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Descri ption METALLOPROTEI NASE | NHI Bl TORS,

PHARMACEUTI CAL COVPOSI TI ONS CONTAI NI NG THEM AND THEI R
PHARMACEUT| CAYO Priges24 AND METHODS AND | NTERVBEF/ESI549338 EF UL
FOR THEI R PREPARATI ON The present invention relates to

conmpounds that inhibit met al | opr ot ei nasés, particularly matrix _
nmet al | opr ot ei nases and tunor necrosis fact_ or-[err] convertase, and their
phar maceutical |y acceptabl e salts and DeseHali®ficeutical 'y acceptabl e

prodrugs. The invention furt,ﬂgﬁ- L%Pk@rétﬂﬁs@m%ﬁ@nﬁf these conpounds,

salts and prodrugs for the therapeutic treatnment o umans or ani mal s.

Matri x netal | opr ot ei naéﬁiA%WQEJWC&LeCQMPQﬁlfT}OﬁS CONYAINING dl ncl udi ng,
but not limted to, coll Y an

stronel ysins, which are W@ﬁ'ﬂ?%@m#%isegmdel | ing of
connfect [ \ée_ ti ssues. Thesaa\émwrhmosr AND)IN'KERME@WIEQ@EBFUL?_GE 'ltolypef t hat
are found in or associated wi uch as fibrobl asts,
nonocyt es, nmacrophages, endot helﬁl}ﬂg*?%?dfé‘g?@at ic tunmor cells. They
al so share a nunber of F’I"H@;ﬂ-é&éﬁﬁnvérﬁﬁh'f@hfé%té'cﬁﬁ'lp%ﬂﬁdé?ﬁa?rdl'ﬁﬁlﬂependence

secretion as zym)giens and 40-50% am no aci d sequence
Matri x met al | ometalispreisingses: paricularyangiris matallopietsinases gnd)tumc@rﬁ@croms

extr acel | ul ar gati o cohueitask Gl HAnGALBRREI Scdeibie kel dify | | i ngs of

joints, interstl connec es, cartilage and
the 1|ike. Thepbamazeeticallyiacceptdblequbdmgen Thprimtantigh jurther rélatesdadiee i n and

I LlLagen is.th jor. S t | pr. in_ of
ol | an ¢ sstEeS O g FRPAT RS, s R PRlRlgsSof E HeRpsBieErthalt g : an
prg;anasm; andh?mawogammtial conponent of man%/ mazrj[x ]tissijfas

ing cartilage, bo . ons an erstitjal,.co enases
catalyse the fnitial (r Aatirieiqstenazes LMNES et 8 e S AR  ypes |
L, 11 and X jnBheiwgy, %ﬂiﬁ&ﬁﬁmﬁéd&évﬁatlagéﬁééewBélatlﬁésést HRtrilyshe e s whi ch
spont aneously denature at ysi ol ogl cal nperature. Denhaturation of

col I agen i nvol §‘§%m§Uﬁ‘@§r\§|“§h agg invalved inthe: qﬁgfa@ﬁlqneﬂ!‘drfém%e“'ﬁg@fr andom coi |
referred to ascoflettive tissUbRs THE8k Bhkymés 8RB Sh a number of cell types that

are found in or associated with connective tissue, such as fibroblasts,
monocytes, macrophages, endothelial cells and metastatic tumor celis. 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 |, i, Il 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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fragnents are then subject to further cl eavage and degradati on by | ess
specific enzynes. The net result of collagenase cleavage is thus the | oss
of structur¥MOOV4rity in the matrix tissue (collagen col beressions
essentially irreversible process. The gel atinases include two
distinct yet highly related enzynmes: a2%2-kiloDalton (kDa) enzyne and a
92-kil oDalton enzyne. The fornmer is released by fibroblasts while the

latter is retoliagen) fragmentsare them subjech tmfuythescleaeage ahdégradatiombyl

I thelial l1s, t, | | t,ot bl.ast d Kk tl tes. Both
onzynes. degriaas Shesll PRI N NEdeRaf PGS se v e LR
(basement neghs anstudtindl tedritpirmthe ehatris tisdiiedieonayenasdiiapse)vanght

mul tifunctional n%l coproteins found in soft connective tissue and basenent -
nmenbr anes) agRsankially kevershie,Rracess-hi ghl y cross-1inked hydrophobic proteins

found in | oad bearing 44 : ' i [ .
)fﬂcﬁbééléuriyseg‘ri’%%ﬂ(yé W0 ASHHREGEt Nighty réiBled enzymes

Stromelysins (1 and 2 ave a range of matrix” substrates,
i ncl udi ng | aad@ikipDaitom (ta)enayme@mndta8yk tonenzyas. | thesformepiss |V and

| X -helical). , e : | e
POMD) a1 oo cEpaseacby fbrapigsts e S dier Evefes Bl b rhoiforleledyr 0P[O D nase o
pr ot eogl ycanghagidytds, heutrophile] caraedliepithelid! gells, hsmancelispoytotrophdiiiasts | ysi n
cort o ©!aha kerabnoos.. Bplhsraies seorade Gfang Giehgfinsd Rafbepsh ™ ™"
met al | opr ot e gRsRn thfes M @akémentaBbiae) afd \A fibAsidctins (High Bickedutivn of

connective tissue nediated by these enzynes is generally in a dynamc
equi | i bri um weight syulifuactionabglyaeriotaing fopad in gcg‘[,@%nectwe tidsue and ", g

b ¢ . ) e . . o Cri
Tt opr of aPASeREhEAbrBaRe] ind RSl Bastl MEF Eross WRkedHydiopRabie! Rt ri X
ext racel | ul aprateinsifoundrindead bearingsears atmampraiianconpeetivertissbelis  (e. g.
rheumatoid arthriti sm%gglﬁ%@?@ggi%hp&zépeavggrﬂrgg@m"qﬁ &lrﬁ%§e, aber r ant

angi ogenesi s, tunor nvasi on, ti1ssue ceration (e.g.,
corneal ul ceubstrates, inclading taméniny fiironectios, pptatgiyeans and collagemtypevone
di sease, Hi V-N aingflﬁ(i}ui)r(;)-ﬂeﬁc%%. conplications from di abetes.
Matrilysin (putative metalioproteinase or PUMP) aiso degrades
a wide variety of matrix substrates, including proteoglycans, gelatins,
fibronectins, elastins and lamanin. Matrilysin has been found in mononuclear
phagocytes, rat uterine explants and tumor cells.
in normal tissues, the activity of matrix metalloproteinases is
tightly regulated. As a result, the breakdown of connective tissue mediated
by these enzymes is generally in a dynamic equilibrium with synthesis of new
matrix tissue.
in a number of pathological disease conditions, however,
dereguilation of matrix metalloproteinase activity leads to the uncontrolled
breakdown of extraceliular matrix. These disease conditions include arthritis
(e.g., theumatoid arthritis and osteoarthritis), periodohtal disease, aberrant
angiogenesis, tumor metastasis and invasion, tissue ulceration (e.g., corneal
ulceration, gastric ulceration or epidermal ulceration), bone disease, HIV-
infection and complications from diabetes.
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Adm ni stration of matrix metall oproteinase inhibitors has been found to
reduce the r nnective tissue degradation, thereby |eading to a

favorabl e therapeutic effect. For exanple, in Cancer Res., \RffT/US9§19338 2087
(1993), a synthetic matrix mnetal |l oprotei nase I nhi bi tor vvas shown to have in
vivo efficacy in a nurine nodel for ovari 3N cancer with an apparent node of

action consistent with inhihition of matri nodel | i n The, de n and
uses of MVP inhibitors AGHINZGALONRLY matgx n}g;fg[par%telqaﬁe '@Wiﬁhﬁs?’ﬁ%ﬁ‘bi tion,

2, 1-22 (1987)}oufd ﬂﬂfe@l%ée it mélbfzctd}mec@m'as&brdeg?&anaﬁ1th§?éby(|é9&8g to Current
Medi ci nal Chem stry, 2, 743-762 (1995); Exp. Opin. Ther. Patents, 5, 1287-

1296~ (1995) ; aﬂnf?\'m thesepautic efieetl fipr exampie, #5 Cancgrdyes., vol. 53, p. 2087
Matr i | | '
Mt o | BB et it IR iahat i PeSShoflh 1o BGERPLS

U. S. - Pat ent vacsemesc;em murife riegliekbior ovmarscmr @ith anlapparerfanede ofNo.
5,552,419; U. S.  Pate ean ,Pat en | i catjon No. O

438 223: Euro;?é%'ﬁ"ﬁ&ﬂﬁ'ﬁ ”l\ﬁgl‘é’?g‘? %‘thﬁ\ﬂa s Toripdaling trWé%g'PF?taé'&"n‘éﬁ“’ﬁonal

Publ i cati on Noof Mi#PIRhiBieQire v&\m’émtf@:rmmaah.l Enbymemmmom VD
92/ 06966; W PO I nt.ernational Publication 92/ 09563: W PO

I nt ernat i onal (P8BY); Sxegreas fMedigingbLheypisiry 3%! 361‘3%%9 t Cymant publ i cati on
No. 95/35276; graie Waf’?h bR, 728962 (4695 E%bherm'\'i’heﬂ\ea « 6>43g7.1 he

di scl osures of eac are |ncorpor ein by reférence.
Turmor necr osi s1396c{1805); wd]&mgntsqogemquqys1.a16,~2661<996é whi ch is produced as

28- kDa or and ' ctive form
o 28 e precursor A WS REaloRrARnas bl ARl R sl erC
i nfl an’mﬁt i on, ﬁmmusmtght@rnd:pulmt applicatiors, incheing: rthgEate_m:ﬂgul ation agd

t ase re , ar, .t o those s ri L QT i ons an
Shock ot ates. SHBoMYE: UGN sciRa00 RES Bben Harb 86242 G cxi 2 and
anor exi a; accupatept NeN5, 552@1966$ FateriiNo2 50485,288; Eurépean Patent
TNF-[err] convertase is a _netal IoEr ot ei nase involved in the bi osynt hesi s of

TNF-a. | nhi bi tARplicationNe. 8 4382287 H@&eﬁﬂﬁﬁﬁﬁﬂtﬁﬂﬁl"%@@t”%@ 476 438:- a.
WO 97/ 20824  ywipO International Publication No. WO 92/21360; WIPO International

PCT/ US96/ 19328
Publication No. WO 92/06966; WIPO International Publication
No. WO 92/09563; WIPO International Publication No. WO 96/00214; WIPO
International Publication No. 95/35276; and WIPO International Publication
No. WO 96/27583, the disclosures of each of which are incarporated 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 fofm 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-o convertase inhibits production of
TNF-c.



-4 - Si nce excessive TNF-a production has been noted in
several disease conditions characterized by MVW-nedi ated tissue
degradation, including nmultiple sclerosis, arthritis and cancer, conpounds
which inhibit both MWs and TNF-a convertase are especially advantageous
for the treMOAIRM82r prophyl axis of disease conditions in pivoswsasizk
mechani sns are involved. Although conpounds that both inhibit MwWs
activity and TNF-[err] production have-Keen disclosed in WPO

I nternational Publication Nos. WD 94/24140 and WD 94/ 02466, the

di scl osures of which arSinteegtessivelTNF-poprotiectionhasiernarted iri sevesali s stil |
a need for effective and/ or TNF- verfase .inhibiti n agents
Because of t HUS@asRERA % q@gﬁ]gzgd@tegﬁgl@ egrad for
ef fective i nhybhum| gsmgftsp@é@éfoﬁﬁr&ttm’it&% aﬁw chmpoﬁhes %t?:?nelﬁﬁxbltnve”t i on

is therefore directed to certain compounds that inhib
net al | opr ot ei betbddMPs and TNE-asmmyvestage ?W@QMW@W&B@QW%‘W the

h t t I
Pompost &1 ons. {eHEn BF bR ditee cofliione Wik tBbPRechalfibRER I
to met hod andinvolved rédthetgls cumpbuhdsmat bdllhiinhlbitMMPaacthy ahddiNK-anal

features and advan S 0 Lnvent i i1l _be. s f.or n the
descri ption V\mchcégflﬁgv\%Le a'SF‘HS %H%ﬁ'“{?@%ﬁaﬁw %ﬁm

_Cli_ escr Ihpt ion ﬁwmam;ﬁ 4b;]emwg> $4/024.66, A6é diselosiresitd whiskearei Hetein q

o achi eve these and other advantages, ent i nve vides a
conpound of f tRCARTACKAtEA by reference, theg‘ﬁé‘?éwﬂa Zg effecitye QM '&dlgfiﬁfem
radi cal whi chotmobRESe ivhithting a Nforms a ri ng having six ring atoms,
where each of said ring atons o her’ than C* and N independently is

unsubstituted or subst iBegausenf theicbenefisiabtherpautic effscts, there ia needt one of
S oan o o SR RN PQRIATOR SR Rk OTME Pl W L1
phar maceut i catheyefaoe divectsd ¢o pertain cogmpetinds that iniibitmetallpproteifiases, such WO
97/ 20824 as MMPs and TNF-a convertase, their pharmaceutically acce;?tg{el@gg/uﬁg? 28

salts and solvates, pharmaceutical compositions containing the same and

methods of using the same, as well as to method and intermediates useful in

their preparation. Additional features and advantages of the invention will be

set forth in the description which follows, and in part will be apparent from the

description or may be learned from practice of the invention.

