and R,, are independently selected from H, an alkyi group
and an aryl group;
and further wherein
when Ais Si,
Rs. Ry and R,, are independently selected from an alky! group, a
cycloalky! group, and an aryl group,
or a salt or solvate thereof.
7. Acompound according to claim 6, wherein Q is C(CH
CH,-CH=CH,, CH,C=N, or a group of the formula:

2o

GHy GHy CHICHy),

. R .

—?.—QCHQ or —Si—CH(CHy),
CHy ™3 H(CHy),

whersin R., is CH, or CH(CH,),, or a salt or solvate thereof,
8. A compound of formula 7:

P;I 0
L
I;(1
S Rz
(7)

wherzin R. and R, independently are selected from H and any suitable
organic moiety, or where R, and R, together form a cycloalkyl groupora
heterocyctoalkyl group, and

whersin Q is a cycloalkyl group, an aryl group, a heteroary! group, a
heterocycloalkyl group, or a group of formula

A’Rr\Es
—A-Rg
Rio

wherein A is C or Si, and R,, R,, and R,, are independently selected from H
and any suitable organic moieity, or a salt or solvate thereof.
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9. A compound according to claim 8, wherein R, and R, are
each a methyl group, or a salt or solvate thereof.

10. A compound according to claim 9, wherein
when A is C,

R, is H, an alkyl group, an O-alkyl group, an S-alkyl group, a
cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
C=N, or C(O)R,, , wherein R,; is an alkyl group, an aryl group, a cycloalky!
group, a heteroaryl group, or a heterocycloalkyl group, and

R, and R,, are independently selected from H, an alkyl group
and an aryl group;
and further wherein
when A is Si,

Rs Rs and Ry, are independently selected from an alky! group, a
cycloalkyl group, and an aryl group,
cr a sait or solvate thereof.

11. A compound according to claim 10, wherein Q is CH,,
CH,CH,, CH(CH,),, C(CH,),, CH,-CH=CH,, CH,C=N, or a group of the

fermula:

CHs CH, ?H(Cng
/R
_?.—QCHQ or —Si—CH(CHy),
3
Chy H(CH,),

whereir R,, is CH, or CH(CHj,),, or a salt or solvate thereof.

12. A compound of formula 8:

D(j : S0, 0
(X
R
(8) SR
woerein

DisN

ZisOorS§, and
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R, and R, independently are selected from H and any suitable
organic moiety, or where R, and sztogether form a cycloalkyl
group or a heterocycloalkyl group,
and further wherein Q is a cycloalkyl group, an aryl group, a heteroaryl group,
a heterocyclioalkyl group, or a group of formula

wherein Ais C or Si, and R,, R,, and R,, are independently selected from H
and any suitable organic moieity, or a salt or solvate thereof.

13. A compound according to claim 12, wherein R, and R, are
each a methyl group, or a salt or solvate thereof.

14. A compound according to ciaim 13, wherein
wien A is C,

R, is H, an alkyl group, an O-alkyl group, an S-alkyl group, a
cy<loalkyl greup, a heterocycloalkyl group, an aryl group, a heteroaryl group,
C=N, or C(O)R,, , wherein R,, is an alkyl group, an aryl group, a cycloalky!
group, & heteroaryi group, or a heterocycloalky! group, and

R, and R,, are independently selected from H, an alkyl group
and an aryi group; and
whn A s Si, R,, Ry and R,, are independently selected from an alkyl group, a
cy<ioalkwi group, and an aryi group,
or a salt or soivate thereof.

15. A compound according to claim 14, wherein Q is CH,,
Ck.,CH, H(CH a)2. C(CH,),, CH,-CH=CH,, CH,C=N, or a group of the
forrmula:

¢y cH, CH(CH,),
—-S'—%R” —Sr—CH(CH3)2
CH3 CH(CHy),

wherein R., is CH, or CH(CH,),, or a salt or solvate thereof.

TR e R T PR e e+ mEA T e s e
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16. A compound of formula 9:
z
' SRS}
D 80, 0
E OH
Ry

(9) Rz
wherein
Dis N,
ZisOorS, and
R, and R, independently are selected from H and any suitable

v

organic moiety, or where R, and R, together form a cycloalkyl
group or a heterocycloalkyl group,
or a sal or solvate thereof.
17. A compound according to claim 16 wherein R, and R, are
each a methyl group, or a salt or solvate thereof.
10 18. A method of making a compound of formula 3:

D/\jzosogﬁ

(3)

wherein D is N or C-R,, wherein R is a heteroaryl group,and Zis O or S, or
a salt or solvate thereof,

comprising the step of converting a compound of formula 2:

0

(2)
wherein D and Z are as defined above, or a salt or solvate thereof,
15 to = compounc of formula 3, or a salt or solvate thereof, under conditions
sufTicient to form said compound of formula 3.
19. A method according to claim 18, comprising the step of
corrverting a ccmpound of formula 2a or 2b:

SACEENSae

(2a) (2b)
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or a salt or solvate thereof,

to a compound of formula 3a or 3b:

O S
N::I‘/ \O\SO;;H 0 O\SO:;H

(3a) (3b)
or a salt or solvate

thereof, under conditions sufficient to form said compound of formula 3a or
3b, or a salt or solvate thereof,
20. A method of making a compound of formula 4:

SRe!
Do’ N~sou

(4)
wherein D is N or C-R,; wherein R, is an alkyl group, a cycloalkyi group, a
neterccycloalkyl group, an aryl group, or a heteroaryl group, ZisOor S, and J
ts a halogen, 1,2,4-triazolyl, benzotriazolyl or imidazol-1-yl, or a salt or solvate
therecf,
compr:sing the step of converting a compound of formula 3:

SRCWE
(3)

wherein D and Z are as defined above, or a salt or solvate thereof,

tc a campound of formula 4, or a salt or solvate thereof, under conditions

sufficient to form a compound of formula 4, or a salt or solvate thereof.
21. A method according to claim 20, comprising the step of

converting a compound of formula 3a or 3b:

0
N
0 50
S N"503H SOsH
(3a) (3b)

or a salt or sclvate thereof,
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to a salt of formula 4a or 4b:

SR g
" 0,01 PN SO,Cl.

cr (4a) Cl (4b)

or a solvate thereof, under conditions sufficient to form said compound of
formula 4a or 4b, or a salt or solvate thereof.
22. A method of making a compound of formula 4;

<
D
(4)

S02J

wherein Dis N or C-R,s wherein R,, is an alkyl group, a cycloalkyl group, a
reterocycloalky! group, an aryl group, or a heteroary! group, Zis Oor S, and J
is a halogen, 1,2,4-triazolyl, benzotriazolyl or imidazol-1-yl, or a salt or solvate
thereof,

comprising the step of converting a compound of formula 2:

'she

(2)

wherein D and Z are as defined above, or a salt or solvate thereof,
to a compound of formula 4, or a salt or solvate thereof, under conditions
10 suTfficient to form a compound of formula 4, or a salt or solvate thereof.
23. A method according to claim 22, comprising the step of

carverting a compound of formula 2a or 2b:

o0 O
(2a) (2b)

or 2 salt or solvate thereof,

to z salt of formula 4a or 4b:

A S B T T e e TRt o AR
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Sag! 7y
. SRe!
SN N S0,C1
cr (4a) cl (4b)

or a solvate thereof, under conditions sufficient to form said compound of
formula 4a or 4b, or a solvate thereof.

24. A method of making a compound of formula 6:

o)
Hz”foo
R
HS R, 1
(6)

wherein R, and R, are each a methyl group, and
5  wherein Qs a cycloalkyl group, an aryl group, a heteroaryl group, a
heterocycloalky! group, or a group of formula

whe-zin A is C or Si, and Rs Rg, and R, are independently selected from H

and zny suitable organic moieity, or a salt or solvate thereof,

with zne proviso that the compound, salt or solvate of formula 6 is not a

dieszer and with the proviso that A is not methyl, ethyl, isopropyl, n- -butyl, -
10 CH,-ohenyl,

T(CHz>zSCH2c<O>NH<CHz)3/O\O/\O
j )L XH/Z:(

\
Me o

CATBR NN A am o ga e R e e ek gyt v AT R oSSR DT e e e L
D A wran 7
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comprising the step of converting a compound of formula 5:

0
HerL oH
R1
HS R,
(5)

wherein R, and R, are as defined above, or a salt or solvate thereof,
to a compound of formula 6, or a salt or solvate thereof, under conditions
sufficient to form said compound of formula 6, or a salt or solvate thereof.

25. A method according to claim 24, wherein
when A is C,

R, is H, an alkyl group, an O-alky! group, an S-alkyl group, a
cycioalkyl group, a heterocycloalkyl group, an aryl group, a heteroary! group,
C=N, or C(O)R,, , wherein R,, is an alky! group, an aryl group, a cycloalkyi
group, a heteroaryl group, or a heterocycloalkyl group, and

R, and R,, are independently selected from H, an alkyl group
and an aryl group, with the proviso that Ry and R,, are not both methyl
g-oups;
and further wherein
wnenA is Si,

Ra Rq and R,, are independently selected from an alkyl group, a
cycloalicyl greup, and an ary! group.

26. A method according to claim 25, wherein Q is C(CH,),, CH,-
CH=CH.., CH:C;N, or a group of the formula:

<,3H3 cga CIIH(CH3)2
—?i 2 o —Si—CH(CH,),
cH, CH
CH(CH,),

wherein R, is CH, or CH(CH,),, or a salt or solvate thereof.
' <7. A method of making a compound of formula 7

- e - . P — SRR - 5 St FESLY-LAE I SRS
B L G RR T Y1 T W Ho e e T SRR P poc
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}'-l 0
(e
R1
S R2
(7)

wherein R, and R, independently are selected from H and any suitable
organic moiety, or where R, and R, together form a cycloalkyl group or a
heterocycloalkyl group, and

wherein Q is a cycloalkyl group, an aryl group, a heteroary! group, a
heterocycloalkyl group, or a group of formula

wherein A is C or Si, and Re, Ry, and R, are independently selected from H
and any suitable organic moieity, or a salt or solvate thereof,
comprising the step of converting a compound of formula 6-

