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The invention relates to compounds 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 is carbon atoms; and Ar is an aryl or heteroaryl group; and
pharmaceutically acceptabie 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 formula (1) or a prodrug, salt or solvate thereof. The invention 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-a convertase, and their pharmaceutically acceptable salts and
pharmaceuticalty'acceptable prodrugs.“ The invention further relates to the
uses of these compounds, salts and prodrugs for the therapeutic treatment of
humans or animals.

Matrix metalloproteinases ("MMPs") are a family of enzymes,
including, but not limited to, collagenases, gelatinases, matrilysin, and
stromelysins, which are involved in the degradation and remodelling of
connective tissues. These enzymes are found in a number of cell types that
are found in or associated with connective tissue, such as fibroblasts,
monocytes, macrophages, endothelial cells and metastatic tumor cells. They
also share a number of properties, including zinc and calcium dependence,
secretion as zymogens, and 40-50% amino acid sequence homology.

Matrix metalloproteinases degrade the protein components of
the extracellular matrix, i.e. the protein components found in the linings of
joints, interstitial 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,
comprising one-third of the total protein in mammalian organisms, and is an
essential component of many matrix tissues, including cartilage, bone,
tendons and skin. Interstitial collagenases catalyze the initial (rate-limiting)
cleavage of native collagen types |, Il, Ill and X. These enzymes cleave
collagen into two fragments which spontaneously denature at physiological
temperature. Denaturation of collagen involves conversion of the rigidly

coiled helix to a random coil referred to as gelatin. These gelatin (denatured
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collagen) fragments are then subject to further cleavage and deg:adation by
less specific enzymes. Then et result of collagenase cleavage s fiis the
loss of structural integrity in the matrix tissue (coliagen collapse}, #:
esgsentially irreversible process

The gelatinases include two distinct yet highly relateu enzymes:
= 72-klloDalton (kDa) enzyme and a g2-klloDalton enzyme. The former is
refeased by fibroblasts while the latter is released by mononuciea
phagocytes, neutrophils, ¢o orneal epithelial cells, tumor cells, cy?msuvhnbla
and keratinocytes. Both enzymes degrade gelatins (denatured coliagens),
collagen types [V (basement membrane) and V, fibronectins (high mnolecular
weight multifunctional glycoproteins found i in soft connective tissus and
basement membranes) and insoluble elastin (highly cross-linkec hydrophobic

proteins found in load beanng fibers of mammalian connective lissue).

Stromelysing {1 and 2) cleave a broad range of matrix
subsirates, including famanin, finronectins, proteoglycans and ¢
Vv and X (non-helical).

Matrilysin (putaiive metalloproteinase or PUMP) 2

a wide variety of matrix substrates, including proteogiycans, gai
finronectins, elastins and iamanin. Matrilysin has been found in riononuciear
phagocytes, rat uterine explants and tumor cells.

in normal tissues, the activity of matrix metaliopro! ginases is
tightly reguiated. As a resuti, the breakdown of connective tissue = mediated
by these enzymes is generally ina dynafriic equilibrium with synthesis of new
mafrix tissue,

in a number «f pathological disease conditions, howeaver,

deregulation of matrix metalioproteinase activity leads to the une
hreakdown of extraceliuiar matrix. These disease conditions inciuce arthritis
{#.q., rneurnatoid arthritis and osteoarthritis), periodontal disease. aberrant

angiogenesis, tumor metast asis and invasion, tissue ulceration

yiceration, gastric ulceration or epidermal ulceration), bone dis

infection and complications from diabetes.
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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., vol. 83, 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 (1892), Current
Medicinal Chemistry, 2, 743-762 (1985); Exp. Opin. Ther. Patents, 5, 1287-
1296 (1995); and Drug Discovery Today:1, 16-26 (1996).

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 Nc. U 438 223; European Patent Anplication No. 0 276 436;
WIPO International Publication No. WO 92/21360; WIPO International
Publication No. WO 92/06966; WIPO International Publication
No. WO 92/09563; WIPO International Publication No. WO 96/00214; WIPO
International Publication Nc. 95/35276; and WIPO international Publication
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 precursor and released in an active 17-kDa form. This
active form can mediate a large number of deleterious effects in vivo,
including inflammation, 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 involved 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 notet in seversl
" dlsdase conditions characterized by MMP-mediated tissue degradation,
" Intluding multiple sclerosis, arthritis and cancer, compounds which inhibit
* both MMPs and TNF-o convertase are especially advantagecus for the
traatiment or prophylaxis of disease conditions in which both mechanisms are
irvolved. Although compounds that both inhibit MMPs activity and TNF-a
~ production have been disclosed in WIPO Intemnational Publication Nos.
WO 04/24140 and WO 94/02468, the disclosures of which are herein
" incomporatéd by reference, there is still a need for effective MMP and/or TNF-
a convertase [nhibiting agents. |

- iBecause of their beneficial therapeutic effects, thare is a need
iof effective inhibitors of retalloproteinase activity. The present invention is
thirefore directed to certain compounds that inhibit metalloprotzinases, such
as MMPs and TNF-a convertase, their pharmaceutically acceptabie prodrugs,
salts and solvates, pharmaceutical compositions containing the same and

misthods of using the same, aswell as to meinod and intemmind

their preparation. Adciit;mal features and advantages of the invention will be
“get forth in the de’scrip%:iés‘\ which follows, and in part will be apparent from the
déscription or may be leamned from practice of the invention.
“To achieve these and other advantages, the presant invention

provides a compound of formula 1
.y - QZS—Q— Z~Ar
Ho., AN
‘ oot )
a\w\_f

wherein Z Is O or 8; V is a divalent radical which togather with C* and N forms
ach of sald ring atoms other than C* and

5 %}%'stituted by a suitable substituent, and
‘4 heteroatom selected from O, N and

S
“at least one of said other fing atoms’

8., @nd the remainder are carbon atoms; and Ar is an aryl or hsieroaryl group;
or a pharmaceutically acceptable prodrug, salt or solvate thereol,
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Preferred compounds of the formula 1 include those having the

formula 1-a:"
O
HO‘NJYNW
\x/ .
wherein

W, X and Y are each, independently of one another, 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
heterocycloalky! group,
R, is hydrogen or a suitable organic mo;ety 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 pharmaceutically 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 fhe formula 1 or 1-a, or a pharmacetutically
acceptable prodrug, salt or solvate thereof. The invention is further directed
to a pharmaceutical composition co'mprising an effective amount of a

compound of the formula 1 or 1-aora pharmaceutically acceptable prodrug,

salt or solvate thereof.
The invention is still further directed to a method for making

compounds of the formula 1 or 1-a involving one or more reactions as follows,

whereln the varables in the formulas below are defined beginning at page 11

(1) converting a compound of formula 2:
Q0

(2)

APF/ S8/ 0108 .
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or & sakt or solvate thereoi, 1 a compound of formula 2:

A,

{y«’ V“gt ’A;’ h'«: .
P
O “}soaH

or a salt or solvate thereof, under conditions sufficient to form = compound of
formula 3,
(2) converting a compound of formula 3 above, &7 & salt or

seivate thereof, to a compound of formula 4:

%:’;Wmsoz J
(4)
or a salt or solvate thereos, under conditions sufficient to form & compound of
sermula 4, or a salt or solvate thereof;
{3y convening a compound of formit 2 ahova, v asobor

solvate thereof, to a compound of formula 4 above, or a sait of solvaie

thereof, under concmmw sufficient to form a compound of i or g salt
or solvate thereof,

{4) converiing a compound of formula &

0
HoN OH
HS RS‘
. (5)

or a salt of solvate thereo!, to a compound of formula 6:

Q
Hszoo
Hs Ry
(6)

o a salt or solvate therenf, under conditions sufficient to foi 2 compound of

formula 6, or a salt or solvate thereof; -
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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
formula 7, or a salt or solvate thereof;
(6) converting a compouna of formula 11:
H O
ENﬁOH
S R21
(11)

or a salt or solvate thereof, to a compound of formula 7 above, or asaltor

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

7, or a salt or solvate thereof;
(7) converting a compound of formula 5 above, or a salt or

solvate thereof, to a compound of formula 11 above, or a salt or solvate

thereof, 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

D
= thereof, or a compound of formula 11 above, or a salt or solvate thereof, with

a compound of formula 4 above, or a salt of solvate thereof, under conditions

sufficient to form a compound of formula 8:
JQ

. SNozo
0oQ
(8) [Sfl@

or a salt or solvate thereof;

AP/P/ 9879128 4
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(9) converting & compound of formula 8 above, or & salt or
solvate thereof, to

a compound of formula &

[‘1;% SO,

¢9) Rz

or 3 salt or solvate thereof, under conditions sufficient to form & compound of
formula 9, or a salt or solvate thereof,

£10) converting a compound of formula 4 above. o7 = salt or
solvate thereof, to a compound of formula 9 above, or a salt or soivate
thereof, under conditions sufficient to form a compound of formulz 8, or a salt

or solvate thereof,

(1) conveiting a compound of forrnula 7 above, w0 ol or
soivate thereof, to a compound of formula 9 above, or a salt or suivate
thereof, under conditicns sufficient to form a cormpound of formulz 8, or a sait
or solvate thereof, "

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

solvate thereof, to a compound of formula 10:

oy ML\ e s .
SAe!
Ny " S0,

[ “NHOH
{0 Ry
or a salt or solvate thereof, under conditions sufficient to form & compound of

formula 10, or a salt or soivaie thereof; and

(13) converting a compound of formula 7 above, o 4 sait o7

soivate thereof, to a compound of formula 10 above, or a salt o7 sulvate

thereof, under conditions stifficient to form a compound of formuia 10, or a

salf or solvate thereof.
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in the above-described conversions and reactions, the following

definitions apply:
D is N or C-R,s wherein R4 is an alky! group, a cycloalkyl group,
a heterocycloalkyl group, an aryl group, or a heteroaryl group,
ZisOorsS,
J is a halogen, 1,2 4-triazolyl, benzotriazolyl or imidazol-1-yl,
R, and R, are as defined above, and
Qisa cycloalkyl group, an aryl group, a heteroaryl group, a

heterocycloalkyl group, or a group of formula

8
D TR
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,
with the provisos that; B
for conversion (1) above, when D is C-Ry;, Ry, is a heteroary!
group, 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,-
phenyi, |
Jr(CHz)zSCHzC(O)NH(CHz)KO\Q/\vO

H
0 HO OH
N/“\' 1
o NH N/LN
K‘/K , or 0 H
° k/K
‘ NNy

Additionally, the present invention is directed to compounds of

formulas 3, 4, 6, 7, 8, and 9 above. Forthe compounds', salts and solvates of

formula 3 above, when D is C-R,q, R, is @ heteroaryi group. Further, the

AP/P/ 98,0128 4
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compound, salt or solvate of formula 6 is not a diester. Additionally, for the
compounds, salts, and soivates of formula 6, Q is not methyi. ethyl, isopropyl,
n-butyl, -CH,-phenyt,

. . ‘/o N
FHCH2SCHC(OINH(CH)y” \q/ N
I

HG

/A
i A N)k

L\‘@
X /L\A

Ma
Preferred ambodiments of the above-identified compounds,
cormpesitions, and methods are discussed in more detail beio

dgefmitions.

As used in the present application, the foliowing dofinftions

apply, unless otherwise indicated:

An "alkyl groun” is intended to mean a straight o' branched
chain monovalent radical of saturated and/or unsaturated carbon atoms and
hydrogen atoms, such as methyl, ethyl, propyl, isopropyl, buty:, isobutyl,
t-butyl, ethenyl, penteny!, butenyl, propenyl, ethynyl, butynyl, propynyi,
pentynyl, hexynyl, and the iike, which may be unsubstituted {i.«
only carbon and hydrogen) or substituted by one or more suitabie
substituents as defined beiow

containing

An "O-alky! group” or "alkoxy group” is intended i mean an
oxygen bonded to an alkyi group, wherein the alkyl group is as ¢afined above.

A eycloalkyi group” is intended to mean a non-are: matic
monovalent monocyclic, bic yelic, or tricyclic radical containing 3, 4. 5,6, 7, 8,
9,70, 11,12, 13, or 14 carthon ring atoms, each of which may be cafurated or
uinsaturated, and which may be unsubstituted or substituted by are or more
suiiable substituents as defined below, and to which may be fuzad one or
more heterocycloalkyl groups, aryl groups, or heteroaryl grourﬂ: which
themselves may be unsubstituted or substituted by one or mor = {able

LA
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substituents. lllustrative examples of cycloalkyl groups include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl, cycloheptyl, cyclooctyl, bicyclof2.2.1.Jheptyl, bicycio[2.2.1.]hept-
2-en-5-yl, bicyclo[2.2.2]octyl, bicyclo[3;2.1.]nonyl, bicyclo[4.3.0}nonyl,
bicyclo[4.4.0]decyl, indan-1-yl, indan-?.-yl, tetralin-1-yl, tetralin-2-yl, adamantyl,
and the like.

A "heterocycloalkyl gro’up" is intended to mean a non-aromatic,
monovalent monocyclic, bicyclic, or tricyclic radical, which is saturated or
unsaturated, containing 3,4, 5,6, 7, 8,‘9. 10, 11, 12, 13, 14, 15, 16, 17, or 18
ring atoms, 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
which may be fused one or more cycloalkyl groups, aryl groups, or heteroaryl
groups, which themselves may be unsubstituted or substituted by one or
more suitable substituents. lllustrative examples of heterocycloalkyl groups
include, but are not limited to, azetidinyl, pyrroﬁlédyl, piperidyl, piperaziryl,
morpholinyl, tetrahydro-2H-1,4-thiazinyl, tetrahydrofuryl, dihydrofuryl,
tetrahydropyranyl, dihydropyranyl, 1,3-dioxolanyl, 1,3-dioxanyl, 1,4-dioxanyl,
1,3-oxathiolanyl, 1,3—oxathiahyl, 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-

triazacyclododecyl, and the like.
An "aryl group” is intended to mean an aromatic, monovalent

BPIF/98/0: 28,

monocyclic, bicyclic, or tricyclic radical containing 6, 10, 14, or 18 carbon ring
atoms, 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 heteroaryl groups, which
themselves may be unsubstituted or substituted by one or more suitable
substituents. lllustrative examples of aryl groups include, but are not limited
to, phenyl, naphthyl, 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, 0r b
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neteroatoms 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, of aryi groups, which themselves may &«
unsubstituted or substituted by one or more suitable substituents. lHiustrative
axamples of heteroaryl groups include, but are not limited to, pyioh
midazolyi, pyrazolyi, furyl, thienyl, thiazolyl, oxazolyl, isoxazolyi, m}th.azoiyi,
oxadiazolyl, iriazolyl, tetrazolyl, pyrazinyl, pyndyl pyrimidyt, pynidazinyl,
indolyl, isoindolyl, benzimidazolyl, benzofuryl, isobenzofuryl, benzothienyl,
quinoiyi, asoqumoiyl, phthalazinyl, carbazolyl, purinyl, pteridinyi, scridinyt,
phananthrolinyl, phenoxazinyl, phenothiazinyl, and the like.
An “acyl g;zmzz;“ is intended to mean a -C(0)-R- radical, wherein
R is any suitable substituent as defined below.
A "sulfony! gs“mp" is intended to mean a -S(O)(C}-#- radical,
wherein K is any suitable substituent as definad below.
The term *‘wﬁabla substituent” is intended to meai any of the
substituents recognizebie to those skifled in the art as not advarsely afiscling

the inhibitory activity of the inventive compounds. Hlustrative examples of

H

suitable substituents inciude, but are not limited to, oxo groups, aiky! groups,
hydroxy groups, halo groups, cyano groups, nitro groups, cycloatkyl groups,
heterocycloalkyl groups, aryl groups, heteroary! groups, trialkvisiivi groups,

groups of formula (A)

wharein R, is hydrogen, an alkyl group, a cycloalkyl group, & a hetzrocycloalkyl
group, an aryl group, of a heteroaryl group,

groups of formula (B)

R 8)
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wherein R, is hydrogen, an alkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, or a heteroaryl group,

groups of formula (C)

0
(8
/C\N/Rb 3 ©

|

R

C

wheréin R, and R, are independently hydrogen, an alkyl group, a cycloalkyl
group, a heterocycloalkyl group, an arylb_group, or a heteroaryl group,

groups of formula (D)

I )

wherein R, is hydrogen, an alkyl group, a cycloalkyl group, a heterécycloalky!
group, an aryl group, a heteroaryl group, a hydvroxy group, an alkoxy group,
an amino group, an alkylamino group, @ 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—Ry (E)

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

aryl group, or a heteroaryi group,

.ﬁl‘z“ad/ V1284
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droups of formula (F)

wherein Ry and R, are independently hydrogen, an alkyl group, a cycloalky!
group, a heterocycloaikyi group, an aryl group, or a heteroaryt aroup,
groups of formula (G)

=
\‘,.w«" N

5

)

wherein K is an alkyl group, a cycloalkyl group, a heterocycloaixy! group, an
atyl group, a heteroaryi group, or a group of formula (A), formula (B), formula
(), formula (H), or formula (K),

groups of formula (H)

wherein R, is hydrogen, an alkyl group; a cycloalkyl group, a heterocycloalkyl
grodp, an aryl group, a heteroaryl group, a hydroxy group, an zikoxy groun

air amino group, or a group of formula (A), formula (B), formuia {C) or formula
(L) and wherein R, is hydrogen, an alkyl group, a cycloa!kyé’ aroup, a
heterocycloalkyl group, an aryl group, a heteroaryl group, cr 2 group of
formula (A), formula (B}, & ,mula (C), formula (D), formula (F), o1 formula {F},

~y

roups of formula (J)

¥

group, an ary! group, & | @&Eammaryl group or a group of formuiz

groups of formula (K)
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wherein 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
organic moiety recognizable to those skilled in the art as not adversely
affecting the inhibitory activity of the inventive compounds. lilustrative
examples of suitable organic moieties include, but are not limited to oxo
groups, alkyl groups, hydroxy groups, halo groups, cyano groups, nitro
groups, cycloalkyl groups, heterocyclqalkyl groups, aryl groups, heteroaryl
groups, trialkylsilyl groups, and
groups of formulas (A), (B), (C), (D), (E), (F), (G), (H), (), and (K), as defined
above.

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

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

A "halo group” or is intended to me=an any of the radicals -F, -Cl,
-Br, or -l. v

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,RR,,
where R, R,, and R, are eéch independently an alkyl group.

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

A "alkoxycarbonyl group” is intended to mean a group of
formula (B) wherein R, is an alkyl group as defined above.

A "carbamoyl group" is intended to mean a group of formula (C)
wherein 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,,
wherein R, is an alkyl group as defined above.

A "dialkylanﬁino group" is intended to mean the radical -NR R,

wherein R, and R,, which are the same or different, are each an alky! group

as defined above.

AP/IF/98/0128 4
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A "pharmaceutically acceptabtekprodrug" is intended i mean o
compuund that is converted under physiological conditions or by scivolysis to
a compound of the formuia 1 or 1-a.

A "pharmaceutically acceptable solvate” is intende: 0 mearn a
solvate that retains the bioiogical effectiveness and properties of {2
biologically active components of compounds of formula 1 or 1-a

Examples of pharmaceutically acceptable soivates inciude, but
are not limited to, compounds of formula 1 or 1-a in combination with water,
isopropanol, ethanol, methanol, DMSO, ethyl acetate, acetic acic, ar
ethanoclamine.

in the case of solid formulations, it is understood that ‘he
inventive compounds may exist in different forms, such as stable a4
metastable crystalline forms and isotropic and amorphous forms. =1 of which
are intended to be within the scope of the present invention.

A "phamaceutioally acceptable salt’ is intended {0 sy

safls that retain the biological effectiveness and properties of the {ros acid
and bases and that are not binlogically or otherwise undesirable

Examples of pharmaceutically acceptable salts inciuds, hut are
not limited to, sulfates, pyrosuifates, bisulfates, sulfites, bisulfites.
phosphates, monohydrogenphosphates, dihydrogenphosphates,
metaphosphates, pyrophosphaies, chiorides, bromides, iodides. acoates,
propionates, decanoates, caprylates, acrylates, formates, isobutyrates,

caproaies, heptanoates, propiciates, oxalates, malonates, succinaics

suberates, sebacates, fumarates, maleates, butyne-1,4-dioates, haxyne-1 6.

dioates, benzoates, chiorobenzoates, methylbenzoates, dinitrober»

hydroxybenzoates, methoxyenzoates, phthalates, sulfonates,

xylenesulionates, phenylacetates, phenylpropionates, phenyibutyrat
citrates, lactates, y-hydroxybutyrates, glycolates, tartrates,
methanesulfonates, propanssulionates, naphthalene-1-sulfonaies,
naphthalene-Z-sulfonates, and mandelates.

it the inventive compound is a base, he desired salt miay be

prepared by any suitable method known to the art, including treatrmesnt of the
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free base with an inorganic acid, such as hydrochleric 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

glutamic 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 salt may be
prepared by any suitable method known to the art, including treatment of the
free acid with an inorganic or organic base, such as an amine (primary,
secondary or tertiary), an alkali metal or alkaline earth metal hydroxide or the
like. lllustrative examples of suitable salts include organic salts derived from
amino acids such as glycine and arginine, ammonia, primary, secendary and
tertiary amines, and cyclic amines such as piperidine, morpholine and
piperazine, and inorganic salts derived from sodium, calcium, potassium,
magnesium, manganese, iron, copper, zinc, aluminum and lithium.

Additionally pfeferred is a compound of the formula 1-f:

O
i
HO\ /H\E/N
N
- & 1-f
A%

wherein V is as defined above and Ar is a monocyclic aryl group or

monocyclic heteroaryl group, or a pharmaceutically acceptable prodrug or a

AP/F/ 9870128 4
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phammaceutically acceplable salt thereof. More preferred is = compournd

fiaving the formula 1-g

wherein W and X are independently selected from CH,, C=0 5 8=0, O, N-

R, and N'(0)-R,, where R,is a hydrogen atom or a suitable substituent,

and R, is a C,-C, alkyl group, wherem the alkyl group is a straiciit or branched
chain monovalent radical of carbon and hydrogen atoms haw } 1O
unisaturation, which is optionally substituted by one or more suitable
substituents, provided that when Wis CH, or C=0, X is not (0!

=, and H, are independently selected from a hvdrogen atony, = 7.0,

giuup, a -C{O)OR,, group, or a -C{O)NR;R,, group, wherein .
independently selected {rom hydrogen and an alkyl group, and wherein ths
alkyi group is a straight or branched chain monovalent radicai «f carbon and

hydrogen atoms having nio unsaturation, which is optionally sui

ututed by
one or more suitable substituents, or R, and R, together form = - nonocyclic
cycioaiky! group or a monocyclic heterocycioa!kyl group; or a

pharmaceutically acceplable prodrug thereof or a pharmaceutin

acceptabie salt thereof.

Preferably, ir: the above formulas 1, 1-a, 1 -f,and g Aris a
maonocyclic aryl group or @ monocyclic heteroaryl group. When 41 is &
manocyclic aryl group, preferably it is unsubstituted or substituied at the meta

pasition and/or the para position with a suitable substituent, Prete

stituent is a halogen aters, an aryl or heteroaryl group, an aloxy group, of
ar alkyl group, wherein the alkyl group is a straight or branched chain

monovatent radical of carbon and hydrogen atoms having ne s 2turation,
which is optionally substituted by one or more suitable substitutenis. Even

moie preferably, Aris an aryi group that is substituted at the para position

LA
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with a halogen atom, an alkoxy group or a monocyclic heteroaryl group.
Particularly preferred embodiments of the present invention include those
where Ar is 4-fluorophenyl, 4-chlorophenyl, 4-methoxyphenyl! 4-(imidazol-1-
yhphenyl or 4-(imidazol-2-yl)phenyl. Preferably when Ar is a monocyclic
heteroaryl group, Ar is a pyrid-4-yl 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,
a heterocycloalkyl group, an aryl group, a heteroaryl group, OR;, SR, NR.R,,
and C(O)R,, where

R, is an alkyl gfoup, a cycloalkyl 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
alkyl group, a cycloalkyl group, a heterocycloalky! group,
an aryl group, and a heteroaryl group, or R,, and R,,,
together with the nitrogen atom to which they are
attached form a heterocycloalky! group,

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

grodp, an aryl group, -a heteroaryl group, C(O)O-R,,, C(O)S-R .,

or SO,-R;s,
wherein R, is an alkyl group, a cycloalkyl group, a
heterocycloalky! group, an aryl group, or a heteroaryl
group,

R, is OH, an alkyl group, a cycloalkyl group, a heterocyclolalky!

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

NR,aR“,-or 0O-R,s wherein R,,, R,,, and R, are independently

as defined above, .
or R, and R, together form a cycloalkyl group or a heterocycloalkyl group.
More preferably R, and R, are each a methyl group.

in formulas 1-a and 1-g, preferably R, is hydrogen, an alky!
group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, C(O)-NR 3Ry C(O)'-ORH, C(0)-SR;;, SO,-Ry,, or C(0)-R,,

AP/P/ 9870128 4
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where R, and R, are independently selected from H, an alky!
group, a cycloalkyl group, a heterocycloalkyl group, an aryi
group, and a xeteroaryl group, or R,, and Ry, together with the
nitrogen atcm to which they are attached form =
heterocycioalkyl group,and

R,s Is an alky! group, a cycloalkyl group, a heter:

group, an aiyl group, or a heteroaryl group.
Preferably, when Wis CH,or N-R;, Xis S, S=0, ¢, N-R,, N*(O
R, or C=0. More preferably, when Wis CH,, X is O, 8=0 or N-#,, and R,is a

susiable substituent, preferably a hydrogen atom, an alkyl grour wherein said

aikyl group is a straight or branched chain monovalent radica: of carbon and

hydrogen atoms having no unsaturation, which is optionally sunsiituted by

i

e or more suitable substituents, a C(0)-R,; group, a C(OYC-F .. group, &
LLONH-K,, group, a C{iﬁ)}e‘éR,,R,a group, an SO,-R,, group, «

i, are czen independently an alkyl group wherein said alkyl

straight or branched chain monovaient radical of carbon and hvdrogen atoms
having no unsaturation, which is optionally substituted by ong o7 more
suitabie substituents, and wherein R,; is @ monocyclic aryl groupe or an aikyl
group as defined above. More preferably, R, is a hydrogen at
alkyl group, or a SO,-K,, group, wherein R, is an alkyl group :
preferably, when Wis CH,. X is O, S, 520, N-H, N-(SO,CH,} 0 8-(C,-C.

atioyiy,

Alternativelv, when Wis N-R,, X is preferably -

preferably a hydrogen atom or an alkyl group, more preferably & hydrogen

atom,

Particulariy preferred embodiments of the present invention

inictude those compounds of the formula 1-a and 1-g where X
MAFG or NYO)-R and Wis CH, or Xis S, O or N-Ryand Wig € =0,
=0 and Wis N-R,; or X'is CHyand Wis O, S or N-R,, where § a Z{O)

<., group, where Ry, is as defined above. According to these rreferred

emboaiments of the present invention, R, and R, are preferabiy,

N

inrlependantly of one ancther, a hydrogen atom or a methyt group, and Aris
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preferably an aryl group which is unsubstituted or substituted in the para
position with a suitable substituent, preferably a halogen atom, an alkoxy
group or a heteroaryl group. More preferably, R, and R, are the same and Ar
is an aryl group substituted in the para position with a fluorine atom, a
chlorine atom, a methoxy group or an imidazolyi group.

lllustrative examples of compounds according to these preferred
embodiments of the present invention include, but are not limited to, 3(S)-N-
hydr'oxy-2,2—dimethyM-(4-(4-(imidazo!-2-yl)phenoxy)benzenesulfonyl)-
tetrahydro-2H-1,4-thiazine-3-carboxamide and 3(S)-N-hydroxy-2,2-dimethyl-4-
(4-((pyrid-4-yl)oxy)benzenesulfonyl)-tetrahydro-2H-1,4-thiazine-3-
carboxamide.

Other preferred embodiments of the present invention include
those compounds where Y is N-R,, where R, is a C(0O)-R,, group, a C(O)O-
R,; group, a C(O)NH-R,; group, a C(O)NR,,R,, group, an SO,-R,g group,
wherein R, and R, are each independently an alky! group wherzin said alky!
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 R,s Is @ monocyclic aryl group
or an aryl group as defined above.