To achieve these and other advantages, the present invention

provides a compound of formula 1:

wherein Z is 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 independentiy 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.



- 5- Preferred conpounds of the forrmula 1 include those having

the formula 1-a: [err] wher ei n W X and Y are each,
i ndependent|ly of one another, CRerr]Rerr], C=O S, S=0O, SO[err], O
NRerr], or Nerr](Jerr])-Rerr], where Rl err]
and Rl err] aWwo?iP8Pendently selected fromH and PCT/US96/19328

a suitable organic noiety, or wherein R err] and R err]
together forma cycloal kyl group or a =9-

het er ocycl oal kyl group, Rerr] is hydrogen or a
sui tabl e organi ¢ noi et \Prefemed compounds of the formula 1 lﬁglude@%?erl]\g\{ugg al kyl

group, aym'th the proviso that at |east one, but not all, of W
X, and Y are .

formula 1- selected fromCRerr]Rerr] and C=O, or a

phar maceutical |y acceptabl e prodrug, sa or _sol vat e thereof.
The invention is also directed t abzi"lﬂ'ii biting the activity of a
met al | opr ot ei nase, such as ao] & N[NF—a" convertase, by admnistering a
conmpound of the formula 1 or 1-a, dr alpharnaceutically acceptable
prodrug, salt or solvate thereof. W Wwention is further directed to a
pharmaceutical conposition conprising an effective amount of a conpound of
the formul a 18@’1"eréiﬁa or a pharmaceutically acceptable prodrug, salt or

sol vate thereof. The invention is still further directed to a
met hod for making conpdlXdandY areeachindapendenlly af ong apather, %bme or nore

ot ned beg nfrity SrSTgRn B MR orMOFRpg | 5 21T %2 S onpound of
formula 2: J[err] R, and R, are independgntly 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 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 2 method of inhibiting the
activity of a metalloproteinase, such as an MMP or TNF-a convertase, by
administering a compound of the formula 1 or 1-a, or a pharmaceutically
acceptable prodrug, salt or solvate thereof. The invention is further directed
to a pharmaceutical composition comprising an effective amount of a
compound of the formula 1 or 1-a or a 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,
wherein the variables in the formulas below are defined beginning at page 11:

(1) converting a compound of formula 2:

70

(2)
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-6- or a salt or solvate thereof, to a conpound of formula 3:

[err] (3) or a salt or solvate thereof, under
conditions sufficient to forma conpound of fornula 3; (2)
converting aveawpsehd of fornula 3 above, or a salt or sol whfysbdppeef . to
a conpound of fornula 4: [err] (4) or a salt or
sol vate thereof, under conditions suffi.gient to forma conpound of fornula
4, or a salt or solvate thereof; (3) converting a conmpound of

formula 2 ab@va,saﬂroréoﬁaiéthéfedﬂtb\aaéd?n diidestiforniuta 8; conpound of formula 4
above, or a salt or solvate thereof under conditions sufficient to forma

conmpound of formula 4, or a sal sol vat e t hereof; (4)
converting a conmpound of fo [err] (5)
or a salt or solvate thereo &6gpound of formula 6: [err]

(6) or a salt or solvate there@§ under conditions sufficient to forma
conmpound of forrmula 6, or a salt .or solvate thereof;

or a salt or solvate thereof, under conditions sufficient to form a compound of
formula 3;
(2) converting a compound of formula 3 above, or a salt or
solvate thereof, to a compound of formula 4:

]
'SRCWN

(4)
or a salt or solvate thereof, under conditions sufficient to form a compound of
formula 4, or a salt or solvate thereof;

(3) converting a compound of formula 2 above, or a salt or
solvate thereof, to a compound of formula 4 above, or a salt or solvate
thereof, under conditions sufficient to form a compound of formula 4, or a salt
or solvate thereof;

(4) converting a compound of formula 5:

0

Hsz\OH
R1

HS
(5}

or a salt or solvate thereof, to a compound of formula 6:

o

“z"roo
R

HS Rz‘
(6)

or a sait or solvate thereof, under conditions sufficient to form a compound of
formula 6, or a salt or solvate thereof;
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-7 - (5) converting a conpound of forrmula 6 above, or a salt or
sol vate thereof, to a conmpound of formula 7: [err]

(7) or a salt or solvate thereof, under conditions sufficient to forma
conpound of W2 7 or a salt or solvate thereof; PCT/US96/19%3

converting a conpound of formula 11: gerr]
(11) or a salt or solvate thereof, to afconpound of formula 7 above, or a
salt or solvate thereof, under conditi o&gpfsfuffici ent to form said conpound

of formula 7, or a sal(®) EPMEsing2 SOMRaY ormula 6 above, of gsaltfverting a

conpound of f ggiFlenEretp Iy dMipcinddfforfiula 0! vat e thereof, to a conpound
of formula 11 above, or a salt or solvate thereof, under conditions

sufficient to formsaid conpound of forrmula 11, or a salt or solvate

t her eof ; (8) reacting aHorpound of forrmula 7 above, or a salt
or solvate thereof, or a compound @ rqul a 11 above, or a salt or solvate
thereof, with a conmpound of forrmufa 4 abOGve, or a salt of solvate thereof,
under conditions sufficient to fo R’éiorrpound of formula 8: [err]

{(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 compound of formula 11:

H O
E”ﬁori
S§7°R,
(11)
or a salt or solvate thereof, to a compound of formuia 7 above, or a salt or
solvate thereof, under conditions sufficient to form said compound of formula
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 formuia 11 above, or a salt or solvate
thereof, under conditions sufficient to form said compound of formula 11, ora
salt or solvate thereof;

(8) reacting a compound of formula 7 above, or a salt or solvate
thereof, or a compound of formula 11 above, or a salt or soivate thereof, with
a compound of formula 4 above, or a sait of solvate thereof, under conditions
sufficient to form a compound of formula 8:

'SRy
h oQ
(8) [SIRle‘

or a salt or solvate thereof:
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converting a conpound of fornula 8 above, or a salt or solvate thereof, to
a conmpound of formula 9: [err] (9) or a
salt or sol v ek eof , under conditions sufficient to foprgsepEpgund of
formula 9, or a salt or solvate thereof; - (10) converting a

conpound of fornula 4 above, or a salt gf. solvate thereof, to a conpound
of formula 9 above, or a salt or solvate thereof, under conditions

sufficient to forma cyrenwéting af cunpdunddf féimula 8albove or Foalvert € t her eof ;
(11) converti ngl a conpound of fornula 7 above, or a salt or solvate
e

t hereof, to &© Fﬂ)’@'ﬁ’l‘@PfoW formula 9 above, or a salt or solvate thereof,

under condit'% d &ifeRhulh®:f orm a conpound of formula 9, or a salt or
sol vat e thergo ; p°6ﬂrf (12) converting a conpound of fornula 9

above, or a salt or solvate ther%of, to a conmpound of fornula 10: [err]
$02 O
OH

(10) 0
.

(9) Rz

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

(10) converting a compound of formula 4 above, or a salt or
solvate thereof, to a compound of formula 8 above, or a salt or solvate
thereof, under conditions sufficient o form a compound of formula 9, or a salt
or solvate thereof;

(11) converting a compound of formula 7 above, or a salt or
solvate thereof, to a compound of formula 8 above, or a salt or solvate
thereof, under conditions sufficient to form a compound of formula 9, or a salt
or solvate thereof,

(12) converting a compound of formula 9 above, or a salt or
solvate thereof, to a compound of formula 10:

SAe

2
HOH

R
(10) 2

or a salt or solvate thereof, under conditions sufficient to form a compound of
formula 10, or a salt or solvate thereof; and

(13) converting a compound of formula 7 above, or a salt or
solvate thereof, o a compound of formula 10 above, or a salt or solvate
thereof, under conditions sufficient to form a compound of formula 10, or a
salt or solvate thereof.



or a salt or solvate thereof, under conditions sufficient to forma

- conpound of formula 10, or a salt or solvate thereof; and

(13) converting a conpound of formula 7 above, or a salt or solvate
thereof, to a compound of formula 10 above, or a salt or sqly Tﬁ}ggwggﬂer eof ,

under. cond| tweRw2084 fi cient to forma conpound of formula fg salt or -
sol vat e t hereof. WO 97/ 20824

PCT/ US96/ 19328 In the apove-descri bed conversions and
reactions, the follow ng definitions apply: Dis N or

C-Rerr] wherein R err] iisthenatdveydesgribetdcorversiohsoandk sdactions) the following

a heterocycloal roup, , an aryl group, or a heteroaryl group,

Zis Oor S, ‘J("'"t nsapply J is a halogen, 1,2, 4-triazolyl,

benzotriazolyl or imdazg N ¥t C-R,s wherein Ry is an alﬂl@réﬂp,%cﬂaﬁ(y[ growpe as
defi ned above, and ‘Qis a cycloal kyl” group,” an _aryl group,
a heteroaryl group, a - @& heterocycloalkyl Qﬁ@!ﬁhlﬂﬂﬁi‘l%ﬁ“kﬂf@@wafﬂﬂrﬁl%roup of
formula [err] ZisOorS wherein Ais Cor Si, and Rerr],
Rlerr], and Rerr] are ' I ndependent |y sel ected fromH

and any suitabl e organi cJis ahalogen, 1,2,4-triazolyl, bengdlgiarglyl asrimidazal-t-yhr

(1) "above, when D is G RUATHRAYRRERMEIaRRBA: \1  group, and
for. conversion (4) aboveQ ishecysiogiolgebups ahtargligroup, ailieterebry! grdup; aul @ 6 is

not a diester and Q1i's ngL eyl PLNE of S RGP H gty ~CHerT-
Res

—ARg
10

wherein A is C or S}, and Ry, Ry, and R, are
independently selected from H and any suitable organic
moieity, or a salt or solvate thereof,
 with the provisos that:
for conversion (1) above, when D is C-R,;, R, is a heteroaryl
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,-
phenyl, '

- o}
~HCH2)2SCH.C(OINH(CH)s \O/\O
HO, _
o] HO OH
o i
o H N/lk
,or (e NH
x
Me
Additionally, the present invention is directed to compounds of

formulas 3, 4, 6, 7, 8, and 9 above. For the compounds, salts and solvates of
formula 3 above, when D is C-R,;, Rg is @ heteroaryl group. Further, the



Additionally, the present invention is directed to conpounds of
formulas 3, 4, 6, 7, 8, and 9 above. For the conpounds, salts and sol vat es

of formula 3 above, when Dis C-Rlerr], Rerr] is a heteroaryl group.
Further, the WO 97/ 20824
PCT/ US96/ 19 91 - 10pcT/USYGIOBABOUN,

salt or solvate orsuf ormula 6 is not a diester. Additionally, for the
conmpounds, salts, and solvates of formula & Qis not net hyI et hyl ,
i sopropyl, n-butyl, -CH2-phenyl, ?

Preferred enbo v i tions,
Prefer e SOt el ot Sy Sfafgﬂﬁﬁ'% %'éﬁggﬁ?f%?%ﬁﬁﬁdgww‘w PHHe
definitions. compounds, salts, antissoltes bifotrhalai®, € isniot apathyic ethiyh isoprdysyl,

f ol I owi ng definit |t§' SCH'E ly, unless otherw se indicated:

An "al kyl grouﬂ J eﬂlfé@i'to mean a straight or branched chain
nonoval ent radi cal of saturated and/or unsaturated carbon atons and

0.
HCHSCHAIONH(CHS” \Q/\O
H
(o] H OH
P i
(o] H -
, OF O NH
™
‘\(Ko K/K

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

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

An "alkyl group" is intended to mean a straight or branched
chain monovalent radical of saturated and/or unsaturated carbon atoms and
hydrogen atoms, such as methyl, ethyl, propyl, isopropyl, butyl, iscbutyl,
t-butyl, ethenyl, pentenyl, butenyl, propenyl, ethynyi, butynyl, propynyl,
pentynyl, hexynyl, and the like, which may be unsubstituted (i.e., containing
only carbon and hydrogen) or substituted by one or more suitable
substituents as defined below.