0
Hszoo
R
HS R, 1
(6)

wherein R, R,and Q are as defined above, or a salt or solvate thereof,
toa cc'npound of formula 7, or a salt or solvate thereof, under conditions
icient to form said compound of formula 7, or a salt or solvate thereof.
28. A method according to claim 27, wherein R,and R, are
€2ch a methyl group.
28. A method according to claim 28, wherein
wnen A is C,
Re is H, an alkyl group, an O-alkyl group, an S-alkyl group, a
cweloalicyl group, a heterocycloalkyl group, an aryl group, a heteroary! group,
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C=N, or C(O)R,, , wherein Ry, is an alkyl group, an aryl group, a cycloalkyl
group, a heteroary] group, or a heterocycloalkyl group, and

Ry and R, are independently selected from H, an alkyl group
and an aryl group;
and further wherein

when A'is Sj, R,, Ry and R,, are independently selected from an
alkyl group, a cycloalkyl group, and an aryl group.

30. A method according to claim 29, wherein Qis CH,, CH,CH,,
CH(CH,),, C(CH,),, CH,-CH=CH,, CH,C=N, ora group of the formula:

<I3H3 CH, ('ZH(CH3)2
—Si—&-Ryz or —Si—CH(CHy),

L cH,

CHs H(CHs),

wnerein R, is CH, or CH(CH,),.
31. A method of making a compound of formula 7:

ﬁ O
(oo
R
S R21
(7)

wherein R, and R, independertly are selected from H ang any suitable
orgcanic moiety, or where R, ard R, together form a cycloalky! group or g
he:erocy:loalkyl group, and
wharein Q is a cycioalkyl group, an aryl group, a heteroaryt group, a
he:erocy:loalkyl group, or a group of formula
_AERQ
R1o

whsrein A is C or Si, and Rs, R, and R, are independently selected from H
Or any sutable organic moieity, or a salt or soivate thereof,

L At T
PR Eaveloh AT |
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comgrising the step of converting a compound of formula 11:

H O

ENﬁOH
S7°R,’
(11)

wherein R, and R, are as defined above, or a salt or solvate thereof,
to @ compound of formula 7, or a salt or solvate thereof, under conditions
sufficient to form said compound of formula 7, or a salt or solvate thereof.

32. A method according to claim 31, wherein R,and R, are
2ach 2 methyl group.

33. A method according to claim 32, wherein
when Ais C,

R, is H, an alkyl group, an O-alky! group, an S-alkyl group, a
cycloa’kyl group, a heterocycloalky! group, an aryl group, a heteroary! group,
Cz=N, cr C(O)R,, , wherein R,, is an alkyl group, an aryl group, a cycloalky!
croup. a hetaroaryl group, or a heterocycloalky! group, and

Re and R, are independently selected from H, an alky! group
and ar aryl group;
and furzner wherein

when Ais Si, Ry, Ry and R,, are independently selected from an
a <yl group, & cycloalkyl group, and an aryl group.

34. A method according to claim 33, wherein Q s CH,, CH,CH,,
CH(CH.},, C/CH,);, CH,-CH=CH,, CH,C=N, or a group of the formula:

CHs cH, CH(CHy),
—Si—%Rﬂ or —Si—CH(CH,),
SH, CHs
3 H(CH,),

wrereir R,,is CH; or CH(CH,),.
35. A method of making a compound of formula 11:
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H O
L
R1
S Rz

(11)

wherein R, and R, independently are a methyl group, or a salt or solvate
ther=of,
comporising the step of converting a compound of formula 5:

0]

R

HS2

(5)

whersin R, and R, are as defined above, or a salt or solvate thereof,
to a compcund of formula 11, or a salt or solvate thereof,
36. A method of making a compound of formuia 8:

<<l
. [S]%’oo

where: n
Dis N or C-R,, wherein Ry is an alkyl group, a cycloalkyl group,
a heterocycloalkyl group, an aryl group, or a heteroaryl group,
Zis Oor S, and
R, and R, independently are selected from H and any suitable
organic moiety, or where R, and R, together form a cycloalky!
group or a heterocycloalky! group,

and furzher wherein Q is a cycloalkyl group, an aryl group, a heteroaryi group,

a neterocyclealkyl group, or a group of formula
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wherein Ais C or Si, and R,, R. and R, are independently H or any suitable
organic moieity, or a salt or solvate thereof,
comprising the step of reacting a compound of formula 7 or formula 11:

o0 H o
[Nﬁoo ENrOH
R R
(7) whereinR,, R,  (11)

and Q are as defined above, or a salt or solvate thereof,
with a compound of formula 4:

Sae!
Ds SO

(4)

wherein D and Z are as defined above, and Jis a halogen, 1,2,4-triazolyl,
benzotriazolyl or imidazol-1-yl, or a salt or solvate thereof,

urder conditions sufficient to form said compound of formula 8, orasaltor
scivate thereof.