Also, according to the preferred embodiments of the present
invention where X is N-R,, R,is a hydrogen atom, an alkyl group or an
alkylsulfony! group, more preferably a hydrogen atom, a methyl group or a
methanesulfonyl group. Illustfative examples of compounds according to
these preferred embodiments of the present invention include, but are not
limited to, (R)-N-hydroxy-1-(4-(4-chlorophenoxy)benzenesulfonyl)-4-
(methanesulfonyl)-piperazine-2-carboxamide, (R)-N-hydroxy-1-(4-(4-
fluorophenoxy)benzenesulfony1)-4-(methanesulfonyl)-piperazine-2-
carboxamide, (R)-N-hydroxy-1-(4-(4-methoxyphenoxy)benzenesulfonyl)-4-
(methanesulfonyl)-piperazine-2-carboxamide, (R)-N-hydroxy-1-(4-(4-
chlorophenoxy)benzene-sulfonyl)-4-methylpiperazine-2-carboxamide, (R)-N-
hydroxy-1-(4-(4-fluorophenoxy)-benzenesulfonyl)-4-methylpiperazine-2-
carboxamide, (R)-N-hydroxy-1-(4-(4-chlorophenoxy)benzenesulfonyl)-

AP/P/98/0128 4



222

piperazine-Z-carboxamide, {R)-N»hydroxy-1-(4~(4-ﬂuoropherl.r;:»:”y}%enzerseu

sulfonyl)-piperazine-2-carboxamide, 3(S)-N-hydroxyl-4-(4-(4-

ahi@:’cphenoxy)benzenesu%i’aﬁ:my!—z,2-dimethyi—tetrahydro~2H-é§“3§a;:%f:e-3‘
carboxamide, 2(R)-3,3-dimeathyl-N-hydroxy-1-(4-(4-

chiorophenoxyl)benzenesutionyl)-piperazine-2-carboxamide, 2

dimethyl-N-hydroxy-1-(4-(4-fiuorophenoxyl) benzenesulfonyl)-piperazine-2.

carboxarnide, 2(R)-3,3-dimethyl-N-hydroxy-1-(4-(4-

bromophenoxyl)benzenesuifonyl)-piperazine-2-carboxarnide. 212 1-(4-(4-

{cé‘:‘;arophenoxybenzenesu%fzmyl)-N-hydroxy-3‘3,4-trimethyipi'zezza,;;i;*:"ze“zia

carooxamide, 2(R)-1-{4-{4-(f Lzorophenoxybenzenesulfonyl) N-hyoroxy-3,3 4.
mﬁih} piperazine-2-carboxamide, 3(S)-N-hydroxyl4-(4-(4-

iwrophenylsulfanyl)benzenesulfonyl-2, 2-dimethyl-tetrahydro-2 thiazine. 3

carnoxamide, a(S)»N-hyarm:yM-g4-(4~ﬁuorophenylsuifanyl)benzwfzeszis‘u}fmg

L Ldimethyl-tetrahydro- 2 hizzine-3-carboxamide, 2{R)-3,3«

hydroxy-1-(4-(4-fluorophenvisulfanyl) benzenesulfonyl)-piperazin
thyl-N-hydroxy-1-(4-(4-

carpoxamide, 2(R)-3,3-di

chic srophenylsulfanyl)benzenesulfonyl)-piperazine-2-carboxamide 2(R)-1.(4-

4-{fluorophenylsulfanyi)be rizenesulfonyl)-N-hydroxy-3,3,4-

trimethylpiperazine-2-carboxamide, 2(R)-1-(4-(4-

ichlorophenyisulfanyl)benzenesulfonyl)-N-hydroxy-3,3,4- timethvisiperazine-

Z-carboxamide, 2(R),3( J-M-hydroxyl-4-(4-(pyrid-4-yloxy) benzanesulfory yi)-2
methyl-tetrahydro-2H-thiazine-3-carboxamide, 2(R),3(S)-N-hydroxyi-d-14.

{pyrid-4-yhsulfanyl)benzenesuifonyl)-2-methyl-tetrahydro-2H-thiaz ine-3.

arboxamide, and a compound of formula:

el . S02 0

[ J;LNHOH

The inventive compounds may exist as single steracisomers,

racemates and/or mixtures of enantiomers and/or diastereomers. Al such
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single stereoisomers, 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 formulas 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
X is S or S=0. ltis understood by those skilled in the art that this difference
in designating configuration is a consequence of the sequence rules of the
Cahn-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 hydroxamate-bearing carbon atom. Thus a preferred compound is a

AT
Ho.gj)\lﬁz\i: |

compound of the formula:

Y. X,W

wherein X, W, Y, Z, and Ar are as defined above for formula 1-a. As generally
understood by those skilled in the art, an optically pure compound having one
chiral center (i.e., one asynﬁmetn‘c carbon atom) is one that consists
essentially of one of the two possible enantiomers (i.e., is enantiomerically
pure), and 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 containé at least 80% of a
single 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. or d.e.).

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

APIP/ 98701284
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Particularly preferred intermediates of formula 4 useful in conversions 2, 8,

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

IShe SRg!
“50,01 P $0,0:

of (4a) ~Ci (4b)

For conversions 5 and 6 and 8-13 and for compaunds 7, B, and

2, when Q is a group of formula: Re and A is C, prefarably R, is H,
—— "'RQ
10

an alkyl group, an O-alky] group, an S-alkyl group, a cycloalicyi fgroup, a
neterocycloalkyl group, an aryl group, a heteroaryl group, C=N, ar C(OIR,, ,
wherein R, is an alkyi group, an aryl group, a cycloaikyl group, a heteroaryl
group, or a heterocycioaikyé group, and R, and R,, are indepeﬁd&miy seiected

from H, an alkyl group and an aryl group. For these same cor nwversions end

tompounds, when Ais 5i, preferably R,, R, and R, are indep: _;,,m‘
sstected from an alkyl group, a cycioalkyl group, and an ary! ¢roup. More
prelerably, for these corversions and compounds Q is CH,, CH,CH,,

CH(CH,),, C(CH,),, CH,-CH=CH,, CH,C=N, or a group of the ‘ormula:

CHy ¢ CH(CHy),
i 7

T o —Si-CHCHy,
CH, H(CH,

wherein R, is CHy or CH{CH,);

For conversion 4 and for compound 6, preferred embodimants
of the inventive methods and compounds are those such that when Q is an
AR(Rs)(R,) group as shown above and A is C, preferably R, is H, an alky
group, an O-alkyl group, an S-alkyl group, a cycloalkyl group, &
selerocycloalkyl group, an aryl group, a heteroaryl group, C=p, «r C{OWR,,
wherein Ry, is an alky! group, an aryl group, a cycloalkyl group, = hetercary!
group, or a heterocycloalkyi group, and R, and Ry are independently selected

from H, an alkyl group and an aryl group. For this same conve
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compound, when A is Si, preferably R,, R, and R, are independently
selected from an alkyl group, a cycloalky! 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 formuila:

<I3H3 CH, CIJH(CHa)z
—?i—%R‘Z or —Si—CH(CHy),
cH, CHa
H(CH,),

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

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

Particularly preferred compounds of formula 8, useful in
conversions 8 and 9, are those of formula 8a, where D is N, R, and R, are
each a methyl group, and Z is O, and of formula 8b, where D Is N R,and R,
are each a methyl group, and Z is S. ‘For compounds 8 and 10, preferably D
is N and R, and R, are each a methyl group.

The present invention is further directed to methods of inhibiting
metalloproteinase activity, for example in mammalian tissue, by administering
a compound of the formula 1, 1-a, 1-f or 1-g, or a pharmaceutically
acceptable prodrug, salt or solvate thereof. The activity of the inventive
compounds as inhibitors of metalloproteinase activity, such as the activity of
MMPs (including stromelysins, collagenases, gelatinases and/or matrilysin)
and/or TNF-« convertaée, fnay be measured by any of the methods available
to those skilled in the art, including in vivo and/or in vitro assays. Examples of
suitable assays for activity measurements include those described in Anal.
Biochem., vol. 147, p. 437 (1885), Anal. Biochem., vol. 180, p. 110 (1989),
FEBS, vol. 86, p. 263 (1992)and European Patent Application No. 0 806 0486.

Administration of the compounds of the formula 1, 1-a, 1-f or 1-
g, or their pharmaceutically acceptable prodrugs, salts or solvates, may be
performed according to any of the accepted modes of administration available

to those skilled in the art. lllustrative examples of suitable modes of

APIP/ 9870128
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administration include orat, nasal, parenteral, topical, transderra! and recial,
Freferably, the mode of administration is oral.

The inventiva compodnds of the formula 1, 1-a, 1% or 1 -q, of
their pharmaceutically acceptable prodrugs, salts or solvates, may be
administered as a pharmaceutical composition in any suitabie pharmaceutical
iorm recognizable to the skiiled artisan. Suitable pharmaceutical forms
inciude, but are not limited to, solid, semisolid, liquid or lyophilized
formuiations, such as tablets, powders, capsules, suppositories. suspensions
and aerosols. Preferably, the pharmaceutical form Is a tablet o7 capsule for
oral administration. The pharmaceutical composition may also include
suitable excipients, diluenis, vehicles and carriers as well as niher
pharmaceutically active agents, depending upon the intended uss

Acceptabie methods of preparing suitable pharmassutical forms
of the pharmaceutical compositions are known {o those skilled i the art. For

sxample, phammaceutics! preparations may be prepared folicino

conventional techniguas of the pharmaceutical chemist invoivi

SIB3pa sueh

as mixing, granulating ansi compressing when necessary for tzbisef forms, or
mixing, filling, and dissoiving the ingredients as appropriate, {¢ give the
desired products for oral, parenteral, topical, intravaginal, intranissal,
fntrabronchial, intraocular, intraaural and/or rectal administration. liustrative
examples of such methods include those described in Remingion's
Fhammaceutical Sciences, 18th edition (1990).

Solid or liquid pharmaceutically acceptable carriers, diluents,
vehicles or excipients may be employed in the pharmaceutica compositions,
ilustrative solld carriers include starch, lactose, calcium sulphate dihydrate,
terra aiba, sucrose, talc, geiatin, agar, pactin, acacia, magnesium stearate
and stearic acid. lllustrative liguid carrers Include syrup, peanut uil, olive oil,
saline solution and water. The carrier or diluent may include & s:itabie

projonged-release material, such as glyceryl monostearate or glyosryt

may be in the form of a syrup, elixir, emulsion, soft gelatin capsuia, steriia
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injectable liquid (e.g. solution), or a nonaqueous or aqueous liquid
suspensibn.

A dose of the pharmaceutxcal composition contains at least a
therapeutically effective am}?' ! f;j
the formula 1, 1-a, 1-f or 1-g% tin ;harmaceutlcally acceptable prodrugs,

he actwe compound (i.e., a compound of

salts or solvates) and preferab’l *'fs*"%n{adxe up of one or more phamaceutical
dosage units. An exemplary dosage unit for a mammalian host contains an
amount of from 0.1 milligram up to 500 milligrams of active compound per
kilogram body weight of the host, preferably 0.1 to 200 milligrams, more
preferably 50 milligrams or less, and even more preferably about 10
milligrams 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
treatment mediated by inhibition of metalloproteinase activity, by any known
method of administrating the dose including: top vically, for exczmple as an
ointment or cream; orally; rectally, for example, as a suppository; parenterally
by injection; or continuously by intravaginal, intranasal, intrabronchial,
intraaural or intraocular infusion.

The amount of the inventive compounds, salts, solvates and/or
prodrugs to be administered will vary based upon a number of factors,
including the specific metalioproteinase to be inhibited, the degree of
inhibition desired, the characteristics of the mammalian tissue in which
inhibition is desired, the metabolic stability and activity of the particular
inventive compound employed, and the mode of administration. One skilled
in the art may readily determine a suitable dosage according to methods
known to the art. Preferably, the amount of inventive compound of the
formula 1, 1-a, 1-f or 1-g, or their pharmaceutically acceptable prodrugs,
salts or solvates, administered is between 0.1 mg/kg body weight and 100
mg/kg body weight per day.

The inventive compounds, and the salts, solvates, and prodrugs
thereof, may be prepared by employing the techniques available in the art
using starting materials that are readily available. Exemplary methods of
preparing the inventive compounds are described below. In the following

AP/P/98/0128 4
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schemes, unless otherwise indicated, W, X, Y, Z, Ar, R, and F, ars as
praviously defined herein

The inventive compounds of the formula 1-a preferably can be
prepared by reacting a compound of the formula 12-a (where i is a hydroxy
group) with hydroxylamine in the presence of a suitable peptide coupling
reagent. lllustrative examipies of suitable coupling agents inciude 1 1'-
carbonyl-diimidazole, N-(dimethylaminopropyl)-N'-ethyi carbadiimide ("EDC™,
hanﬁaiﬁazai-‘i-yloxy-iris(ﬁimelhylamino)phosphonium hexafluorophosphate,
or propanephosphonic anhydride in an inert polar solvent, such s
dimethylformamide ("DMF";

1f A
O O= 4 \“« Fag

(POIO-NH, .
& : i

: in_"lj f‘\- - }GﬁMQ&?{i w‘r
?{?**‘%f 12-c: M= 00 RO\N/[L\(

5

P —
<
{5‘

Altemnatively, a compound 6f the formula 12-b (where Mis a
halogen such as chlorine) can be reacted with hydroxylamine i # suitable
soivent mixture such as teri-butanol-tetrahydrofuran (“THF")-dichioromethane,
praferably at 0 to 25 °C | to give hydroxamates of the formula -z

Compounds of the formula 12;b are preferably prapsred in a
form that is directly useful for further reaction without isolation. For example,
such compounds can be prepared by allowing compounds of e farmula 12-
& o react with a suitable haiogenating agent, such as thionyl chioride or oxalyl

chioride, preferably in the presence of a catalytic amount of
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dimethylformamide, and preferably in a suitable solvent such as
mmMWMmmemammmmmEMmObkwmmmmmme

Alternatively, the cqupling 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
known to those skilled in the art, such as benzyl, t-butyl, t-butyldimethylsilyl, or
t-butyldiphenylsilyl, and/or described in T.W. Greene and P.G.M. Wuts,
Protective Groups in Organic Synthesis (1891), the disclosure of which is
incorporated herein by reference) te give compounds of formula 13.
Deprotection of compounds of the formula 13 provides compounds of formula
1-a. Suitable methods of deprotecting compounds of the formula 13 are
known in the ant, for example, as described in T.W. Greene and P.G.M. Wuts,
Protective Groups in Organic Synthesis (1981). ,

Compounds of the formula 12-a can be prepared by alkaline
hydrolysis of the corresponding ester 12-c(where M=0Q, andQis a
suitable protecting group such as methyl, ethyl, allyl, benzyi or t-butyl) using
a suitable aqueous base, such as lithium hydroxide, sodium hydroxide, or
potassium hydroxide, preferably in a homogeneous aqueous-organic solvent
mixture at a temperature from 0°C to 25'C. Alternatively, these compounds
can also be prepared by acidic hydrolysis of the corresponding ester using a
suitable aqueous acid, such as hydrochloric acid in aqueous dioxane, at a
suitable temperature, preferably from 50°C to 100°C. Other methods
recognizable by those skilled in the art as suitable for converting esters to
acids can also be employed, such as hydrogenolysis of benzyl esters using
hydrogen and palladium on carbon, acid-promoted cleavage of t-butyl esters
under anhydrous conditions, and palladium-catalyzed cleavage of allyl esters.

| Cémpounds of the formula 1 (i.e., 1-a, where W is CH, and Y

is CR‘,R2 and X is N-R;) in which Rsis 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 alkyl sulfonate ester, In a suitable
solvent at an appropriate temperature, such as THF at a temperature from
0'Cto50'C

AFIFi 9870128 4
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Compounds of the formula 1-c where Ry is an alkyisulfony!

group or an aryisulfonyi group can also be prepared directly from compounds
of the formula 1-b. For example, treatment compunds of formuia 4-b with 2

equivaients of trimethylchiorosilane in the presence of an excess of a tertiary
base, such as 4-methylmorpholine, in an aprotic solvent, such as
dichloromethane, at 25 T, followed by treatment with an alkyisuifonyl

chioride or an arylsulfonyi chioride at a temperature from 0°C {0 25°C jeads
to, after a conventional agueous work-up, compounds of formuis t-¢ where
=, is zlkyisulionyl or arylsuifonyl. Ina similar manner, compounds of formule
t-b can be reacted with 1he appropriate electrophilic carbonyl reagents o
provide compounds of formuia 1-c where R, is CO-Ry, where ., 15 any
suitable organic moiety.

Compounds of formula 16 (i.e., 12-a where W and ¥ are CH,

and X is N-Ry ) can be prepared according to the following scheme.

Z-K

Jl\ ,,n

",

N
+ y !

e
d

;;E

Vamt

Preferably, commercially available racemic piperazine-2-
carboxylic acid is allowed {o react with a suitable electrophilic reagent R,-Lg,

where Lg is any suitable i%v%ng group, under conditions such that the
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dimethylformamide, and preferably in a suitable solvent such as
dichloromethane 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
known to those skilled in the art, such as benzyl, t-butyl, t-butyldimethylsilyl, or
t-butyldiphenylsilyl, and/or described in T.W. Greene and P.G.M. Wuts,
Protective Groups in Organic Synthesis (1891), the disclosure of which is
incorporated herein by reference) te give compounds of formula 13.
Deprotection of compounds of the formula 13 provides compounds of formula
1-a. Suitable methods of deprotecting compounds of the formula 13 ars
known in the art, for example, as described in T.W. Greene and P.G.M. Wuts,
Protective Groups in Organic Synthesis (1991).

Compounds of the formula 12-2 c2n be prenarad by alkaline
hydrolysis of the corresponding ester 12-c-(where M = 0Q,andQisa
suitable protecting group such as methyl, ethyl, allyl, benzyl or t-butyl) using
a suitable aqueous base, such as lithium hydroxide, sodium hydroxide, or
potassium hydroxide, preferably in a homogeneous aqueous-organic solvent
mixture at a temperature from 0°C to 25°C. Alternatively, these compounds
can also be prepared by acidic hydrolysis of the corresponding ester using a
suitable aqueous acid, such as hydrochloric acid in aqueous dioxane, at a
suitable temperature, preferably from 50°C to 100°C. Other methods
recognizable by those skilled in the art as suitable for converting esters to
acids can also be employed, such as hydrogenolysis of benzyl esters using
hydrogen and palladium on carbon, acid-promoted cleavage of t-butyl esters
under anhydrous conditions, and palladium-catalyzed cleavage of allyl esters.

Cdmpounds of the formula 1-c (l.e., 1-a, where Wis CH, and Y
is CRyR; and X is N-Ry) in which R, is 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 alkyl halide or alkyl sulfonate ester, in a suitable
solvent at an appropriate temperature, such as THF at a temperature from
0'Cto50°C

AP/P/98/0128 4
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Compourids of the formula 1-c where R, is an alkyisuifony
group or an arylsulfonyl group can also be prepared directly fror: compounds
of the formula 1-b.  For example, treatment compunds of forrmuia 4-b with 2
equiva%snts of trimethyichiorosilane in the presence of an excess of a tertiary
pase, such as 4-methyimorpholine, in an aprotic solvent, such as

P

dichioromethane, at 25 “C, followed by treatment with an alkylsulfonyl

3

chiordde or an arylsulfony! chloride at a temperature from 0°C 9 25°C leads
o, after a conventional agueous work-up, compounds of formitila 1-¢ where

o

. 15 alkvisulfonyl or arylsull

onvl inoa similar manner, compau s

1-br can be reacted with the appropriate electrophilic carbonyi re agents to

srovide compounds of fonmula 1-c where R, is CO-Ry, where 7., e any

suitable organic moiety.
Compounds of formula 18 (i.e., 12-a where W an< ¥ are Ci,

and X is N-R, ) can be prepared according to the following scheme.

2K
. l
? H Yo H
-\/“J\ /N\, . ﬁ» N, 15
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y v
! < R3

Preferably, commercially available racemic piperazinag-2
carboxylic acid is allowed to react with a suitable electrophylw reagent R,-Lg,
whare Lg is any suitable leaving group, under conditions such that the

ragclion takes place predominantly at the N4 position to give corapounds of



e
/ )

APS012p8
-31-

the formula 14. More preferably, the reaction takes place in aqueous-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
formula 16, racemic piperazine-2-carboxylic acid can be first resolved
according to known methods, such as those described in Helv. Chim. Acta,
vol. 43, p. 888 (1960), and Helv. Chim. Acta, vol. 72, p. 1043 (1989), the
disclosures of which are incorporated herein by reference.

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

Altemnatively, the intermediate of the formula 14 can be isolated
and then allowed to react with trimethylsilyl chloride and a suitable tertiary
amine base, such as triethylamine or 4-methylmorpholine. Without isolation,
the resulting material is then reacted with a sulfonyl chioride 15 in a suitable
solvent such as dichloromethane at 25 °C to provide, after conventional
acid workup, a compound of the formula 18.

The intermediate of the formula 14 can also be prepared by
treating the copper (ll) complex of piperazine-2-carboxylate, prepared
according to the method described in U.S. Patent No. 4,032,639, the
disclosure of which is herein incorporated by reference, with R,-Lg, followed
by decomplexation by acidification and ion-exchange chromatography using
DOWEX 50 resin. With this procedure, a broad range of electrophilic
reagents R;-Lg can be employed.

Compounds of formula 15 can be preferably prepared by
treatment of the corresponding'aryl/heteroaryl phenyl ether or aryl/heteroary!
phenyl thioether, which are commercially available or can be prepared by
methods known to those skilled in the art, with an excess of chlorosulfonic

acid in dichloromethane solution at a temperature from 0°C to 25°C.

¥8/012R 4
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Alternatively, the aryl phenyl ether can be treated with between
5.9 and 1.2 molar equivalents of chlorosulfonic acid at -20'C ¢ 25°C. The
resulting sulfonic acid, with or without isolaticn, can be subsegientiy
converted to the sulfony! chioride 15 with an excess of a chiorinating reagent,

such as oxalyl chloride or thionyl chloride, in the presence of = ¢

amount of dimethylformarmide ("DMF") in a suitable solvent, sus

dichloromethane, 1,2-dichioroethane, or acetonitrile, at 25°C i+

Alternatively, compounds of the formula 16-a, wi
suitable protecting group as described above, are first converied to the
corresponding methyl esters 17 by conventional methods, sush as treatment
with trimethylsilyl diazomethane in a suitable solvent such as methanol-

dichloromethane at room temperature as shown in the following schems.

Ay

O
A i 7N r

e L7 ; O 0’-‘—?‘*"(< N 1.’,1!'\‘ e L

" R /u\ N\ = s - r;“\.
20 ENJ 1. Deprotection. G+
2 Ra-lg i

o L .

!‘,g 18-a: i1y

18-b:

yofion are

Suitable profecting groups, Pg, for this type of ra:
recognizable to those skillzd in the art and include, but are not fimited to, i-
butyl groups and benzyi groups. Removal of the protecting grour by known
methods provides compounds of formula 18-a where R is hvdragen, which
can be furiher reacted wilh reagents having the formuia R,-Lo. wherein Lg is
any suitable leaving group, to give compounds of the formula 18-b where R,
is not hydrogen. lllustrative examples of suitable R,-Lg reagsz»m‘ts; mnclude
methanesulionyl chloride, methyl iodide, methyl isocyanate, ethy

bromoacetate, dimethyicarbamoyl chloride, and methoxyacetic anhydride.
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Compounds of formula 18 (i.e.,12-¢c where W is CH, Yis
CR,R,, and X is NR3) can be prepared as illustrated in the scheme below.

0
OH I
T fu T
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R} Y
21
Y
I
O§S ZAr
OH Il
Qo0 Q-0 N-S ZAr
R : -~ R, H I
‘R | Re
2 R3 3
18 22

B-Amino-a-hydroxy esters of formula 19 and aziridines of
formula 20 are allowed to react in inert solvent such as dichloroethane or
preferably dioxane at elevated temperature, 60 to 100 °C, to give adducts 21.
Derivization of the amine function of 21 to provide compounds of formuia 22
can be effected by conventional methods known to those skilled in the art.
Cyclization of compounds of formula 22 under Mitsunobu-type conditions (see
J. Org. Chem. 1991, 56, 3800-3905, the disclosure of which is incorporated
herein by reference) provides the piperazines 18.

Compounds of formula 19 where R, is H and R, is alkyl can be
prepared according to literature methods known to those skilled in the art.
Where R, and R, are both methyl, the amino alcohols 19 are available from a
nitronate alkylation as described in Bull. Chem. Soc. Jpn. 1976, 49, 3181-
3184, the disclosure of which is incorporated herein by reference.

The aziridines 20 can be prepared by treatment of sulfonyl
chlorides of formula 15 with excess ethanolamine in THF at -20 °C to 25 °C,

followed by cyclization of the resulting B-hydroxyethyl sulfonamides with

AP/F/98/0128 4
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DEAD and tniphenylphosphine in THF. Compounds of formuis - -
prepared as described above

i formuia 28 (ie., 12-c where X is trt Wic ¢

and ¥ is CR,R,) can be prepared according to the following s«

o o:%@ "

2

Treatment of compounds of formula 23 {preparec
i Angew, Chem. Int. E¢. Engl 1994, 33, 998-998, the disclosure o v

incorporated herein by reference) with sulfonyl chiorides of forrs
described above, give compounds of formula 24, Alkylation of «
formula 24 with ethyl bromoacetate proceeds in the presence of a suitabie

base, such as potessium carbonate, in a suitable solvent, such =

80 °C for a period of ! t2 48 hours to provide compounds «f simul

Oxidation of alkenes 25 to compounds of formula 26 proceeds
oxidizing conditions, such as 2xcess sodium periodate in the pres e of
catalytic ruthenium trichloride in acetonitrile:carbon tetrachlorid

solvent at 25 °C for 1 to 18 heurs. Treatment of compounds of

with diphenyiphosphoryl azide ("DPPA") in the presence of a su

such as triethylamine, in an ineit solvent, such as benzene, at 70

i-12 hours gives an intennediate isocyanate, which upon additio~ - &

uitaisie aicohol, such as benzyi aleohol, provides compounds ©

whers Pg s a corresponding protecting such as benzyloxycarbo
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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

formula 24 is shown below.

Oxidation of compounds of formula 24 under the conditions described in the
preceeding paragragh for the oxidation of compounds of formula 25 gives

compounds of formula 29. Curtius rearrangement of acids 29, as described

for the conversion of 26 to 27 above except in the absence of added alcohol,

leads to formation of compounds of formula 30. Mild basic hydrolysis of
compounds of formula 30 with, for example, 1 molar equivalent of lithium
hydroxide in THF-water at 0 °C for 0.5 to 18 hours leads to compounds of
formula 31. Reaction of amines of formula 31 with excess ethylene oxide in
alcoholic solvent at 25 °C to 75 °C for 1 to 18 hours provides compounds of
formula 32, which upon treatment with DEAD and triphenylphosphine in THF
at 25 °C yields compounds of formula 18-c. it will be appreciated by those
skilled in the art that utilization of enantiomerically-enriched compounds of

formula 24, which are accessible utilizing the methods reporied in the

AP/IP/98/01:28 4
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fterature and known 1o thiose skilled in the arl, will yield enanticmencally-

snriched compounds of formula 28 and 18-c.

Allernatively . the intermediate compounds of {oruia 2% can be

crepared in enantiomericadly-enriched form according to the

softemes

28

Treatman
derived from D-aspartic 2cid by methods known to those skilies 0 the art,

with trimethylsilyl chloride and triethylamine in dichloromethens at 25°C for

approximataly 1 hour provides the trimethyisilyl esters, which, without

i with aryl sulfonyl chlorides of if

siation, are further res

ihe presence of additiona! hase o provide, after conventiona/ wark

corresponding sulfonarmides of the formula 34, Treatment o & sul

34 with approximately 3 molar equivalents of a strong base, such

disopropylamide ("LDA", at a temperature between -78°C «
inert solvent such as THE followed with 1 eguivalent of an sporopriate lower
R,-X, preferably at a temperature batween 0°C and

s M Without

atkyl halide of the formuia

f;’i“-i*(ifs gives a monowaéﬁ«iyia’ted product of formula 35 where
solation, the reaction mixiure-is treated with an additional equivalent of base,

and then aliowed to react with a second alkyl halide of the foimula R,-X,

I3

ferably the same, but can be differsnt, (o give, after

where Ry and R, are pre
rification of

acidic work-up, a sulfonamide of the formula 35. Following &
the carboxvlic acid function of 35, the protecting group Pg is ramoved to

srovide the acid 28.
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Altematively, compounds of the formula 18-c can be prepared

according to the following scheme.

A\Y N O
S Q-0
1 5 —_— HN/ \\O
PN R™ "Ry
36 37
1 ~ n
o) o)
O O
N N
Q-0 j S Q-0
R N R” R, NH(Pg)
Rz H18-¢ 38

Arylsulfonyl chlorides of formula 15 can be converied
sulfonamides of formula 36 by reaction with monoprotected derivatives of
ethylenediamine. Condensation of a sulfonamide 36 with an a-keto ester of
the formula 37 in the presence of an acid catalyst, such as p-toluenesulfonic
acid, provides a compound of the formula 38. Conversion of a compound of
the formula 38 to the corresponding compound of the formula 18-c is effected
by cyclization in the presence of éata!y’tic base, such as potassium carbonate,
in a suitable solvent, such as DMF, followed by removal of the protecting
group Pg.