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

A "cycloalkyl group” is intended to mean a non-aromatic,
monovalent monocyclic, bicyclic, or tricyclic radical containing 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, or 14 carbon ring atoms, each of which may be saturated or
unsaturated, and which may be unsubstituted or substituted by one or more
suitable substituents as defined below, and to which may be fused one or
moré heterocycloalkyl groups, aryl groups, or heteroaryl groups, which
themselves may be unsubstituted or substituted by one or more suitable



hydr ogen atons, such as nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
t-butyl, ethenyl, pentenyl, butenyl, propenyl, ethynyl, butynyl, propynyl,
pentynyl, hexynyl, and the |ike, which may be unsubstituted (i.

cont ai ni ng only carbon and hydrogen) or substituted by one or nor e

sui tabl e B &7 %%knts as defined bel ow. POR/USS/ 19518y |
group” or "al koxy group” is intended to nmean an oxygen bonded to an

al kyl group, wherein the alkyl group is a$tdefined above.

A "cycl oal kyl group” is intended to nean a non-aronmati c, nonoval ent
monocyclic, bi sybstitaentsr Illustratj\td examples o’éxtycmfkyh'QMUpg ikslude, bttt ag nat, 8,

or ' umsat o e %, eYcoRfimn fubloRvh rEBee AR Putbns e RINBRYT by “oneor
mre  suitagyeonesmyi, k&?hépﬁﬁmwﬁdblbﬁlﬂm aqbptyl, bioyabf2iEay JHipts used

one or nore heter 8% ropgg‘g@a%ﬁ%cg_yg%pqy&{og 3213;- aryI mg;;ce)ups

whi ch t henge@radh

sui tabl e I4mdan-1 |, indan-2-yl, tetralin-1-y), tetralin-2-y|, adaman 1,
PCT/ US96/ 19328b y&Qggst i tuents. Yust rati y/e exanpl yes of cycy | oal kyl %r oups

i ncl ude, but amddibe like.nited to, cycl opropyl, cycl obutyl cycl opentyl,

cycl opent enyl, cycl ohexy " Vi ls

bi cyclo[2.2.1.] heptyl, bbcy&f!'%cgt!@éw&m?& %'ﬁgﬁ d’am%é( %%’J Elaé']coctyl

bi cycl o[ 3. 2. 1. hmqvblenbnmpobgm{hé Beydlicoontricydlicegdical] Whmh(l# daiuyated ondan- 1- yI
|ndan2yl tetralj e 2 W .o ad twb, e hi ke,

A heterocycl odnRglu %}Fg gjhpfﬁ. éé% & %eiﬁaﬂ ﬁgh1§m$r ?:é Hem?ﬁé@al ent
monocyclic, bi (mglat@msoasnd whcuemmdsrsaﬂlz;aL 4, o8 hétercatoms selictat! from

unsat ur at ed contai nin 14, 15, 16,

17, or 18 rindit éﬂgﬁlf’s°g!é9‘r‘d'm%‘ﬂf“ﬁﬁ’8'?“d8@§hﬁ raécalgs uasu]béklﬂ%ed@{eroatons

sel ected from spbbfit by &a@y&%ofam@ulef stibstitieAfsedd défitRd Mbw,2dnd 1o
unsubstituted or substi‘tuted one or nore suitable substituents as

defi ned bel ow v\sm@ mey barfused ﬁﬁe%@or@mloamé gerupsoReyY! BIRPsaPIRste@an s,
I ?M tituted
o’ be OUpS %sﬁWWthenﬂé%?ﬁw m Sul%”g I tuent S US'[*IBﬁéIBF are

or substitut ed nore suit at1ve exanpl es
of heter ocycl oai\mlsugablembsf ituentsd elllustrativeiexampies| of hetardcyalqalieyd groufisny | |

Py byl o oFs T g BROSFUB s, sAEROP Pl ey perezin.

t et r ahydr opyr amyrphdiirlyy, detnaiwdm-y’!ﬁA 4-tB|adin9b< tétmhyﬂrofdrdediydnﬁnM

;’Z gbfjg;f(g%l 5 11%%{@ apgyrllanyl & Mydropyranyx t3hé: c}faﬁy! 1, § dd oxanyfaq J—dloxanyl
1,3-oxathiolanyl, 1,3-oxathianyl, 1,3-dithianyl, azabicylo[3.2.1]octyl,
azabicylo[3.3.1lnonyl, azabicylo[4.3.0lnonyl, oxabicylo[2.2.1]heptyl, 1,5,9-
triazacyclododecyl, and the like.

An 'aryl group” is intended to mean an aromatic, monovalent
monocyeclic, 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
cycloaltkyl groups, heterocycloalky! 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 fike.

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



azabi cyl o[ 3. 3. 1] nonyl , azabi cyl o[ 4. 3. 0] nonyl , oxabi cyl'o[ 2. 2. 1] hept yl,

1,5,9- triazacycl ododecyl, and the |ike. An "aryl group" is
i ntended to nmean an aromatic, nonoval ent nonocyclic, bicyclic, or
tricyclic radical containing 6, 10, 14, or 18 carbon ring atons, which may
be unsubst it sn@eb0824substi tuted by one or nore suitable ?thmg&g as
defined below, and to which nay be fused one or nore cycloa groups,

het erocycl oal kyl groups, or heteroaryl g{pups, which thenselves may be
unsubstituted or substituted by one or nore suitable substituents.

I'llTustrative ﬁéﬁ%&t@ﬁms%%le%iéd fr&hQﬂPégé k*g&)awéulmrewmeh mdypded to,

phenyl naphthyl fl uoren- I ndan-
" het er oar yI Bekpstituteq pf m@ byorg %m‘%@&#&@m@ subgtituents astdefipedcycl i c,
bi cyclic, [}é hgcfo %@h‘ﬁb%@@%ﬁq&gﬁoﬁno@ cg?:lo vl arou}Q 11, 12, 13,

14, 15, 16 1 ring ato I nc WO
97/ 20824 heterocycloalkyl groups, or aryl groups, whtch themselves may B&T/ US96/ 19328

2 o TR BN o o O DRy il ™

ﬂefi ned Ibel lobXamptéstcﬂ hbturcﬁryhybubenrfdtmwwmﬁafot Mte?wcdymlw,yl groups,
eterocycl oa roups, o r ro ' C t el ve

unsubst |>/t ut ed"é'pag‘?hélsgﬂaa?&bw‘ gﬁ pfﬁ!?&‘ﬁ@i %F?‘gﬁ:%" %ﬁi}('! ‘Fé@‘!ﬂz?‘yl
Il'Tustrative oﬁéﬁﬁ?&l?ﬁtr&fzoﬂﬂt@lww pﬁéﬁh’;ﬂspyrﬂz Wﬁm W ipyRASziRAL |imted

to, pyrrolyl, 1 mdazol pyr.azol’yl t'hi azoltﬁ/ oxazol yl,
i soxazol yl, i mom.ag@ngblyl bgmmlw@vlv}ubengaiuaddsgbenao&wlabem iepylr azi nyl ,

pyridyl, pyri I zol yl,

benzof uryl " 1 BuSlyt Rk, Bihalerlr Spibezoly o) Mo aE i

pEt hal azi ny: pbﬁmantbﬁihyyl phenona;inyl phemthiazviyl. andithelliks;| , phenant hrolinyl,
phenoxazi nyl, phenothia " | roup” is
i ntended to nean a C(dﬁ] Rgéyl] g&'ﬁ% él% gpgt%meﬂn as'ca(g}%dﬁa'gﬁfg)ﬁﬂ%gt i tuent
as defined beRnwany suitable subshtuéntawdiéfmnllbemmulo is intended to nean a
-S(O(O-R radical, rejn I S y sui.tapl e subst.i as . defined

bel ow. Th\gﬂe %fﬂnvgwppaﬁ\gén@nﬁé‘% MEAR @ %ééﬂﬁsg'imc?'o nmean any
of the substiwhefsihR em9Euitable subbtubhosedétinet ibefow.n the art as not
adversely affecting t i nhi Qi t!?ie/gact ivity of the inventive caonpounds.

Illustrative exanpl es ofhe &M sy gHRstitueritis infepded, inumegp any of thept
limted to, oxgbstitGerits retfH hl@abﬂi 104RSse sKlEY iR fie Ft YdRiot abdtiSel) MHdkfing CYaNO
groups, nitro _groups, cyc ? gr oups,
the inhibitory actwnty of he inventive compounds. Hlustrative examples of
suitable substituents include, but are not limited to, oxo groups, alkyl groups,
hydroxy groups, halo groups, cyano groups, nitro groups, cycloalkyl groups,
heterocycloalkyi groups, aryl groups, heteroaryl groups, trialkylsilyl groups,

groups of formula (A)

9
A)
~ C\Ra ¢
wherein R, is hydrogen, an alkyl group, a cycloalkyl group, a heterocycloalky!
group, an aryl group, or a heteroary! group,
groups of formula (B)
o]

I
B
C\O/R ®)



het er ocycl oal kyl groups, aryl groups, heteroaryl groups, trialkylsilyl
groups, groups of fornmula (A (@)

| | (A I\ Rlerr] wherein R err] is hydrogen, an
al kyl group, a cycl oal kyl group, a heterocycl oal kyl group, an aryl group,
or a het eroar¥yP9%R®&b, groups of formula (B) [err] \ROTARLQ (828}
PCT/ US96/ 19328 -13- wherein R err] is

hydr ogen, an al kyl group, a cycloal kyl gri8up, a heterocycl oal kyl group, an
aryl group, or a heteroaryl group, groups of formula (O

[err] (O whereire R; ishydrogem ran atkyl grgum acycloaikybaroun: & Zeteraeysipaiyl an

or & het or oar sarolpotiba gyl & SpeBriydisyy ' o 1 Py An Al oroup

(D) wher eidgrolis offomdiaq@yn, an al kyl group, a cycloal kyl group, a
het er ocycl oal kyl ~group, an aryl group, a heteroaryl group, a hydroxy
group, an al koxy group, an &mno group, an al kylam no group, a

di al kyl am no group, or an ac\l amgo (@roup; and R err] is hydrogen, an
al kyl group, a cycloal kyl gro 'ﬁ’

R

wherein R, and R_ are independently hydrogen, an alkyl group, a cycloalkyl
group, a heterocycloalkyl group, an aryl group, or a heteroaryl group, '
groups of formula (D)
N’Rd
] (o))
~ SR

e
wherein R, is hydrogen, an alkyl group, a cycloalky! group, a heterocycioalkyi
group, an aryl group, a heteroaryl group, a hydroxy group, an alkoxy group,
an amino group, an alkylamino group, a dialkylamino group, or an acylamino
group; and R, is hydrogen, an alky} group, a cycloalky! group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, an amino group, an
alkylamino group, or a dialkylamino group,

groups of formula (E)

—S—R; )

wherein R, is an alkyl group, a cycloalkyl groijp, a heterocycloalky! group, an
aryl group, or a heteroaryl group,



het er ocycl oal kyl group, an aryl group, a heteroaryl group, an am no group,
an al kylam no group, or a dialkylamno group, groups of formula (E) O ||

-S-Rerr] (E) || O wherein Rlerr] is an alkyl group, a
cycl oal kyl group, a heterocycl oal kyl group, an aryl group, or a heteroaryl
group, wo 972842497/ 20824 PCT/US96/19328

PCT/ US96/ 19328 -14 - gr oups
of formula (F) '1éQ R err]

|/ -S-N (F) |

\ O Rerr] NISHEHR rr] and Rl err] are independently hydrogen, an
al kyl group, ag(':'?/%?oal kﬁ’ al?{:)a group, a heterocycl oal kyl group, an aryl
group, or a heteroaryl group, groups of formula (G

[err] (G wherein R[eﬁ?r] il? an_al kyl group, a cycloal kyl group, a
het er ocycl oal kyl group, an -—S—H(y gf@up, a heteroaryl group, or a group
of formula (A), fornmula (B), fqnulB, (©, formula (H), or formula
(K, groups of formula ( [err]

(H

wherein R, and R, are independently hydrogen, an alkyl group, a cycloalkyl
group, a heterocycloalkyl group, an aryl group, or a heteroaryl group,
groups of formula (G)