37. A method according to claim 36, wherein R, and R,are
each a methyl group.

38. A method according to claim 37, wherein
wren A is C,

R, is H, an alkyl group, an O-alky! group, an S-alkyl group, a
cycioalkyl group, a heterocycloalkyl group, an ary! group, a heteroaryl group,
C=N, or C(O)R,, , wherein R, is an alky! group, an aryl group, a cycloalkyl
greup, a neteroaryl group, or a heterocycloalky! group, and

R, and R,, are independently selected from H, an alkyl group
anc an aryl group; and
when Ais Si, R,, R and Ry are independently selected from an alkyl group, a
cyc:oalky: group, and an aryl group.

g ey ave e ey
TR TR g e B I T S vy Ly ey g Py Fr " n
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39. A method according to claim 38, wherein Q is CH,, CH,CH,,
CH(CHy,),, C(CH,),, CH,-CH=CH,, CH,C=N, or a group of the formula:

CHy cH, CH(CH,),
—Sli—éRﬁ Si—CH(CH

L o, ©F —Si—CH(CHy),

CHs H(CHy),

whersin R,, is CH, or CH(CH,),.
40. A method according to claim 38, comprising the step of
5 react:ng a compound of formula 7a:
H O

[:]j\OQ

(7a)

cr a salt or solvate thereof,
with a salt of formula 4a or 4b:

O S
SRe SR
H SOLCI H SO,Cl.

cr (4a) Cl (4b)
C~ a scivate thereof,

tnder conditions sufficient to form a compound of formula 8a or 8b:

o)
i S
@ \Qioz o) U \0\3020
E ﬁ‘oo EN];LOQ
(8a) S (8b) S

10 O a sa:t or solvate thereof.
41. A method according to claim 40, wherein
wren A is C,
Reis H, an alkyl group, an O-alkyl group, an S-alkyl group, a
cy<=loalkyvl group, a heterocycloalky! group, an aryl group, a heteroaryl group,
=N, or Z(0)R,, , wherein R, is an alkyl group, an aryl group, a cycloalkyl
5 group, & heteroaryl group, or a heterocycloalky! group, and

LTI S g g e e RN g r e | A WD S Y e e P e i
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Ry and Ry, are independently selected from H, an alky! group
and an aryl group;
and further wherein
when A is S,

s Rs. Rsand R,, are independently selected from an alkyl group, a

cycioalkyl group, and an aryl group.

42. A method according to claim 41, wherein Qs CH,, CH,CH,,
CH(CH,),. C(CH,),, CH,-CH=CH,, CH,C=N, or a group of the formula:

CHy cH, CH(CHy),
—-Si—QRw or —Si—CH(CHy),
L, “cH,
3 H(CHs),

whersin R,, is CH, or CH(CH,),.
10 43. A method of making a compound of formula 9

wherenDisN,ZisOor S, and R,and R, independently are selected from H
end ary suitable organic moiety or R, and R, together form a Cycloalkyl group
" a heterocycloalkyl group, or a salt or solvate thereof,

: : TR e e e - e s PRI T e m
‘T::‘i;'?{“ v{“e‘gx“‘ el SR ey e SO Ay
e e ¢ s
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ccmprising the step of converting a compound of formula g:

JQ,,
N oQ
(8) [SJ‘:%

wharein D, Z, R, and R; are as defined above, and
further wherein Q is a Cycloalkyl group, an aryl group, a heteroaryl group, a
hetérocyc!oalkyl group, or a group of formulg

—A-Rg
R1o

wherein A is C or Si, and R,, Rs, and R, are independently selected from H
and any suitable organic moieity, or a salt or solvate thereof,
to a compound of formula 9, or a salt or solvate thereof, under conditions
sufficient to form saig compound of formuia 9, orasalt or Solvate thereof,
44. A method according to claim 43, wherein R,and R, are
eact a methy| group.
45. A method according to claim 44, wherein
wher Ais C,

cyclcalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
C=N, or C(O)R,, , wherein R, is an alkyl group, an aryl group, a cycloalkyl
grour  a hetzroaryl group, or a heterocycloalkyl group, and

Rsand R,, are independently selected from H, an alkyl group
and an ary| group;
and further wherein
when 4 is Si.

Re. Rg and R, are independently selected from an alkyl group, a
Cycioaiikyl greup, and an ary] group.

ML U T AT TR e m ey o -
LR E
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46. A method according to claim 45, wherein Qis CH,, CH,CH,,
CH(CH,),, C(CH,),, CH,-CH=CH,, CH,C=N, or a group of the formula:

C'3H3 CH, (;JH(CHa)z
—?i—QRﬂ or —Si—CH(CHy),
CH. CHj
3 H(CHs),

wherein R, is CH, or CH(CH,),.
47. A method of making a compound of formula 9:

e

(9) Rz
whereinDis N, Zis O or S, and R,and R, independently are selected from H
and any suitable organic moiety or R, and R, together form a cycloalkyl group
or a heterocycloalkyl group, or a salt or solvate thereof,

comprising the step of converting a compound of formula 4:

SRe!
Ds SO

(4)
wherein D and Z are as defined above, and J is a halogen, 1,2,4-triazolyl,
Eenzotiazoiyl or imidazol-1-yl , or a salt or solvate thereof,
¢ a ccmpound of formula 9, or a salt or solvate thereof, under conditions
sufficient to form said compound of formula 9, or a salt or solvate thereof.
48. A method according to claim 47, wherein said salt of
fermulz 4 is a salt of formula 4a or 4b:

/\"/O 7 | S
S ] O\
HS S SOLl HO s0,01

¢ (4a) Cl (4b)

o AT BRI PV v A £ Py T My e g m o cwr o o
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49. A method of making a compound of formula 9:

E:]::;OH

(9) R2

wherein D is N or C-R,,, wherein Ry is an alkyl group, a cycloalkyl group, a
neterccycloalkyl group, an aryl group, or a heteroaryl group, Z is O or S, and
further wherein R, and R, independently are selected from H and any suitable

n

organic moiety, or where R, and R, together form a Cycloalkyl group or a
neterccycloalkyl group,
or a salt or solvate thereof,

comprising the step of converting a compound of formula 7:

i"l 0
ery
R‘l
S R,

(7)
wnerein R, and R, are as defined above, and
10 wherein Q is a cycloalky! group, an aryl group, a heteroaryl group, a

Fsterocycloalkyl group, or a group of formula

wnereir Ais C or Si, and R,, R,, and R\c are independently selected from H
and anw suitable organic moieity, or a salt or solvate thereof,
tc a cormpound of formula 9, or a salt or solvate thereof, under conditions
15 suificiert to form said compound of formula 9.

50. A method according to claim 49, wherein R,and R, are
ezch a methyi group.

51. A method according to claim 50, wherein D is N.

52. A method according to claim 51, wherein
wren A is C,

TSI P N QWG R T e e y e ey g P P R aE St [ p ke e 1 ias
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R, is H, an alkyl group, an O-alkyl group, an S-alkyl group, a
cycicalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
C=N. or C(O)R,, , wherein R,, is an alkyl group, an aryt group, a cycloalky!
grouz, a heteroaryl group, or a heterocycloalkyl group, and

: R, and R,, are independently selected from H, an alkyl group

and n ary: group;
and further wherein
when A is Si,

Ra Ry and Ry, are independently selected from an alkyl group, a

10 cyctozikyl ¢roup, and an aryl group.

53. A method according to claim 52, wherein Qs CH,, CH,CH,,

SH(C,),, C(CH,),, CH,-CH= =CH,, CH,C=N, or a group of the formula:

<|3H3 CH, CIZH(CHa)Z
—?;—%th or —Si—CH(CHy),
by CHy
3 H(CHy),

wherein Ry, is CH, or CH(CH,),.

54. A method of making a compound of formula 10:

SRl
Ps S0; 0

E NHOH

Ry
(10) R2

15 woereir Dis N, Zis O or S, and R, and R; independently are selected from H
a-d any suitable organic moiety or R, and R, together form a cycloalkyl group
or a nex=recyzloalkyl group, or a salt or solvate thereof,

comerising th2 step of converting a compound of formula 9:

[ SJ‘.RPH
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wherein D, Z, R,, and R, are as defined above, or a salt or solvate thereof,
to a compound of formula 1(, or a salt or solvate thereof, under conditions
sufficient to form said compcund of formula 10, or a salt or solvate thereof.
55. A method according to claim 54, wherein R, and R, are
each a methyl group.
96. A method of making a compound of formula 10:

Shel
0,

wherein Dis N or C-Ris, wherein R, is an alkyl group, a cycloalkyl group, a
heterocycfoalkyl group, an ary: group, or a heteroaryl group, and further
wherein R, and R, are independently selected from H and any suitable
1 o-ganic moiety, or where R, and R, together form a cycloalkyl group or a
h=terocycloalkyl group, or a sal or solvate thereof,

ccmprising the step of convertir 3 compound of formula 7:
l;{ o
(X
R.
S Ry
(1)

wrerein R, and R, are as defined above, and
wr2rein Qis a cycloalkyl group, an aryl group, a heteroaryl group, a
15 hezerocycloalkyl group, or a group of formula

—A/—RReg
Rio
whsrein A is C or Si, and Ra Ry, and R, are independently selected from H
anc any suitabie organic moieity, or a salt or solvate thereof
to & comoounc of formula 10, or a salt or solvate thereof, under conditions
sufticient ‘o form said compound of formula 10, or a salt or solvate thereof.
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57. A method according to claim 56, wherein R,and R,are
each a methyl group.

58. A method according to claim 57, wherein D is N.

59. A method according to claim 58, wherein
when Ais C,

Ry is H, an alkyl group, an O-alkyl group, an S-alky! group, a
cycloalkyl group, a heterocycloalky! group, an aryl group, a heteroaryl group,
C=zN, or C(O)R,, , wherein R,, is an alkyl group, an aryl group, a cycloalkyl
group. a heteroaryl group, or a heterocycloalky! group, and

R, and R, are independently selected from H, an alky! group
and an ary! group; and
when A'is 8i, Ry, Ry and R, are independently selected from an alkyl group, a
cycloalkyl group, and an aryl group.