Additionally, compounds of the formula 42 (i.e., 12-a where X is

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

APIPI 9870178 4
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Treatmerni of diethyl aminomalonate, which iz commercially

e

avaiable. with chlorozcatonitrile or bromoacetonitrile in the pis

arnine i ethyl alechol provides diethyl
{cyanomethy)aminomaionate, which is further reacted with: ani aryisuifony
shioride of the formuiza 15 to give a compound of the formuts 29, Nitriles of

the tormula 39 are reduced to corresponding amine saits «f the formuia 40 by

hydrogenation over o suitable metal catalyst, such as paiiadium or slatinum,

in the presence of acki in aicohol solution. Reaction of a amine salt of the
formula 40 with an excess of a ketone Ry-CO-R, gives a piperazine derivative
of the formula 41. After protection of the amine function by sonventional
methods known to those skilled in the art, basic hydrolysis of the ethvl esters
foliowed by decarboxylatiori under acid conditions provides & compound of

the Tonmula 42,

Compounds of the formula 44 (i.e., 12-a where where Wis N-H,
X is C=0 and Y is CH! can be prepared according to the icilowing scheme.
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Preferably, a warm aqueous solution of D-asparagine, which is
commercially available, is treated with formalin to provide, after cooling to 0
°C, 6(R)-carboxy-tetrahydropyrimidin-4-one (43). Treatment of 6(R)-carboxy-
tetrahydropyrimidin-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 trimethylsilyl ester. This ester can
be treated, without isolation, with a sulfonyl chloride 15 in the presence of
additional base for several hours at 25 °C to provide, after aqueous work-up,
a compound of the formula 44. Alternatively, the compound of the formula 44
can be prepared directly by treating a solution of 6(R)-carboxy-
tetrahydropyrimidin-4-one and a base, such as N-methyl-morpholine, in a
suitable aqueous:organic mixed solvent, such as water:dioxane, with a
sulfonyl chloride of the formula 15 at 25 °C for several hours followed by

aqueous acid work-up.
Compounds of formula 48 (i.e., compounds of formula 12-c

where W and X are CH, and Y is N-R;) can be prepared according to the

@]
\ U /“\(O
° Q-0
H

45

ol
.AI' 'e) \\.?_Q__ Z-Ar
N

following scheme.

O
—UJ..—_O

Slow addition of compounds of formula 15, as a solution in a
inert solvent such as dichloromethane, to four molar equivalents of 1,3-

diaminopropane in the same solvent at -20 °C to 0 °C provides the

AP/P/98/0128 4
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compounds of formuta 45, which are readily isolated by a acid-base extraction
sagquence {o remove smail amounts of' the bis-sulfonamide byproductl.
Treatment of amines 45 with glyoxalaté esters of formula 48, which &ré
commercially-available or well-known in the literature, provides intermediates
of formula 47, which can exist partially or substantially as the corresponding
oper-form imine tautornars. Reaction of compounds 47 with an appropriate
siectrophilic reagent R,-Lg then provides compounds of formuia 48,

A method for preparing compounds of formuta 54, where X is O
or 5, is shown in the scheme below.

o
i .
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- [ —— ‘{M
T
ol OH
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i N
3 D¢ ST
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n O
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The starting B-hydroxy «-amine esters 49 are either commercially available,
{or example serine, threonine, and allo-threonine esters, or can be prepared
oy methods described in the literature (see, for example, ./ (g, Chem.,
1996, 67, 2582-2583, the disclosure of which is incorporated herein by
reference). Compounds of formula 49 are treated with an suifony! chioride
having the formula 15 i the presence of a suitable tertiary arine basé, such

as N-methylmorphoiine in an aprotic solvent, such as DMF siichloromethane,
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at0'Cto25Cto provide the B-hydroxy a-sulfonylamino esters having the
formula §0. ,

Treatment of compounds of the formula 60 with suitable
dehydrating reagents, for instance triphenylphosphine and DEAD in THF
solution at 25 °C, provide the sulfonylaziridines of formula §1. Treatment of
aziridines 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 a leaving group) in the presence of a Lewis acid, such as boron
trifluoride etherate, at 0'C to 25 C, either without additional solvent or in a
suitable inert solvent such as dichloromethane, yields compounds of formula
§3. Subsequent treatment of the compounds having the formula §3 with a
base such as potassium carbonate in an aprotic solvent such as DMF then
provides compounds of formula 54. In the case where Lg is hydroxyl,
cyclization of 83 to give 64 is effected with triphenylphosphine and DEAD in
THF solution at 25°C. -

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

amino esters 49 by the sequence shown below.

AP/P/98/0128 4
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Hydrox ylation of amino esters 49 can b

ethvien= oxide in alc

rnula 55, which can b converted to compounds of for

with sulfonyl chiorides 15, Diol 56 can be cyclized with t
orotocol (see Holladay, M. W.; Nadzan, A. M. J. Org. Chies
3005), or in traditional Wiiliamson-style via the tosylate &7

sompound of formula 84-a.

Alternalively, compounds of the formula §4-¢ (2,

is tert-butyl, X is $ and R, and R, are both hydrogen) car

acrording to the following scheme.

o 15

i
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i solvent at 25 °C tc 70 °C to provicis comp
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91, 58, 3800-

seid base {0 u Ve

54-5 where O
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Preferably, t-butyl 2,3-dibromopropionate (prepared according to

the method described in J. Perkin Trans I, p. 1321 (1973), the dislosure of

which is incorporated herein by reference) is treated with 2-

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

of chloroform and benzene, to provide t-butyl tetrahydro-1,4-thiazine-3-
carboxylate, which upon reaction with a compound of the formula 15 under
suitable conditions, such as in the presence'of triethylamine in

dichloromethane solution at 25'C, provides compounds of the formula 54-c.

As shown in the scheme below, oxidation of tetrahydrothiazines

of formula 54-b to the corresponding sulfoxides of formula 54-d can be
camied out under suitable oxidizing conditions, such as m-chloroperbenzoic
acid in dichloromethane at-78 °C to 0 °C or sodium perborate in acetic acid
at 25 °C to 50 °C. It is to be understood that such oxidations can also be
carried out at other intermediate stages in the synthesis of compounds of
formula 1-a where X is $=0, and aiso to directly convert compounds of
formula 1-a where X is S to compounds of foﬁnula 1.a where X is S=0.

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

i N Q
!
g O w&@
S"54-b

%

the following scheme.

e
—

Aric, 98401248 4



.44 -

hoth of which are commerciaily

’?%H wilamine o

First, gf‘»-—ez"sfzzia;&zp%o—cx-am% 0 acids of formula 58, ¢

santad with 2-bromosiha: ~ol in the presence of a base, suacs: @

nydroxide, to provide 2-hvdroxyethyl sulfides of formula 59.

seiad directly with compounds of the

farmuia B9 are then et

wesence of a suitabie bas &, such as sodium carbonate, ir

&1

otvent system, such as L
“ha acid function of cormpounds of formula 60 is then profe:

aster group Q, forexampie, he t-butyl ester which is prepar

o3 e

&0 with ‘Tz«“z:mtyi bromide i the presence of a suitable base, :

iniermediaies

JF fwater to provide the N-suiforyt

mel oy reaction

~atbonate, and a suitable catalyst, such as benzyltriethyiarmimoni

"BTEACY in dimethvizceiamide at a temperature betweer

~yotization of the compound of the formula 61 can be effe

e wt (w2820

AD in a suitable solvent, such
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ivhenyiphosphine an
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compound of the formuia sd-b.

f'sbiy, compounds of the formula 1+
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Treatment of compounds of formula 58 with a trialkylsilyl

chloride, such as trimethylsilyl chloride, in the presence of a tertiary amine

base, such as diisopropy}ethylamine, in an aprotic solvent, such as DMF,

provides the corresponding trialkylsily! ester, which upon reaction with 1.2 -
dichloroethane or | 2-dibromoethane in the presence of DBU at 25 °C gives
the intermediate tetrahydrothiazine of the formula 7-b. Without isolation, this
intermediate is further reacted with o-fluorenylmethyl chloroformate (“FMOC-
CI") in the presence of additional base, such as N-methyl morpholine, to
provide, after aqueous acidic workup, the free carboxylic acid of the formula
§2. This acid can then be coupled to an O-protected hydroxylamine, for
example where Pg is t-butyldiphenylsilyl, with conventional peptide coupling
reagents, such as EDC, to give the protected hydroxamate of the formula 63.
Removal of the FMOC protecting group with conventional methods, such as
piperidine in DME, followed by reaction with a sulfonyl chloride of the formula
15 in the presence of bése, such as N-methyl morpholine, in a suitable
solvent, such as dichloromethane, provides compounds of the formula 13-b.
Removal of the protecting group Pg affords compounds of the formula 1-d.
Particularly preferred compounds of this invention are

compounds of formula 10. The preparation of compounds of formula 64-b

described above can be applied to the synthesis of compounds of formula 10.
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More praferably, however, compounds of the formula 10 zi¢ srepared

aceording to the process described below.

summary of the Process

o s By g
8007 Re

(i

One aspect of the present invention is a proce
synthesis of certain maliix metalloprotease inhibitors, reprzsented by the

formula 10,

The reaction schems can be summarized as invoiving the ahowing steps:

Step 14

B e

Step 2
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or Step 4A
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HN Aoy ENrOH
R 5 Ry’
HS 'R, ! k&
) (11)
Step 5
0 HoO
H N
e — oL
HS R, S RF;
(6) (7
or Step 5A
Hoo P
L — L
R
SN S RR;1
(11) (7)
Step 6
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Step &

N, ¢ N*w’ RGO

The process comprises combining a suitably activated iwc-
carpon piece with the amino acid 5 to form a tetrahydro-2-7 4-thiazine
derivative 11 or with a suitable ester 6 to form a teirahyar:

derivative 7. A compound of formula 7 is treated with an

‘he corresponding sulfonamide &

acig derivative 4 to gi

functionality Q in compound 8 is deprotected to give compound 2, which is

=1y aoiivated by formation of an acid chioride or cther ¢

'he activa is displaced by hydroxylamins of & &

or desivative of hydroxyviamine to give the hydroxamic asict ©3.

diarylether suifonic ¢
by chicrosulfonation cwmly to the sulfony! chloride or &
of suifonation to the suifonic acid 3, followed by conversitriio

chioride or other suitably activated sulfonic acid derivative.

Detailed Description of the Process

A nurmber of diarylethers 2 are commercial’,

;,

where the diarylether '« not commercially available, the

ywocess involves preparing the diarylether 2. In the case

py

compounds 2 can be made by combining either 4-chlorunyndine

hyrdrochloride or - {4-pyridylpyridinium chloride hydroch omide with phenol or

thiopheno! at or above 100°C either neat or in water, {o!

other suitable solvent

gfv

(:: [
Eﬂ pd Eﬁ;‘-&j WHIN

» of the process, the diaryl ether iz

~sulfonic acid, suituric acid, sulfur trioxide, of other 1his sulfonating

{ to give the suifonic acid 3, which is used directly < i by water

et



:Fj

AP~ 01368
- 49 -

auench followed by solvent removal or extraction into a suitable water
immiscible organic solvent. in some cases, a quaternary ammonium sait
such as tetrabutylammonium bromide can be used to increase the solubility
of the sulfonic acid 3 in organic solvents.

Step 3 of the process involves adding thionyl chloride, oxalyl
chloride, chlorosulfonic acid, phosphorus pentachioride, or another suitable
chlorinating reagent to the sulfonic acid 3 in acetonitrile, dichloromethane,
1,2-dichloroethane, or another suitable organic solvent. The resulting sutfonyl
chloride 4 can be isolated by solvent removal or water quench followed by
filiration or extraction. Alternatively, the suffonic acid 3 can be converted to
the sulfony! fluoride with fluorosulfonic acid or sulfonyl bromide with thionyl
bromide. If desired, the sulfonyl chloride, sulfonyl fluoride, and sulfonyl
bromide compounds can be converted to the more stable triazolide or
benzotriazolide derivatives by treatment with 1,2 4-triazole or benzotriazole
respectively. ) '

In Step 4, compound 5 is conveftéd to a suitable silyl or carbon
ester. In the cases where a Silyl ester is utilized, trimethylsilyl chloride, tert-
butyldimethyisilyl chioride, dimethylthexylsily! chloride, triisopropylsilyl
chloride, or another suitable silylating reagent is added to a mixture of
compound 5 and 1,8-diazabicyclo[5.4.0] undec-7-ene, triethylamine,

diisopropylethylamine, 4-methylmorpholine, pyridine, or other suitable tertiary

AP/P/98/0128 4

amine base in N,N-dimethylformamide, acetonitrile, dichloroethane, or other
suitable aprotic solvent . The resulting mixture of the silyl ester 6 can be used
directly in Step 5, or the silyl ester can be isolated by aqueous work-up,

extraction, and solvent removal.
In the cases where a carbon ester is utilized, a mixture of

compound 5 and sulfuric acid, hydrogen chioride, p-toluenesulfonic acid, or
another suitable organic or mineral acid in methanol, ethanol, isopropanol, 1-
butanol, tert-butanol, allyl alcohol, or other suitable alcohol solvent is heated
at reflux for 4 to 60 hours. The resulting ester is isolated as either the free
base or amine salt by solvent removal and/or agueous Work-up, followed by

extraction with an appropriate solvent and finally solvent removal or salt
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formation by addition of an appropriate acid. Altematively, ths fe&ﬁ«bw‘:‘yé ester
can be prepared by mainiaining a mixture of compound 5 i ficid
isobutvlene, a suitable organic solvent such as 1 4-dioxane, and a suitable

rnineral acid or organic acid such as sulfuric acid, hydrogen chicride, or p-
ioiuenesuifonic acid at refiux for 4 to 60 hours.
In Step 44, compound 5 is mixed with 1,8~
dhazabicyclo[5.4.0Jundec-7-ene, sodium hydroxide, potassiur: hydroxide, or

oiher suitable organic or inorganic base, and 1,2-dichloroet::

dibromoethane, or other suitable activitated two carbon moiety in 1,2+

dichioroeihané, N N-dimzthylformamide, methanol, ethyl acsial

ietrahydrofuran, acetonitrile, water or other appropriate solv

.. The resulting
wetrahydro-2H-1,4-thizzine derivative 11 is isolated by precipitation, followed

oy fiitration or by solvent ramoval. Alternatively, the carboxyic acid

tunctionality of compaund 5 can be protected in-situ by addmion of
irimethyisilyl chloride znc 1,8-diazabicyclo[5.4.0Jundec-7-ens. The resuiting

silyl ester is treated with 7,2-dichloroethane, 1,2-dibromoe:!

suitable activated two carbon moiety and 1,8-diazabicycic(?

or another suitable tertiary amine base in 1,2-dichloroethars, F N-

imsthyliormamide, or other suitable aprotic solvent. The

deprotected in-situ by addition of methanol, 2-propanol, o aricther aicoholic

solvent and the resulting tetrahydro-2H-1 4-thiazine derivative 11 is isolated
by precipitation and filiration.

in Stey 5, the ester 6 is treated with 1,8-
diazabicyclo[5.4.0lundec-7-ene, sodium hydroxide, potass::m hydroxide, or

oiher suitable organic or inorganic base, and 1,2-dichloroethane, 1,2-

dibromoeethane, or oiher suitable activitated two carbon v 1.2+

dichioroethane, N, N-dimathylformamide, methanal, ethy! &

tetrahydrofuran, aceio

witrile, or other appropriate solveni. The resuiting
ietrahydro-2H-1 4-thizzine derivative 7 is isolated by pres piiation or agusous
werk-up followed by extraction with an organic solvent arvi =

In Step

camon ester. In the cases where a silyl ester is utilized, «

P T S |
e FEMOVal.

ol

“, compound 11 is converted to a 5

& sivl or
¥

(e

:thvisitvi chloride,
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tert-butyldimethylsilyl chloride, dimethylthexylsilyl chioride, triisopropylsityl
chloride, or another suitable silylating reagent is added to a mixture of
compound 11 and 1,8-diazabicyclo[5.4.0jundec-7-ene, triethylamine,
diisopropylethylamine, 4-methylmorpholine,pyridine, or other suitable tertiary
amine base in N,N-dimethylformamide, acetonitrile, dichloroethane, or other
suitable aprotic solvent. The resulting mixture of the silyl ester 7 can be used
directly in Step 6, or the silyl ester can be isolated by aqueous work-up,
extraction, and solvent removal.

In the cases where a car?on ester is utilized, a mixture of
compound 11 and sulfuric acid, hydrogén chloride, p-toluenesulfonic acid, or
another suitable organic or mineral acid in methanol, ethanol, isopropanol, 1-
butanol, tert-butanol, allyl alcohol, or other suitable alcohol solvent is heated
at reflux. The resulting ester is isolated as either the free base or amine salt
by sclvent removal and/or aqueous work-up, followed by extraction with an
appropriate solvent, and finally solvent removal or salt formation bif addition
of an appropriate acid. Alternatively, the tert-gutyl ester can be prepared by
maintaining a mixture of compound 11 in 1,4-dioxane or other suitable
solvent, liquid isobutylene,'and sulfuric acid, hydrogen chloride, p-
toluenesulfonic acid, or another suitable mineral acid or organic acid at reflux.

Alternatively, the tetrahydro-2H-1,4-thiazine derivative 11 can be
left unprotected and used directly in Step 6. In this case, Step 5A is simply
omitted.

in Step 6, the tetrahydro-2H-1,4-thiazine derivative 7 or 11 and
the activated diarylether suffonic acid derivative 4 are combined in
dichloromethane, 1,2-dichloroethane, acetonitrile, N,N-dimethylformamide,
ethyl acetate, td!uene,'tert-butyl methyl ether, or another suitable solvent in
the presence of 4-methyimorpholine, pyridine, triethylamine,
diisopropylethylamine, potassiurh carbonate, or another suitable organic

tertiary amine base or inorganic base. The resulting sulfonamide derivative 8

is isolated by aqueous work-up, extraction into an appropriate organic solvent,

and solvent removal.

APIP/98/0128 4
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P

Step 7 invoives the deprotection of the ester ;‘.;z“'s*‘ef:::iéng group of

compound 8 to give carpoxylic acid 9. In the cases where s siy! ester s
uittized, deprotection is accomplished by maintaining a mixture of the ester
and methanol, ethanol, isopropanol, or another alcohol solvent at 20°C to
‘aflux and isolating the product by filtration or solvent removal Alternatively,

silyl esters can be deprotected by treatment with mineral acic o7 acetic acid n

aither organic or aquesus solution or by treatment with flucrd de ion in organic
"*‘E!UU., b

In the cases where a carbon ester is utilized, ihe ester can by

JER LI
oride. syifuno

removed by heating a mixiure of compound 8 and hydroger
acid, or other mineral in water, dloxane or another suitable o

sefiux. Alternatively, the ester can be removed by treatment w

mydroxide, fithium hydroxide, potassium hydroxide, or ancts

worganic base in waler or @ combination of water and met!

tetranydrofuran, or anotiher suitable organic solvent. in the tase whe

moved by treatment with N-methylzniine, morpholine,

ailyl, the ester can be e

o another suitable secondary amine and

letrakis(t ;zphenyiphc sphine)palladium(0) or another suitable ;

catalyst in ethyl acetaie, acetonitrile, or another suitable cit

the case where Q is benzyl, the ester can be removad by ¢

of the process is a two-step pro
in-siti activation of the zt:nﬂzs"?sog(yl functionality of compound & znd subseguent
cispiacement with hyf:i?‘f.;xy%amine or a suitable salt or derivate of

hydroxylamine. The activation is accomplished by reaction 7 zompound ¢

with oxalyi chloride or

onyl chloride with or without N N-¢

aresent as catalyst in dichloromethane, acetonitrile, or othe suitable soivent

s

g"svﬁ tne corresponding acid chloride. Alternatively, the ¢

acti by addition ¢f methanesulfonyl chloride, isobutyich

ious other chioroformaie reagents, 1,3-dicyclohexylcars

caroodimide reagents. v he activated compound is added ‘o fiydroxyiami

x sudable salt or dervative of hydroxylamine and an approg:
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inorganic base, if necessary, in water, tetrahydrofuran, dioxane,
dimethoxyethane, tert-butyl alcohol, dichloromethane, or other suitable
solvent or solvent combinations. The resulting hydroxamic acid 10 can be
isolated by solvent removal or by dissolution in aqueous hydroxide, adjusting
the pH to 5 to 10 range, and collecting the precipitate by filtration.

A preferred compound is 3(8)-N-hydroxy-4-(4-((pyrid<4-
yl)oxy)benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-

carboxamide, illustrated by the structural formula:

‘:NﬁNHOH
(10a) S

A preferred carboxylic acid oretecting group, 0, ie
dimethylthexylsilyl, where A is silicon, R, and R, are both CH,, and Ry ls
(CH,),CHC(CHs,),, illustrated by the following structural formula:

Other compounds of the formula 1 may be prepared by
methods known to those skilled in the art in a manner analagous to the
general procedures described above. Specific examples of methods used to
prepare the inventive compounds are described below along with illustrative
preferred embodiments of the inventive compounds of the formula 1, 1-a, 1-f
or 1-g, or their pharmaceutically acceptable prodrugs, saits or solvates.

The following specific examples are intended to be illustrative of
the invention and should not be construed as limiting the scope of the
invention as defined by the appended claims. These examples include

preferred embodiments of the inventive compounds.

AP/F/ 9870128 4
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Evampie 1. Process for the preparation of 3S)-N-hydrosy-a-l4-{{pvrid-4-
viloxvibenzenesulfonyil- 2 2-dimethyl-tetrahydro-2H-1.4-thiazing-3-

carboxamide

1{a) Via the intermediate 3(S)-dimethylthexylsilyl 2,2-dimethyi-
ts@h‘ahyderH-“!,d-thiazi§w~3-carboxylate

Sep 1. Preparation of 4-Phenoxypyridine

Phenal (2.5 kg, 30.0 mol) was heated to 50 "

“Hloropyridine hydrochionds (1.5 kg, 10.0 moi) was added. "

eniution was heated at 150°C for 15 hours. The dark am

cooied 1 20 then noured into 3 M aqueous sodium hy\zzw sitde (16 1) The

i

sin was extracted with dichloromethane (3 x 4 1) The

crganic was washed with 1 M sodium hydroxide (2 x 4 L}, waler 22 Ly anc

e (4 1) then dried over sodium sulfate and fi filtered. Tne sonentv

nd the residual oif was dissolved o

B « e
eV OO UNaer vaculin

wiure was cocled 1o -50°C with stiring and the resuiting sois was

coflented by filtration and dried to give 1.1 kg of 4-phenoxyt;

vield), mp 46-48°C '+ NMR (300 MHz, 09013)58.46
My, 741 (dd, J= 12,1 ), 728(dd, J= 12, 1H), 70 U= 10 H,

Step 2. Preparation of 4-4{ Pyrid-4-yDoxylbenzenesulion::

isiy stirred solution of 4-phenoxy

drv 4 Z-dichloroethane (& L) at-10°C under a stream of argon. chiorosutfonic

acid (974 mb) was added slowly. The addifion rate of the chicrasulfonic acid

[ SIS P S S-S
Fnan ormne

vas adiusted to keep ihe reaction temperature below 0°C

ded, the exotherm stopped, The cooling bath was

chlorosulionic acid was ad

ramoved and the addition of chiorosulfonic acid continued cver & hours whils

“Hion solution warmed to room temperature. Whila o

?

with inart gas, the vige y stirred reaction mixture was he

Sinever chromatograpty analysis, no more starting mate:
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The reaction mixture was cooled to room temperature and
slowly poured into ice cold water (5 L) while stirring. Potassium phosphate
tribasic (212 g) was added as a solid to the mixture and this was stirred for 10
minutes followed by addition of sodium hydroxide (2M) to pH 2. After stirring
for 1 hour, the pH was changed to 7 by the addition of sodium hydroxide
(2M). Agitation was continued for 5 minutes then the organic layer was
drained off and discarded. The mixture was extracted a second time with
dichbromethane (2L), the mixture agitated for 5 minutes, and the organic
layer drained off and discarded. The remaining aqueous mixture was
extracted by addition of dichloromethane (6 L), tetrabutylammonium bromide
(940 g), and sodium hydroxide (2M) to pH 7. The mixture was agitated for 5
minutes and the organic layer (bottom) drained into a flask. The extraction
procedure was repeated twice. The combined organic was dried over
magnesium sulfate, filtered, and the solution was concentrated under vacuum
to an oil. The residual oil was diluted with 20% ethanol in ethyl acetate (8 L,
dry), and hydrogen chloride gas added to a pH of 1. The solid was filtered off
and the filter cake rinsed with 20% ethanol in ethyl acetate (2L). The solid
was dried under vacuum at 45°C for 15 hours to yield 4-[(pyrid-4-
vl)oxy]benzenesulfonic acid 3a (1.3 kg) as a white powdery solid.

mp dec. >275°C '

Anal. calc. for C4HgNO,S: C, 52.58; H, 3.61; N, 8.57; §, 12.76. Found: C,
52.50; H, 3.69; N, 5.51; S, 12.67.

1H NMR (300 MHz, DMSO-d6): 5 8.86 (dd, J = 1.5,7.4 Hz, 2H), 7.84 (dd,
J=1.5,7 Hz, 2H)7.54 (dd, J = 1.5, 7.4 Hz, 2H), 7.35 (dd, J = 1.5, 7 Hz, 2H).

Step 3. Preparation of 4-[(pvrid-4-vl)oxylbenzenesulfonyl chloride
hvdrochloride 4a

To a suspension of 4-[(pyrid4-yl)oxy]benzenesuifonic acid 3a
(1.3 kg) in acetonitrile (8 L), was added N,N-dimethylformamide (12.35 mL)
and the viscous reaction mixture was heated to 75 °C. Thionyl chloride (756

mL) was added to the reaction mixture over 30 minutes. The reaction mixture

APIP/ 9870128 4
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siowly became less viscous and became homogeneous afts

which indicated the reaciion was comp!ete. A portion of the ¢

svaporated under vacuum - and tert-butyl methyl ether (4 L) was added. The

resuiting slurry was filteres under inert atmosphere. The filte: cake was

fsed with tert-butyl methyi ether (2 L) and the solid dried under vacuum o

vield 43-«{{“;)}:?3{3-4-)'!)0:«‘3.’% henzenesuifonyl chioride hydrochloiice 4a (1.3

A% a msw ofi-white soli¢ i pearlescent flakes: mp 182 °C; " MMR (300
7 Hz, 2H), 8.24 (d, J =8.5 Hz, 2=, 7.5
[ Hz, 2H).

Ry

Steps 4 and 5, Preparad i,m of 3(S)-dimethylthexvisilyl 2.4
tefranvdro-2H-1.4-thiazine-3-carboxylate

¥

Under argor atmosphere, D-penicillamine (375 ¢ 251 mol) was

thylformamide (3.3 L) and 1,8-di
, 2.76 mol) was added, forminy

= kept between 20-30°C, dimethy!

dec-7-ene {415

yyhiile the temperature w

!’A

chipride (843 mL, 2.76 miol) was added dropwise. After stirring 1.5 hotirs
© Z-dicninroethane (507 i 1.8

a:i;’za.za%zii:yz;:ia [5.4.0)undec-7-ene (788 mL, 5.27 mol) was ad:

‘N“';)nj the temperature between 25-30°C. The resulting

41 20°C for 3 hours ther quenched into a 0°C mixture of wa

mathyi ether (2 L), and

anes (2 L), After stirring 5 minutas. the phaﬁﬁ:fé

were separated and the mueous was extracted with additional tert-buly

rrathyl ether (2 L) and hexanes (2 L) mixture. The combina

were dried over magnesium sulfate, filtered, and the solvent ramoved under

vacuum {o give 878 % vyield) of crude 3(S)-dimethylir:

;é-’zms:a*i:%';*'g%»»-ietrahydro‘-;“ I.7 4-ihiazine-3-carboxylate as a thict
5585 (s, 1H), 3.42-3.37 (m, 1H). -
38 (m, 1H), 1.42 (s, 3H), 1.31

3H>.




e
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Steps 6 and 7. Preparation of 3(S)-4-(4-((pyrid-4-vlloxy)benzenesuifonyl)-
2 2_dimethyl-tetrahvdro-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,
4.98 mol) were dissolved in dry dichloromethane (14 L) and the solution
cooled to -20°C. 4-[(pyrid-4-yl)oxy]benzenesulfonyl chloride hydrochloride 4a
(690 g, 2.26 mol) was added and the mixture was warmed slowly to 20°C and
main.tained at 20°C for 12 hours. The resulting red suspension was poured
into water (8 L). The phases were separated and the organic layer dried over
sodium sulfate, filtered, and the solvent removed under vacuum, giving 1.4 kg
(117% yield) of 3(S)-dimethylthexylsilyl 4-(4-((pyrid-4-
yl)oxy)benzenesutfonyl)—2,2—dimethyl—tetrahydro—ZH-1 4-thiazine-3-
carboxylate as a red oil which was used without purification or

characterization.
The residual red oil was dissolved in methanol (14 L) and the

solution was heated at reflux for 1 hour, forming a precipitate. The mixture
was cooled to 4°C and the precipitate was collected by filtration, washed with
methanol, and dried to give 575 g (62% yield) of 3(S)-4-(4-((pyrid-4-
yl)oxy)benzenesulfony()—?.,2—dimethyl—tetrahydro—2H-1 4-thiazine-3-carboxylic
acid as a light pink solid: mp dec. >235°C; "H NMR (300 MHz, CDCI3): &
8.60 (dd, J = 1.5, 5 Hz, 2H), 7.86 (d, J = 8.5, 2H), 7.39 (d, J = 9 Hz, 2H), 7.11
(dd, J = 1.5, 5 Hz, 2H), 43 (s, 1H), 4.03 (d, J = 12.5 Hz, 1H), 3.75 (ddd, J =
2.2, 13, 13 Hz, 1H), 3.02 (ddd, J =3, 12.5, 13 Hz, 1H), 2.62 (d, J= 14 Hz, 1H),
1.52 (s, 3H), 1.35 (s, 3H).