N O/RI ©)

wherein R, is an alkyl group, a cycloalkyt group, a heterocycloalky! group, an
aryl group, a heteroaryl group, or a groub of formula (A), formula (B), formuia
(C), formula (H), or formula (K),

groups of formuia (H)

]

R
wherein R, is hydrogen, an alkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, a hydroxy group, an alkoxy group,

an amino group, or a group of formula (A), formula (B), formula {C) or formula
(D); and wherein R, is hydrogen, an alkyl group, a cycloalkyl group, a

(H)

heterocycloalkyl group, an aryl group, a heteroaryl group, or a group of
formula {A), formula (B), formula (C), formula (D), formula (E), or formula (F),
groups of formula (J)

\s/ R )

wherein R, is hydrogen, an alkyl group, a cycloalkyl group, a heterocycloalky!
group, an aryl group, a heteroaryl group, or a group of formula (C), and
groups of formula (K)



wherein R err] is hydrogen, an al kyl group, a cycloal kyl group, a

het er ocycl oal kyl group, an aryl group, a heteroaryl group, a hydroxy
group, an al koxy group, an am no group, or a group of forrmula (A,
formula (B), formula (C) or formula (D); and wherelanls grogen
an al kyl gr swgpg728833ycl oal kyl group, a het er ocycl oal k ﬁ% an aryl
group, a heteroaryl group, or a group of formula (A, forrrul a (B,
formula (C, formula (D), formula (E), ogsformula (F), groups of
formula (J) wherein R err] is hydrogen, an al kyl group, a

cycl oal kyl gr uhereif Rjcdt Rg 3 m&é;keddenﬂy an alkybyroupaa cclphlkgh grogp, s
het eroaryl gr or . .a of formul a

(K) eFeépq;)]cloaII%r Oucﬁ:p, an aryl group. (a%eteroeml group, a%ydﬁgygfp%m

PCT/ US96/ 1932@1koxy group, an amino group, an alkylamino group, ora d:al laﬂrﬁna roup\her ei n
Rlerr] and R err] ndependéent an a r oal kyl group, a
het er ocycl oal kyl group, Thé lsugabieprgainm@om?b s;nte@d f9,meamaay oxy group,
an al koxy 9% ﬁrﬂ%ﬁ g Egm, al kyl am no
group. ic FHoi fezr%run& tg Sﬁ?@b@m or gg}(r?ﬁ g“%ﬁ‘é’tt %vé’rsgiynt ended to
mean any o affediing ﬂrnimhlbltmg(angwtyzafﬂhemventl\ra)emnpdmndsedllus‘hrahm art as not

adversely affec I n I.nhi bi.t ory .acti of the inv | ve_conpounds.
[llustrative M@gﬂ%l?lesougqr%p@{% '?f\fi'(l,é%ﬁ’u FT%’%“"H?!%@ 8°x8ut are not
limted to oxgroupsgétwpgroupé Wdr@fycgraﬁps,w Mpﬂf@ahﬁgrchﬁ:lsonﬂfooups cyano

groups, nitro g cycl oal kyl group et eroc cI oal kyl groups, aryl
groups, heter @é?\jﬂs cycl alm'ggougsﬁ ihﬁ'ﬁ@‘FVé#q ’@mﬁsa kgrqups, heterepsy of
formulas (A, , ), (G) (J), and (K), as defined
above. g(-&]ps fﬁalkylénlw%roﬁrg%xar{d:r oup" is |ntended to mean the radical
- CH. groups ot ioppuiag &n agidgsineet
| f fopmpul (&l) QB)o(Fé) (P (Ex(en ek (db (heand (Kb agidefined
radi cal =0 ove A "hal o group” or is intended to nean any of

t he radi caI S -
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 mean any of the radicals -F, -Cl,
-Br, or -

A “"cyano group" is intended to mean the radical -C=N.

A "nitro group"” is intended to mean the radical -NO.,,.

A "triaikylsilyl group” is intended to mean the radical -SiR,R.R,,
where R, R,, and R, are each 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 "dialkylamino group” is intended to mean the radical -NR R,,
wherein R, and R,, which are the same or different, are each an alkyl group
as defined above.



-Br, or -1I. A "cyano group” is intended to nean the

radical -Cerr]N. A "nitro group” is intended to nean the
radical -NJerr]. A "trialkylsilyl group” is intended to

mean the radical -SiRerr]Rerr]Rerr] where R err], Rerr], and R err]
are each iwdepesdent!y an al kyl group. ARCTRRGHY8 gr oup”

Is intended to nean a group of fornmula (B) wherein R err] is hydrogen.

A "al koxycarbonyl group” is intended togean a group of formul a (B)

wherein R err] |s an al kyl group as defined above.

"car bamoyl group" is iRt ﬂgﬁﬁac#e?ﬂlea%&egfa%wpfahdgaI%ﬁlcfegrﬁo%e%{%re' ni

Rlerr] and Rerr] are

i nt ended to reeatpdiind thaﬂscahvertdd[mde}' physiological conditions oryy soldiysiste no
group” is |ntendedto nthelr c‘al -NHR[err], wherein R err] is an
al kyl group 258 ula 7 A "di al kyl am no group” is

i ntended to nean the radrﬁaima&dlaheélry]aﬂ[ce table solvaté'ekﬁnt&nﬂ’é@!d ine%ﬁfb Rierr],
whi ch arethe sane or di {1 g el\%gc an al g up defi ned
above. s the ’logzca effectiveness an propertces of the

PCT/ US96/ 193%?01 al active components of compounds of f ab -
" phar naceutlca?llcylyacceet abp pr odrug” pIS |nter?gnglat1oo%an a conpound

t hat is converted undeEXpm!ﬁSmeBUaacelﬁlﬁdﬂ}{ acoeptable sglvates ndlyds, dut o a

acooptanl o <oy SoEilied d, cBinpbiits offormuia 1 or 1-9 o cafMorBh VRUIGE, 1)

bi ol ogi cal efisapropamol cethanciimethanel, tDMSOoéthyhacetate aceticoapid,arl y acti ve
conmponent s of ﬁ ounds of formula 1 or 1-a. Exanpl es of
phar maceut i cl abI e sol vates include, but are not limted.to,

compounds of forrrul a llmmelca%eidisomrfdmatduenswirshmu@is%odthattH'eSOprOpanol
et hanol , nethanol, DVBO ethyl acetat giﬁgacek‘g acid, or et hanol ani ne.

In the case dT'V%IBWP(POFmoHBf’%mWr%“Stl"i M SYeh astablenand i nventive

conpounds Maymésisibld BrySialiferemis éﬁu fé&troétﬁ%d%?n&bﬁ@u@fo@ﬁg all of WﬁiEﬁSt abl e
crystalline forns and |sotr08|c and armrﬂhous foris, of are

i nt ended to (Rfelhtended tmbe withipdhe sceprolihe peesent m)'éﬁt“Plbn

ol PTaE v bt oo CARRRly Ao BALAE 1 aBR M prose 2, 5,
salts that retain the biological effectiveness and properties of the free acids
and bases and that are not biologically or otherwise undesirable.

Examples of pharmaceutically acceptable salts include, but are
not limited to, sulfates, pyrosuifates, bisuifates, sulfites, bisulfites,
phosphates, monohydrogenphosphates, dihydrogenphosphates,
metaphosphates, pyrophosphates, chlorides, bromides, iodides, acetates,
propionates, decanoates, caprylates, acrylates, formates, iscbutyrates,
caproates, heptanoates, propiolates, oxalates, malonates, succinates,
suberates, sebacates, fumarates, maleates, butyne-1,4-dioates, hexyne-1,6-
dioates, benzoates, chiorobenzoates, methylbenzoates, dinitrobenzoates,
hydroxybenzoates, methoxyenzoates, phthalates, sulfonates,
xylenesulfonates, phenylacetates, phenylpropionates, phenylbutyrates,
citrates, lactates, y-hydroxybutyrates, glycolates, tartrates,
methanesulfonates, propanesulfonates, naphthalene-1-sulfonates,
naphthalene-2-suifonates, and mandelates. '

If the inventive compound is a base, the desired salt may be
prepared by any suitable method known to the art, including treatment of the



and bases and that are not biologically or otherw se undesirable.

Exanpl es of pharmaceutically acceptable salts include, but are not
limted to, sulfates, pyrosulfates, bisulfates, sulfites, bisulfites,
phosphat es, nmonohydr ogenphosphat es, di hydr ogenphosphat es,

met aphosphatwes smmgzophosphat es, chl ori des, bronides, iodi dBSTUSMA3 R 8es,
propi onates, decanoates, caprylates, acrylates, formates, isobutyrates,
caproates, heptanoates, propiolates, oxal g¢es, mal onates, succinates,
suberates, sebacates, fumarates, nal eates, butyne-1, 4-di oates, hexyne-1, 6-

di oat es, benzoge@baseWith AVMRIRRIICEcid Bich Uit adid, HybFoiemicoadies

hydr oxybenzoat es, met hoxyenzoates, phthal ates, sulfonates, L.
xyl enesul f onat éé'i,foHh@H?:I Ritreragic §P°M?I%§%§?d}ﬁ@t]$§g oWt 2n sraaniG aed,
citrates, |act - LAY, : : ; ; i
met hanesul fonat% Re’gﬁ as%&g%%%%& g%%%é&'%ﬁggh%@ne- q%'ﬁ%%@?gﬁasrfc acid,
napht hal ene- 2- snalbmioacit pyauvit acid)dxiie asid, glycolic acid, salicylic acid] pyrahesidy!

Vet ve Copail s igrod SRRt iy oyl sced B o

WO 97/ 20824 such as citric acid and tartaric acid, amino acids such as aspartic acid and
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free base with Qémaﬁ%?ﬁ%wﬁfeméw _ﬁ,c’d§l§_!','ﬁh a8 bﬁ?_ﬁ‘?‘%@ﬁ'p(ﬂ'\d&"&’a’ﬂ?.aﬁ%r obromi ¢
aci d, . sulfonic Selds\such a95-tdlueridisbifdriic a6 Or efiineRifdri¢ adig! 6 HB%ikehe
like, or with an organic acid, . such as acetic acid, maleic
acid, succinic acid, nmanHdhe nveativg campaundds aaiagid, the desired salt may/ge oni ¢
acid, pyruvic i | 4 ! j i i o i osi dyl
2ol ds Such as o cparedty dr siable ftGRkhGwEE) o 7 iichiing rBgniant BHIRTOS,
such as citri c feeeiatidwith @arinengepicLt iotganicbase, suchies an@mine (prpanyt i ¢ aci d
and b.Gu: ACA i i l iyl and
ci nnam c aci d, seool%é&%ﬂé}tlgﬁg,%nf onéli{(:mé{g f%@agﬁgﬁ:‘ﬁ%m @%‘a{ggﬂ%@hﬁ? go(r%iﬂge acid
or et hanesul f ofike. Histtativir exdmples bfsuitable salts include organic salts derived front he

i ti dis, id, the desired salt b
prepared by an e AEIESURR AR Y cliam S1gIns SmOniARIMaR Secneant A of
t he tertiafy &0inee] shd\bydiic afihdd$@hrspiperidnig)anbmhbitfecanduch as. an

am ne (primry, , . . secondayy or _tertiary), .an alkali, netal or
al kal i ne earth H'ﬂﬁ@?'"ﬁy%ﬂ%%f’fﬂ?"&ﬁs"{iﬁdg‘ved from sodiur; ¢3lgm, PPEsSivMLt i ve

exanpl es of  suirhgdHeRidiA hingdielsedfor 'cappers 2ina] Alemitin ¥Ad lifhisA
am no aci ds such as glycine and argini he, anmoni a, Erlnary, secondary and

tertiary amnes, and cycPdgitignallypreteried isig compeundofithe fewadk-fne and
pi perazine, and inorganic salts derived fromsodium calcium potassium

magnesi um nanganese, iron, copper, %i n | um naym and |ithium

HO )kg N
\N -
H &

v

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

1-f

monocyclic heteroaryl group, or a pharmaceutically acceptable prodrug or a



Additionally preferred is a conpound of the fornmula 1-f: [err]
wherein V is as defined above and Ar is a nonocyclic aryl group or

nonocycli c heteroaryl group, or a pharmaceutically acceptable prodrug or a
WD 97/ 20824

PCT/ US96/ 1334 81120824 - P8rTrUsess19328

phar maceutically acceptable salt thereof. Mre preferred is a conpound
having the formula 1 -g [err] wherein Wand X are independently
selected fromCHerr], CO S, S=0 0, 8- Rlerr], and Nerr](O-Rerr],

where R err] is a hydrogen at r ui tabl e substitpent and R4 is a
Clerr]-derr] p%rm%ﬁﬁ?ﬂﬁ,am%ﬁﬁaﬂﬁﬁergp y Vot B{?Serf%‘hé a¢ompeHid o
branched Chaving tiefovialilant-gr adi cal of carbon and hydrogen atons having no
unsaturation, which is optionally substituted by one or nore suitable
substituents, provided that when WOs CH err] gr CO X is not CHerr] or
C=0 and Rlerr] and R err] ithdg 4‘% sel ected from a hydrogen
atom a (err]-Cerr] alkul o OR[err] group, or a
-C(ONR[err]R err] group, wg and Rlerr] are I ndependent |y

sel ected from hydrogen and roup, lggd wherein the

X

wherein W and X are independently selected from CH,, C=0, S, S$=0, O, N-
R, and N*O)-R,, where R, is a hydrogen atom or a suitable substituent,
and R, is a C,-C, alkyl group, wherein the alkyl group is a straight or branched
chain monovalent radical of carbon and hydrogen atoms having no
unsaturation, which is optionally substituted by one or more suitable
substituents, provided that when W is CH, or C=0, X is not CH, or C=0; and
R, and R, are independently selected from a hydrogen atom, a C,-C, alkyl
group, a -C(O)OR,, group, or a -C{O)NR,,R,, group, wherein R,; and R,, are
independently selected from hydrogen and an alkyl group, and wherein the
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, or R, and R, together form a monocyclic
cycloalkyl group or a monocyclic heterocycloaikyl group; or a
pharmaceutically acceptable prodrug thereof or a pharmaceutically
acceptable salt thereof.