60. A compound according to claim 59, wherein Q is CH,,
CH,CH;, CH(CH,),, C(CH,);, CH,-CH=CH,, CH,C=N, or a group of the

formuia:

CHs oy (EH(CH;JZ
——?i—éRﬁ or —Si—CH(CHy),
Sh, CHa
H(CHs),

wnerein R,; is CH, or CH(CH,),.
61. A compound of formula 1:

0 02§—®—z-Ar
HOL /H\E,N >
H kV
wnereir:
ZisOorS;
V is a divalent radical which together with C* and N forms a ring

having six ring atoms, where each of said ring atoms other than C* and N

incependently is unsubstituted or substituted by a suitable substituent, and at
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least one of said other ring atoms is a heteroatom selected from O, N and S,
and the remainder are carbon atoms: and

Ar is an aryl or heteroaryl group;
or a phamaceutically acceptable prodrug, salt or solvate thereof.

62. A compound according to claim 61, wherein said compound
nas tne formula 1-a:

o oz§—Qz—Ar
HO /‘K«rww
H Yo W
X
where:n:
W, X'and Y are each, independently of one another, CR,R,,
C=0,
S, 8=0, 80,, O, N-R,, or N*(O)-R,, where
R, and R, are independently selected from H and
a suitable organic moiety, or wherein R,and R,
together form a cycloalky! group or a
heterocycloalkyl group,
R,is hydrogen or a suitable organic moiety, and
R, is an alkyl group,

with the proviso that at least one, but not all, of W, X, and Y are

selected from CR,R, and C=0,
or a pharmacsautically acceptable prodrug, salt, or solvate thereof.

33. A compound according to claim 62, wherein R,and R, are
inc:eperdentiy selected from H, an alkyl group, a cycloalkyl group, a
hezerccwclcalyl group, an aryl group, a heteroaryl group, OR;, SR, NR,R,,
ard C(CR-, where '

Rs is an alkyl group, a cycloalkyl group, a heterocycloalkyl

group, an aryl group, a heteroary! group, or C(O)NR,,R

where R, and R, are independently selected from H, an
alkyl group, a cycloalkyl group, a heterocycloalkyl group,
an aryl group, and a heteroaryl group, orR,; and R,,,

14
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together with the nitrogen atom to which they are
attached form a heterocycloalkyl group,
Re is H, an alkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroary! group, C(O)O-Rw C(O)S-R,;,
- or SO,-Rq,
wherein R,; is an alkyl group, a cycloalkyl group, a
heterocycioalkyl group, an aryl group, or a heteroaryl
group,
R; is OH, an alkyl group, a cycloalky! group, a heterocyclolalkyl
ic group, an aryl group, a heteroaryl! group, an O-alkyl group,
NR 3R, or O-R,;, wherein R,,, R.,, and R,s are independently
as defined above,
or wirerein R, and R, together form a cycloalkyl group or a heterocycloalkyl
groug,
“?  orag narmaceutically acceptable prodrug, salt or solvate thereof.
64. A compound according to claim 62 where R, is hydrogen,
an alkyl greup, a cycloalky! group, a heterocycloalkyl group, an aryl group, a
~etercaryl croup, C(O)-NR,R,, C(0)-ORq, C(O)-SR,s, SO,-R,,, or C(O)-R,,
where Ry, and R,, are independently selected from H, an alky!
24 group, a cycloalkyl group, a heterocycloalkyl group, an aryl
group, and a heteroaryl group, or Ry and Ry, together with the
nitrogen atom to which they are attached form a
heterocycloalkyl group,and
Rys is an alkyl group, a cycioalkyl group, a heterocycloalky!
25 group, an aryl group, or a heteroaryl group,
C- a pharmaceutically acceptable prodrug, salt or solvate thereof.

85. A compound according to claim 62, wherien said compound

e
0 ,SO:z

HO.N | N

H <
Y. X'W

hzs the formula:
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or 2 pharmaceutically acceptable prodrug, salt, or solvate thereof.

66. A compound according to claim 62, wherein said compound
y

has the formula:
SO, o

[ NHOH
S

or a oharmaceutically acceptable prodrug, salt or solvate thereof.
5 67. A compound of the formula 1-f:

0
I _Ar
0] o=s‘ O
PEg!
C
& 1-f
\Y

Vis a divalent radical which together with C* and N forms a ring
having six ring atoms, where each of said ring atoms other than C* and N

independently is unsubstituted or substituted by a suitable substituent, and at

HO
N
N
H
wherein:

teast one of said other ring atoms is a heteroatom selected from O, Nand S,

10 and the remainder are carbon atoms: and

Ar is a monocyclic aryl group or monocyclic heteroary| group;

cr a parmaceutically acceptable prodrug or a pharmaceutically acceptable

salt thereof.