Step 8. Preparation of 3(S)-N-hydroxy-4-(4-({pyrid-4-
vlloxvibenzenesulfonyl)-2.2-dimethyl-tetrahydro-2H-1.4-thiazine-3-

carboxamide

A suspension of 3(S)4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-2,2-
dimethyi-tetrahydro—ZH-1,4-thiazine-3-carbo>§y|ic acid (700 g, 1.71 mol) in

dichloromethane (7 L) was cooled to -65°C. Oxalyl chloride (179 mL, 2.05

AP/P/98/n128 4
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added 1,8-diazabicyclo [5.4.0Jundec-7-ene (22.4 ml), follos
irimethylsilyl chioride {15.0 mL). The reaction mixture was =i

siowly warming to room temperature. To the homogeneous

.58 -

mol) was added rapidly. The cooling bath was removed and ihe mixture was

stirred at 20°C for 15 hours. The resulting solution was added over 1.25
hours to a solution of hydroxylamine (1.05 L of 50% aqueous soiution, 17.15

rmol) in tetrahydrofuran (2.5 L) and tert-butyl alcohol (1.8 L), keeping the

oy 2

iemperature between & and 20°C. The resulting mixture was stirred at 20°C

1

e {10 LyatseC
The phases were separated and the aqueous was extractec with teri-butyl

or 15 hours then pourad into 1 M aqueous sodium hydroxide

methyl ether (4 L). The aqueous layer was filtered through Celite and the pH
adjusted to 8.5 by adding saturated aqueous ammonium chioride and
concentrated hydrom%ur» acid. The resuiting suspension was stirred for 3
nours., The solid was coliected by filtration, washed with water, and dried to
give 665 g (92% vield) of crude product. The crude matenal was
:ecn,fs;taamzed from a mixture of ethanol, water, and dichioromethane to give

- T rw”vf iy e
456 o {70% recovery! ¢

&.‘)

3{8)-N-hydroxy-4-{(4-((pyrid-4-

v%}oxy}t:.»enzenesulf‘omyi}w:i,,z-dimethyi—tetrahydro-2H~1 A-th

carboxamide as a white, crystalline solid: mp 184-186° with ;

"H NMR (300 MHz, DMS0-d6): 5 10.69 (d, J = 1.5 Hz, 1H) & 93¢
Hz, 1Y, 857 (dd, J= 1.5, 45Hz, 2H), 7.83 (dd, J=2, 7 t
=2 7 Hz,2H), 7.11 (dd, J= 1.5, 4.5 Hz, 2H), 4.06 (s, 1H), 4.07 {
5,125 Hz, 1H), 3,41 (ddd, J=3, 2.2, 12 Hz, 1H), 2.88 {ded. J= 37 13
13.5 Hz, 1H), 2.7-2.55 {m, 1H), 1.48 (s, 3H), 1.22 (s, 3H).

ISV
£

Y
ok
¥

Example 1(b) Via +-Butyl 3(8)-2,2-dimethyi-tetrahydro-cH-1,4-thiazine-3-

carboxylate
Step 4A. 3(8)-2.2-Uimethvidetrahydro-2H-1.4-thiazine-3-carpoxvlic acid 41

To a stirred suspension of D-penicillamine (14 .92 ¢}, in 1,2

o d ‘.4;

dichicroathane (300 mL} and N ,N-dimethylformamide (2 mL: &t ¢ °C

g pey
LU WdS

diazabicyclo[5.4.0jundec-7-ene (28.9 mL) was added over "¢ minutes and



an)
2
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the reaction warmed to 47 °C. The reaction mixture was cooled to room
temperature and was stirred an additional 17.5 hours. Methanol (10 mL) was
added to the reaction mixture and a precipitate formed after stirring for 10
minutes. The reaction mixture was filtered and the precipitated material
rinsed with a minimum amount of methanol. The solid was dried under
vacuum at 50 °C for 6 hours to yield 3(S)-2,2-dimethyl-tetrahydro-2H-1,4-
thiazine-3-carboxylic acid (16.18 g) as a white powdery solid: mp dec. >
212°C; '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).

Step 4a was also performed as follows:

To a stirred suspension of D-penicillamine (14.92 g), in 1,2-
dichioroethane (150 mL) and dimethyl formamide (15 mL) at room
temperature, was added trimethyl silyl chloride (19.0 mL) over 30’ minutes and
the reaction warmed to 43 °C. To the resulting vixcous suspension 1,8-
diazabicyclo[5.4.0.Jundec-7-ene (22.4 mL) was added at a constant rate over
4 hours, and during the addition the reaction warmed to 48 °C. The reaction
mixutre slowly cooled to room temperature and was stirred an additional 2
hours. Isopropanol (75 mL) was added to the reaction mixture and this |
mixture was stirred for 3 hours while a precipitate formed. The reaction
mixture was filtered and the precipitated material rinsed with isopropanol (100
mL). The solid was dried under vacuum at 50 °C for 6 hours, to yield the
product 3(S)-2,2-Dimethyl-thiomorpholine-3-carboxylic acid (15.47 g) as a

white powdery solid.

Step S5A. Preparation‘of t-butyl 3(S)-2.2-dimethyl-tetrahvdro-2H-1.4-
thiazine-3-carboxvlate.

A single neck 2.0 L flask was charged with dioxane (320 mL)
and 3(5)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylic acid (28.0 g,
0.16 mol.). The suspension was cooled to 0° C before adding concentrated

sulfuric acid (32 mL, 0.6 mol.) via addition funnel over 10 minutes. Cooling

AP/P/98/0128 4
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ded to the

Eh
3t

was removed and liquid isobutylene (200 mL, 2.2 mol.) was :
suspension. (Isobutylens was condensed in a separate graduated cylinder at
- 20° C from a 400 g lecture bottle.) The gas was refluxed at roor
temperature with a double jacket condenser using -50° C ethanol from a
recirculating cryobath. Stirring was continued for 19 hours before work-up.
The reaction was poured into a cold, biphasic mixture containing ethyi acetate
(400 mi) and 2 M sodium bicarbonate solution (1 L). The organics were
isclated and the aquecus was back extracted with ethyl acetaie (200 mL).
The combined organics were washed with brine and dried over sodium
sulfate. After filtration, the solvent was concentrated under vacuum to give t-
butyl 3(85)-2,2-dimethvi-ie trahydro—ZH -1,4-thiazine-3- carbeoxyiate as an ol that
solidified on standing. {32.7g, 88% yield): 1H NMR (300 Mi:, CDCIZ) 3.42
is,1H), 3.2-3.35 (m,1H), 2 7-2.85 (m, 2H), 2.05-2.2 (m, 1H}, * 37 {5, 6H), 1.3
(5. 3H1, 1.2 (s,3H). '

Step 6, +-Butvl 3(8S)-4-(4-{(pyrid-4-yDhoxy)benzenesulfonyl-2. 2 -dimetfvi-
telrahvdro-2H-1.4-thiazine-3-carboxylate

3(S)-t-Butyl 2, 2-dimethyl-tetrahydro-2H-1,4-thizzine-3-

carboxylate (2.31 g, 0.01 mol) was combined with methylens oni

inL) and 4-methyimorpholine (2.42 mL, 0.022 mol) to form & solut

solution was added 4-[{pyrid-4-yl)oxy]benzenesulfonyl! chioride hydrochloride
{3.22 g, 0.0105 mol). The reaction became an orange suspeansion
accompanied by a mild exotherm. The reaction was poured iniv ethyl acetate
(300 mi) after stirring 4 hours at room temperature. The orgarics were
washed with 2N sodium hydroxide (50 mL) and brine solution (50 mi) before
drying over sodium suifaie. The solution was filtered then concentrated under

vacuum to give {-butyl 3{54-(4-((pyrid-4-yhoxy)benzenesuronyii-2 2-

cimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylate as a yeliow wolid (4.4 g,
“ yield). 1H NMR (300 miHz, CDCI3) 8.55 (d, 2H), 7.80 (d¢, 7Y, 7.17 (dd
ZH), 5.82 (dd, 2H), 4.37 (s, 1H), 4.07 (dd, 1H), 3.89 (dt, THY. 215 (dt, 1Hy,
245 (d, TH), 1.83 (s, 3H1, 1.36 (s, 3H), 1.33 (s, H).

«
w0
D




oron

»
e

API01368

-61 -

Step 7. Preparation of 3(S)-4-(4-((pyrid-4-yloxy)benzenesulfonyl)-2 2-
dimethyl-tetrahydro-2H-1.4-thiazine-3-carboxylic acid hvdrochloride

A 100 mL flask was charged with dioxane (20 mL) and 3(S)-t-
Butyl 4-(4-((pyrid-4-yl)oxy)benzenesuifonyl)-2,2-dimethyi-tetrahydro-2H-1 4-
thiazine-3-carboxylate (4.37 g, 0.0094 mol). To this was added 4 M hydrogen
chloride in dioxane (20 mL,0.08 mol) and the mixture was heated to reflux.
Aﬁer- 4 hours at reflux, the reaction mixture was cooled and filtered to give
3(S)-4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1 4-
thiazine—3-carboxylic acid hydrochloride (3.6 g, 81%) as a white solid. 1H
NMR (300 mHz, CDCI3) 8.82(d, 2 H), 8.15 (d, 2 H), 7.5-7.6 (m, 4 H), 4.4 (s,
1H), 4.15(dd, 1 H), 3.85 (dt, 1 H), 3.16 (dt, 1 H), 2.55(d, 1 H), 1.64 (s, 3 H),
1.39 (s, 3 H). |

Example 1(c) Via Methyl! 3(8)-2,2—dimefhyi-tetrahydro-ZH-1 ,4-thiazine-3-
carboxylate

Step 5, Preparation of methyl 3(S)-2.2-dimethyl-tetrahydro-2H-1.4-thiazine-
3-carboxylate.

To a stirred solution of 1,2-dibromoethane (1.03 mL) in 10 mL of
dry N,N-dimethylformamide at 25 °C was added over one hour via cannula, a
solution D-penicillamine methyl ester hydrochloride (2.0 g), and 1,8-
diazabicyclo [5.4.0]jundec-7-ene (4.5 mL) in 20 mL of dry N,N-
dimethyiformamide. The reaction was stirred for 2’ hours, then poured into
sodium bicarbonate solution and extracted with ethyl acetate (3 x 100 mL),
the organic fractions were combined, dried over sodium sulfate, filtered,
isooctane added and the solvent removed. The residue was placed under
vacuum for 24 hours to give methyl 3(S)-2,2-dimethyl-tetrahydro-2H-1,4-
thiazine-3-carboxylate (1.41 g) as a slightly yellow oil: 'H NMR (300 MHz,
CDCI3 ). & 3.68(s, 1H), 3.67(s, 3H), 3.39-3.30(m, 1H), 2.95-2.80(m, 2H), 2.31-
2.18(m, 1H), 1.38(s, 3H), 1.27(s, 3H).

Arr 98/v1¢28 4
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Step &, Preparation of methyl 3(S)-4-(4-((pyrid-4-yhoxyibenzenesulionyi-

&;ﬂnﬁhﬂiﬂmﬂxﬁmﬁﬁm
' To a solution of methyi 3(S)-2,2-dimethyl-tetratydro-2H-1 4-

' thiazine-3-carboxylate (0.756 g) in dichloromethane (20 mL) ¢ room

e

' {smperature was added 4-methylmorpholine (0.44 mL), followed by 4-{(pyrid-

- 4-yhoxylbenzenesulfonyi chloride hydrochlqride 4a (1.28 g). The reaction

" was stirred for 24 hours ihen poured'into pH 7 buffer (100 mi; and extracted

with ethyi acetate (3 x 100 mL). The combined organic extracts were dried

. over sodium sulfate, filtered, and the so!vent removed under vacuum. The

" residue was chromatographed on silica, eluting with 40% et wi acetate in

| 4 ad

dichloromethane. The product-containing fractions were combined and the
solvent removed. A minimum of dichloromethane was added followed by

hexanes. The solvent was slowly removed which caused crysiallization of

methvl :ﬁ’i’:)}—4-(4-((;3;/?&;*?«\5%-»}f%}oxy)benzenesulfony!)-zZ2~dime" fetrabvdro-2H-
d-thiazine-3-carboxyiate {1.08 g) as a crystalline white sofid: mp 151°C; 'H
NMR (300 MHz, CDCl:p 3 8.55(dd, J = 1.5, 5 Hz, 2H), 7.76 {ds. J = 2, 6.5 Hz,

v

C2H), 747 (dd; U= 2, 8.5 He, 2H), 6.88 (dd, J = 1.5, 5 Hz, 2H}, 4 .47 (s, 1H),

410 (ddd, J = 1.5, 1.7, 12.5 Hz, 1H), 3.79 (ddd, J =3, 12,5, 12 5 Hz, 1H),
546 (s, 3H), 3.18 (ddd, J = 4, 13, 13.5 Hz, 1H), 2.48 (ddd, ./ = 2.5, 3, 14 Hz,

TUUHY 1,85 (s, 3H), 1.20 (s, 3H).

Step 7. of 3(8)-4-(4-((pyrid-4-yDoxy)benzenesuifony))-2,2-

mmummmmxn@wmwm

A solution of methyl 3(S)-4-(4-((pyrid4-yhoxytieiizenesulfonyl)-
2, 2-dimethyl-tétrahydro-2+-1,4-thiazine-3-carboxylate (15 g, =

* M agueous hydrochloric acid (74 mL) was heated at reflux for 15 hours, The

;b:tuz'ﬁ was cooied siightly and the pH adjusted to 6 by addiiicr of 3 M

g queom sodium hydroxice and 50% aqueous sodium hydroxide. The

wé‘w!ﬁng suspension was cooled to 20°C and the precipitate collacted by

nitration, washed with water (200 mL), and dried to give 3(S)-4-(4-((pyrid-4-
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yl)oxy)benzenesuifonyl}-z,2-dimethyt-tetrahydro—2H-1 4-thiazine-3-carboxylic
acid (9) as a white solid weighing 13.3 g (92% vield).

Example 1(d) Via Allyl 3(S)-2 2-d|methyl~teu'ahydro-2H 1 4—thiazme-3-
carboxylate

Step 5Sa, Preoaration of aiM 3( S)-2.2-dimethv!l-tet.ra’hvgjro-jﬁ-‘_!.4-thiazine—
3-carboxylate 7
A 50 mL flask was equipped with heating mantie, Dean-Stark
trap, and reflux condenser and charged with 3(S)-2, 2—dtmethy|~tetrahydro-2H-
1,4-thiazine- 3-carboxyhc acid 11 (0.87 g, 0.005 mol). To this was added
benzene (20 mL), p-toluenesulfonic acid monohydrate (0.856 g, 0.0045 mol),
and sulfuric acid (0.14 mL, 0.0025 mol). The reacﬁon_was refluxed for 16

hours to give an amber solution while 0.2 m! of water was azeotroped.
Heating was removed, and the reaction was poured into water (25 mL). The
aqueous layer was separated and combi_t_{éd with methylene chloride (25 mL.).
The pH was adjusted from 1 to 9 with 1N sodium hydroxide solution. The

organic was dried and the solvent removed under vacuum to give allyl 3(S)-
2,2-dimethyl-tetrahydro-2H-1 .4-thiazine-3-carboxylate as a colorless oil (0.47
44% yield). 1H NMR (300 MHz, CDCl5) 1.24 (s, 3 H), 1.42 (8,.3H), 2.3-
236 (d, 1H), 2.8-2.9 (dt, 1H) 29231 (dt, 1H), 3.3-3.4 (m, 1H), 3.65 (s, 1H),

4.7 (d, 2H), 5.3-5.5 (m, 2H), 5.8-6.1 (m, 1H).

4-[(4-Py~ridyl)oxy]benzenesuIfonyl chloride hydrochloride 4a (610
mg, 2.0 mmol) was suspended in dry acetonitrile (10 mL) and potassium
carbonate (550 mg, 4.0 mmol) was added After stirring for 30 minutes, a
solution of allyl 3(S)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylate
(430 mg, 2.0 mmol) in aceton'[tﬁle (5 mL) was added dropwise over15
minutes. The mixture was stirred at 20°C for 24 hours. The reaction was
quenched into pH 7 buffer and the pH adjusted to 7 with 2 M hydrochloric

AP/P/ 98701728 4
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acid. The mixture was sxtracted with methylene chloride (2 » 25 mL). The
cormbined organic layers ware washed with brine, dried over sodium sulfata,

and filtered. The solvent was removed under vacuum, giving &livi 3($5-4-(4-

((pyrid-4-vhoxy)benzenesuifonyl)-2,2-dimethyi-tetrahydro-2H- 4 4-ihiazine-3-
carboxylate as a yellow solid weighing 700 mg (78% yield). HNMR {300
MHz, CDCly) 8.53 (d, J=5Hz, 2H), 7.78 (d, J= 8 Hz, 2H), 7,18 (d, J = 8 Hz,
2H}, {‘3 (d, J= 8 Hz, 2H), 5.84-5.71 (m, 1H}, 5.30-5.22 (m, 2+, 4.49 (=
35 (d, J =5 Hz, 2H) 4.10 (ddd, J = 1.5,1.5, 9 Hz, 1H), & 73 (ddd, J =
1.5, 12, 12 Hz, 1 H), 3.18 gcjd, J=1.5,12, 12 Hz, 1H}, 2.42 (dddd, J = 1.5,
1.5, 12 Hz, TH), 1.65 (g, 5+, 1.31 (s, 3H).

Ty ey ey

Step 7. Preparation of 3(5)-4-(4-((pyrid-4-yvlioxyibenzenesuiionyii-2.2-
dimethyi-tetrahydro-2H-1.4-thiazine-3-carboxylic acid

To a solution of allyl 3(8)4-(4-({pyrid4-vhoxvinenzan:

-

4 cdimethyi-letrahiydro-2hi- 1 4-thiazine-3-carooxylate (0150 o) o ethy

acetate (3 mbl) at 0°C, was added N-methylaniline(0.071 mi;

tetrakis(triphenylphosphine jpalladium(0) (0.0076 g). The reaciion mixture

was stirred for 2 hours ai 0°C, hexanes added (4 mL), and the z:iid

and dried in vacuo to give um)—4 (4-((pyrid4-yi)oxy}benzenes::

iy S
y YL

direthyl-tetrahydro-2H-1.4-thiazine-3- -carboxylic acid (0.085 g: us a white

amiicd
SO,

Example 2 Preparation of intermediates of Formula 15
(8} 4-Phenoxybenzenesulionyl chloride

To a stirred suiution of 42.5 g (0.25 mol) of pheny! ainer in 200

L. of dichloromethane at -20 °C under argon was slowly adde:

mof} of chiorosulfonic acic. After the addition was complete, (he reaction was

allowed {o siowly warm to room temperature. After 16 hours

isvoctane was added and e solution was concentrated to an oilv resid
Redissolution in 200 mL of 1:2 dichloromethane/isooctane an¢

reconcentration with cooling to about 100 mL gave a solid. Ths

supsmatant
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was decanted, and the solid triturated with additional isooctane and then
dried in 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,
0.25 mol) of oxalyl chloride was added, followed by 2.5 mL of N,N-
dimethylformamide. After 2 days, the reaction solution was poured into 200
mL 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
sulféte, and concentrated. Recrystallization of the residue from
dichloromethane/isooctane gave 38.5 g of 4-phenoxybenzenesulfonyl
chloride as a White solid: mp 41.5 °C; 1H-NMR (CDCl3) 57.10 (apparent t,
4H,J=7Hz),7.28 (t 1H,J =7 Hz), 7.46 (t, 2H, J = 8 Hz), 7.98 (d, 2H, J =
8.8 Hz). '

b) 4-(4- Iphen ulfo

To a solution of 1.84 g (10.0 mmol) of 4-methyldiphenyl ether
(see J. Chem Soc., Perkin Trans. 1, 1992',:407-408) with 2 mL of
dichloromethane in an ice-bath was added a solution of chlorosulfonic acid (
0.73mL, 11.0 mmol) in 2 mL of dichloromethane dropwise. The resulting
mixture was stirred at 0°C to room temperature for 2 hours, and then oxaly!
chloride (11.14mL, 13.0 mmol) was added dropwise, followed by 0.15 mL of
DMF. The resulting mixture was heated to 40°C for 1 hour and then allowed
to cool to room tempereature over a 2 hour period. The reaction mixture was
poured into ice-pH 7 phosphate buffer (50mL), then extracted with
EtOAc:Hexane (4:3) (3x150mL). The combined organic layers were washed
with brine (75mL). The aqueous layer was extracted with EtOAc/Hexane(4:3)
(150mL). The organic layer was dried over Na2804, then evaporated by
vacuum to give crude product as white solid. This solid was triturated with
he.xane and collected by filtration, then dried under high vacuum to give 1.555
g (57%) of 4-(4-methylphenoxy)benzenesulfonyl chloride as white solid: mp
295-300°C; 1H-NMR (DMSO-d6) 6 2.34 (s, 3H), 6.91-6.99 (dd, J = 7.7,8.4Hz,
4H), 7.24-7.27 (d, J = 8.4Hz, 2H), 7.61-7.63 (d, J = 8.1Hz, 2H).

AP/B/98/0r128 4
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Anal. caic. foi C4qH44038Cl C,, 55.22; H, 3.82, & 11.34; Cl
12.71. Found: C, 55.08; 4. 3.95; S, 11.28; CI, 12.71.

The following were prepared in a similar fashio

i¢) 4-(4-Bromophenoxyibenzenesulfonyl chioride

Prepared fram 4-bromobiphenyl ether (Aldrich), iy 64 “C.

{d} 4-(4-Chiorophenoxvibenzenesulfonyl chicride

Prepared from 4-chlorobiphenyl ether (Transworid: mp 81 °C.

(e 4-{4-Fluorophenoxyibenzenesulfonyl chioride

Prepared frorn 4-fluorobipheny! ether (Riedel-de Haen), mp

76°C.
iﬁ.ﬁ:ﬁéﬁx&n&aﬂmﬁz@mnggulmm chloride
Prepared from 4-cyanobipheny! ether (Transworic)

{g:_4-(4-Methoxyphenoxvibenzenesulfonyl chioride

Prepared from 4-methoxybipheny! ether (which was “e;

)Z&.)

-.af
Ut

frorn 4-hydroxybipheny! ether by methylation with methyl fodide and
potassium carbonate in refluxing acetone).

(h) 4-(Pyrid-2-vhoxybenzenesutfonyl chloride

Prepared fron: 2-phenoxypyridine (ICN): 1H NM® (Z0CI3; d
8.25 (m, 1H), 8.05 (d, 2H, J= 9 Hz), 7.81 (t, 1H, J=8Hz), 7.4 (4, 2H,J =8
Hz), 7.45 (dd, 4 H, J = 7 & 5 Hz), 7.06 (d, 1H, J = 8 Hz).

Exampie 3,

o,

fa) 3(8)-N-hydroxy-4-(4-(4 rmdazol 1-vlphenoxy)benzenesulionv-2.2-
dimethyl-tetrahydro-2H-1.4-thiazine-3-carboxamide,

This compound was prepared in a manner similar 1o the

%

procedure described in Example 1(d), except that 4-(imidazaol- w*f%}biphﬁ*} vl
ether (prepared by the piocedure described in U.S. Patent 4,006,243, the

dizclosure of which is incorporated herein by reference) was used in place

4-phenoxypyridine: mp 1458-150 °C.
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(b) 3(8)—N-hvdroxv-4—(4—(4-chjgrophenng)benzenesuifonvl)-Z.Z-dimethvl-

This compound was prepared in a manner similar to the
procedure described in Example 1(d), except that 4-(4-
chiorophenoxy)benzenesulfonyl chloride (Example 2(d)) was employed in
place of 4-[(4-pyridyl)oxy]benzenesulfonyl chloride hydrochloride in step 6:
mp 178-180°C.

Anal. Caled for CgH,1N,05S,Cl1+0.3H20: C, 49.94; H, 4.63; N,
6.13; S, 14.03; Cl, 7.76. Found: C, 48.34, H, 4.77: N, 6.96; S, 13.35; Cl, 7.46.

() 3(S)-N-hydroxy-4-(4-({pyrid-4-yhsulfanyl\benzenesulfonyi)-2.2-dimethyl-
-2H-1.4-thiazine-3- mid

This compound was prepared in @ manner similar to'the

- . Yoy sy H ey & L3 oy rmyn e e T
rrenedure destrihad v Frample (Y, aveent that thinntanal vas oo 1o

place of phenol (in example 1(a), step 1): mp'. 128-131°C with gas evolution;
TH NMR (300 MHz, DMSO-d6) 5 10.70 (s, 1H), 8.92 (s, 1H), 8.48 (dd, J = 1.5,
6 Hz, 2H), 7.83 (d, J = 8.5 Hz, 2H), 7.74 (d, J = 8.5 Hz, 2H), 7.25 (dd. J = 1.5,
6 Hz, 2H), 4.15-4.00 (m, 1H), 4.06 (s, 1H), 3.97-3.85 (m, 1H)

Example 4

2(R/S)-N-hydroxy-1-{(4-(4-bromophenoxy)benzenesulfony-4-(t-
, = - >

Step 1. A solution of 2(R/S)-piperazine-2-carboxylic acid
dihydrochloride (1.08 g, 5.23 mmol) in 8 mL of 1:1 dioxane:water was brought
to pH 11 with 10% aqueous sodium hydroxide and then cooled to 0°C. To
this solution was added a solution of di—t-bu'tyldicarbonate (1.37 g, 6.28 mmol)
in 3 mL of dioxane, and the reaction mixture was allowed to warm slowly to
room temperature overnight. The reaction mixture was then re-cooled to 0'C,
and triethylamine (4.0 mL) and 4-(4-bromophenoxy)benzenesulfonyl chloride
(2.00 g, 5.75 mmol, as a solution in 3 mL of dioxane) was added. The

reaction mixture was stirred for 5 hours at 0°C to room temperature, and then

AP/P/98/07
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acidified to pH 2.5 with 2 1 tiydrochloric acid. Tne mixture was extiacted with
athyl acetate (3 x 100 mij and the combined organic layers weis wasnad

in 4 N agueous sodium hydrogen sulfate and brine, dried over

sulfate, and concentrated. The residue was purified by chroma

It

200 g of silica, eluting with ¢ 10:1 ethyl acetate:hexane:acetic acic, 1o give

1.07 g {38%) of 2(R/S)-1 -{4-4-bromophenoxy) benzenesuiforn

butcxycarbonyl)-piperazine sarboxylic acid: mp 112.8°C.
Step 2. To & solution of 2(R/S)-1-(4-(4-

bromophenoxy)benzenas yf‘s\,f!)—4—(t--butoxycarbonyl)-piperazm:f-:»;.'éi carboryhc

acid (2.42 g, 4.47 mmoi} it 15 mL of anhydrous dichloromethans

9y

hhydroxylamine (898 mg, .71 mur

¥

added O-{t butyl-dimeihy%ﬁfé
-4 soiution of EDC methicdide (1.9 g, .71 mmol) in 20 mL

dichioromethane. The resuiling mixture was stirred for 16 hours at 2°C 1o

room temperature, and then concentr ated in vacuo.

LTS S S PR, $ies
~arifioned batwesn ein

and water, and the organic iavel Was

washed with water, saturaleg aqueous sodium hicarbonale, and Hing

drving over sodium sulfate, the organic layer was concentrated

residue was purified by rapid filtration through a pad of silica g

B

{1 el acetate hexane. Afier concentration of the filtr

Fhe rerisdii i, upno
l' &4 450 % NIRRT RS & Sl

sriurated with hexane, filier=d, and dried under vacuum to give. ifi Two CIOps,
178 g (61%) of 2(R/S)-N-(1-butyl-dimethylsilyloxy)-1-(4-(4-
bromophenoxy)benzene sutionyl)-4-(t-butoxycarbonyl)- piperai
mp 163.6°C.

Step 3. Vo a solution of 2(R/S)-N-(t-butyldimethy:

carboxamide as a white solid:

{4-bromophenoxyjbenzerx

suilfonyl)-4-(t-butoxycarbonyl)-piper

carboxamide (1.599 g ¢ mmol) in 8 mL of anhydrous THF w

k2 solution of tetrabutylammionium fluoride in THF (3.6 mlL). A
tha reaction mixture was cuncentrated and the residue was parni:

hetween eihyl acetate and water. The organic layer was was!

szturaled agqueous sodium nicarbonate and brine, dried over soo um sulfate,

and concentrated. Tntus

g

4 of the residue with t-butyl methy' «
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gave a precipitate which was filtered and dried under vacuum to give 1.320 g
(99%) of 2(R/S)-N-hydroxy-1-(4- (bromophenoxy)benzenesulfonyl)-4-(t-
butoxycarbonyl)-piperazine-2-carboxamide: mp 112.4°C. Anal. calc. for
CooH,6BIN;O;S: C, 47.49; H, 4.71; N, 7.55; Found: C, 47.56; H, 5.01; N, 7.42.