Preferably, in the above formulas 1, 1-a, 1-f, and 1-g, Aris a
monocyclic aryl group or a monocyclic heteroaryl group. When Aris a
monocyclic aryl group, preferably it is unsubstituted or substituted at the meta
position and/or the para position with a suitable substituent. Preferably, the
substituent is a halogen atom, an aryl or heteroaryl group, an alkoxy group, or
an alkyl group, wherein the 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 substitutents. Even
more preferably, Ar is an aryl group that is substituted at the para position



al kyl group is a straight or branched chain nonoval ent radical of carbon
and hydr ogen atons havi ng no unsaturation, which is optionally
substituted by one or nore suitable substituents, or Rerr] and R err]

t oget her form a nonocyclic cycl oal kyl group or a nonocyclic

het er ocycl oav@aginzegzoup; or a phar maceuti cal |y accept abl ECHUS¥WAIRS: her eof
or a pharmaceutically accept abl e salt thereof.

Preferably, in the above fornulas 1, 1-a.14$-f, and 1-g, Ar is a

nonocyclic aryl group or a nonocyclic heteroaryl group. Wien Ar is a

monocycli c aryhyigr£HalogBh atsth2dh dlkbky ?@upwgbﬁbﬁémwhaér@wrbwt ed at the
net a position andlor the para position with a suitable substituent.

Preferably, thdarticulahsprefereas embodimentsoefdhe present ivealign ingludadheseoar v

group, an al ko I V' ' I Qup is a
straight or br)am}: %?\i‘ll(@:%g?l%orop %ﬁ@é?k&oﬁ%%}ggﬁ%@@%ﬁ%@rﬁéﬁﬁa%%?ogen
at ons havi ng nol)pherylwr 4t{iroidazol-2-ylphsnyl. SPrefarably avhien Anib strhonaaydliby one or
nore suitable substitutents.. Ev . referably, Ar is an aryl group
that is substiﬁ'l??"é&aa'?lbf%k" 6‘5’:%5 B}S%‘i"f'%ﬁ'%”?" WO 97/ 20824
PC;I; / IUS96/ 19328 5 In formula 1-a, preferablinls_CR,rll?z. where Rr and RQare with
a hal ogen atom_ an al ko roup .or nmonocycl, i et eroaryl. group.
Particularly pﬂ%‘?w&n%%ﬁﬁ?gﬁf@" g‘f”&@%’%@@h"@%’@ﬂ%@% {DF%&@HB’ Rhose
where Ar is 4-fdndag %QRHézperﬁeﬁﬂﬂl &lepleatom HAanalikyPgroRBea ¥ycidalkil'greds, 0! - 1-
yl ) phenyl or 4-(1i ni dazol - 2- | ) phenyl . Preferably when Ar iS a nonocyclic
het eroaryl gr oghetgrocysloalkyl@ioypan, arylawyp, a heteroaryl group, OR;, SRy, NRsBs.nul a
1-a, preferabl )éq)gd;@ﬁQ[ﬁﬁégeR[err], where R err] and R err] are

ec

i ndependent |y se d’f romH and any suitable organic noiety. Preferably
Rl err] and R2 are i nfgjsanalkyl grovp] 2cyclonlkyl group, adeterokydloalkylup, a

oroup. ORerr]: orierr], S ARARER. a Bl B bt cfofiigr, o' o 0!
Rlerr] is an al kyl group, a cwhemRkdndR,gare indeperidantiy seleateddydm H, an
D D, & e e e Rl b o roun,
al kyl group, a cycloal kyl grosf ang ghstip; &A@ wHeterokspil gtupydr R,, and R,,,
Foget her wi th the i trogen at et RS AEageR M to Which thay are
attached form a heterocycl oal kither#d¥dfn a heterocycloalkyl group, Rl €rr] is H an
al kyl group, a cycloal kyl group, a heterocycl oal kyl
R is H, an alkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, C{O)O-R,;, C(O)S-R,s,
or SO,-Rys,
wherein R, is an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl
group,
R; is OH, an alkyl group, a cycloalkyl group, a heterocyclolalkyl
group, an aryl group, a heteroaryl groub. an O-alkyl group,
NR;R,, or O-R,;, 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 methy! group.
in formulas 1-a and 1-g, preferably R, is hydrogen, an alkyl
group, a cycloalkyl group, a heterocycioalkyl group, an aryl group, a
heteroaryl group, C(0)-NR;R,, C(0)-OR,, C(O)-SR;s, SO,-R;;, or C(O)-R;,



group, an aryl group, a heteroaryl group, C(OORerr], C(OSRerr],

or S02-Rerr], wherein R err] is an al kyl group,
a cycl oal kyl group, a het er ocycl oal kyl group, an
aryl group, or a heteroaryl group,

Rierr] is @boidesia kyl group, a cycloal kyl group, a heter 8CyUS¥18328y |
group, an aryl group, a heteroaryl group, an 0-al kyl group,

NR[err]Rerr], or ORerr], wherein R[erz;?], Rlerr], and Rerr] are

I ndependent |y as defi9red above, or Rerr] and R err]

together forma cycl oa 0, r r . re
preferably R err] and &F‘Peé'rrer f{’hé@ g&cﬂegﬂe teﬁ%ﬁﬁd’r)%%%é%d %&“ﬁ, an alkyiVD

forlrml ?E I1-a and 1-gh gr@jpelaaﬂ;dc;ol lamllgmubydmgemcyckTallejlggdup, an agyloup, a I
cycl oa roup, a heterocycl,o Loup. an . Ar ro a_ .. heteroar
g)r/oup, C{ 0 9NR[ gr r] R eW‘T“%%Bﬂ%ﬁ%ﬂ%{' 95?‘&5)--%§e¥wi ,Rust]ﬂ%@mﬁf-"ﬁt'b&ﬁ] , or d
C(O-Rerr] V\Onitrdgentatém to which they are attached form a

PCT/ US96/ 19328 -20 -
where Rerr] and R errhetgrecyqiopisd grumand sel ected from H, an al kyl

group, a cycloal kyl gr : &\g{,, D

group, and a heteroaryﬁg}so%paﬁggr%f%?rfﬁgn &Fé%]?@c%@%%?alﬁlth t he

ni trogen atom to whi ch growp: aararykgroup,aré heternasyl group.

het er ocycl oal kyl group, . _ IS, ag I up, a
cycl oal kyl group, a hetpgg%é"\}‘%:"l-o‘%ﬁ"y‘(" Is CH;orN B["E)E QS’ §"§$‘8u Lﬂ’a#é@ffl
grfup, | or a hRjerrC=0yMaepuegferably, when Wis CH,, X is & S&€r ofdN-R,, afi¢R,18/a s
CHerr] or NR.e X.gs S S0..0 N Rerr N er O) - err].,or C=0
More pref er aﬁ%@gwmﬁwﬁgmlyékyﬁ%%é@%pa{l&l'\(cgrgpp,]\yhgﬁm ?‘é‘@rr] i's
a sui t abl ealjylgpbug lsenstraightedraramhedachait meaevalentaatlicalofdadn SR UD,
wherein said al kyl group.is a straight or_ branched chain_nonogval ent

radi cal of cahystspgerhatoms haxing pe Hnsatyrationawhich iseptinnally substiteted bihi ch i s

optional | ' r bt e S,
Q0 Rert) ool MoReeiable sRMRIIEY SIOIRL SR APRO T Udund

C( O NR] er r ] R €{Q)NH;Ra1groupna RERpgrour), afy BUp R y@roup; whewesy Ry, andd

Rlerr] are eaghj L j . group is a
strai ght or gsﬁr?éﬁggeﬁﬂﬁéh%%o a%le%' ’%‘?@g’r@ﬁﬁ %éa'rabagﬁ)l gﬁdyp% rogen atons
havi ng' no unsstraighttardnanchiedathainsmopovalent radicslLafsarban antl bydrogen atomer e

Ayt o odnAs b Tms@fattiny Whlch s oB il suBefBeA crorttie 000 T O 2

d err] - err]suitable substituents, and wherein R,4 is a monocyclic aryl group or an alkyl

In

group as defined above. More preferably, R, is a hydrogen atom, a C,-C,
alkyl group, or a SO,-R,, group, wherein R,q is an alkyl group. Most

. preferably, when Wis CH,, X is O, S, $=0, N-H, N-(§0,CH,) or N-(C,-C,
alkyl).

Altematively, when Wis N-R,, X is preferably C=0 and R;is
preferably a hydrogen atom or an alkyl group, more preferably a hydrogen
atom.

Particularly preferred embodiments of the present invention
include those compounds of the formula 1-a and 1-g where X is S, S=0, O,
N-R, or N*(O)-R,and Wis CH,; or X is S, O or N-R;jand Wis C=0; or X is
C=0 and Wis N-R,; or X is CH,and Wis O, S or N-R,, where R; is a C{O)-
R,; group, where R,;, is as defined above. According to these preferred
embodiments of the present invention, R, and R, are preferably,
independently of one another, a hydrogen atom or a methy! group, and Ar is



al kyl group, or a S err]-Rerr] group, wherein Rerr] is an al kyl group.
Most preferably, when Wis CHerr], Xis 0, S S=0, NH N (SQ2CH3) or
N(Clerr]-Cerr] al kyl). Al ternatively, when Wis
NRerr], Xis preferably CzO and R err] is preferably a_hydrogen atom
or an al kyl §YQ@®1R08Hpre preferably a hydrogen at om PCT/US96719328
Particularly preferred enbodi nents of the present invention I ncl ude

t hose conpounds of the fornula 1-a and 1-@1where X is S, S=0, 0,

NRerr] or (O )-Rerr] and Wis CHerr]; or Xis S, 0 or NRerr] and W
is CO or X i preferalily@nang grous which]ie ungubstituted ossubistiuted incthe patas O S or

NRerr], where .S - err| 0 re err] is as defined
above. Accor di rﬁﬁ[?"t“@l%%'%ﬂ’@uem' %fﬁf%éﬂxém]{"%“ tRm, F‘@i@ﬁ'

i nvention, R ergrbupofafctdrbhryhgoup! Mereppéférably, R, idndaRaine e Samefandngy

anot her, a hydrogen atom or a nethyl %roug, and Ar is | WO 97/ 20824
PCT/ US96/ 19328 is an aryl group substituted in the para position with a fluarine atom, a preferably
an aryl group ' ' ' P’ﬁd Lh the para position
with a suitabl g”é%&??ﬂﬁ%ﬁéﬁ?ggﬁgg%agqha ggginsgtug’m an al koxy gr oup
or a heteroaryl group. Miiustrpties exanplos oRfampqunascacRprding tothese prefemed and

atom a° “"cht Aok sl b AR 8y s 6t
'l ustrative exudibxys2atdimethybdH(d44-giod 2g/ljphen eabsultongD-