68. A compound as claimed in claim 67 having the formula 1-

L T SO e A Wt -
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wherein;
W and X are independently selected from CH,, C=0, S, s=0, 0,
N-R,, and N*(O)-R,, where
R,is a hydrogen atom or a suitable substituent, and
R, is a C,-C, alkyl group, wherein said alkyl group is a
straight or branched chain monovalent radical of carbon and
hydrogen atoms having no unsaturation, which is optionally
substituted by one or more suitable substituents,
provided that when W is CH, or C=0, X is not CH,or
C=0; and
R,and R, are independently selected from a hydrogen atom, a
C,-C, alkyl group, a -C(O)OR,, group, or a -C(O)NR;R,, group,
wherein R, is hydrogen or an alkyl group, and R,; is an
alkyl group,
and wherein each of said alkyl groups is a straight or
branched chain monovalent radical of carbon and
hydrogen atoms having no unsaturation, which is
optionally substituted by one or more suitable
substituents;

or R, and R, together form a monocyclic cycloalkyl group or a

monocyclic heterocycloalkyl group,

o” a pharmaceutically acceptable prodrug thereof or a pharmaceutically
acceptzble salt thereof.

89. A compound as claimed in claim 68 wherein W is CH,
and .

X S, 8=0, O, N-R,or N'(0")-R,; or a pharmaceutically acceptable prodrug
th=reof or a pharmaceutically acceptable salt thereof.

70. A compound as claimed in claim 69 wherein R,is a
hy-drogen atom, an alkyl group, wherein said alkyl group is a straight or
branched chain monovalent radical of carbon and hydrogen atoms having no
ursaturztion, which is optionally substituted by one or more suitable
substituents, a C(0)-R,, group, a C(O)O-R,, group, a C(O)NH-R,, group, a
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C(O)NR;R,, group, an S0,-R,, group, wherein Ry and R,, are each
independently an alkyi group wherein said alkyl group is a straight or
branched chain monovalent radical of carbon and hydrogen atoms having no
unsaturation, which is optionally substituted by one or more suitable
substituents, and wherein Rys is @ monocyclic aryl group or an alkyl group as
defined above; or a pharmaceutically acceptable prodrug or a
pharmaceutically acceptable salt thereof.

71. A compound as claimed in claim 68, wherein Wis S, O or
N-R,and X is CH,; or a pharmaceutically acceptable prodrug or a
pharmaceutically acceptable salt thereof.

72. A compound as claimed in claim 68, wherein W is N-R,
and X is C=0; ora pharmaceutically acceptable prodrug or a
pharmaceutically acceptable salt thereof.

73. A compound as claimed in claim 68, wherein W is C=0
and Xis S, O or N-R,; ora pharmaceutically acceptable prodrug or a
rharmaceutically acceptable salt thereof.

74. A compound as claimed in claim 68 wherein Aris a
rmonocyclic aryl group which is unsubstituted or substituted in the para
rosition with a suitable substituent: or a pharmaceutically acceptable prodrug
o~ a pharmaceutically acceptable salt thereof.

75. A compound as claimed in claim 74 wherein said suitable
substituent in the para position of said aryl group is a halogen atom, an O-
alkyl group, wherein said alkyl group is a straight or branched chain
maonovalent radical of carbon and hydrogen atoms having no unsaturation,
which is opticnally substituted by one or more suitable Substituents, or a
monocyzlic heteroaryl group; or a pharmaceutically acceptable prodrug or a
ptarmaceutically acceptable salt thereof.

78. A compound as claimed in claim 68 wherein the carbon
atom designated with "*" is in the R-configuration when X is CH,, C=0, O, N-
R, or N(O)R, and in the S-configuration when X is S or S=0; ora
pharmaceutically acceptable prodrug or a pharmaceutically acceptable salt
the:eof.
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77. A compound as claimed in claim 75 Wherein said suitable
substituent in the para position of said aryl group is fluorine, chlorine, a
methoxy group, or an imidazolyl group; or a pharmaceutically acceptable
prodrug or a pharmaceutically acceptable salt thereof,

5 78. A pharmaceutical composition comprising:

(@)  a therapeutically effective amount of a compound as
defined in claim 61 or a pharmaceutically acceptable prodrug, salt or solvate
thereof; and

(b)  apharmaceutically acceptable carrier, diluent, vehicle or

10 excipient.

79. A pharmaceutical composition comprising:

(a)  atherapeutically effective amount of a compound as
Zefined in claim 67 or a pharmaceutically acceptable prodrug or a
charmaceutically acceptable salt thereof; and

15 (b)  apharmaceutically acceptable carrier, diluent, vehicle or
excipient.

80. A method of treating a mammalian disease condition
mediazad by metalloproteinase activity which comprises administering to a
rmammal in need thereof a therapeutically effective amount of g compound as

20 c=finec inclaim61ora pharmacedutically acceptable prodrug, salt or solvate
tr-arecf.

81. A method of treating a mammalian disease condition
madiat=d by metalloproteinase activity which comprises administering to a
mammz/| in nead thereof a therapeutically effective amount of a compound as

25 defined in clairﬁ 67 or a pharmaceutically acceptable prodrug or a
prarmaeutically acceptabie salt thereof.

82. A method according to claim 80 wherein the mammalian
disease condition is tumor growth, invasion or metastasis, or arthritis.