Example 5

2(R/S)-N-hydroxy-1-(4-(4-bromophenoxy)benzenesulfonyl)<4-(t-

butoxycarbonyl)-piperazine-2-carboxamide (999.1 mg, 1.80 mmol) was
dissolved in 40 mL of 4:3:1 ethyl acetate/dichloro-methane/methanol with
gentle heating. The resulting clear solution was allowed to cool to room
temperature, and 5 mL of 4 M hydrogen chloride in dioxane was added. After
5 hours, the reaction mixture was partially éoncentrated under reduced
pressure, and then diluted with ethyl acetate:ethyl ether. The precipitais v~
collected by filtration, washed with ethyl acetate and ethyl ether, and dried
under vacuum to give 548.8 mg (62%) of 2(R/S)-N-hydroxy-1-(4-(4-
bromophenoxy) benzenesulfonyl)-piperazine-2-carboxamide hydrochloride as
a white solid: mp 186.6°C.

Anal. cale. for C,;H;CIBrN,O4S: C, 41.43; H, 3.89; N, 8.53; Found: C,
41.47; H, 3.96; N, 8.38.

The following compound was prepared in a similar manner:
-N-hydroxy-1-(4- -pi ' -

carboxamide: mp 160.4°C;
Anal. calc. for C,;H(N,O;5S: C, 54.10; H, 5.07; N, 11.13; S, 8.50; Found: C,

54.04; H, 5.09; N, 11.06; S, 8.44.
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Exampis 8

(a) 2(R/S1-N-hydroxy-1-(4-(4-chilcrophenoxylbenzenesulfonyl)-4-{i4-
methvlcarbamoyl)-piperazine-2-carboxamide

Step 1. To a suspension of 1.20 g of 2(R/S)4-(benzyloxycarbony: -
piperazine-2-carboxylic acid {vbtained according to the method of 1402, Freed
and J.R. Potoski, U.S. Pat. No. 4,032,639 (1977), the disclosure of wiich is
herein incorporated by reference} in dichloromethane (2.5 mi) at 0“0 was
added 0.83 mi of trimethylsilyi crioride. After 10 minutes, triethyimn%fzg: {1.85
ml} was added, followed by addition of 1.37 g of 4-(4-
chiorophenoxy)benzene-sulfonyi chloride. After 3 hours, the mixture was

partitioned between dichloromethane and pH 4 citrate buffer. The -

layer was washed with water, dried over sodium sulfate, and concentiaied.
The residue was purified by chrematography, eluting with 0.5% acetic acic in

055 dichioromethane/ethanol, o nrovide 2.05 g (85%) of 2(R/S)-1-

chicropnencxybenzenesulionyi-4-(penzyloxycarbonyl)-pipeiazins- ..
carboxyile acid: mp 104.2°C.
Anal. cale. for e;;_ 2:,,<::iN2o78: C, 56.55 H,4.37;, N, o 2t &,
Founa: C, 56.65; H, 441, N, 5.22; §, 6.10.
step 2. A solubion of 2(R/S)-1-(4-(4-

:CT}
<2
tE

chlorophenoxyibenzenesulfonyi-4-(benzyloxycarbonyl)-piperazine-
carboxylic acid (2.21 g) in 18:1:7 ethanol.ethyi acetate:water was

hydrogenated at 1 atm over 10% 7d/C (0.22g) for 1 day. The catalvsiw

removed by filiration and the solution concentrated to give 2(R/S)- 1+ 4-(4-

chlorophe ncw;be*\zenesuifﬂ} niperazine-2-carboxylic acid of ca.
purity, which was used without further pun‘ﬁcation.
Step 3. To a soiution of 2(R/S)-1-(4-(4-chlorophenoxy

sulforyij-piperazine-2-carboxylic acid (0.987 g) and triethylamine {T «

20 mi. of anhydrous DMF was added methyl isocyanate (0.16 mbi. ~%er 6

hours, the reaction was partitioned between dichloromethane and @ M sodium

bisulfaiz. The agueous layer was extracted twice more with dichioramstnan

and the combined organic layvers were dried (sodium sulfate) and
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concentrated. The residue was purified by chromatography, eluting with
85:15 dichloromethane:ethanol containing 0.5% acetic acid, to provide 0.918
g (81%) of 2(R/S)-1-(4-(4-chlorophenoxy) benzenesulfonyl)-4-(N-
methylcarbamoyl)-piperazine-2-carboxylic acid: mp 212.7°C. Anal. calc. for
C,sHCIN,OgS: C, 50.27; HJQQ@'M? N, 8.26; S, 7.06; Found: C, 50.56; H, 4.40;
N, 9.38; S, 6.93. R

Step 4. To a solution of O-(t-butyldimethylsilyl)hydroxylamine
(0.282 g) in 12 mL of 5:1 dichloromethane:DMF at 0°C was added 0.580 g of
1-(4-(4-chlorophenoxy) benzenesuifonyl)-4-(N-methylcarbamoyl)-2R/S-
piperazinecarboxylic acid fol!owéd by EDC hydrochloride (0.284 g) and the
reaction mixture was stirred for 15 minutes at 0'C and then allowed to wam
to room temperature. After 1.5 hours, the reaction was partitioned between
ethyl acetate and aqueous sodium bicarbonate. The organic layer was
washed with water and brine, dried over sodium sulfate, and concentrated.
The residue was crystallized by slow evaporation from dichloromethaneft-
butyl methyl etherfisooctane to provide 0.643 g (86%) of 2(R/S)-N-(t-butyl-
dimethylsilyloxy)-1-(4-(4-chlorophenoxy)benzenesulfonyl)-4-(N-
methylcarbamoyl)-piperazine-2-carboxamide as a white solid: mp 171.0°C.

Anal. calc. for C,sHasCIN,OgSSi: C, 51.49; H, 6.05; N, 8.61; S,

5.50; Found: C, 51.59; H, 6.06; N, 9.67; S, 5.58.

Step 5. To:a solution of 2(R/S)-N-(t-butyldimethylsilyloxy)-1-(4-
(4-chlorophenoxy)benzenesulfonyl)-4-(N-methylcarbamoyl)-piperazine-2-
carboxamide in 20 mL of methanol at 25°C was added 0.5 mL of
trifluoroacetic acid. After 30 minutes, 20 mL of toluene was added and the
solution was concentrated. The residue was recrystallized from
dich!oromethane/t-bﬁtyl methyl ether/isooctane to give 781 mg (99%) of
2(R/S)-N-hydroxy-1-(4-(4-chlorophenoxy)-benzenesulfonyi)-4-(N-
methylcarbomoyl)-piperazine-2-carboxamide as a white solid: mp 133.2°C.

Anal. calc. for C4gH,;CIN,OS: C, 48.66; H, 4.51; N; 11.95; S,
6.84: Found C, 48.74; H, 4.53; N; 11.90; S, 6.91.
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The foliowing compounds ¢an be prepared in a similar manner,

(hy 2{R-N-hydroxy-1-{4-{4-fluorophencxylbenzenesulfonyli-4-{i-
methylcarbamoyl)-piperazing-2-carboxamide:

(o) 2(Ry-N-hvdroxy-1-(4-{4-methoxyphenoxyibenzenesulfonyli-4-{N-

methvicarbamoyl)-piperazine-2-carboxamide: and

{ci1 2{R/S-N-hvdroxy-1-i4-{4-chlorophenoxyibenzenesulfony! -4 - -

iscpropylcarbamoyl)-piperazine-2-carboxamide.

Exampie 7

{a)_2(R/Si-N-hvdroxy-1-{4-zhenoxybenzenesulfonvil-4-acetvi-sinerazine-2-

Step 1, To a stirred solution of 42.5 g (0.25 mol} of phenyl ether

it 200 mL ot dichloromethane at -20°C under argon was slowly added 23.3 g

(0.20 mol) of chlorosuifonic acid. After the addition was comp

reaction was allowed to slowly warm to room temperature. After 18 hours,

150 mb of isooctane was added and the soiution was concentrs
residue. Redissolution in 200 mL of 1:3 dichloromethane/iscociane and
reconcentration with cooling to about 100 mL gave a solid. Ths supematant
was decanted, and the solid triturated with additional isooctans and then
dried in vacuo to give 55.2 g of crude 4-phencxybenzene sulfonic acid. The
crude acid was dissolved i 200 mL of dichloromethane, and 24  (

of oxalyl chloride was added, followed by 2.5 mL of DMF. After

reaction solution was poured into 200 mL of ice water, and extracted with 400
mi. of hexane. The organic layer was washed with 100 mb of water and 100
mi of brine, dried over magnasium sulfate, and concentrated.

ecrystallization of the residue from dichloromethane/isooctana gave 38.5 g
of 4-phenoxybenzenesuiicnyi chloride as a white solid: mp 41.5 ¢

Step 2. o a stirred solution of Z(R/S)-piperazine - -arboxylic

a3

wd (1.20 g, 10.0 mmol} and triethylamine (3.6 mL) in 25 mL of
dicxane/water/acetronitrile at -20°C was added dropwise 1.12 ! (122 5
2. After 2 hours at -20°C, an ac:

12.0 mmeil of acetica
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of triethylamine was added, followed by 2.69 g (10 mmol) of 4-
phenoxybeinzenesulfonyl chloride. The reaction mixture was allowed to warm
slowly to room temperature. After 18 hours, the reaction was partitioned
between 100 mL of 0.5 N potassium dihydrogen phosphate and 100 mL of
ethyl acetate. The aqueous layer was acidified with 10 mL of 2 M sulfuric
acid, and extracted with an additional 100 mL of ethyl acetate. The combined
organic layers were dried over sodium sulfate and concentrated. The residue
was dissolved in 100 mL of 1:1 toluene/methanol, and
trimethylsilyldiazomethane (2 M solutiof in hexane) was added dropwise until
the yellow color no longer dissipated (about 15 mL). After addition of 2 drops
of acetic acid to consume excess trimethylsilyl-diazomethane, the solution
was concentrated and the residue was purified by chromatography on 150 g
of silica gel, eluting with a 80% ethyl acetate/hexane to ethyl acetate gradient.
Concentration of the product-containing fractions gave an oil which solidified
upon trituration with t-butyl methyl ether/hexane to give 1.86 g (44%) of
methyl 2(R/S)-1-(4-phenoxybenzenesulfonyl)-4-acetyl-piperazine-2-
carboxylate: mp 118°C.

Anal. calc. for C,H2,N,06S: C, 57.41; H, 5.30; N, 6.69; S, 7.66;

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

Step 3. To a solution of methyl 2(R/S)-1-(4-
phenoxybenzenesulfonyl)-4-acetyl-piperazine-2-carboxylate (1.672 g) in 12
mL of THF and 6 mL of methanol was added in a dropwise manner 4 mL of 2
N aqueous lithium hydroxide. After 1 hour, the reaction solution was
partitioned between 100 mL of ethyl acetate and 25 mL of 1 N aqueous
sodium bisulfate. The organic layer was washed with brine, dried over
sodium sulfate, and concentrated. The residue was triturated with t-butyl
methyl ether and filtered to give 1.544 g (96%) of 2(R/S)-1-(4-
phenoxybenzenesulfonyl)-4-acetyl-piperazine-2-carboxylic acid as a white
solid: mp 213°C. '

Anal. calc. for C4gH,0N,06S: C, 56.43; H, 4.98; N, 6.93; S, 7.93;
Found: C, 56.50; H, 4.96; N, 6.90; S, 8.01.

AP/IP/98/0128 4
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Step 4, To = solution of 0-(t- butyidamethyiszlvi}m droxylamine

{0.575 g} in 13 mL of dichloromethane at 0°C was added 1.2197 ¢ of 2{R/S)-1-
{4-p erzoxybenzenesu%fr:;rsy?}4-acetyl-piperazine-Z—carboxyiif; zoid, To this

nixture was added 2.0 ml of DMF, resulting in a clear soluficr. After about 3
minutes, EDC hydrochioriﬁ‘é (0.634 g) was added in one portion, and the
reaction was stirred for 15 minutes at 0°C and then allowed io warm to room
temperature. After 2 hours. the reaction was partitioned betwesn 100 mL of
4.1 elhyl acetate/hexane and 50 mL of water. The organic layer was washed
with saturated aqueous sodium bicarbonate, 1 N aqueous sodium bisulfate,

and pH 7 phosphate buffer/brine, dried and concentrated. Trituiation of the

residue with -butyl methyi ether/hexane and filtration gave 1

Z{RISkN-({-butyldimethyi

35§ g (B4%) of

siivloxy)-1-(4-phenoxy-benzenesulfonv -4-acetyi-
pinerazine-Z-carboxarmide as a white solid: mp 146°C.

Anal. caic. Tor Gy HasN,0¢SSi: C, 56.26; H, 6.6, 14, 7.87: &,
G0t Found: C, 56,33, H, ©.58; N, 7.94; S, 6.08.

Step 5. To a solution of 2(R/S)-N-(t-butvidimeth,

phenoxybenzenesuifony

Noxy je (4=

o o

i-acetyl-piperazine-2-carboxamide { ¢ 200 g, 2.25

mmol) in 20 mbL of methanol at 25° was added 0.5 mL. of trifiun

3 ooy 3 nd
mestic acid,

1 nours, 20 mL of teluene was added and the solution was
cencentrated. The residue was recrystal!tzed from dichloromathane/i-butyl
mathyt ether to give 850 g (84%) of 2(R/S)-N-hydroxy-1-(4-
phenoxybenzenesulfonyi)-4-acetyl-piperazine-2-carboxamide as = white solid:
mip 171°0 (decomp). )
Anal. cale. {07 CygHgyN3068+0.25 CoH,,0 (1-But
54.63; H, 5,55, N, 0.44. & 7.20; Found: C, 54.62: H, 5.45 - 0. 38; S5,

The followin Har manner

zompounds can be prepared in a =i
from enantiomerically pure 2(R)-piperazine-2-carboxylate:

(i 2(R)-N-fivdroxy-1-(4-(4- chilorophenoxylbenzenesulfonyl-4- s catyi-
piperazine-Z-carboxamide
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-N- -A-(4- ulf - -

Example 8
(2) 3(R)-N-hydroxv-4-(4-(4-chlorophenoxy)benzenesulfonyl)-morpholine-3-

carboxamige
Step 1. To mixture of D-serine methyl ester hydrochloride

(11.20 g) and N-methylmorpholine (16.5 mL) in 385 mL of 10:1
dichloromethane DMF at -10°C was added, in portions over a 2 hour period,
18.18 g of 4-(4-chlorophenoxy)benzenesulfonyl chloride. The mixture was
stirred an additional 2.5 hours at -10°C, and then partitioned between 1 M
aqueous sodium bisuifate (200 mL) and 4:1 ethyl acetate:hexane (400 mL).
The aqueous layer was extracted with additional ethyl acetate:hexane (200
mL) and the combined organic layers were washed with water, 1 M aqueous
sodium bisulfate, saturated aqueous sodium bicarbonate, and brine. After
drying over sodium sulfate, the solution was concentrated almost to dryness,
and the residue was crystallized from t-butyl methyl
ether.dichloromethane:isooctane to give two crops of 18.09 g and 3.20 g.
Total yield of N-(4-(4-chlorophenoxy)benzenesulfonyl)-D-serine methyl ester
was 21.29 g: mp 103.9°C.

Step 2. To a stirred solution of N-(4-(4-chlorophenoxy)benzene-
sulfonyl)-D-serine methyl ester (8.3 g) and triphenyl phosphine (6.78 g) in 150

AP/P/ 9870128 4
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e

mil of THF was added diethyl azodicarboxylate (4.07 mbL) in 2.5 o THF.
After 18 hours, the reactior was partitioned between 1:1 ethyl acetzte hexane
and water, and the organic z%,a was washed with brine, dried over sodium
sulfate, and concentrated. Chro matography of the residue (20% athvi

acetate:hexane) provided 7.05 g (89%) of methyl 2(R)-1-(4-(4-

Ch;mgpheﬁoxy}benzene-s&;%%"rmy[)aziridine-Z—carboxylate as a thick syrup.
Step 3. To a stiried solution of methyl 2(R)-1-(4-(4-chioro-

phenoxy) benzenesulfonyljaziridine-2-carboxylate (6.81 g) in 13 mL of 2-
bromoethanol at 0°C was added dropwise 1.85 mL of boron trifiioride
etherate. The reaction was siirred for 30 minutes at 0°C and for & hours &f
roormn temperature, and then partitioned between 200 mL of 0.1 M oM 7

phosphate buffer and 250 mil. of 2:1 ethyl acetate:hexane. The o

was washed with water and bvine, dried over sodium sulfate, an«

connantrated. Recryvst o of the residue from t-bubyl methyd

ethet/s ane gave 2 ' a slightly impure solid, which was

recrysialiized from t-buty! metnyl etherfisooctane to yield 2.35 ¢ ©

needies. The combined filirates were concentrated and the residus was

chromatographed on 150 g of silica gel with 40% to 50% t-butyt 1t

s
i
H

in haxane. The product-coniaining fractions were partially conceniraied

50 mi volume. and the crystaliine solid isolated by filtration to provide
additional 1.11 g of product. Total yield of N-(4-(4-chlorophencxy
benzenesulfonyl)-0-(2-bromozthyl)-D-serine methyl ester was 458 o {(51%):

otep 4, To e soiution of N-(4-(4-

chiorophenoxy)benzenesulionyi)-O-(2- bromoethvi) D-serine matihv: aster

(264 g)in 40 mi of anhydma_;s OMF at 0°C was added 4.0 g of nowdered

potassium carbonate. After the addition, the ice bath was remeo

mixture was stirred vigorously s the reaction was allowed to wam i«

mixture was partitioned between 704

ture, After 1 hour,
water and 200 mL of 1:1 ety acetatethexane. The organic layer was

g u

washed with 200 mL of 0.1 ¥ i+ 7 phosphate buffer, 50 mL of
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mL of 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 10 mL of 2N aqueous lithium hydroxide was added. The mixture was
stirred for 30 minutes at 0°C and then allowed to warm to room temperature.
After an additional hour, the reaction was partitioned between 250 mL of 2:1
ethyl acetate:hexane and 100 mL of 0.5 N aqueous sodium bisulfate. The
aqueous layer was extracted with an additional 50 mL of ethyl
acetate:hexane, and the combined organic layers were washed with brine,
dried over sodium sulfate, and concentrated. The residue was
chromatographéd on 150 g of silica with 70% ethy! acetate:hexane containing
0.5% acetic acid. The product-containing fractions were concentrated to
provide 2.98 g (94%) of 3(R)-4-(4-(4-chlorophenoxy)benzenesulfonyl)-
morpholine-3-carboxylic acid as a syrup which solidified on standing: mp
161.8°C. '

Siep 5. Toa sclution of 3(R)4-(4-(4-
chlorophenoxy)benzenesulfonyl)-morpholine-3-carboxylic acid (3.06 g) in 35
mL of 6:1 dichloromethan:DMF at 0°C was added O-(t-butyldimethysilyl)-
hydroxylamine (1.47 g) followed by EDC hydrochloride (1.77 g). The solution
was stirred for 30 min at O—C and then allowed to warm to room temperature.
After 2 hours, the reaction was partitioned between 150 mL of 1:1 ethy!
acetate:hexane and 100 mL of water. The organic layer was washed with
cold 0.1 N agueous sodium bisulfate (25 mL), 0.1 N aqueous sodium
bicarbonate (25 mL), and brine, dried ever sodium sulfate, and concentrated
to an oil which solidified upon standing. Trituration with hexane and filtration
gave 3.46 g (85%) of 3(R)-N-(t-butyldimethylsilyloxy)-4-(4-(4-

chlorophenoxy)benzenesulfonyl)-morpholine-3-carboxamide as a white solid:
mp 129.6°C.

Step 8, To a suspension of 3(R)-N-(t-butyldimethylsilyloxy)-4-
(4—(4-chlorophenoxy)benzenesulfonyl)-morpholine~3—carboxamide (3.35g) in
25 mL of methanol at 25°C was added 0.3 mL of trifluoroacetic acid. After 1

hour, 20 mL of toluene was added and the sclution was concentrated io a

<
Wit

e
g
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volume of about 10 mlL. Upon addition of an additional 10 mb 1 wiuene, a

R

solid precipitated. After a faw minutes, 20 mL of hexane was #dde led and the

solid was collected by filiration and dried in vacuo to give 2.65 ;

3(R)-N-hydroxy-4-(4-(4-chicrophenoxy) benzenesulfonyl)-morp:haiine-2-
carboxamide & 0.33 toluene as a white solid: mp 104-C. Anai cal for
CyoHCIN,0,50.33 C, M, ©, 52,320 H, 447, N, 6.32; Cl, 8.00: &, 7.2

ound: O, 52.31; H, 4,47, N ©6.26; Cl, 7.97, S, 7.38.

The following compounds can be prepared in similar manne:
(D) 3(R)-N-hivciroxy-4-(4-phenoxybenzenesuffory!
3-carboxarmios,

() 3(R)-N-nydsoxy-4-(4-(4-methoxyphenoxviben.anasuliony)-
morpholine-3 mmoxamxa;,.

orpholine-

() 3(F0-N veAd-lA-{ovric-4-yDoxvbenzons

frombicling:

3(R):-N-hviroxy-4-(4-(4-fluorophenoxylbenzer
mmp_hgime 3-carboxamide; and

(0_3{(R)-N-hviroxy-4-(4-{4-(imidazol-2-ylipheano:
suifonyD-mo rz:ahJime-:i-carboxamide.

Example ¢

MQEEQQLQQ zin m@cmm

Step 1. To a solution of 2(R)-piperazine-2-carbo:
3) and triethylamine (3.50 b} in 25 mL of 3:2 acetonitrile:wats

added BOC-ON (2.70 g} in one portion. The mixture was ailowas o w

siowiy to 25°C overnight, and then concentrated to a volume «

T reye

Fne resulling mixture was ¢

Aitioned between 25 mL of water «

g,

4.1 athyvi scetatethexane. The aqueous {ayer was further washan with

dictioremethane (3 x 10 i) and then concentrated. The seri-aniid re
was {riturated with ethanol and filtered to give 1.18 g of 2(R}i-(1

nutoxycarbonyl)-piperazine-2-carboxylate. Concentration of ¢
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second crop of 0.58 g: total yield of 2(R)-4-(t-butoxycarbonyl)-piperazine-2-
carboxylic acid was 1.76 g (76%).

Step 2. To a stirred suspension of 2(R)-4-(t-butoxycarbonoyl)-
piperazine-2-carboxylic acid (4.62 g) and N-methylmorpholine (5.5 mL) in 80
mL of 2:1 dichloromethane:DMF was added dropwise trimethylsilyl chloride
(2.79 mL) with cooling in a 15° C water bath. After 1 hour,
diisopropylethylamine (3.5 mL) was added and the mixture was stirred for
another hour, at which point little solid remained. Additional trimethylsily!
chloride (0.20 mL) was added, and after 30 minutes, the reaction was a
homogenous solution, and 4-(4-chlorophenoxy)benzenesulfonyl chloride
(6.67 g) was added in one portion. The reaction was stirred for 2 hours, and
then quenced with ca. 10 mL of water. After 30 minutes, the mixture was
partitioned between 300 mL of 2:1 ethyl acetate:hexane and 100 mL of 0.5 N
aqueous sodium bisulfate. The organic layer was washed with 100 mL each
of C.2 N aiw 0.05 W sodium bisuinie and with £0 bl of biine, Sl d sooiun,
sulfate), and concentrated. The residue was purified by chromatography on
200 g of silica, eluting with a gradient of 30% to 40% to 50% ethyl
acetate:hexane containing 0.5% acetic acid, to give 9.33 g of 2(R)-4-(t-
butoxycarbonyl)-1-(4-(4-chiorophenoxy)-benzenesulfonyl)-piperazine-2-
carboxylic acid as a solid foam containing traces of solvent.

Step 3. To a solution of 2(R)4-(t-butoxycarbonyl)-1-(4-(4-
chlorophenoxy) benzenesulfonyl)-piperazine-2-charboxylic acid (995 mg) in
12 mL of dichloromethane at 0°C was added O-(t-butyl-
dimethylsilyl)hydroxylamine (430 mg) followed by EDC hydrochloride (460
mg). After 20 minutes, the reaction was allowed to warm to 25°C. After 2
hours, the reaction was partitioned between water and 1:1 ethyl
acetate:hexane. The organic layer was washed with water and cold 0.1 N
aqueous sodium bisulfate, and finally with pH 7 phosphate buffer/brine. The
organic layer was dried over sodium sulfate, and concentrated to a solid.
Dissolution in dichloromethane, dilution with isooctane, and partial

concentration gave a heavy precipitate, which upon filtration and drying

4

¥
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ovided 1.107 g (88%

r—‘!-

¢

mémxycartaanyi)--1-(4-{4«{:

<

carboxamide: mp 181.670.
Aﬂai. cale fot u28H40(J‘N3O7DS§ C 53. !O H &4 :k‘i 6w(§, :Z;.

547 Found: C, 53.79; H, 5.46; N, 6.72; S, 5.18.

e -bc}xamide (100 mg) w methanol (4 mL) was added TFA (0.2 mil). After 1
hour, toluene (20 mL) was added and the solution was concenirated to a solid

i 2(R)-N-

residue, which was recrystallized from methanol to give 48 g

hydroxy-1 »M~(4-chlore¢3ph%s%oxy)-benzenesuifonyl)-zi-{t-buts::;:x:y«f:ez;%::«cmy%p

piperazine-2-carbonxamide as fine white needles: mp 9467

RIS

fi COMPCUNGS waie prepared e s aar mannen

() Z{Ry-hN-nvdroxy-1-{4-(4-fluorophenoxyibernc
t-hutoxvearhonyl)-piperazine-2-carboxamide: «

{c) 5 (R/53-N-hydroxy-1-(4-(4-cyanophenoxy)pe:
4-(-hutoxyvearbonvl-piperazine-2-carboxamide: |
and

(d)_2(R/S)-N-nydroxy-1-(4-(pyrid-2-yi)oxybenz:
butoxycarbonyl)-piperazine-2-carboxamide: my

Anal. calc. for CyyHeN,O,S: C, 52.71; H, 5.48
£.70; Found: C, 5.54; 1 5.48; N, 11.61, 8, 6.75.

Exampie 10
(a) 2{R)-N-hvdroxy-1-i4-‘4-chlorophenoxylbenzenesuifony
carboxamide hydrochiio;

To a solution of 2(R)-N-(t-butyldimethylsilyloxy </t butoxy-

carbonyli-1-(4-(4-chiorophanoxy)benzenesulfonyl)-piperazire- - carboxarmide

(312 mg in 7 mbL of £:1 dichloromethane:methanol was addoc 2.0 mi 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, and dried in vacuo to
provide 198 mg (88%) of 2(R)-N-hydroxy-1-(4-(4-chlorophenoxy)-
benzenesuIfonyl)-pipefazi}pg;?;carboxamide hydrochloride as a white solid:
mp 169°C. o

Anal. calc. for C,;HsCLN,05S: C, 45.54; H, 4.27; N, 9.37; Cl,
15.82; S, 7.15; Found: C, 45.59; H, 4.25; N, 9.20; Cl, 15.66; S, 7.02.

The following compound was prepared in a similar manner.

(b) 2(R)-N-hydroxy- 1-(4-(4—ﬂuoroohenoxv)benzenesulfonvl)-
i ine- i :mp 150.8°C.

The following compounds can be prepared in a similar manner:

Lg:& (RY-N-hvidroxy-3- ‘A-{4-meihs XV monerosyihe ranan Fon / -

piperazine-2-carboxamide hydrochlonde;

(d) 2(R)-N-hvdroxy-1-(4-(4-methyiphenoxylbenzenesuifonyl-
oioerazjne-Z—carboxamide hydrochloride; and

(e) 2(R)-N-hvdroxy-1-(4-(pyrazol-3-yl\benzenesulfonyl)-
piperazine-2-carboxamide hydrochloride.

Example 11

(a) 2(R)-N-hydroxy-1-(4-(4-chiorophenoxy)benzenesutfonyl)-4-methyl-
piperazine-2-carboxamide hydrochloride

To a solution of 313 mg of 2(R)-N-(t-butyldimethylsilyloxy)-4-(t-
butoxycarbonyi)-1—(4—(4-chiorophenoxy)benzenesu!fonyl)—piperazine—Z-
carboxamide in 2 mL of dichloromethane was added 1 mL of trifluoroacetic
acid. After 2 hours, 2 mL of methanol was added and the solution was
stimed for 15 minutes and then diluted with 5 mL of toluene. Concentration
gave an oily residue, which partitioned between brine/saturated sodium
bicarbonate and ethyl acetate. The aqueous layer was extracted with two

additional portions of ethyl acetate, and the combined organic layers were

4

AP/P/$8/01%:
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aned over sodium suliate and concentrated to give 231 mg of sugnin

s

Z{R)-N-hydroxy-1-(4-(4-chiorophenoxy)benzenesulfony!)-pip:

]

carboxamide. To a solution of 186 mg of this solid and dilsopronviethviamine

{015 mb) in 3.5 mbL of 6:1 acetonitrile:DMF was added iodornethane (0,041
mi). After 1.5 hours at 25°C, the reaction was diluted with 2. 5 mL of ethyl
acetate and concentrated. The residue was partitioned betwasn (0.5 1

agueous sodium bicarbonzte and ethyl acetate. The aqueots phase was

extracted with a second portion of ethyl acetate, and the combined organic

iayers were washed with brine, dried over sodium sulfate, ar concentrated.