ST IS O (EHENPrBAHY, o e £ Barbiokamick: andt S(sFNEnytioxy- 2.3 difmethyi4-

hydr oxy- 2, 2- di ng@atdpyriddd-{Hoxyibérizeneaafony3-tettahydrreMy) pemiganesy! fonyl ) -
tetrahydro-2H 1, 4-1 hi aﬁl ne- 3- car boxam de and 3(S)- N hydroxy-2, 2-di net hyl - 4-
(4- ((pyri d- 4- y|5B29¥3ASenesul f onyl ) - t et r ahydr o- 2H 1, 4- t hi azi ne- 3-

car boxami de. Other ﬁe@fed@ﬂﬁiﬁléﬁmm@%&%ﬁnﬁnﬁﬁ%ﬂDﬁé ent
wh Y . Wh IS a

i nvention include t hose conpounds ere is N ere R3
C(O-Rerr] grdhpse gompeyms wheneis-Ryrwheye Ry isa@(QRy araup, grGH0-a
ool LR SR O PRk bl ONE R oroup SR ) 201
a strai ght or bwhereineRd,,cndiRy, ateneach independentiyan afkybgnoupwherein saidalityogen
o e " U K HSRbGA o i e B BHESl af i Bl S
or an aryl groupydasgetedtonschaairgveo unsaturation, which is oplibaally sulstituledipyt o t he
preferred : enbOdéanaegrt r?lol%c s&itg%lep sru%%ﬁtrﬁtents, and wherein R,, is a 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

alkylsulfonyl group, more preferably a hydrogen atom, a methyl group or a

methanesutlfonyl group. lllustrative 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-

(methanesuifonyl)-piperazine-2-carboxamide, (R)-N-hydroxy-1-(4-(4-

fluorophenoxy)benzenesulfony1)-4-(methanesulfonyl)-piperazine-2-

carboxamide, (R)-N-hydroxy-1-(4-(4-methoxyphenoxy)benzenesuifonyl)-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-methylipiperazine-2-

carboxamide, (R)-N-hydroxy-1-(4-(4-chiorophenoxy)benzenesulfonyl)-



I nvention where Xis NR3, R3 is a hydrogen atom an al kyl group or an

al kyl sul fonyl group, nore preferably a hydrogen atom a nethyl group or a
met hanesul fonyl group. Illustrative exanpl es of compounds according to

t hese preferred enbodi nents of the present invention include, but are not
limted to, wouedszhydr oxy- 1- (4- (4-chl or ophenoxy) benzenesul parmgsop 9328

(et hanesul f onyl ) - pi per azi ne- 2- car boxam de, (R)-N hydroxy-1-(4-(4-

f 1 uor ophenoxy) benzenesul f onyl ) - 4- (et hangsul f onyl ) - pi per azi ne- 2-

carboxami de, (R)-N hydroxy-1-(4-(4-nmethoXyphenoxy)benzenesul fonyl)-4-

é @L?Z‘Bﬁ:ﬁ%iﬁs%f]ﬁ; %ﬁiﬁﬂwﬁfﬁm@%ﬂi( ﬁ%ﬁ@aﬁ%&f‘% R- N
ydroxy-1-(4 I gine Nap Foxy -pi per azi ne- 2-
carboxam de, - (fh: HUR B YR ZerietubSnyi-2, 2RI YRR S SRz oy

WO 97/ 20824
E 2R )2 - dpl pe caboRamiie; ?(mps,a;dldmhyl-N hydroxy-1-(4-(4-
rox en
sul fonyl>/) pi %E&'&%ﬂ#&"ﬂxﬂg}eﬂég L@Jé}{' 'g'PWrW’Fﬁraﬁé!RHxaﬂuQﬁ%(m 3,3-
hl h )
chl g(r)ggmeggxyhmétﬁgmdl X ?ﬁﬁzﬂ%r?@iéyb&yl? s&ﬁz’énééﬁﬁor%}wxaén%éin&ez-

chl orophenoxyF?‘@@Kﬂmam ﬁfqmﬁﬂIYé'Nalﬂdﬁwff 4oxani de, 2(R)-3, 3-
di met hyl - N- hyg;

2.
o o, AR R S e
brﬁlrmpheﬂoxyll pphenaxybenzenespifpryiablihydraxy 33, ?dnmet}wdplpé}ﬁaheﬁzn(4 (4-

or ophenox [ razi
Car boxan do. - SERFaR R AR AR o vt B PRI RI3.8745. 5, 4.
tL : met hﬁl pi {)etrfn?ethylpbetmb riw&a}atl?bcanﬂﬂﬁ)a(&-hmwwl |-?1 :t(ii.h (g- o thi 5
chl or ophenyl sul f an enzenesui f on -tetrahydro i azi ne- 3-
car boxgm dg Hﬁeﬁy'aP@aM%&"w%ﬁ"?nﬁ@d%gﬁ@% §9"I’?W?b’éﬁ% 3 f onyl -
2, 2-di met hyl - b@ﬂbbﬁémﬁeosééj- Nmya?deMamb@ﬁéaﬁéﬁkﬂsun%?bb&z%n%M -
hydroxy 1- (4 quor phenylsulfanyl) benzenesul T g erazi ne-2-
car boxami de, tfﬂﬂhm 2R-thiazinex3rcarboxamide YR)3 imethyl-N-
hi h | ] 2(R)-1-(4-
(4- ???5053%hZﬁ¥‘?'?ﬁYf‘¥ﬁq“Wbenze'r?’;"ZL*}”Q @f‘ﬁﬁé ;@‘%"‘%ﬁﬁw (-
tri met hyl pi peﬁ%’bpﬁémﬂﬁsaffﬁ)o&érdlmthy? 1{4r{4-

o oAbt S8 7

benzenesul f on{4-ffli@rophenylsulfanyl)benzenesulfonyl)-N-hydroxy-3,3,4-
trimethylpiperazine-2-carboxamide, 2(R)-1-(4-(4-
(chlorophenylsuifanyl)benzenesuifonyl)-N-hydroxy-3,3,4-trimethylpiperazine-
2-carboxamide, 2(R),3(S)-N-hydroxyl-4-(4-(pyrid-4-yl)oxy) benzenesulfonyl)-2-
methyl-tetrahydro-2H-thiazine-3-carboxamide, 2(R),3(S)-N-hydroxyl-4-(4-
(pyrid-4-yl)sulfanyl)benzenesuifonyl)-2-methyl-tetrahydro-2H-thiazine-3-
carboxamide, and a compound of formula:

SRt
N S0, o

[ NHOH
5
The inventive compounds may exist as single sterecisomers,

/ U896/ 19328

racemates and/or mixtures of enantiomers and/or diastereomers. All such



met hyl -t et rahydr o- 2H-t hi azi ne- 3- car boxam de, 2(R), 3(S)-N hydroxyl -4-(4-
(pyrid-4-yl)sul fanyl ) benzenesul fonyl) - 2- net hyl -t et rahydr o- 2H-t hi azi ne- 3-

car boxam de, and a conpound of fornul a: [err] The

I nventive conpounds nmay exist as single stereoisoners, racemat es and/ or
mi xtures of wWEANWEAers and/ or di astereomers. All such PCT/USRB19338 20824
PCT/ US96/ 19328 -23 - single
stereoi soners, racemates and m xtures thepgaf are intended to be wi thin
the scope of the present invention. Preferably, the

hydr oxamat e- be%irigwstéaédiém'neﬂs facenidi€s 8Ad Afixtures thereot drsintbndeddo bt h "*" in
formulas 1-a and 1-g, is i "R' configuration when X is CHerr],
cCO O N-R[err"f'th"ba"elwee)ofﬂ[%P'FeFeﬁHﬂV?WOPhe "S" configuration when X

is Sor S=0 It is under prgaghbiy tﬁé‘ﬁ?&oﬁéﬁhﬁe@&%ﬂriﬁgtd&%&ﬂet lﬂ?écé bA

di fference in designating configuration is a consequence of € sequence

rul es of the atﬁmmslgﬁ@tﬂduwm & dy VM&Srﬁ-a‘ﬂldrﬂ-gﬁ lsmlﬂanR“meﬂgmaﬁqn ?t om .
I f (o] nh erre
13 2cont i gur at MAHX1s B, GO, B, NIRr RHCERYHnt T 18 %' O iCwhER

pref erred conpdlisdS bsSz0. it lsumnlamidod)by thsefskﬂledhmthe art tt{atthi:} differencewher ei n
X WY, 2, anclln é sngnatmg coneffgura%lon Isa consequencemﬁhe seq%ence nies 6 t?\lel y
Cahn-Ingold-Prelog system. When X is $=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

compound of the formula:
e
$0;
HO. HN
\?

wherein X, W, Y, 2, 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 asymmetric 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 contains at least 90% 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 89%
(98% e.e. ord.e.).

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



understood by those skilled in the art, an optically pure conpound having

one chiral center (i.e., one asymmetric carbon aton) is one that

consi sts essentially of one of the two possible enantionmers (i.e., is
enantionerically pure), and an optically pure conpound having nore than
one chiral wewhReds24 S one that is both diastereonerical IRCTUSO&19328]
enantionerically pure. Preferably, the conpounds of the present
invention are used in a formthat is _g4_least 90%optically pure, that
is, a formthat contains at |east 90% of "a single isoner (80%

enant i Omeri c @RSy ;@gfégéaiﬁﬂén%g@e?dg? Ul 4 R8ERT T conv@#ég?r?sﬁ) , ore

preferably at |east e.e. , even nore p erabl’y at
| east 97. 5% ( a6do18.are salts of forulash ansb4b:preferably at | east 99% (98%
e.e. or d.e.). In the above described nethods and

I nt er medi ates, for cepversions 1, 2, and_8-%2 and for conpounds 3, 4, 8,
9, and 10 preferabl @ﬂN. For convergi o s\@, and 10 and for
conmpound 4, prefer J i SO0l 20 S0,CI

PCT/ US96/ 19328 (a ( 43‘! o . cl (4b - 24 - _
Particularly preferred irntérmedi ates of fornula 4 useful in conversions 2,
8, and 10 are salts of formulas 4a and 4b: [err]

[err] a qucqwe;slons 5 and 6 and 8-13 gnd fonpompounds 7, 8, and

For conversi Ogswﬁeﬁ@i_sﬁa erP]%TW for conpougﬁ(gﬁ;iglck;p@g% yiﬁgiﬁ_ﬁpen Q

is a group of fornula: and Ais Bs pre

an al kyl group, an O al kyl group, an S-af 9 group, a cycloal kyl group, a
het erocycl oal kyl group, an aryl group, a hef%roaryl group, Cerr]N, or
C(ORerr], wherein R err], is an al kyl group, an aryl group, a

cycl oal kyl gr carpalkyl gretrar©Oyalkyl graupy ap S-alkylsgroep, e el igkadp, @r oup, and

B N T e S
preferably R heleinR,is'dn AR grbgp, dn @yiayroap epeyultsiky! yroup, a heteroaryl

group, or a heterocycloalkyl group, and R, and R,, are independently selected

from H, an alkyl group and an aryl group. For these same conversions and

compounds, when A is Si, preferably R;, R, and R,; are independently

selected from an alkyl group, a cycloalkyl group, and an aryl group. More

preferably, for these conversions and compounds Q is CH,, CH,CH,,

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

C'JHa CH, CI:H(CH:,)Z
. R . -
—?u—é ? - —Si~CH(CHy),

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

For conversion 4 and for compound 6, preferred embodiments
of the inventive methods and compounds are those such that when Q is an
A(RNR)R,,) group as shown above and A is C, preferably R, is H, an alkyl
group, an O-alkyl group, an S-alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, a heteroaryl group, C=N, or C(O)R,, ,
wherein R,, is an alkyl group, an aryl group, a cycloalky! group, a heteroaryi
group, or a heterocycloalkyl group, and R, and R,, are independently selected
from H, an alkyl group and an aryl group. For this same conversion and



selected froman al kyl group, a cycloal kyl group, and an aryl group. Mre
preferably, for these conversions and conpounds Qis CHerr],

CHerr]CHerr], CH(CH err])[err], C(CH err])[err], CHerr]-CH=CH err],
CH err]Cerr]N, or a group of the formula: [err] or s{err]
wherein R errwoigsnadierr] or CH(CH err])[err] PCT/UR9p/19328
conversion 4 and for conpound 6, preferred enbodi nents of the inventive

met hods and conpounds are those such that.gghen Qis an
A(R[err])(R[err])(R[err]) group as shown above and Ais C, preferably
Rierr] is H ancghkdind, wr%w&slaﬁre@erabim,,arauea 9§re3neéd'éHdeﬁﬂ up, a

cycl oal kyl group, a het er ocycl oal k group, an aryl group, a heteroaryl
group, d err] N, selected @ory an alk @NQ; aucyqlealkyi gr@umranmatwybprsua Motear yI

group, a cycloa L P t ogm?p
group, and R[er*'%ﬁl& erﬂ'r" cgﬁ‘;e&%ﬁﬁgégn er?qﬂmﬂ'sﬁelllgc &d ﬁ(ﬁﬁ? h aI kyl
group and an ar @{ClH)auiH,-EH=CHy GHsCEN, arcargfeuploﬁthmdnula

PCT/ US96/ 19328 WO 97/ 20824 -25 -
conmpound, when Ais Si, pref%'?’i‘a Rl err] c"lff["édzr] and Rlerr] are

I ndependent |y selected f Pky&r gHsi-ch@l-lg)ycl oal kyl group, and an
aryl group. Mre pr ef er abl fOHy t hi's conversi on and conpound, Qs

CH err], CHerr]CHerr], CH(CH err])[err] CHCELCH err])[err],

CH err]-CH=CH err], CHerr]Cerr]N, or a group of the forrrula [err]

or [err] wherein err] is CHerr] or CH CH err])[err]
For conversi onswhemsin Rags G, anG Biates 6, 7, 8, and 9, preferably

Rlerr and Rlerr] are eacheg dghbdlond 324 Pand 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 Dis 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
metalioproteinase 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-« convertase, may 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 (1985), Anal. Biochem., vol. 180, p. 110 (1989),
FEBS, vol. 96, p. 263 (1992)and European Patent Application No. 0 606 046. .