83. A method according to claim 81 wherein the mammalian
dis-2ase condition is tumor growth, invasion or metastasis, or arthritis.

84. A method of inhibiting the activity of a metalloproteinase

30 which camprises contacting the metalloproteinase with an effective amount of

AR N AR L N WD e T B .
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a cempound as defined in claim 61 or a pharmaceutically acceptable prodrug
or a pharmaceutically acceptable salt thereof,

85. A method of inhibiting the activity of a metalloproteinase
which comprises contacting the metalloproteinase with an effective amount of
a compound as defined in claim 67 or g pharmaceutically acceptable prodrug
or a pharmaceutically acceptable salt thereof.

86. A compound according to claim 61 selected from 2(R)-N-
hydr'oxy-1-(4-(4-chlorophenoxy)benzenesulfonyl)-4-(methanesulfonyl)-
piperazine-2-carboxamide: 2(R)-N-hydroxy-1-(4-(4-
ﬂuorcphenoxy)benzenesulfonyl)-4-(methanesulfonyl)-piperazine-Z-
carbexamide; and 3(S)—N-hydroxy-4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-Z.2-
dimethyl-tetrahydro-2H-1 .4-thiazine-3-carboxamide: and pharmaceutically
acceriable salts and pharmaceutically acceptable prodrugs thereof,

87. A compound according to claim 86 which is 3(S)-N-
hydroxy 4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-Z,2-dimethyl—tetrahydro-ZH-
1.4-thiazine-3-carboxamide: or a pharmaceutically acceptable salt or a
pharmaceutically acceptable prodrug thereof.

88. A compound according to claim 67 wherein no more than
two of said four ring atoms of V are a heteroatom independently selected
fromC. NandS.

89. A compound according to claim 61, wherein saig
compcund is selected from:

3(8)-N-hydroxy-4-(4~(4-imidazol-1-yl)phenoxy)benzenesulfonyl-
2.2—dirr:-ethyl-tetrahydro-2H-thiazine-3-carboxamide,

3(S)-N-hydroxy-4-(4-(4-ﬂourophenoxy)benzenesulfonyl-?.,Z-
dimethyl-tetrahydro-ZH-thiazine-3-carboxamide,
3(S)-N-hydroxy-4-(4-(4-imidazol-2-yl)phenoxy)benzenesulfonyl-
2,2-dirmethyl-:etrahydro-2H-thiazine-3-carboxamide,
3(S)-N-hydroxy-4-(4-(4-chlorophenoxy)benzenesuIfonyl-2.2~
dimethy';tetrahydro-2H-thiazine-3-carboxamide,
2(R)-3,3-Dimethyl-N-hydroxy-1-(4-(4-
chiorophenoxyl)benzenesuIfonyI)-piperazine-Z-carboxamide,
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2(R)-3,3-Dimethyl-N-hydroxy-1-(4-(4-
fluorophenoxyl)benzenesulfonyl)-piperazine-2-carboxamide,
2(R)-3,3-Dimethyl-N-hydroxy-1-(4-(4-
bromophenoxyl)benzenesuifonyl)-piperazine-2-carboxamide,
2(R)-1-(4-(4-(Chlorophenoxybenzenesulfonyl)-N-hydroxy-3,3,4-
trimethylpiperazine-2-carboxamide,
2(R)-1-(4-(4-(Fluorophenoxybenzenesulfonyl)-N-hydroxy-3,3,4-
trimethylpiperazine-2-carboxamide,
3(S)-N-hydroxy-4-(4-(4-chlorophenylsulfanyl)benzenesulfonyl-
2,2-dimethyl-tetrahydro-2H-thiazine-3-carboxamide,
3(S)-N-hydroxy-4-(4-(4-fluorophenylsulfanyl)benzenesulfonyl-
2,2-dimethyl-tetrahydro-2H-thiazine-3-carboxamide,
2(R)-3,3-Dimethyl-N-hydroxy-1-(4-(4-
fluorcphenylsulfanyl)benzenesulfonyl)-piperazine-2-carboxamide,
2(R)-3,3-Dimethyl-N-hydroxy-1-(4-(4-
chlorcphenyisulfanyl)benzenesulfonyl)-piperazine-2-carboxamide,
2(R)-1 -(4-(4-(Fluorophenylsulfanyl)benzenesulfonyl)-N-hydroxy-
3,3,4-trimethylpiperazine-2-carboxamide,
2(R)-1-(4-(4-(Chlorophenyisulfanyl)benzenesulfonyl)-N-hydroxy-
3,3,4-rimethylpiperazine-2-carboxamide,
2(R),3(S)-N-hydroxy-4-(4-(pyrid-4- yl)oxy)benzenesuffonyl)
methyi-tetranydro-2H-thiazine-3-carboxamide, and
2(R),3(S)-N-hydroxy-4-(4-(pyrid-4-yl)sulfanyl)benzenesulfonyl)-
Z2-methyl-tetrahydro-2H-thiazine-3-carboxamide;

or a phiarmaceutically acceptable prodrug, salt, or solvate thereof.
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