The residue was chromaicgraphed on 10 g of silica gel, elutine with gradient

of 6% 1o 8% to 10% methanol in dichloromethane. The prodiici-containing
fractions were concentrated, and the residue was dissolved i1 © ml of sthyl

icetate dichloromethane {4:1). To this solution was added © 4

iy ethanol, and the mixiure was concentrated to a white resiciu:. whick Wwise

P T N s S
o with ethyv acelais

and fillerec fo give 115,

+(4-chiorophenoxy)benzenssulfonyl)-4-methyl-piperazine-2 carovamids
vdrochioride as aws.,w solid: mp 182°C (decomp).

Anal. calc. for CygH21CLN,OsS: C, 46.76; H, 4.5

1534, 3, 6.93; Found: C, 48.65; H, 4.55: N, 8.98; Cl, 15.18, = © 84

ihe foliowing compounas were prepared in a similar manne:

(&) 2(Ri-N-hvdroxy-1-(4-phenoxybenzenesulforiy i-4-methyi-
piperazine-2- f:arboxamlde. mp 127.7°C;

Anal. calc. for ,1BH2,N3O S_0.5 hexane: C, 5.7 H, 5.88; N,

!

]
[

Found: ,56.70; H, 5.99; N, 10.05;



@7)

1
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(c) 2(R)-N-hydroxy-1-(4-(4-chiorophenoxylbenzenesulfonyl)-4-
(ethoxvcarbonylmethyl)-piperazine-2-carboxamide

hydrochloride: mp 163.7°C;
Anal. cale. for C,4H,5CILN;0,S: C, 47.20; H, 4.72, N, 7.86; S,

6.00; _
Found: C, 47.09; H, 4.77; N, 7.83; S, 5.80; and

(d) 2(R)-N-hydroxy-1-(4-(4-fluorophenoxy)benzenesulfonyl)-4-
0l ine-2-cart ide-
Anal. calc. for CgHqeFN;0sS: C, 52.80; H, 4.92; N, 10.26; S,
7.83; 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-hvdroxy-1-(4-(4-flucrophenoxy)benzenesuifonyl)-4-
(cvclopropylmethyl)-piperazine-2-carboxamide hydrochloride.

Example 12

(a) ZéR)—N-hvdroxv-j-(4—({}-Chloroohenoxx{)bgnzenesuifonvh%-
a - ine-2-

Step 1. To a suspension of 1.00 g of 2(R)-N-(t-
butyldimethylsilyloxy)—4-(t-butoxycarbonyl)—1-(4-(4—
chlorophenoxy)benzenesuifonyl)-piperazine-Z—éarboxamide in 4 mL of
dichloromethane was added 3 mL of trifluoroacetic acid, resulting in a clear
solution. After 2 hours at 25°C, the solution was concentrated to near
dryness, and the residue was dissolved in 10 mL of methanol. After 10
minutes, the solution was reconcentrated, the residual syrup was dissolved in
50 mL of methanol, and ca. 15 mL of IRA-68 weakly basic resin was added.
The mixture was stirred gently for 2 hours, and then the resin was removed
by filtration. The filtrate was concentrated to a white solid, which was
triturated with hot t-butyl methyl ether, and after cooling to -20°C, filtered to
provide 2(R)-N-hydroxy-1-(4-(4-chlorophenoxy)benzenesulfonyl)-piperazine~
2-carboxamide (0.552 g) as a white solid: mp 147.0°C.

AP/P/98/01 210 4
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Step 2. To a suspension of 2(R)-N-hydroxy-7-1¢+{
chlorophenoxy)-benzenesulfonyl)-piperazine-2-carboxami

of dichloromethane was added 0.70 mL of triethylamine, (

methylmorpholine, and, in a dropwise manner, 0.67 mL of &

chiorosiiane. After 1.5 hiours, the mixture was cooled to (¢

methanesulfonyl chloride (0.20) was added dropwise. The irisivre was

slirred for 30 minutes at 2°C and then allowed to warm to 27 Aftar an
additional 45 minutes, the mixture was partitioned betweer 125 ml of 4-1
. The

odium

athyl acelatethexane and 50 mL of 0.2 M aqueous sodium ¢

organic layer was washed with an additional 50 ml of aque:

bisulfate, and then with 2.5 mb of 1 M phosphate buffer (pH 7 and finally with

+

bring. The organic layer was dried over sodium sulfate and corcentrated.

and the residue was purified by chromatography (75 g of sit

with 40% to 50% ethyl acetate:dichloromethane containing +%/. ace

zUie eluis were seversl

nixed fractions, followad by pure cooduct fraciinns

wiilch were pooled and concentrated. The residue was re-con-anir
toiuene {to remove resicual acetic acid), and finally from dich oromethane i
butyl methyl ether to gzw ~~~~~ a white solid. Trituration with 2:1 t-Lusivl methy!

sinerhexane (ca. 15 mi) and filtration gave 2(R)-N-hydroxy- i 4-{4-

c:;’xigmgshenoxy)benzeu%m%i’onyi)—ci- (methanesulfonyl)-piper:z
carboramide (0.646 g; as a white powder.

Anal. Calcd or CqgHygCIN30,5,¢0.35 hexane: ©, 46.41: H,
4.83; N, 8.08; 8, 12.33. md C,46.43, H, 4.93; N, 8.04; 5 225

The following compounds were prepared in & sirniiar marner:

(b) 2 R)-N-hvdroxy-1-(4-(4-flucrophenoxvibenzenasulionyli-4-
(methanesuifonyl)-piperazine-2-carboxamide: rr 102.5°C.

J{e) 2 (R/SY N-hydroxy-1-(4-(4-
methoxyphenoxylbenzenesulfonyl-4-(methane:..
piperazine-z-carboxamide

08 CygHgpNL0,S,: G, 47.00; H, 478 10 568 5
4.81; N, 8.57; S, 13.11.
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(d) 2(R)-N-hydroxy-1-( 4-(4-chlorophenoxy)benzenesulfonyl)-4-
(1-methylimidazole-4-sulfonyl)-piperazine-2-carboxamide:

mp 186 °C (decomp); 'H NMR (DMSO-d6): 5 5.05 (brs, 1H),
7.8-7.7 (m, 4H), 7.57 (dd, J = 2, 6.6 Hz, 2H), 7.24 (dd,J=2,66
Hz, 2H), 7.15 (d, J = 6.6, 2H), 4.47 (s, 1H), 3.85 (d, d = 12 Hz,
1H), 3.77 (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. calc. for C21H2N;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-hydroxy-1 -(4-(pyrid-4-yl)oxybenzenesulfonyl)-4-
(methanesulfonyl)-piperazine-2-carboxamide:

() 2(R)-N-hydroxy-1-(4-(4-(pyrazol-3-vl\phenoxy)benzene-
sulfonyh-4-(methanesulfonyl)-piperazine-2-carboxamide: and

(9) 2(R)-N-hvdroxy-1-(4-(4-(imidazol-2-vl)phencxvibenzene-
sulfonyl)-4-(methanesutfonyl)-piperazine-2-carboxamide.

(a) 3(R/S)-N-hydroxy-4-(4-bromophenoxybenzenesulfonvi)-
tetrahydro-2H-1.4-thiazine-3-carboxamide.

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

Perkin I, p. 1321 (1973); 10.85 g, 37.7 mmol) in chioroform (28 mL) and

benzene (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.

The organic phase was dried (Na,SO,), evaporated, and the remaining oil

chromatographed on silica (1:1 ethyl acetate/hexane) to give tert-butyl 3(R/S)-

tetrahydro-2H-1,4-thiazine-3-carboxylate.
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Anal. cale. for 0,H,,NO,S: C, 5317, H, 8.43; N,

Found: . 53.30; H, 8.47; N, 5,98, S, 15.85.
Step 2. A soiuiion of tert-butyl tetrahydro-2H-1 4. thiazine-3-

carboxylate {(1.02 g, 5 mmol}, 4-(4-bromophencoxy)benzenesutiony| chioride

& chioride

{1.58 g, 5 mmol), and triethyiamine (0.84 mL, 6 mmol) in methys
{10 mL) was stirred at room temperature for 20 hours after whici: if was

diluted with methylene chioride and washed with 3 N HCL. The organic phase

was dried {(Na,S0,) and the solvent evaporated. The remaininc

crange

residue was purified by silica gel chromatography (25% ethy! ace

give t-butyl 3(R/S)-4-{4-(4-bromophenoxy)benzenesulfonyl}-tar whydro-2H-

.-ﬁii:%?‘siaz%ﬁeﬁﬁarboxyia%ej,

o G, 49.03; H, 4.70; N, 2.72: Br,
Found: C,48.94; H 467 N, 2.76; Br, 15.82
sSiep 3. A solution of t-butyl 3(R/S)4-(4-(4-

Anal caic for CHHNNQJ

yi-tetranydro-2i--1,4-thiazine-50a

ol) and trifiucroacetic acid (0.5 mlb) in methylers

AN~y
W end s

b was stirred at room temparature for 1 hour, after which it wae

concentrated to give 3(R/S)-

-14-(4-bromophenoxy)benzenesuii~ri -

letrahvdre-2h-1,4-thiazine-3-carboxylic acid, which was used i
without further purification.
siep 4. Te a solution of 3(R/S)-4-(4-(4-

bromiephenoxybenzenesulfcnyi)-tetrahydro-2H-1,4-thiazine-3-caris oxylic acid

(J.62g, 1.4 ;mmol) and O--butyldimethylsilyl hydroxylamine (0.
mmol) in 6 mi of §:1 dichioromethane:DMF at 0°C was added £ C0.52 ¢,

2.6 mimnol). The mixture was siirred at 0°C for 30 minutes and =z

temperature for 22 hours and then partitioned between ethyl ace:
waler. Tne organic phase was washed with brine, dried (Na, S, and

concentrated, Purification of

e residue by chromatography pros

N-{=-butyidimethylsilyloxy-4-(

v

4-brocmophenoxy)-benzenesulic

e

1,4-thiazine-%-carboxamide.

fon s gk T
tetrahydro-2H
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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 Cy;Hy;N,O5Br: C, 43.14; H, 3.62; N, 5.92; S, 13.55; Found:
C,43.21;H, 3.66; N, 5.83; S, 13.45.-

The following compounds were prepared in a similar manner:
(b) SIR/S)-N-ijdroxv—4-(4-ohenovaenzenesulfonvn-tetrahvdro-2H-1 4-
thiazine-3-carboxamide;

Anal. calc. for Cy;HgN,05S,: C, 5§1.76; H, 4.60; N, 7.10; S, 16.26; Found: C,

51.81; H, 4.535; N, 7.17; §, 16.1&; and
(¢) 3(R/S)-N-hydroxy-4-(4-(4-fluorophenoxyibenzenesulfonyvh-tetrahydro-2H-
1.4-thjazine-3-carboxamide;

Anal. calc. for C4;H;N,O,Br: C, 49.50; H, 4.15; N, 6.79; S, 15.55; Found:
C,49.40; H,4.12; N, 6.72; S, 15.48.

Example 14 .
(2) H{R/S).I(R/S)-N-hydroxy-1-oxo-4-(4-(4-bromophenoxy)benzene-sulfonyl)-

Step 1. A solution of t-butyl 3(R/S)-4-(4-(4-bromophenoxy)-
benzenesulfonyl)-tetrahydro-2H-1,4-thiazine-3-carboxylate (0.3 g, 0.38 mmol)
and sodium perborate (0.11 g, 0.73 mmol) in acetic acid (3 mL) was stirred at

35°C for 5 hours, after which it was quenched with saturated aqueous sodium

bicarbonate and extracted with ethyl acetate. The organic layer was dried
(Na,S0O,) and concentrated to give a foam which was purified by silica gel

chromatography (ethyl acetate) to give t-butyl 1(R/S),3(R/S)-4-(4-(4-

AP/P/98/C 28 4



- 88 -

bromophenoxy)-benzenesutionyl)- 1-oxo~tetrahydro -2H-1,4-thiazin
carboxyvlate: MS (FAB) fourd 530 (M+H)".
Slep 2. To a solution of t-butyl 1(R/S),3(R/S)4-{4 (4.

tromophenoxy)-benzenesuiionyl)-1-oxo-tetrahydro-2H-1,4-thiaz

carboxylate (0.18 g, 0.34 mmei} in methyiene chloride (4 mL) w=

mil of of trifluoroacetic acid. After 4 hours, the solution was concentrated o

sive 1(R/S), 3(R/S)-4-(4-(4-bromophenoxy) benzenesulfonyl)-1-

tetrahydro-2H-1,4-thiazine-3-carboxylic acid, which was used v
purification
Step 3. To a solution of 1(R/S),3(R/S)-4-(4-(4-

bromophenoxy)benzene-suifonyl)-1-oxo-tetrahydro-2H-1 4-thiaz

carboxylic acid (0.08 g, 0.17 mmol) and O-t-butyldimethyisilyl %

{0057 g, 0.28 mmoly in 61 dichloromethane:DMF (3.5 mL) at (- was added

EDC (0.06 g, 0.34 mmol). The mixture was stirred at 0°C for 30 s

= by roomn temperaiurs for 3.5 hours and then partitions: coiwesn

i he organic phase was washed with

ety acelate and water,

(Na,50,) and concentrated. Tne residue was purified by chrom:

(ethvi acetate) to give 1{F/S) 3{(R/S)-N-(t-butyl-dimethylsilyl)-0xv-1-oxo-d-14-
(A-bromophenoxy) benzenesulionyl)-tetrahydro-2H-1,4-thiazine- -
carboxamide

otep 4. A soluton of 1(R/S),3(R/S)-N-(t-butyidime tviziyhoxy- 1.
oxo-4-{4-(4-bromophencxy)benzenesulfonyl)-tetrahydro-2H-1 4- iz zine-2-
carboxamide (0.068 g, 0.11 mmol) and triflucroacetic acid (0.5
1.1 methanol:methylene chionde was sfirred at room temperati:

i {0 leave a solid residue which was was!

The solvents were evapo

onto fiter paper with ether and hexane to give 1(R/S),3(R/S)-N-fydroxy-1-

vibenzenesulfonyl)-tetrahydro-2H-1 41

SAATRGE.

Anal. calz for CyHyNoUs5.8r G, 41.72; H, .50 N, 5.72: & 12 10 Bir

O, A8 H, 340, MOB65; 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;

Anai. calc. for C17N20582F: C, 47.66, H, 400, N, 654; S, 1497, Found: C,
47.70: H, 4.09; N, 6.45; S, 14.86.

Example 15
(a) B(R)~( N-hvdroxycarbamoyl)-1-(4-phenoxy)benzenesutfonyl-
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 (D,0, 300 MHz) & 4.70 and 4.58 (A3 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 =8 and
16 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,
followed by a solution of 4-phenoxybenzenesulfonyl chioride (1.88g)in4 mL
of dioxane. The mixture was stirred for 6 hoursand then poured into pH 4.0
citrate buffer and extracted with ethyl acetate (2 x 50 mL). The organic layer
was dried over sodium sulfate and concentrated, and the residue
chromatographed (15% methanol in dichloromethane containing 1% acetic
acid) to give R-carboxy-?-(4—phenoxy)benzenesulfonyl-tetrahydropyrimidin—4-
one as a white solid: 'H NMR (D,0, 300 MHz) & 7.86 (d, 2H, J =9 Hz), 7.48

(t, 2H, J = 8 Hz), 7.29 (t, 111, J =7 Hz), 7.11-7.18 (m, 4H), 5.03 (d, 1H, J = 14

Hz), 4.68 (d, 1H, J = 14 Hz), 4.31 (t, IH, J =7 Hz), 2.68 (dd, 1H, J=17 and 7
Hz), 2.47 (dd, 1H, J = 17 and 8 Hz).
Step 3. To a solution of 215 mg of 8(R)-carboxy-1-(4-

phenoxy)benzenesulfonyl-tetrahydro-pyrimidin—4-one in 5.5 mL of 10:1

AP/P/98/0128 4



-90-

dichioromethane:DMF was added O-(t-butyldimethyisilyi} hiydiroxylamine (126
mg) followed by EDC hydrochloride (131 mg). After 4 hours, the reaction was
partitioned between 1.1 w.,thyi acetate:hexane and aqueous sodium
bicarbonate. The organic layer was dried over sodium suifate, concentrated,

and the residue was rapidly chromatographed with 20% et acetate in

dichioromethane to give 6(R)-(N-(t-butyldimethylsilyloxycartamoy1)-1-(4-
phenoxy) benzenesulfonyl-tetrahydropyrimidin-4-one as & soid, which,
without further purification, was dissovled in 5 ml. of methanciand 0.2 mlL of
trifiuoroacetic acid. After 1 hour, 5 mL of toluene was addaa and the solution
was concentrated. The residue was purified by rotary chiro *ra“ri*:ugres hy

(65:20:15 dichioromeathane:ethyl acetate:ethanol contain

§

to give 6(R)-(N-hydi fmnarbamoyl)—”i—(4-phenoxy)benze§'saz

tetrahydropyrimidin-4-cne (31 mg) as a white solid: 'H NRAR (methanol-d,,
300 MHZ) __7.330 (d, 2, )= O Hz), 747 (4, 2H, J =87 Hzy 27 (L1, =7

=17-and 7 Hz), 2.72 (dd, +, d= 17 and 8

he following compound was prepared in a similar marni

{by 6{RI-(N-hvydroxycar: amoyl) 1-(4-(4-fluorophenoxylbernzene-sulfonyl-
tetrahvdropyrimidin-4-one;

Anal. cale. for C;H5FN;OgS: C, 49.87; H, 3.84: N, 1028 &, 7,83, Found:
\.AQ 1\..’ 8":1 l'j \395 f‘i (JH »18}8, 7.73‘

The following compounds can be prepared in a similar

manner;

(cy 8(RI-(N-hvdroxycarbamovl)-1-(4-(4-chlorophenexylbenzene-sifionvii-
tetrahvdropyrimidin-4-gne;

{74y B(R-(N-hydroxvcaroamoyi)-1-(4-(4-methoxvphenoxy:
tefrahvdropyrimidin-4-one; and

znzene-sulfonyl)-

(1 5(R)-(N-hvdroxycarbamoyh)-1-(4- (4-’fur-2 viiphenoxvi-banzenesulionyl-
16»?rar"fv”ro:>vnm:d in-d-0ne,
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Example 16

(a) 3(S)-N-hydroxv-4-(4-(4-bromophenoxy)benzenesulfony}-2.2-dimethyl-
tetrahydro-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 povggered sodium hydroxide (0.28 g, 7.04 mmol) was
added in one portion to glvea colorless solution. 2-Bromo-ethanol (0.24 mL,
3.35 mmol) was added and the reaction mixture stirred at 0°C for 25 minutes
and foom 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-bromophenoxy)benzenesulfonyl chloride (1.28 g, 3.68 mmol) for 17 hours.
The solution was diluted with water and washed with ethyl acetate. The
aqueous layer was acidified to pH 1.5 W'rth concentrated HCl'and extracted
with ginvt o cataie. The organic exirasls Weie Somuinzd, vas ol o widi well!
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).

Step 2. A portion of this oil was dissolved in DMA (3 mL), treated with
potassium carbonate (2.4 g, 17.5 mmol), benzyltriethylammonium chioride
(0.15 g, 0.67 mmol) and t-butyl bromide (3.7 mL, 32 mmol). The reaction
mixture was stirred vigorously for 18.5 hoursat 55°C, after which it was
diluted with ethyl acetate, washed with water, dried and evaporated to give a
viscous oil which was purified by silica gel chromatography (50% ethyl
acetate:hexane) to give 2(S)-3-(2-hydroxyethylsulfany1)-3-methyl-2-(4-(4-
bromophenoxy)-benzenesulfonylamino)-butyric acid tert-butyl ester as a
colorless, viscous élass.

Anal. calc. for C,3H4NOgS,Br: C, 48.28; H, 5.39; N, 2.50; S, 11.44; Br,

14.25;

Found: C, 49.21; H, 5.25; N, 2.46; S, 11.37; Br, 14.31.
Step 3. To a solution of 2(S)-3-(2-hydroxyethylsulfanyl)-3-methyl-2-(4-(4-

bromophenoxy)benzenesulfonylamino)-butyric acid tert-butyl ester (0.17 g,

8 4
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rand

120 rumol) in THF (5 mi was added triphenylphosphine (G740 g, .39

7y

mimol) and diethylazodiczﬁmcxy!at\e (0.61 mL, 0.38 mmol). Afer stirring at
reom femperature for 20 minutes, the solvent was evaporated and the
product purified on silica gei (40% ethyl acetate:hexane) to give tert-butyl
3(3)-4-(4-(4-bromophenoxy-benzenesulfonyl)-2,2-dimethyi-tetranydro-2H-
1 4-thiazine-3-carboxylate as a light yellow oil.
Anal. calc. for CpaHaNUs3,Br: C, 50.92; H, 5.20; N, 2.50; =, 11.82;
Found: C,51.03; H, 5.1 N, 2.95; S, 11.33
. Step 4. A solution of tert-butyl 3(S)-4-(4-(4-bromophenoxy -
é:zﬁnzenes.uifonﬂ)-zZ«dimwththetrahydro-2H-1 4-thiazine-3-carboxylate (0.1

tirred at room

g, 0.22 mmol) in dichioromethane (2 mL) and TFA (1 mL) was s

sorated ang the

tarnperature for 50 minutes, after which the solvents were ev:

rasidue azeotroped from benzene to give 3(S)-4-(4-(4-
Eromorhenoxy)benzenesulionyl)-2,2-dimethyi-tetrahvdro-zH -+ 4.4

carpoyehic zoid as a white salic, witich was next used without Turiner
curification.

Siep 5. A solution of 3(3}-4-(4-(4-bromophenoxy)benzenesutionylj-2,2-

@

cimethyi-te rahydro-féh« 1 4-thiazine-3-carboxylic acid (0.11 o, 2.22 mmol),

thutyldimethlsityl hydroxyiamine (0.049 g, 0.33 mmof) and 00 (¢
(.44 mmol) in dichloromethane (2 mL) was stirred at room e
ninutes, afier which the reaction mixture was diluted with dichivromethane

{20 mL}, washed with 5% citric acid and saturated sodium bicarbonate, cried

and evaporated to give crude 3(8)-N-(t-butyldimethyisilyljoxy-4.i4-{4-

bromophenoxy)-benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H- 1 4-thiazine-3-
carboxamide, which was next used without further purificaticn.

Step €. A solution of 3{5)-N-(t-butyldimethylsilyl)oxy-4-{4-{+-

bromophenoxy)benzenesuifonyl)-2,2-dimethyl-tetrahydro-2:-. 7 4-thi

carboxamide (0.12 g, 0.139 mmol) and trifluoroacetic acid (2

dichloromethane (2 miby was slirred at room temperature for © nour, att

B WP B T
s AJRSTDA TTO

which the solvents were evaporated and the residue was az:

NG wWashea

benzene. The product was (riturated with diethyl ether, filter:
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with diethy! 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 CgH,N,05S,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;

Step 1. A solution of t-butyl 3(S)-4-(4-(4-bromophenoxy)benf:ene—suh‘onyl)‘
2,2-dimethyl-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
stirred at room temperature for 2 hours, after which the reaction mixture was
diluted with ethyl acetate, washed with water and saturated sodium
bicarbonate, dried over sodium sulfate and evaporated. The foamy residue
was twice chromatographed on silica gel (20% hexane:ethyl acetate) to give
t-butyl 1(R),3(8)—4—(4-(4-bfomophenoxy)benzenesutfonyl)—2,2-dimethyl-1-oxo-
tetrahydro-2H-1,4-thiazine-3-carboxylate as a white foam.

Anal. calc. for Cp3H,3sNOgS,Br C, 49.46; H, 5.05; N, 2.51; S, 11.48; Br,
14.31;

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

Step 2. A solution of t-butyl 1(R),3(S)4-(4-(4-
bromophenoxy)benzenesulfonyl)-2,2-dimethyl-1-oxo-tetrahydro-2H-1,4-
thiazine-3-carboxylate (0.37 g, 0.66 mmol) in dichloromethane (4 mL) and
TFA (4 mL) was stirred at room temperature for 7 hours, after which the
solvents were evaporated and the residue azeotroped from benzene. The

product was triturated with a warm 50% diethyl ether:hexane solution and
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filtared to give 1(R),3(&)-4-{4-(4-bromophenoxy)benzenesu

H-1,4-thiazine-3-carboxylic acid a: 3 -

dimethyl-1-oxo-tetrahydre e
.Br C,45.42; H, 4.01, N, 2.7, & 1276, Br,

Anal. cale. for CghygNe
1590
Found: C, 45.51; H, 4.08, N, 2.84; S, 12.66; Br, 15.83

Step 3, A solution of 7 _f‘f:i‘;,3(8}-4-(4—(4-bromophenoxy)bez‘s: sulfony1-

oy

'?‘»*,.iiii«dime‘thyi 1-oxo-tetraivdro-2H-1,4-thiazine-3-carboxylic a0 (0.22 g, 0.64

mmmol) in dichloromethane (3 mL) and DMF (1 mL) was coole
traated with O-t-butyidimetnylsilyl hydroxylamine (0.11 g, 0.7
immediately followed a*“} FC (0.183 g, 0.96 mmol). The resuiting reaction

mixture was stirred at 0°0 for 80 minutes, after which addit

butyldimethyisilyl hydroxylamine (0.094 g, 0.64 mmol) and &1

mmoli were added, and the mixture was stirred at 0¢C for ar aaditional hour

and at room temperature {or 1 hour. The reaction mixtura w:

sinvl acelate and washed with 5% citric acid, water and sziv

picarbonate, to give 1{R} 3(35)-N-{t-butyldimethylsilyhoxy-4-{ & 4.

bromophenoxy) benzenesulfonyl)-2,2-dimethyl-1-oxo-tetrah

‘i,h%azinete»;?smcarboxaméd%,, which was next used without further su

otep 4, A solution of ’i{?fi‘},3(8)~N_~(t—butyidit‘nethyisiiyl)o:x:*}m:;ke‘»‘
bromophenoxy)benzenesuifonyl)-2,2-dimethyl-1-oxo-tetraby:

thiazine-3-carboxylic acic O-t-butyldimethylsilyl hydroxamide

rmmol} in dichloromethane (2 mL) and TFA (1 mL) was sfirred at room

hl
i
el

temperaiure for 2 hours, a%r which the solvents were evaporaied and

rasidus was azeolroped from benzene. The resulting white t was filtered

and washed with diethy! ether to give 1(R),3(S)-N-hydroxy-4-4-{4-

jak

"“l

bromophenoxy)-benzenesulfonyl)-2,2-dimethyl-1-oxo-tetrahviirs 2H-1 4~

thiazine-Z-carboxarnios

Anal cale. for CygH..! A0, H,4.09; N, 641 & 12,59,

. C,
7

44
N, 837 8, 12.25,

Found: C, 43.84; H, 4.1

The foflowing compoundg can be prepared in a similar ma
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Example 18
(a) 3(S)-N-hvdroxy-4-(4-((pyrid-4-yloxy)benzenesulfonvl)-2.2-dimethyl-

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[4.2.0]undecane (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 (0.85 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°C, and then cooled to 0°C. To the stirred solution was added N-
methylmorpholine ( 1.00 mL), followed by 9-ﬂuorenylmethoxybarbonyl chloride
(2.84 g), and ihe solution was kept at 20°0 for 16 hours. An adaitional 0.£0
g of 9-fluorenylmethoxycarbony! chloride was added, and the solution was
stirred for an additional 1 hour at 0°C and then quenched with 1 mL of water.
The reaction 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 additional 0.2 N aqueous sodium bisulfate solution (150 mL) and with
brine (50 mL), dried over sodium sulfate and concentrated. The residue was
purified by chromatography on 150 g of silica gel, eluting with 25% to 35%
ethyl acetate:hexane containing 0.5% acetic acfd. The product-containing
fractions were concentrated to give a syrup, which was twice concentrated
from toluene, and finally from t-butyl methyl etheriisooctane, to give 2.84 g of
3(S)-4-(9-fluorenylmethoxy-carbonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-
3-carboxylic acid as a white solid.

Step 2. To a solution of 3(S)~4-(9-ﬂuorenyfmethoxycarbonyl)-Z,2- dimethyl-
tetrahydro-2H-1,4-thiazine-3-carboxylic acid (2.98 g) in 20 mL of
dichloromethane at 0°C was added O-(t-butyldiphenyi- silyl)hydroxylamine
(2.71 g) followed by EDC hydrochloride (1.58 g). The reaction was stirred at
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5°C 10 25°C for 16 hours and then partitioned between 1:1 «

scelate:hexane (200 mi) and 0.2 N pH 7 phosphate buffer

arganic laver was wasned with brine, dried over sodium suils

concentrated. The resiciue was purified by chromatography

ge!, eluting with 20% tc 30% ethyl acetate:hexane, to provi

~oncentration from dichioromethane:isooctane, 3(S)-N-(i-

4

butyldiphenylsilyljoxy-4-{S-fluorenylmethoxycarbonyl}-2, 2-diethyl-tetranydro-

2H-1 4-thiazine-3-carboxamide (4.42 g) as a white solid.