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. Illustrative examples of suitable modes of



Particularly preferred conpounds of formula 8, useful in conversions 8

and 9, are those of fornula 8a, where Dis N, Rerr] and R err] are each
a methyl group, and Zis O and of fornmula 8b, where Dis N, Rl err] and
Rl err] are each a nmethyl group, and Z is S. For conpounds 9 and 10,

preferabl ywoomesd N and Rlerr] and Rl err] are each a net hgrusssoo:s
The present invention is further directed to nethods of inhibiting

nmet al | opr ot ei nase activity, for exanpl ﬁu#é:\ manmal i an tissue, by
adm ni stering a conpound of the for 1 1a 1-f or 1-g, or a

h ti d | vat e th .
ettty of -t PPITREBREaRR Bl iiteliBerdterey HpiSd) EohtemBel R inetilei nase
activity, sucﬁreferablwthe:mdetojadMnlstrMSs6ralc| udl ng stronel ysins,

col | agenases, gel ati nasgs .,and/ or matrl and/ or, TNF-[err]
convertase, nay be rrea:ﬁPEe‘B q?ré'l‘ﬂ? uid /bt pl-E or 1-4.8rt hose

skilled in thmeﬁ'rﬁharma@éﬁt%Wabébp{éMQ p&su}bgé sa!tsbkggnoa@é d@égbeExafm' es of

sui tabl e assays for activity neasurenents Tnclude those ribed in Anal.
Bi ochem , voI adrmmstefe aﬁﬁpﬁamuhmlaqomnysﬁ@nmny Suitablg pbarmuacentical( 1989) ,

5\5 E’Isn | \S/'([) :’ at i O n regﬁémiarlﬁg %3 w’dc%ﬁ or Pﬁlﬁbﬁﬁéﬁ%ﬁ%%h#g% fO 00 0,6 gf6

t heir phar nacmh:deabugaramoébn'ﬁbdéo molid, segsisolich liquid @r wphiiaéds, nay be

Dvai Labl e - 5ehS eh ¥ sabiet, REERIS CPUES. shbpBemitartieBengbre i 1 abi o

nodes of and a#f@sols. FRraéfefably, the pharmaceutical form is a tablet or capsule for
PCT/ US96/ 19328
admi ni st rat i o3l AEMRiRtralion; TheRharmaggytica) ewypos'fﬂ%m?walsq 'ﬂﬁ‘H@Ger mal and

rectal . Péﬁiﬁlétakameh&edmaﬁs Qieh%"e éﬂ@éérﬁéfs%;s wéll Qé aiher

The inventive compounds of formul a ec(lJ
phar maceut i caPh?’"ﬁ@é’B@‘%{Ula&hw aaenigsdepanding WPOfb%B\lateBd naq be

o SLer e 25, 3 P! RS e el sl M B S BTG o

i ncl ude, but eftepharmaceutical campesitions, ared&nowolto thosle skilled inthe grbpFot i zed

f | at
suspens ons - exatiEil. Blahibbetical cReléiglons fah B pidhard BRSO rn i ¢
tabl et or capsomventional techriques cfithe !phatmmduﬁnal cﬁbmw,ﬂimoiﬁngeateips&hcl; I

It |. | t abl t i cles
and carri or s 38 TG S8R yHREp and cBiie Pt o Bedpedo: o et e SHependi ng
upon t he i nt enieing Lﬁlltng, and dissolving the ingredieddsdppropratBoldsgivd ther epari ng

sui t abl e phar eu
P g‘a gire %ucts?or oral, parenteral, topical, intravaginal, intranasal,

their

intrabronchial, intraocular, intraaural and/or rectal administration. [llustrative
examples of such methods include those described in Remington's
Pharmaceutical Sciences, 18th edition (19980).

Solid or liquid pharmaceutically acceptable carriers, diluents,
vehicles or excipients may be employed in the pharmaceutical compositions.
lllustrative solid carriers include starch, lactose, calcium sulphate dihydrate,
terra alba, sucrose, talc, gelatin, agar, pectin, acacia, magnesium stearate
and stearic acid. lllustrative liquid carriers include syrup, peanut oil, olive oil,
saline solution and water. The carrier or diluent may include a suitable
prolonged-release material, such as glyceryl monostearate or glyceryl
distearate, alone or with a wax. When a liquid carrier is used, the preparation
may be in the form of a syrup, elixir, emulsion, soft gelatin capsule, sterile



of the pharmaceutical conpositions are known to those skilled in the art.
For exanpl e, pharnmaceutical preparations nmay be prepared foll ow ng
conventional techniques of the pharmaceutical chem st involving st eps such

as m xing, granul ating and conpressi ng when necessary for Fgf))gg;qlg g| v’ or

m xi ng, fil wWg722084d di ssol ving the ingredi ents as appropr e the
desired products for oral, parenteral, topical, intravaginal, intranasal,

i ntrabronchial, intraocular, intraaural gy or rectal adm ni stration.
[llustrative exanpl es of such nethods include those described in

Renmington's injdctsblehqed (&.gasoliliomecs noddijuzob ior aquedusditfuld
Solid or liquid pharmaceutically acceptable carriers, diluents,
vehi cl es or ex$YSPEBRICE- may be enpl oyed in the phar maceuti cal corrposi tions.

| I'lustrative solid carrigpssd Bﬂhﬁgﬁaﬁh@é&hcaﬂ cHhpstioncdntdindTafiehatat €

di hydrat e, terra al ba, sucros el atin, agar, pectin, acacia,
magnesi um st eaﬂ&rapeutlcalb(rﬁﬁaﬂlﬁ%l ameuptefthe aptmwuapmw {i.eq@ epropaundofs

carrier o dr {ETES % 19 T UF 18k br theirprafnaBEARAN peAbE ol s, |7

such as gl ycersé}tsrmtmm)and prefemmy:sn;zhde up ofione eamephaﬂmnneuticam th a

wax. When a liquid carri aration in the form
o runr ol fgans Bl EnstertEe drsAe Pt R L irefnalian HESY cotaind &'\

97/ 20824 amount of from 0.1 mxlhgram up to 500 milligrams of active com7pound per

PCT/ US96/ 19328

i nj ect abl e | i gidijogram hpdy waighticf the hest, prefrsally Ocbe:200 mﬁhﬂ!@%smfﬁw d

suspensi on. bly 50 milligrafis & &sChnd BferPRFd Brefdth osition
cont ai ns at le%%efera Y me;gapegtlcasf yne?feectlve am)un of ﬁ?ﬁg active

conpound (i . e. mﬂbgrams;mdess oer kilograrp of mcmmwgm- dhe Belectad dosg mey behei r
' phar maceut | cal é&mﬁﬁéi&%fd%' %R%%l%fexarpplé% hﬁ %Exﬁhﬁx%kg%?d preferably

i s made up of one ar mac un| exenpl ary
dosage unit f otreatmammaédzated by dnhibition ef metaiinprotelaasmmtwny, by amyg Knawn

mlligramup to 00 tive. .canpound per ki | ogram body

wei ght of the HgEe ﬁ?"é{"é’ﬁﬁﬁg@%{"f f%eém ‘ﬂpng F‘?ﬁ’ foﬁﬁ?‘ |% 5€3f'erabl y 50
mlligrams or bmﬁentancbreamr\omy eeaamj fored)aynpid,Citia i@oposnw bagnterallpr

| ess, per kilogram of the host &ﬁwgygit The, sel ect ed

adni ni stered tBY NieRtoRaPT cqrfipug rayagingh it f?g??%'nt"%rﬁﬂr‘?\é@l?iof

treat ment nedi ghagduR of iHWaBtilapPiniionTet al | oprot ei nase activity, by any
known - nmethod of admi nistrating the dose including: topically, for

exanpl e, as an oi nt mete %’F’%’F’éﬁ#j‘e Hvantive cqf@&‘-&ldﬁysafﬁsoﬁ"'@f&ﬁﬂnéforas a
supposi tory; Pafsaigy 18! Be/administered will vary based upon a number of factors,

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



by injection; or continuously by intravaginal, intranasal, intrabronchial,

I ntraaural or intraocul ar infusion. The anmount of the

i nventive conpounds, salts, solvates and/or prodrugs to be adm nistered
will vary based upon a nunber of factors, i ncluding the specific

met al | opr ot oxes24t 0 be i nhi bited, the degree of I nhi bPCTUR60832Br ed, t he
characteristics of the manmalian tissue in which i nhibition is desired,
the nmetabolic stability and activity of Jghe particul ar i nventive
conpound enpl oyed and the node of adm fi'stration. One skilled in the

art may readi erabpmagf e?HisE%tS‘?tg@Wﬂ @Cﬁo%gnwﬂ%ahgazor’%gg%ds known

to the art. anodnt of 1'nventi Ve formul a
1, 1-a, 1-f (premogslydef'udxbherqﬂhar maceuti cal | y accept abl e prodrugs, " salts

or solvates, adm niste et ween 0. body ,wei nd 1 ny/ kg
body wei ght per day. 7€ indentve compouq#%ggwm@% M‘%g"dﬁﬁ‘é’c Q%fthe
salts, sol vatmramcbmadmwécompbhﬁde%efmu!qummiﬁremtsyaﬁya}bsayl ng the

technl gues available in the art using starting materials that are

readi |y avai |S[BHR) With Bydjoxylaming iRdhe paersence f 8 stitable peptide equnlingv e

conpounds ar & 7420824
conpounds ar g gﬁﬁéﬁtr I RRERGS R¥amblesidSuitdtii BYiPIRg agents mcM@e ﬁé{m | ess

ot herwi se i ndtarberykdimjdazpley N-gimethylarmineprapyl- Nf-eﬂlybcafbed;umadp I('éEDCb'l),sI y

defi ned herei

preferably ca ‘%”%8‘"”8 g’l"!&"%@mjeté@%ﬁ'ﬂf;o)éﬁ%%ﬁ%@%g%fa%ﬂ@ﬁ’ﬁﬁ'ﬂﬁ% 12- a
(where Mis aormrdpmphosghmp)anhydﬂdehydndugﬂ polansolvent| Suchpizesence of a
sui t abl e pep C | i . e Il'lustrative exanpl es of suitable
coupl i ng ageré fwgflfgﬁ'ﬂ%mgjel( |5ﬁfig)car bony! - di i ni dazol e,

N- (di met hyl ami nopropylg-N -ethyl carbodiinm de ("EDC"),

benzotri azol - 1-yl ox tII f d\et had am no) phosphoni um hexaf | uor ophosphat e,

or propanephosphon ) g€4 n an inert polar solvent, such as
di et hyl f or mam d . 2 [err]

12-a: M=0OH I Ar
12-b; M= halogen © 0=3 z

HONHzl 12.c: M=0Q R"w)'\/"\l

Alternatively, a compound of the formula 12-b (where M is a
halogen such as chlorine) can be reacted with hydroxylamine in a suitable
solvent mixture such as tert-butanol-tetrahydrofuran (“THF")-dichioromethane,
preferably at 0 to 25 °C , to give hydroxamates of the formula 1-a.