Step 3, To a solution of 3(S)-N-(t-butyldiphenylsilyf)oxy-4- -

fiur\;r@wimethcxyoarbz;ﬁ},«'i}»:z,2-dimethyl-tetra hydro-2H-1,4-

carboxamide {4.33 g in THF (10 mL) was added diethy‘af‘ﬂ;?iéf

nour, the solution was concentrated and the residue was crirainats

an 75 g of silica gel, eluiing with ethyl acetate, to give 3(5)-

-dimethyl-tetrahydro-2H-1.4-thiaz

butyidiphenylsilyl) oxy-

(2.7 o) as a sticky ol i

Siep 4, Toasoiu o 4-phenoxypyridine (6.84 g) in 20 v ol 1l

dichioroethane at 090 was added 8.0 mL of chlorosulfonic vl i a ¢

manner. After 10 minuies, the ice bath was removed and s solution was

allowed to warm to 2570 Aﬁer‘an additional 1 hour, the soiuion was heated

to 40°C for 3 hours,

i1t ithen cooled to 25°C, and oxalyi ¢f:l

was added, The solution was heatﬁd to 50°C for 16 hours, an7 they

agational 2.2 mb of oxaiyi chloride was added. After § hours ror

the solution was cooizd 1w 25°C, and poured with rapid stirine int

diethyi ether. After 1 oiuite, the solids were allowed to et
supernatant was decanted. The residue was suspended i o

touenas:dichlorometngs:

250 mL) at about 5°C and 50 mi | 8 M agueous

KL, was added wil ring. After about 30 seconds, the inixiure was

fransierred {0 a sep y funnel and the layers were sep

iayer was washed with 25 mL of 1 N pH 7 phosphate buffe: o with 70 mL of

crine, and the ¢ 4 agueous layers were extracted w

toluene. The combined organic layers were dried over sod i =
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filtered 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
concentration from dichloromethane:t-butyl methyl ether and filtration gave
2.11 g of 4-((pyrid-4-yl)oxy)benzenesulfony! chloride hydrochloride.

Step 5. To a solution of 3(S)-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-methylmorpholine (1.35 mL) followed by 4-((pyrid4-
yl)oxy)benzenesulfonyl chloride hydrochloride (1.71 g). The solution was
stired at 0°C for 3 hours, and then at 25°C for 4 hours. The reaction was
partitioned between 3:1 ethyl acetate:hexane (150 mL) and 0.5 NpH 7
phosphate buffer (50 mL). The organic layer was washed with additional
buffer and with brine, dried over sodium sulfate and concentrated. The
residue was chromatographed on 150 g of silica gel, eluting with 30% to 50%
ethyl acetate:dichloromethane to give, after partial conoentrationvfrom
dichloromethane:isooctane, 3(S)-N-(t-butyldiphenylsilyloxy-4-(4-((pyrid-4-
yl)oxy)benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carboxamide (2.36 g) as a pale yellow solid.

Step 6. To a solution of 3(S)-N-(t-butyldiphenylsilyl)oxy-4-(4- ((pyrid-4-
yl)oxy)benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1, 4-thiazine-3-
carboxamide (2.25 g) in methanol (10 mL) was added 5 mL of a 10% solution
of concentrated HCl in methanol. After 1 hour at 25°C, the solution was
diluted with methanol (50 mL) and treated with Amberlite IRA-68 weakly basic
resin (about 15 mL) until the pH measured 7.2. The resin was removed by
filtration and washed well With methanol, and then the filtrate was
concentrated to about 10 mL. Addition of 20 mL of t-butyl methyl ether gave
a voluminous precipitate, which was collected by filtration to give 1.19 g of an
off-white solid. The solid was dissolved in 50 mL of 10% methanol in ethy!
acetate and filtered through a 0.45 um syringe filter to remove trace particles.
The filtrate was partially concentrated to about 20 mL, diluted with additional
ethyl acetate and reconcentrated to about 20 mL. Thé crystalline precipitate

was collected by filtration and dried in vacuo to give 3(S)-N-hydroxy-4-(4-
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driazine-3-

{(oyrid-4-vijoxy)benzeanesutionyl)-2,2-dimethyl-tetrahydro-2i

carboxamide (0L87 gy as =
ié__hﬁii;ﬁgsz.().s H,O: C, 45.47; H, 5.18; N ¢
5N, 9.37; S, 14.41.

white solid: mp 149.8°C.

Anal ce

Tha following compouic was prepared in a similar manner

by 3(S)-N-hvdroxy-4-(4-{(pyrid-2-yloxy)benzenesulfonyl-£. . -dimethyi-
tatranvdro-2H- 1.4-thiszine-3-carboxamide;

HRMS (FAB) caic. for {t4+Cs)": 556.9977; found: 556.9963.
3:52:0.75 H,0: C, 49.47; H, 5.1¢:

Anal, cale. for Cyghly o0

T4 ET

Found: C,49.22; 4, 421 N, 9.57, 5, 14.69;

The following com;;:mmd can be prepared in a similar manner

{0) 3(S)-N-hvdroxy-4-{4-i4-(imidazol-2-vliphenoxvibenzene sy fomi-2.4-
dimeihyl-telrahydro-2H-1,4-thiazine-3-carboxamide. :

example 19

(a) 1051, 3(8)-N-hydioxy-4-{4-((pyrid-4-yDhoxybenzenesulionyi - 2-girneihyl-
‘“z~oxatetranvdro-2h 1.4-thiazine-3-carboxamide and 1(R), 3{3-N-hvdroxy-4-
A-((pyrid-4-vhoxvibenzenesulfonyl)-2.2-dimethyl-1-oxotetrabydin- 2.4 4
inlazine-3-carboxamine

To a solution of 3{S1-N-hydroxy-4-(4-((pyrid-4-yloxy)benzenesulfonyl}-2 2-

dimethyi-tetrahydro-2i+-1 4-thiazine-3-carboxamide (0.423 ¢, @ U0 mmal) in

20 mi of 5.1 dichlorome zuang:methanol at -10°C was adden |
mmoi} of m-chioropert
solution was diluted with 50 mL of methanol and then passed through 10 ml
of Amberiite IRA-68 w

ok

shiorebenzoic acid. The filirate was concentrated and the =

<y basic resin to remove the byprocuct me-

hromatographed with 6% to 12% methano! in dichicrometh
weas 15, 3(S)-N-hydr

4-(4-((pyrid-4-yhoxy)benzenesulic

tihiazine-3-carboxamide (200 mg):
, 1H), 9.04 (s, 1H), 8.57 (im, :25~-€},
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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 (nﬁ, 1H), 3.21-3.10 (m, 1H), 3.02 (d, J = 15 Hz, 1H),
1.42 (s, 3H), 1.25 (s, 3H);

Anal. 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-
yl)oxy)benzenesulfonyl)-2,2-dimethyl-1-oxotetrahydro-2H-1,4-thiazine-3-
carbéxamide (50 mg): "HNMR (300 MHz, DMSO-dg): & 10.98 ( s, 1H), 9.20 (s,
1H), 8.58 (d, J = 6 Hz, 2H), 7.89 (d, J = 9 Hz, 2H), 7.40 (d, J = 9 Hz, 2H), 7.12
(d, J =6 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: m/e expected forC18H21?\l:.3068;_,+H+
=440, m/e observed = 440.

Anal. calc. for C18H21N30682~O.2H20, 0.3EtOAc: C, 48.11; H,__5.11; N,
8.95; 8, 13.66. Found: C, 49.21; H, 4.98: N, 8.99; &, 13.60.

The following compound was prepared in a similar manner:

(0) 1(R). 3(S)-N-hydroxy-4-(4-(4-chlorophenoxylbenzenesulfonvl)-2.2-
dimethyl-1-oxo-tetrahvdro-2H-1.4-thiazine-3-carboxamide.

mp 145-147 °C. Anal. Calcd for CygHy; CIN,OS,"0.8H20: C, 48.3: H, 4.48:
N, 5.93; 'S, 13.55; Cl, 7.41. Found: C, 46.96; H, 4.69; N, 5.64: S, 13.01: CI
7.30.

Example 20
3(S)-4-(4-(4-(furan-3-vl)phenoxy)benzenesulfonyl-N-hydroxy-tetrahvdro-2H-

Step 1. Toa suspension of D-penicillamine (0.75¢, 5 mmol) in 10 mL of

dry DMF was added 0.87 mL (5 mmol) of diisopropylethylamine, followed by
0.75 mL (6 mmol) of trimethylsilyl chloride. After twenty minutes, 1,8-
diazabicyclo [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

and then added dropwise over a 1 hour period to a stirred solution of 0.50 mL
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A

shane in 10 mL of DMF at 80 °C. ¢

{2 % mmo! of 1,2-dibrom

§ -

dditional 30 minutes after the addition was complete, the solutior was

¢ °0, and 0.55 il (& mmol) of N-methylmorpholine was added,

i H

3

by the dropwise a:ddition of a solution of 4-(4-

Fomilo o
ouowed

bromophenoxy)benzenesuitonyl chloride (1.94 g, 5.5 mmol) in &

cver a 15 minute period. The reaction was stirred for 2 hours z! 2 °C and

than a!;c_awef* to warm to room temperature. After an additional 2 hours, 0.3 g

muore of 4-{4-bromophencxyibenzenesulfonyl chioride was added.  After an

additional 15 minutes, the reaction was partitioned between 0.2 !4 aq. sodium

dracted

nisulfate and 1:1 ethyl acetate:hexane. The aqueous layer was ¢

twice with 11 ethyl acetate:nexane, and the combined organic iayears ware

washed with 0.2 N aq. sodiumn bisulfate and with brine, dried over sadium

te. and concentrated. The residue was purified by chrom
silica gel, eluting with a gradient from dichloromethane (o 8% m
after rotary evaporation

{4-{4-bromophenoxyjbenzenesuliony

: i acid (0.84 g, 37%) as a solid fearm:
{CDClg). 6 7.70 Qd,ZH J=519 Hz), 7.50 (d, 2H, J=8.82 Hz), 7.0% idf, ZH,

w382 Hz), 4.50 (5, 1H), 4.0% (g, TH, = 1024 ey
L iFD, 242 (d, 1H, J=13.88 Hz), 1.6 &

¢ (1.0 mmol) of 3(S)4-(4-(4-bromiopnan

Step 2. A mixture of G.4%
b ‘3??3!«*“0’13/' -tetrahyd »ifiHﬂ,4-thiaziné«3~carboxyii<‘; acid «r
i {J. Org. Chem. 1984, 48, 5237-%.

fjum carbonate, and 1.5 mL of eti:

T

rermol) of 3-furan boron

panzens, 2 mb of 2M ag.

deoxygenated with a stresm of argon for 15 minutes, and ther

b o

rmol) of tetrakis(triphenviphosphine)palladiumwas added anc e midture

was heated at 80 °C for six days. After cooling o room temps

ure was partitioned between ethyl acetate and pH 4 citrale

ous layer was extraciad twice with ethyl acetate, and the ¢

JLAM

organic lavers were washed with brine, dried over sodium sulinie, and

LI
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concentrated. The residue was purified by chromatography on silica gel,
eluting with a gradient from dichloromethane to 5% methanol in
dichloromethane, to provide 3(S)-4-(4-(4-(furan-3-
yl)phenoxy)benzenesulfonyl-tetrahydro—QH-1 ,4-thiazine-3-carboxylic acid
(0.317 g, 67%) as a sticky solid foam. FAB+MS Calcd for
M+Cs+=606.0021. Obs 606.0036; 1H NMR (CDCl3) 8 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-?;.9 (b, 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-
tetrahydro-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 pattitioned between 1 N aq. sodium bisulfate and
dichloromethane. The aqueous layer was extracted twice with
dichloromethane, and the combined organic layers were washed with brine,
dried over sodium sulfate, and concentrated. The residue was purified by
chromatography on silica gel, eluting with a gradient from dichloromethane to
5% methanol in dichloromethane, to provide 3(S)-N-(tert-
butyldiphenylsilyl)oxy—4—(4—(4-(furan-3-yl)phenoxy)benzenesu!fonyl-tetrahydro-
2H-1,4-thiazine-3-carboxamide (40 mg, 8%). FAB+MS Calcd for
M+Cs =859.1308 Obs 859.1274; 1HNMR (dg-DMSO): & 10.81 (s, 1H),
8.17 (s, 1H), 7.74 (s, 1H), 7.67-7.61 (m, 8H), 7.45-7.30 (m, 6H), 7.10 (d, 2H,
J=8.83 Hz), 7.00 (d, 2H, J=8.46 Hz), 6.94 (s, 1H), 4.06 (s, 1H), 3.95-3.89 (bm,
1H), 3.77-3.73 (bm, 1H), 2.87-2.78 (bm, 1H), 1.28 (s, 3H), 0.98 (s, 8H), 0.61
(s, 3H) ‘

Step 4. To a 25 °C solution of 3(S)-N-(tert-butyldiphenylsilyl)oxy-4-(4-(4-
(furan-3-yl)phenoxy)benzenesulfonyl-tetrahydro-2H-1,4-thlazine-3-
carboxamide (35 mg) in 2 mL of THF was added 0.060 mL of 2M
tetrabutylammonium fluoride in THF. After 30 minutés. the solution was

partitioned between 1 M pH 7 phosphate buffer and ethyl acetate. The
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aqueous layer was extracted once with ethyi aceale, and the comb

organic layers were washed with brine, dried over sodium suliate, =0

concenirated  Theresidue was triturated with hexane and the resciirg s
was collected by filtration to vield 3(8)-4-(4-(4-(furan-3-
ylyphenoxy)benzenesulfonyi-N-fydroxy-tetrahydro-2H-1,4-thiazine- =
carboxamide (22 mg). 1H NMF {ZDClq): 8 8.69 (bs, 1H), 7.24 {d "1 =882
Hzy, 751 (d, 2H, J=8.46 Hz), V.05 (§, 4K, J=8.37 Hz), 6.68 (s, 1H} # .17 (s
1H], fi_. {d.1H, J=12.5 Hz}, -3.12 (m, 2H), 2.50 (d, 1H, J=12 =7 Mz},
1,67 (s, 3H), 1.31 (s, 3H). |

Exampie 21
Step 1. To a stirred mixture o 2(R/S)-(tert-butoxycarbonyhaminc.- -

dimethyl-4-peniznoic acid 5 mmol) and anhydrous sodium

e g

bicarbonate (378 g, 45 mmol) in 25 mL of DMF was added methyl o

200 AT ey dronwise, e - - e B N
Crnl, ST mmel) dropwise. T s miklure was stin red for 27 houre =

ternperaiure, and then poured inio water (100 mL). The mixture wes

ethyl acet ane (3 x 50 mL), and the combinad

organic fayers were washed with 5% aqg. sodium thiosulfate solution, water

sal. agp sodium bicarbonate, end finally with brine. The organic iave: +

drieg over magnesium sulfate, and concentrated to provide met‘ny% ‘

{teri-butoxycarbonylaminoe-3,

syrup which was used without further purification.

Slgp . To a solution of methy! 2(R/S)-(tert-butoxycarbonyijami

~

dimethyi-4-pentenoate (4.97 g, 123

mmoal) in 50 mL of dichlorometl:
°C was added 16.5 mL of triflucrcacetic acid. After 2 hours, the s

concernirated and the residue was dissolved in 100 mL of dichlors:

€

ano washed with sat. aq. sodium bicarbonate (50 mL). The organic

dried over sodium sulfate and concentrated to give methyl 2(R/Sy g

dimetnyvi-d-pentenoate (2.30 ), which was dissolved in 50 mL of

dichlorometha <. Triethylamine (8.1 mL, 58

added, followed b {4-fluorophenoxy)benzenesulforyi i
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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 over sodium sulfate and concentrated. The residue was purified by
chromatography on silica gel, eluting with 20% ethyl acetate in hexane, to
yield 4.41 g (61%) of methyl 2(R/S)-[4-(4-
fluorophenoxy)benzenesulfonyljamino-3,3-dimethyl-4-pentenoate as a white
solid.

Anal. Caled for CopH,,FNQOgS: C, 568.96; 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-
fluorophenoxy)benzenesulfonyljamino-3,3-dimethyl-4-pentenoate (4.31 g,
10.6 mmol) and potassium carbonate (3.65 g, 26.4 mmol) was stirred
vigorously in 25 mL of DMF at 65 °C as ethyl bromoacetate was added
dropwise. After 16 hours, an additional 1.82 g of potassium carbonate and
«.1 mL of ethyl bromoaceate was acdzd. After an additional 3 hours at €5
°C, 6.0 mL of ethyl bromoaceate was added and stirring was continued for
another 4 hours. After cooling to room temperature, the solvent was removed
in vacuo (~ 1 torr), and the residue was partitioned betwzen ethyl acetate and
water. The organic layer was washed with water and with brine, dried over
sodium sulfate, and concentrated. The residue was chromatographed on
silica, eluting with a gradient of 10% to 20% ethyl acetate in heaxane to
provide 4.05 g (78%) of methyl 2(R/S)-[4-(4-fluorophenoxy)
benzenesulfonyl][(ethoxycarbonyl)methyljamino-3,3-dimethyl-4-pentenoate.

Anal. Calcd for Co4HogFNO,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 a mixture of methyl 2(R/S)-[4-(4-fluorophenoxy)benzenesutfonyl]
[(ethoxycarbonyl)methyl]lamino-3,3-dimethyl-4-pentenoate (3.52 g, 7.13
mmol) in 40 mL of 2:2:3 carbon tetrachloride:acetonitrile:water was added
0.037 g (0.18 mmol) of ruthenium trichloride monohydrate and 7.78 g (36.4
mmol) of sodium periodate. The mixture was stirred vigorously at room

temprature for 22 hours, then diluted with 150 mL of water and extracied with

AP/Pif98/01284
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dichivromeatiiane (3 x B0 il The combined organic layers were aried over
sodium sulfaie and conceniraied. The residue was purified by

chromatography on silica gei, eluting with a gradient from 1:1 ety

acetate:hexane to ethyl acetate, to yield 2(R/S)-[4-(4-
benzanesulfonyl][(ethoxycarbanyl)methyljamino-3,3-dimethyl-butanadioic
acid, T-methyl ester (2.27 ¢, Eii»;l‘i%) as an off-white solid.

Step H. 7o a solution of 2(RIS)-[4-(4-

ﬁucsm;}hena:.:-xy}benzenesu!?mwé} [(ethoxycarbony!)methyi]aminc;»»;;é:.f;iazjémeihyh

butanedioic acid (2.00 g, 2.9 mmol) and triethylamine (0.6 mL, 4 22 mmol} in
50 . of benzene at 80 °C was added diphenyyiphosphoryl azid= 2.93 mL,
added.

i@ reaction was cooled to room temperature

4.3 mmol}. After 4 hours, berzyl alcohol (1.62 mi, 15.6 mmol) wa:

Afier an additional 20 hours,

and vartitioned between ethyi acetate and 10% aq. citric acid. ganic

t

laver was washed with sal ag,

- sodium bicarbonate, dried over «

il

suifais, and concentrated. Tre excess benzyi alcohol was remousd by

kugewrohr distiflation at 0.28 i, 70 °C, and the residue was pus

chromatography on silica, eluting with 30% ethyl acetate in hexans . o give

fluorephenoxylbenzenesulionyiii(ethoxycarbonylimethyljamino-: -

PR

{benzyvioxycarbonyllamino-3-rmethylbutanoate (1.81 g, 75%) as @ coiorless,

Anal. Caled for CogHaaF N,
C,58.50, H, 543 N, 4.60; !

yiymethyljz

o-2-(benzyloxycarbonylhamino-3-

nethylbutancate (1.89 g, 3.00 mmol) in 50 mL of ethano! was hydrcgenated

1 hour

over 118 g of 10% palladivm on carbon under 1 atm of hydroge:r &

ai room temperature. The calalyst was removed by filtration, aro the filtrate

@ was triturated with 50 mL of warn
ether and filtared to give 1.07 ¢ {80%) of methy! 2(R/S)-1-[4-(4-

wae concentrated. The res
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fluorophenoxy)benzenesulfonyl}-3,3-dimethyl-3-oxo-piperazine-2-carboxylate
as an off-white solid.

Anal. Caled for CooHp4FN,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 methy!l%‘(‘élsi)ﬁ;"l-_;[df-(xi-
Wil "'ifééfhyl-s-oxo—piperazine-2—ca:boxylate

ﬂuorophenoxy)benzenesulfonyﬁ"
(0.20 g, 0.46 mmol) and 0.123 g (0.82 mmol) of lithium iodide in 8.8 mL of

freshly-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 lithium iodide (0.123 g) was added and the reaction was stirred for
another 2 hours. After cooling to room temperature, the reactidn was poured
into water (75 mL) and extracted with 3 x 40 mL of ethyl acetate (to remove
2,6-lutidine). The aqueous layer was then acidified and extracte with ethyl
acetate (2 x 50 mL). The combined organic layers were dried over sodium
sulfate, treated with decolorizing carbon, filtered, and concentrated. The oily
residue was triturated with diethyl ether (5 mL) and hexane (2 mL). The solid
was collected by filtration and washed with diethyl ether to provide 121 mg
(62%,) of 2(R/S)-1-[4-(4-ﬂubrophenoxy)benzenesulfonyl}-3,3-dimethyl-5-oxo-
piperazine-2-carboxylic acid as a beige solid.

Anal. Calcd for C4gH;gFN,0gS: C, 54.02; H, 4.53; N, 6.63; S, 7.59. Found:
C, 54.13; H, 4.59; N, 6.54; S,:7.47.

Step 9. To a stirred solution of 2(R/S)-1-[4-(4-
fluorophenoxy)benzenesulfonyl]-3,3-dimethyl-5-oxo-piperazine-2-carboxylic
acid (50 mg, 0.12 mmol) and N—meth)ﬂ morpholine (0.10 mL) in DMF (0.5 mL)
at 25 °C was added 92 mg (0.18 g) of PyBOP foliowed by addition of 33 mg
(.47 mmol) of hydroxylamine hydrochloride. After 22.5 hours , the reaction
was partitioned between ethyl acetate and 10% aqueous citric acid, and the
organic layer was washed with water, sat. ag. sodium bicarbonate, water, and
brine. The organic layer was dried over sodium sulfate and concentrated,
and the residue was redissolved in 20 mL of diethyl ether and partially

concentrated to provide 0.23 g of a white solid which was somewhat impure

AP/P/98/v1.84
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accoring to TLC analysis ification by chromatography on sifioe ciuting

s

with ©.5% acelic acid in ethyi acetate, provided 7.1 mg of 2RI 44

fluoror 3he‘1:x)fygenzenes;j’w”fz.
carboxamide: FAB HRMS

3,3-dimethyl-N-hydroxy-5-oxo-5t:arazine- 2-
2. for CygHoFN3OgS (M+H): 4132 1425,

Foung 4381145,
Anal. Cal. for C,.H,gN, O4SF+0.25H.0: C, 51.63; H, 4eE N
D H, 470, N, 9.42: 8, 7.1.7

727

381 &, V.22 Found: C, 51

Example 2

2RIS-3-acety- 1—4 (4-fluorophenoxy)benzenesulfony-N- hydrox:-
hexahvdropyrimidine-2-carboxamide

of 1,3-diaminopropane (6.7 miL) in

dichicromethane at -10 °C was slowly added over a 2 hour peric:

ol 1

of 4-{4-flucrochenoxy)benzenesulfonyl chioride (5.7 g, 20 mma!; +

dichicromeathane., The reacticn was stirred for 15 minutes after

was compiete, and then pariitioned between ethy! acetate and wzie

resuiting emulsion was cleares by addition of dichioromethane, =

organic {ayer was separated. The aqueous layer was extracted wii:

dichicromethane and the combined organic layers were extracied vl 0

aq. sodium bisulfate. The aqueous phase was brought to pH 8 v
bicarbonate and then extracied with dichloromethane (3x100mi . The
combined rgaﬁic layers were dried over sodium sulfate and concenirated to

a voiume of about 50 mL. Additon of hexane resulting in formatici: 7 a

precipitate. which was collecied by filtration to provide N- ~(3-amin

{(4-fluorophenoxy)benzenesuiicnamide (4.27 g) as a white solid: 7 184 °C
RN 510 N %, Sl H o f

(softensy, 237 °C (melts) "H NEAR (300 MHz, DMSO-d,): 8 7.84 (v, /= & Hz

2H}, T 38725 (m, 4H), 712 (4 = 9 Hz, 2H), 3.8-3.2 (brs, 3H) 200 (dd, J =

277 (dd, d 7z 2H), 1.72-1.80 (m, 2H).

Slep d. To a solution of N

::gminopropyl}é»(mﬂuorophenox}{:

benzenesulionamide (3.24 g,

added 226 mL of a 50% sob
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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 the filtrate was concentrated. The residue was purified by
chromatography on silica, eluting first with 2:2:1
hexane:dichloromethane:ethyl acetate and then with 1:3 ethyl
acetate:dichloromethane, to give 1.2 g of a mixture of two compounds by TLC
anaiysis, which was employed without further purification in the next reaction.

Step 3. To a solution of the product (1.1 g) from the previous paragraph in
25 mL of dichloromethane was added 0.67 mL of 4 M hydrogen chloride in
dioxane. After 1 hour at room temperature, the solution was cooled to -20 °C,
and acetyl chloride (0.19 mL) was added, followed by addition of N-methyl
morpholine (0.89 mL). After 2 hours at-20 °C and 1.5 hours at room
temprature, the reaction was partitioned between water and e’thyl acetate.
The organic layer was dried over sodium sulfate, concentrated, and the
residue was purified by chromatography, eluting with 40% acetone in hexane,
to yield ethyl 2(R/S)-3-acetyl-1-4-(4-fluorophenoxy)benzenesulfonyl-
hexahydropyrimidine-2—carboxylate (0.24 g) as a clear syrup: LSI MS m/e
expected for CoqH,,FN,06S (M+H)™: 451. Found: 451.

Step 4. A solution of ethyl 2(R/S)-3-acetyl-1-4-(4-
flucrophenoxy)benzenesulfonyl-hexahydropyrimidine-2-carboxylate (0.225 g)
and hydroxylamine (0.10 mL of a 50% aqueous solution) in 5 mL of ethanol
was stirred at 25 °C for 18 hours, and then at 55 °C for 24 hours. The
reaction solution was concentrated and chromatographed, eluting first with
40% ethyl acetate in dichloromethane and then with 54:40:5:1
dichloromethane:ethyl acetate:methanol:acetic acid, to yield 37 mg (17%) of
2(R/S)-3-acetyl-1-4-(4-fluorophenoxy)benzenesulfonyl-N-hydroxy-
hexahydropyrimidine-2-carboxamide as a white foam after concentration from
dichloromethane/isooctane: mp 78°C; 'H NMR (300 MHz, DMSO-d,) 6 11.0
(brs, 1H), 9.05 (brs, 1H), 7.79 (d, J =9 Hz, 2H), 7.38-7.30 (m, 2H), 7.28-7.21
(m, 2H), 7.12 (d, J = 9 Hz, 2H), 6.77 (s, 1H), 3.73 (d, J = 14.5 Hz, 1H), 3.58

CAP/B/98/01728 4
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(d, = 13 Hz, 1H), 3.33-3.13 um, 2H), 1.93 (s, 3H), 1.44-1.35 (m, 1143 1
1.07 {m, 1H) HRMS (FAB) (+Us)vexpected: 570.0111. Found 5700
Anal. cale. for T,.H,,FN,0S+0.1 CH,Cl,00.25 isooctans:
2.05 H, 487N, 8.06; S, 0.91. found: C, 52.03: H, 5.00; N, .
Anai. cale. for Ty HuN,O,5H/+0.4H,0, 0.3 hexane, 0.1 toluene: 52,72
.01 M, 8,08, 5,8.93. Found: C,52.75; H, 4.96: N, 9.03: 8, 8.75

o

the results obtained during biological testing of some preferred

embodiments of the inventive compounds are described below.

S10LOGICAL DATA

i

SnzZyme Assavs

§

ey

Stromelysin enzymatic activity was measured using =

version of a resonance ene fransfer flucrogenic assay as desrines i

the disclosure of whicl is incorporatad
herelny by relern -peptide substrate is shown below,
flucrescent MU/

dinitropt

ched by resonance energy transfer i the 2 4-

mfoprotemases cleave this substrais at th

pd
G

Gly-Leu bond, Cleavage results in the loss of enargy transfer anc o ags

‘,=;r~

Tey e oy g : -, F thyom &
increase in tusrescence of e M0

NG,

3

veoumarin-4-vi- -pro-leu-gly-leu-3-(2,4-dinitrophery L2 3.
diaminos

rroprionyl-ala-arg-NH,

§ el Fae
§in

‘he MCA assay was performed at 37°C in buffer o«
,, 200 mM NaCl, and 1% DMST wiin the

mM Trcine {piH 7.5), 10 mM
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following concentrations of matrix metalioproteinases: 1.4 nM stromelyin,
0.063 hM 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-5B spectrofluorimeters with
Aexcration = 328 NM and Agpyesion = 393 nm. Spectrofluorimeters were interfaced

with IBM-compatible microcomputer systems.

. itive Inhibition Anal
The K., for the MCA peptide substrate with the matrix

metéﬂoproteinases 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, ,,, would be essentially
equal to K; since [S]«K,. For the determination of K, app: the concentration of
the inhibitor was varied at a constant and low concentration of.substrate and
the steady-state rates of fluorescence 'Chéﬁge determined. In most cases
absorptive 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 contaAining a linear phase. The fitted value of the
linear phase was taken as the steady-state rate. The steady-state rates were
fitted to the Michaelis equation describing competitive inhibition by non-linear
methods. Data resulting from tight-binding inhibition was analyzed, and K| ,,,
determined by fitting the data to the tight-binding equation of Morrison See
(Biochem. Biophys. Acta, vol. 185, pp. 269-286 (1969)) by non-linear
methods.

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

Table 1.

AP/P/98/06412g ,
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Tumor models
- Primary subcdtaneous 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
: e N T Srowth Del % Inhibition-| M
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 model
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

AP/P/98/0j28 4
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hydrolyzed and the hydroxyproline content measured. Efficacicusness was

determined by the comparison of the compound-treated groups with vehicle-

treated controls. The resulis are presented in Table 3.

TABLE 3

dose p.o. weight loss

E o N Ka/day) % inhibit

3a) 25 97.5
2(b) 25 81.1
5(a) 10 59.6
7(a) 10 77.4

p < 0.01 for all entries; n.d. = not determined

nvdroxyproline

Shoprotection

n.d.
n.d.
72.5
86.7



Clzims:

0 Ar
Il /
O O:T Z
H i,v ,
 wherein:
ZEOM&

V is a divalent radical which together with C* and N forms a ring having

" six ring aioms, 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 heteroaryl group;
or a pharmaceutically acceptable prodrug, salt or solvate thereof.
2. The compound according to claim 1, wherein said compound has the
formula 1-a:
0 Ar
/
O O-—-T A
JYNW
NV
wherein:

W, X and Y are each, independently of one another, CR|R,, C=0, 8, S=0,
30,, O, N-R;, or N*(0)-R,, wherein
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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, R, is
hydrogen or a suitable organic moiety, and R, is an alkyl group,

with the proviso that at least oné, but not all, of W, X, and Y are selected
from CR,R, and C=0,

or a pharmaceutically acceptable prodrug, salt, or solvate thereof.

3. The compound according to claim 2, wherein R, and R, are independently
selected from H, an alkyl group, a cycloalkyl group, a heterocycloa].kyl group, an aryl group, a
heteroaryl group, ORy, SRy, NR,R,, and C(O)R,, wherein

R; is an alkyl group, a cycloalkyl group, a heterocyloalkyl group, an aryl
group, a heteroaryl group, or C(O)NR ,R,,,

wherein Ry, and R, are independently selected from H, an alkyl 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
heisrocysloninl gooun,

R is H, an alkyl group, a cycloalkyl group, a heterocycloaikyl group, an
aryl group, a heteroaryl group, C(C)O-R,;, C(C)S-Ry,, or SO,-R,s,

wherein R is an alkyl group, a éycloa.lkyl group, a heterocycloalkyl
group, an aryl group, or a heteroaryi group,

R, is OH, an alkyl group, a cycloalkyl group, a heterocyclolalkyl group, an
aryl group, a heteroary! group, an O-alky! group, NR;Ry4, or O-Ry5, wherein R, R, and R, are
independently as defined above,

or wherein R, and R, together form a cycloalkyl group or &
heterocycloalkyl group,

or a pharmaceutically acceptable prodrug, salt or solvate thereof,
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4. The compound according to claim 2, wherein R, is hydroger, an alkyl

group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
C(O)-NR;R,,, C(0)-OR,s, C(0)-SRys, SO,-Rys, or C(O)Ry;

wherein R,; and R, are independently selected from H, an alkyl group, a

cycloalkyl group, a heterocycloalky! 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, and

R;s is an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl

group, or a heteroaryl group,
or a pharmaceutically acceptable prodrug, salt or solvate thereof,

5. The compound according to claim 2, wherein said compound has the

formula;
0 Ar
I /
0O 0==S Z
Jg
HO N
Ny ! w
H 5
Y. W
\x/

or a pharmaceutically acceptable prodrug, salt, or solvate thereof,

6. The compound according to claim 2, wherein said compound has the
formula: S
z
©/ Q
D
Z ,soz 0
N
NHOH

s

or a pharmaceutically acceptable prodrug, salt or solvate thereof.
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7. The compound according to claim 1, having the formula 1-f:

\)L/

(I‘ﬂ ’

wherein:

o Ar

O~

Visa divaient radical which together with C* and N forms a ring having
six ring atoms, wherein 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 a monocyclic aryl group or monocyclic heteroaryl group; or a
pharmaceuucaliy acceptable prodrug or a pharmaceutically acceptable salt thereof.

g. The compound according to claim 1, having the forraula 1- g

H

wherein:
W and X are independently selected from CH,, C=0, §, $=0, O, N-R,,
and N* (O )Ry, wherein

R, is a hydrogen atom or a suitable substituent, and
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R, is a C;-C; alkyl group, wherein said alkyl group is & 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 Ry; 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,
or a pharmaceutically acceptable prodrug thereof or a pharmaceutically

acceptable salt thereof.

9. Th= compound according to claim 8, wherein W is CH, znd ¥ is €, S=0,
O, N-R; or N*(O')-R;; or a pharmaceutically acceptable prodrug thereof or a pharmaceutically
acceptable salt thereof. :

10.  The compound according to claim 9, wherein R, is a hydrogen atom, an
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, a C(0)-R,, group, a C(O)O-R,, group, a C(O)NH-R,, group, a
C(O)NR;Ry; group, an SO, -Ry, 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
hydrdgen atoms having no unsaturation, which is optionally substituted by one or more suitable
substituents, and wherein R, is a monocyclic aryl group or an alkyl group as defined above; or a

pharmaceutically acceptable prodrug or a pharmaceutically acceptable salt thereof.
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11. The compound according to claim 8, wherein Wis S, O or N-R;and X is

CH,; or a pharmaceutically acceptable prodrug or a pharmaceutically acceptable salt thereof.

12, The compound according to claim §, wherein W is N- ;and X is C=0; or
a pharmaceutically acceptable prodrug or a pharmaceutically acceptable salt thereof,

13. The compound according to claim 8, wherein W is C=0) and XisS,Qor
N-Rg; or a pharmaceutically acceptable prodrug or a pharmaceutically acceptable salt thereof,

14. The compound according to claim 8, wherein Ar is a monocyclic aryl
~ group which is unsubstituted or substituted in the para position with a suitable substituent; or a
| pharmaceutically acceptable prodrug or a pharmaceutically acceptable salt thereof.

15. The compound according to claim 10, 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 & streight or branched cheln rooroveloit rdical oF car bon and hydrogen ziv:s naving no
unsaturation, which is optionally substitated by one or more suitable substituents, or a
monocyclic heteroaryl group; or a pharmaceutically acceptable prodrug or a pharmaceutically
acceptable salt thereof,

16.  The compound according to claim 8, 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; or a pharmaceutically acceptable prodrug ora
phmmaceuncaﬂy acceptable salt thereof. '

17. The compound according to claim 15, wherein said suitable substituent in

the para position of said aryl group is fluorine, chlorine, a methoxy group, or an imidazolyl
group; or a phmmaceutxcally acceptable prodrug or a pharmaceutically acceptable salt thereof,
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18. A pharmaceutical composition comprising:
(2) a therapeutically effective amount of 2 compound according to
claim] or a pharmaceutically acceptable prodrug, salt or solvate thereof; and

(®)  apharmaceutically acceptable carrier, diluent, vehicle or excipient.

19. A pharmaceutical composition comprising:
(@  atherapeutically effective amount of a compound according to
claim 2 or a pharmaceutically acceptable prodrug or a pharmaceutically acceptable salt thereof’

and
(®)  apharmaceutically acceptable carrier, diluent, vehicle or excipient.

20.  Use of a compound according to claim 1, or a pharmaceutically acceptable
prodrug, salt or solvate thereof, in a therapeutically effective amount to treat a mammalian
disease condition mediated by metalloproteinase activity.

Use of 2 comporad 2cenrding to claim 7, or 2 pharmansn ~allr acnamte M.
prodrug, salt or soivate thereof, in a therapeutically effective amount to treat a mammalian

disease condition mediated by metalloproteinase activity.

22. Use as in claim 20, wherein the mammalian disease condition is a tumor

growth, invasion or metastasis, or arthritis.

23. Use as in claim 21, wherein the mammalian disease condition is a tumor

growth, invasion or metastasis, or arthritis.
24, Use of a compound according to claim 1, or a pharmaceutically acceptable

prodrug or pharmaceutically acceptable salt thereof in an acceptable amount to inhibit the activity

of metalloproteinase by contacting said metalloproteinase therewith.
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23, Use of a compound according to claim 7, or a pharmaceutically acceptable

prodrug or pharmaceutically acceptable salt thereof in an acceptable amount to inhibit the activity

of metalloproteinase by contacting said metalloproteinase therewith.

426. The compound according to claim 1, selected from 2(R)-N-hydroxy-
1-(4-(4-chlorcphenoxy)benzenesulfonyl)—4-(methanesulfonyl)—piperazine~2-ca:boxamide;
Z(R)-N-hydroxy-l-(4-(4~ﬂuorophen0xy)benzenesulfonyl)-ci-(methanesulfonyl}piperazim-
2-carboxamide; and 3(S)-N-hydroxy-4—(4—((pyrid-4-yl)oxy)benzenesulfonyl)-
2,2—dimethyl—tetrahydro—2H—1,4-thiazine~3—carboxamide; and pharmaceutically acceptable salts

and pharmaceutically acceptable prodrugs thereof,

27.  The compound according to claim 26, which is 3(S)—N~hydroxy
4-(4—((pynd-—4~yl)oxy)benzenesu]fonyl)-2 2-dimethyl-tetrahydro-2H-1 »4-thiazine-3-carboxamide;
or a pharmaceutically acceptable salt or a pharmaceutically acceptable prodrug thereof.

<8.  The compound according to claim 7, wherein no more tt.an two of said

four ring atoms of V are a heteroatom independently selected from O, N and S.

29.  The compound according to claim 1, wherein said compound is selected
from: |
3(S5)-N-hydroxy-(4-(4-imidazol-1 -y)phenoxy)benzenesulfonyl-
2.2-dimethyl tetrahydro-2H-thiazine-3-carboxamide,
3(S)-N—hydroxy-4-,(4~(4-ﬂourophenoxy)bcnzenesulfony%~
2,2-dimethyl-tetrahydro-2H thiazine-3 -carboxamide,
3(S)-N-hydroxy-4-(4-(4-imidazol-2 yDphenoxy)benzenesulfonyl-
2,2- chmethyi-tetrahydro-”"J-thxazme~3-carboxanude
3(S)-N-hyd:oxy-4~(4«(4-chlorophenoxy)benzenesulfonyl«s
2,2-dimethyl-tetrahydro-QH~thiazine~3-carboxamjde,
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2(R}-3,3-Dimethyl-N-hydroxy- 1-(4-(4-chlorophenoxyl)benzenesulfonyl)-

piperazine-2-carboxamide;
2(R)-3,3-Dimethyl-N-hydroxy-1 -(4-(4-fluorophenoxy!) benzenesulfonyl)-

piperazine-2-carboxamide,
2(R)-3,3-Dimethyi-N—hydroxy—l-(4-(4-bromophenoxyl)benzenesulfonyl)-

piperazine-2-carboxamide,
2(R)-1- (4-(4-(Chlorophenoxybenzenesulfonyl)-N—hydroxy—

3,3,4-trimethylpiperazine-2-carboxamide,
2(R)-1-(4-(4-(F luorophenoxybenzenesulfonyl)-N-hydroxy-3,3,4-

trimethylpiperazine-2-carboxamide,
3(S)-N-hydroxy—4-(4-(4-chloropheny1su1fanyl)benzenesulfonyl-

2,2-dimethyl-tetrahydro-2H-thiazine-3-carboxamide,
3(8)-N-hydroxy-4-(4- -(4-fluorophenylsulfanyl)benzenesulfonyl-

2,2- dxmethyl-tetrahydro-ZH—thm.zme—3-carboxam1de
| 2(R)~3 ,3-Dimethyl-N-hydroxy-1 -(4-(4-ﬂuorophenylsu1far;yl)

benzenesulfonyl)-piperazine-2-carboxamide,
2{K)-3,3-Dimethyl-N-hydroxy-1-(4-(4-chlorophenyisulfanyi)

benzenesulfonyl)-piperazine-2-carboxamide,
2(R)-1-(4-(4-(Fluorophenylsulfanyl) benzenesulfonyl)-N-hydroxy-

3,3,4-trimethylpiperazine-2-carboxamide,
2(R)-1-(4-(4-(Chlorophenylsulfanyl) benzenesulfonyl)-N-hydroxy-

3,3,4-trimethy1piperazine-2-carboxamjde,
2(R),3(S)-N-hydroxy-4-(4-(pyrid-4-yl)oxy) benzenesulfonyl)-2-methyl-

tetrahydro-2H-thiazine-3-carboxamide, and
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2(R),3(S)-N—~hydroxy-4—(4-(pyrid-4-yl)sulfanyl)benzenesxﬂfonyi}-
2—methyl-tetrahydro-2H-tlﬁa:dne-3acarboxamide;.

] B &

&

—

or a pharmaceutically acceptable prodrug, salt, or solvate thereof,

30. A compound of formula 3 for the synthesis of a compound according to

o z
SRS
IQ/ SO3H,

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

claim 1,

31.  The compound according to claim 30, wherein said compound is a
compound of formula 3a or 3b:;

N
(3a)
S
N H
x SO4H
(3b)

or a salt or solvate thereof.
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32. A compound of formula 4 for the synthesis of a compound according to

claim 1,

S0,
@
.- wherein D is N or C-R,, wherein Ry, is an alkyl group, a cycloalky! group, a

' heterocycloalkyl group, an aryl group, or a heteroaryl group, Z is O or S, and J is a halo group,

1,2,4-triazolyl, benzotriazolyl or imidazol-1-yl, or a salt or solvate thereof,

33.  Asalt of the compound according to claim 32, wherein said salt is a salt of

formula 4a or 4b:
[
~7 Ngo,00
(4a)
or
S ,
N+
™
SO,CI
H g » 2
(4b)

34. A method of making a compound accbrding to claim 1, comprising
making a compound of formula 3:

d
.
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wherein D is N or C-Ry,, wherein R4 is a heteroaryl group, and Z is O or
S, or a salt or solvate thereof,

comprising the step of converting a compound of formula 2:

oTC

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

@)

compound of formula 3, or a salt or solvate thereof.

35.  The method according to claim 34, comprising the step of converting a

compound of formula 2a or 2b:

(2a)
S .
”// X , AN
N / /
(2b)
or a salt or solvate thereof,
to a compound of formula 3a or 3b:
O
B
N /
SOzH
(3a)
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SASE
N SOH

@b) _
or a salt or solvate thereof to form said compound of formula 3a or 3b, or a

salt or solvate thereof.

36. A method 6f making a compound according to claim 1, comprising

making a.compound of formula 4:

T
' NF S0,J

G) wherein D is N or C-R,,, wherein R is an alkyl group, a cycloalky! group,
a heterocycioalkyl group, . ¥1 group, or a heteroaryl group, Z is O or S, and J is & h2logen,
1,2,4-triazolyl, benzotriazolyl or imidazol-1-yl, or a salt or solvate thereof,

V comprising the step of converting a compound of formula 3:

€)

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. -
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37.  The method according to claim 36, comprising the step of converiing 2

compound of formula 3z or 3b:
O

oy

7 SO;H

s
Y
)
N SO4H

or a salt or solvate thereof to a salt of formula 4a or 4b:

@O
T L
H \?;s*' S0,Cl
,//\,/s ,
RN H |
o \Qf!" SO,Cl

or a solvate thereof to form said compound of formula 4a or 4b, or a salt or

(3a)

(3b)

S et
S

(4b)

solvate thereof,
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‘ 38. A method of making a compound according to claim 1, comprising
making a compound of formula 4:

©/ Z
)

wherein D is N or C-R,¢, wherein Ry, 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 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:

0

)
wherein D and Z are as defined above, or a salt or solvats thereof a
compound of formula 4, cr a salt or solvate thereof form a compeund of Jrmula 4, or a salt o
solvate thereof.
39.  The method according to claim 38, comprisine the et27 of converine »
compouad of forrrula 2a or 2b:
\ o
N /
" (22)
\ s
N /
(2b)

or a salt or solvate thereof .a salt of formula 4a or 4b:
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(4a)
“"w_% S
A
Naw J
L T S0,CI
cl
(4b)

or a solvate thereof to form said compound of formula 4a or 4t, or a solvate thereof.

40. A method of making a compound according to claim {, comprising
making a compound of formula §:

o080

N \\///\802 0

. l/\
wherein

DisNor C-Ry,, wherein R4 is an alkyl group, a cycloalkyl group,

a heterocycloalkyl group, an aryl group, or a heteroary! group,
ZisOor S, and

R, and R, independently are selected from H and any suitable organic

(8)

moiety, or wherein R, and R, together form a cycloalkyl group or a heterocycioalkyl group,
and further wherein Q is a cycloalkyl group, an aryl group, a heteroarvl
group, a heterocycloalkyl group, or a group of formula
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wherein A is C or Si, and Ry, Ry, and R, are independently H or any
suitable organic moiety, or a salt or solvate thereof,

comprising the step of reacting a compound of formula 7 or formula 11;

H (0]
N
0oQ
Ry
S
Rz
)
. T 5
N
,/ OH
K /k—‘&
S
R2
(11)

wherein R, R, and Q are as defined above, or a salt or solvate thereof,

with a compound of formula 4:

4)

(
wherein D and Z are as defined above, and J is a halogen, 1,2,4-triazolyl,

benzotriazolyl or imidazol-1-yl, or a salt or solvate thereof form said compound of formula 8, or

a salt or solvate thereof.
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41, The method according to claim 40, wherein R, and R, are each a methy]

group.

The method according to claim 41, wherein when A is C,

Ry is H, an alky! group, an O-alkyl group, an S-alkyi group, a cycloalkyl
group, a heterocycloalkyl group, an aryl group, a heteroaryl group, C=N, or C{(),,, wherein R,
is an alkyl group, an aryl group, a cycloalkyl group, a heteroaryl group, or a heterocycloalkyl

g
d

group, and
R, and R4 are independently selected from H, an alky! group and an aryl
group; and when A is 8i, Ry, Ry and R, are independently selected from an alkyl group, a

» cycloalkyl group; and an aryl group,

)
43.  The method according to claim 42, wherein Q is CH,, CH,CH,, CH(CH,),,
C(CH,),, CH,-CH=CH,, CH,C=N, or a group of the formula:
CHy CH(CH3),
5 L'g"ég
S < Lo or o S mee CH(C 53
L N, |
CHa CH(CH3),
wherein Ry, is CH, or CH(CH,),.
44, The method according to claim 40, comprising the step of reacting a
- cowmpourd of formula 7a:
Yot H 0
:
N
ol oQ

i{7a)
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or a salt or solvate thereof, with a salt of formula 4a or 4b:

0
@ Q
Nao +
HTON S0,CI
-
S
@f \Ck
N+
N SO,Cl
Ci

or a solvate thereof, to form a compound of formula 8a or 8b:

(42)

(4b)

~.

) CrO\@\
o | " 7 Toz 0

N
oQ
]
(82)
N
e / 502 o]
2 |
N
0Q
S
(8b)

or a salt or solvate thereof,
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45.  The method according to claim 44, wherein when A i« C,
Ry is H, an aiky! group, an O-alkyl group, an S-alky! group, a cycloalkyl
group, a heterocycloalkyl group, an aryi group, a heteroaryl group, C=N, or C{O)R,;, wherein R,
is an alkyl group, an aryl group, a cycloalkyl group, a heteroaryl group, or a heterocycloalkyl
group, and
R, and R,, are independently selected from H, an alkvi group and an aryl

group;
and furthe: wherein when A is Si,

Rg, Ry and R, are independently selected from an atkyi group, a cycloalkyl
group, and an aryl group.

46.  The method according to claim 45, wherein Qis CH,, CH,CH;, CH(CH,),,
C(CH,)s, CH,-CH=CH,, CH,C=N, or a group of the formula:

CH CH(CH
! ) - (CH3),

f

oya— </ Ryo or =8 =—=~CH(CHi}2 |
RN "'
CHa CH(CHy);

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

47. A method of making a compound according to claim !, comprising

making a compound of formula 9:

7 \r! S
|
o = l
™~ 7 Toz 2
N
oH
Ry
S
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wherein D is N, Z is O or §, 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 8:

L
"\ SO, 0
[ oa
S R, 1

wherein D, Z, R, and R, are as defined above, and further wherein Q is a
cycloalkyl group, an aryl group, a heteroaryl group, a heterocycloalkyl group, or a group of
formula

®

Rs
—A—R,
R1o

o wherein A is C or Si, and R;, R, and R, are independently selected from
H and any suitable organic moiety, or a salt or solvate thereof, to a compound of formula 9, or a

salt or solvate thereof.

48.  The method according to claim 47, wherein R, and R, are each a methyl
group. '

49.  The method according to claim 48, wherein
when Ais 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,
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1s an aiky} group, an aryl group, a cycioalkyi group, a heteroaryl group, or & heterocycloalkyl
group, and

Ry and Ry, are independently selected from H, an alky! group and an aryl
group; and further wherein when A is §i,

Rg, Ry and R, are independently selected from an alkyi group, a cycloalkyl
group, and ax arvl group.

50. The method according to claim 49, wherein Q is CH,. CH,CH,,
CH(CH,},. C{CH,),, CH,-CH=CH,, CH,C=N, or a group of the formula:

CHg ) CH(CHg),
|
e G e R,y or ~——Si——CH(CHa},
CHgy
CHs CH(CH,),
wherein R, is CH; or CH(CH,),. -
Sl A method of making a compound according to claim |, LOmprising o
w
making a compound of formula 9: P
N -
{,ﬂ \\ A \ m
g} ! &
N -~
= 50, 0 f-
<

F
Lﬁ\

wherein Dis N, 2 s O or S,and R, and R, independentiy are selected
from H and any suitable organic moiety or R, and R,

together form a cycloalkyi group or a
heterocycloalkyl group, or a salt or solvate thereof, comprising the step of converting a

- compound of formula 4:




Yo
g

e
SR

wherein D and Z are as defined above, and J is a halogen, 1,2,4-triazolyl,

benzotriazolyl or imidazol-1-yl, or a salt or solvate thereof to a compound of formula 9, or a salt or

4)

solvate thereof form said compound of formula 9, or a salt or solvate thereof,

52.  The method according to claim 51, wherein said salt of formula 4 is a salt

. of formula 4a or 4b:
O
@f Q
Nau +
N SO,CI
clI- ~r
(42) L~}
F S\V,/\ LA
- p
N3 U\ "
N Z SO,CI ~
Cl _ ®
(4b) N
.
53. A method of making a compound according to claim 1, comprising o N
g

making a compound of formula 9:

N z
N
OH
[ Ri
s R,

137



wherein D is N or C-Ry, wherein Ry, is an alkyl group, a cycloalkyl group,
a heterocycioalkyl 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 organic moiety, or wherein R,andR,
together form a cycloalkyl group or a heterocycloalkyl group, or a salt or solvate thereof,

comprising the step of converting a compound of formula 7:

T o]
-w/ N
5’” 0oQ
.
‘\\S
Rz

7
wherein R, and R, are as defined above, and
wherein Q is a cycloalkyl group, an aryl group, a hetercaryl group, a
heterocycloalkyl group, or a group of formula

-~

Rg ™

LA

——— ARy, .

<@

R10 N

wherein A is C or 8i, and Ry, Ry, and Ry, are independently selected from o

H and any suitable organic moiety, or a salt or solvate thereof, i‘
&

10 a compound of formula 9, or a salt or solvate thereo? 1o form said a:

compound of formula 9. L

s
g
Lo

54. The method according to claim 53, wherein R, and R, are each a methyl

group.

55.  The method according to claim 54, wherein D is N.

138



By

AKET01368

56.  The method according to claim 55, wherein when A is C,
R; is H, an alkyl group, an O-alkyl group, an S-alkyl group, a cycloalkyl
group, a heterocycloalky! group, an aryl group, a heteroaryl group, C=N, or C(O)R,;;, wherein R,
is an alkyl group, an aryl group, a cycloalkyl group, a heteroaryl group, or a heterocycloa]kyl
group, and ’

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

R, Ry and Ry, are independently selected from an alkyl group, a cycloalkyl
group, and an aryl group.

57.  The method according to claim 55, wherein Q is CH,, CH,CH,, CH(CH,),,
C(CH,);, CH,-CH=CH,, CH,C=N, or a group of the formula:

CH3 CH(CHg),
s.—-—< Rz or ———8i——CH(CHa),
CH3 CH(CH,),

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

58. A method of making a compound according to claim 1, comprising
making a compound of formula 10:

SaoN
[rtm

AP//98 /01284
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wherein D is 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 cycloalkvl group or a
heterocycloalkyl group, or a salt or solvate thereof, comprising the step of converting a

compound of formula 9:

SRS\
N SO, 0
N
Ok
e
S R,

(5
wherein D, Z, R, and R, are as defined above, or a sait or solvate thereof a

compound of formula 10, or a salt or solvate thereof to form said compound of formula 10, or a salt

q

or solvate thereof,
"
-~
59. The method according to claim 58, wherein R, and R, are each a methyl o
w

oup.

group o
~~
60. A method of making a compound according to claim 1, comprising :
making a compound of formula 10: ~
.
&L
<

—

resteraciars,

B4
7 SO, o
L
NHOH
E Ri
s R,

\\ - Z ”‘av\
oy
N

i)
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wherein D is N or C-R,, wherein Ry, is an alkyl group, a cycloalkyl group,
a heterocycloalkyl group, an aryl group, or a heteroaryl group, and further wherein R, and R, are
indepéndently selected from H and any suitable organic moiety, or wherein R, and R, together
form a cycloalkyl group or a heterocycloalkyl group, o: a sali or solvaie tereor,

comprising the step of converting a compound of formula 7:

T 0
N
oQ
Ry
S
Rz

wherein R, and R, are as defined above, and

@)

wherein Q is a cycloalkyl group, an aryl group, a heteroaryl group, a
heterocycloalkyl group, or a group of formula
Rs

———A—Ry

\

R1o

- wherein A is C or Si, and Ry, Ry, and R, are independently selected from
H and any suitable organic moiety, or a salt or solvate thereof

to a compound of formula 10, or a salt or solvate thereof.

AP/I'/98/01284

61.  The method according to claim 60, wherein R, and R, are each a methyl
group.

62.  The method according to claim 61, wherein D is N.

141



63, The method according to claim 62, wherein when A is O,

R 1s H, an alky! group, an O-alkyl group, an S-alky! group, a cycloalkyl
group, a heterocycloalkyl group, an ary! group, a heteroaryl group, C=N, or C{OJR,,, wherein R,
is an alkyl group, an ary! group, a cycioalkyl group, a heteroaryl group, or a heterocycloalkyl
group, and

Ry and R,, are independently selected from H, an alkyi group and an aryl
group; and

when A is Si, Ry, Ry and R, are independently selected from an alkyl
group, a cycioalkyl group, and an aryl group.

64.  The method according to claim 63, wherein Q is CH,, CH,CH;, CH(CH,),,
C(CH,);, CH,-CH=CH,, CH,C=N, or a group of the formula:

CH CH(CH

l 3 chy ' (CHa),
s&-—-—< R or e Si=——CH(CH
L e |

CHy N CH{CHa)z

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

95.  An compound according to claim 1, having the formula:

-

7 Ar
? (}ng 4
i ]
I
o~ R

wherein:

the compound is an {N-hydroxycarbamoyl)-l-(4-phenof~,:}i}‘;ﬂenzenesulfonyi
derivative;

Y is selected from ihe group consisting of CH,, C(CH,)... and N-COCH;;
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X is selected from the group consisting of N-CO,C(CH,),, N-H,
N-COCH,;, N-CH;, N-CONHCH,;, S, N-SO,CH,, N-SO-(1-methyl-imidaz-1-yl), SO, CH,, O, and

N"CHzCOzCHzCH3;
W is selected from the group consisting of CH,, NH, and CO;
Ar is selected from the group consisting of 4-bromophenyl, phenyl,

4-chlorophenyl, 4-(furan-3-yl)phenyl, 4-(imidaz-l-yl)phenyl, pyrid-4-yl, 4-fluorophenyl,

2-pyridyl, 4-cyanophenyl, 4-methoxyphenyl, and 4-pyridyl,
' or a pharmaceutically acceptable salt or solvate thereof.

66. A compound according to claim 65, having the formula:
saole
J / s /N\k
Oz H

/\NHOH

or a pharmaceutically acceptable salt or solvate thereof.

(LR
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