Compounds of the formula 12-b are preferably prepared in a
form that is directly useful for further reaction without isolation. For example,
such compounds can be prepared by allowing compounds of the formula 12-
a to react with a suitable halogenating agent, such as thionyl chloride or oxalyl
chioride, preferably in the presence of a catalytic amount of



12-a: M= CH [err] 12-b: M = hal ogen 12-c: M=

oQ [err] Al ternatively, a conpound of the formula
12-b (where Mis a hal ogen such as chlorine) can be reacted with
hydroxyl am ne in a suitable sol vent m xture such as

tert - but anowotegog2lydr of uran (" THF") - di chl or onet hane, ;)Prcg{'@’%sf/s at Oto
25 [err]C, to give hydroxamates of the formula 1-a. Conpounds
of the fornmula 12-b are preferably preparggl-in a formthat is directly
useful for further reaction wthout isolation. For exanple, such

conpounds can Bﬁnah?mnwhibu, atld preferablg i euitatsie ebivehlssuchragul a 12- ato
react with a sujtab

| e hal ogenati ng{age {, Z’u§2 as thionyl chloride or
oxal yl chl ofichioromethane Al & temperaiire from D, (- do seom emperatire: anpunt  of
WO 97/ 20824 Alternatively, the coupling reactions described above can be
PCT/ US96/ 19328 -29 -

di met hyl f or manicatriedaout withefomposings iofithe feumulaiii2ea oo12-brandsaxygeaprotected

A Cor nati vel y cpfpolptE FPNRbRAGEALE.  whbld b b o BIBPR BRERb i, o
out with conpoknowndé thdse skillechin thelat,such asbenzylnebutyly butyldimethglsitgl, or
knonn ot hoseBRRIRBEyTETYk andjor d8&ihed 8 TR, Bpehedhat I P Wits, "9 9 O1P

t - but yl di met hy|Rpblextive Groups in Orpaihiz \SyntHeeiYh991)y the dissidsure eewpichlisd in T. W

G eene and P.G M Wits, _Protective Goups in Oganic Sézt hesis (1991),
t he .di scl osur e insorpgrrtad hesein by refarensr) ta.give oeEOURd$ of foanulactte) to give

O ooy SRR o com AR 85 R0l SITRARE ool MR, 12
conpounds of t Hea.f Suitable methedseof depratacting compdundaof thef formelacddoare, as _
descr i bed 11 o oS ERSart 1o Sxchile, i béicrivea i B oS aFMBM! Rl 9271 ©
Protective Groups in Organic Synthesis (1991).
Compounds of the formula 12-a can be prepared by alkaline
hydrolysis of the corresponding ester 12-c (where M=0Q, and Qis a
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, preferabily in a homogeneous agueous-organic solvent
mixture at a temperature from 0°C to 25°C. Alternatively, these compounds
can also be prepared by acidic hydrblysis 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-c (i.e., 1-a, where Wis CH, and Y
is CRyR; and X is N-R;) in which R, is an alkyt 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



Conpounds of the fornmula 12-a can be prepared by al kal i ne hydrol ysi s of
the corresponding ester 12-c¢c (where M= 0OQ and Qis a sui tabl e
protecting group such as nethyl, ethyl, allyl, benzyl or t-butyl) using

a suitabl e aqueous base, such as |ithium hydroxide, sodium hydroxide, or
pot assi um pgd-pysde, preferably in a honpbgeneous aqueous- pcyesdseasnsl vent

m xture at a tenperature fromO[err]Cto 25[err]C. Alternatively, these

conmpounds can al so be prepared by acbglc hydrol ysis of the
correspondi ng ester using a sui t abl é¥dqueous acid, such as hydrochloric
acid in aqueous di oxane, at a sui tabl e tenperature, preferably from

50[err]C to 100[err]C leier
the art as suitabl e fd& OsSa%

Jre\nods A recogni zabl e bﬁ
Zésters to acOdP=gar

enpl oyed, such aglgpyd g of benzyl estighs Uufii n drogen and
pal | adi um on car - pnonot ed cl eavage of under
anhydrous conditiony{ a pal | adi untcararyz®d cl etava esters,
Conpounds of the for c (fbe., 1-a, where Wik rr]dand Y is

CRlerr]Rerr] and X |sﬁst-IR[err]) in which Rerr] is Ba kyl group, can be
prepared directly from conmpounds of the formula 1-b, for exanple by
treatnent with a suitable al kyl ati ng agent, such as an al kyl halide or
al kyl sul fonate ester, Compamdsabthe formulasiet wiere RY iscan algpisoiforiyat e

{,\grg?; ggg;i’ Sgltgﬂp Sfan arylsulfo?lyfgrrJ:rBer gﬁ 4lso ﬁcer Srepared diroe[cﬁ{( ?:]o% éé’még&r?cfs” c

(F)’CT/ US96/ 1932&f the formula 1-b. For example, treatment compunds of forflula 1-b with 2

[err] equivalents of ""m%lﬁ’ﬁﬁ‘emﬂa'?ﬁ intthe PF‘?ﬁ]WGF &f an exgpss of ﬂ{eéﬁial'}' is an
al kyl sul fonyl pase ghicHEs 4! métﬁﬂﬁt"cﬁbﬁ?ﬂnfaoﬂﬂn rﬁﬂ@ioﬁ‘gntaééé“ §¢ prepared

directly from corrpounds or mul a exa e, treatnent
conpunds of f clighibeeriethang, @t 23 °C, followed by teaatroentwith anBtHyLﬂulfhmdr osilane in

the presence l&fhee&faehséw&mfamﬁ %ﬁb&.ﬁé%t a temﬁé’%?ure%‘b%‘o? t%zs Cleads .

4- et hyl nor phol'i'ne,” T n an“apr ot sol'vent, sUch as I chl orormne
25 C, f ol | onedobgfteraednventionaltagueousiwkik-up)cdomppunds of formula 1-c where

R, is alkylsulfonyl or arylsulfonyl. In a similar manner, compounds of formula

1-b can be reacted with the appropriate electrophilic carbonyl reagents to
provide compounds of formula 1-c where R; is CO-R,, where R, is any
suitable organic moiety.

Compounds of formula 16 (i.e., 12-a where Wand Y are CH,
and X is N-R, ) can be prepared according to the following scheme.

K A e JEO

Preferably, commercially available racemic piperazine-2-
carboxylic acid is allowed to react with a suitable electrophilic reagent Ry-Lg,
where Lg is any suitable leaving group, under conditions such that the
reaction takes place predominantly at the N-4 position to give compounds of



chloride or an arylsul fonyl chloride at a tenperature fromQerr]Cto
25[err] C | eads to, after a conventional aqueous work-up, conpounds of
formula 1-c where R3 is alkylsulfonyl or arylsulfonyl. In a sinlar
manner, conpounds of fornula 1-b can be reacted with the appropriate

el ect rophi | i woacerzog2dy| reagents to provi de conpounds of PERVSMMNB2A - c
where Rlerr] is CORerr], where Rerr] is any suitabl e organic noiety.
Conmpounds of fornula 16 (i.e., 12-a whesg.Wand Y are CHerr] and X is
N-R3 ) can be prepared according to the foll ow ng schene. [err]

-> [ er r Jthe forniuld €41 More preferably, the reaction takBs pledh ajue SdIBRERIA! | Y
avai |l abl e racem c, pi per azi carboxylic acid is ,allowed ™t o react

e- 2-
with a suit ab?OQ’e@Fvesé’FP@Erﬁcgt@itﬁ@dﬁ%tﬁﬁ akpdemperajure from -4 &rte 25,Ci andiny
sui tabl e | eav, ke ﬁfe@h‘ﬁce Hfg%iggggé' LU 'Ss ﬁ’ié%]/lérhfﬁb. t he reaction takes

pl ace predom nantly at the position to gi've conpounds of WO
97/ 20824 For the preparation of enantiomerically pure compounds of the

PCT/ US96/ 193 — . s -31 - . the fornula 14.
Mbr e pref er a% ryn:ml.'f: ng  FRCETT BIR e{%s'z‘ﬁ?g’@éy lf%a?ig]ﬁg'aeg-fﬁéd'ﬁw!&e@ol vent, such
as acet oni t r idoeomtdingeto, krowremethade) suchras thosedesdibedih Heho CHaheasthC, and in

j et hyl . For the
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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.

Alternatively, the intermediate of the formula 14 can be isolated
and then allowed to react with trimethyisilyl chioride and a suitable tertiary
amine base, such as triethylamine or 4-methyimorpholine. Without isolation
the resuiting material is then reacted with a sulfonyl chloride 15 in a suitable
solvent such as dichloromethane at 25 °C to provide, after conventional
acid workup, a compound of the formula 16.

The intermediate of the formula 14 can also be prepared by
treating the copper (I!) 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 Ra-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 18 can be preferably prepared by
treatment of the corresponding aryl/fheteroaryl phenyi ether or aryl/heteroaryl
phenyi 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.
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Suitable protecting groups, Pg, for this type of reaction are
recognizable to those skilled in the art and include, but are not limited to, t-
butyl groups and benzyl groups. Removal of the prbtecting group by known
methods provides compounds of formula 18-a where R; is hydrogen, which
can be further reacted with reagents having the formula R,-Lg, 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 reagents include
methanesulfonyl chloride, methyl iodide, methyl isocyanate, ethyl
bromoacetate, dimethylcarbamoyl chloride, and methoxyacetic anhydride.



with trinmethylsilyl diazomethane in a suitable solvent such as nethanol -
di chl oronet hane at room tenperature as shown in the follow ng schene.
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18-b: Rerr] and Rerr] = H '
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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 formula 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 Bulf. 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 suifonamides with



[err] <- [err] 18

22 [err]-Am no-[err]-hydroxy esters of fornula 19 and
aziridines of formula 20 are allowed to react in inert solvent such as

di chl or oet hane or preferably di oxane at el evated tenperature, 60 to 100
[err]C, to @ownadgducts 21. Derivization of the am ne fuREWUSINIBRS 21 t o
provi de conpounds of formula 22 can be effected by conventional nethods
known to those skilled in the art. QIcIi_%?t_ion of conpounds of formula 22
under M tsunobu-type conditions (see J. g. Chem 1991, 56, 3900-3905,

t he di scl osure [ S ; h ' r | des the
pi per azi nes 18. BeAb'hd thﬁhé&%gngﬁoﬂnﬁgﬂg '%ﬁn@?@\&f&?&w&f&% Is H and
Rlerr] is al kyl preparbd as deseiittecoabavecording to literature met hods known to

th killed in th t. W . t byl At h
am_o?]g §| l:ohgl sI 29 a?ea;vappmoﬁhgf‘ %ﬁhlaﬁ#ﬁj@%:}rgg yﬁ%fﬂ gt?ﬁ @Pﬁ@'%ég@n ged
in Bull. Chem S$p@Y fOOR,R,9%4n bé%teﬁér&daccor&ik@‘io_}ﬁ@ftﬂld{mﬁ@éwéf'rﬂe.Of which is

i ncorporated herein by reference. he aziridines 20 can be
prepared by treatnent of sulfonyl chl orgdes of formula 15 pith excess

et hanol anine in THF at -20 [err]Cto Zgog's'TA@gIZW\Ned by gyalifapi girof the
J !

resulting [err]-hydroxyepyhesulfgonam esy)
—_— Q-

PCT/ US96/ 19328 H e DEAD
and triphenyl phosphine i F. Conpou of formula 15 Cay CO£t _
prepared as descri bed gpofe 24 R Conpoun 0 ornmul a 28
(i.e., 12-c where Xis NH Wis C=0 and Y is CR®&rr err]) can be
prepared according to the foll ow ng schene. [err] l

4.__
R; COEt R, NjoozEt
27 g, \HCO 26 ' COH

' Ar % Ar % A
b oo O
| w{m —
Ry Dy o) 28

Treatment of compounds of formula 23 (prepared as described
in Angew. Chem. Inl. Ed. Engl. 1994, 33, 998-999, the disclosure of which is
incorporated herein by reference) with sulfonyl chiorides of formula 15, as
described above, give compounds of formula 24. Alkylation of compounds of
formula 24 with ethyl bromoacetate proceeds in the presence of a suitable
base, such as potessium carbonate, in a suitable solvent, such as DMF, at 25
°C to 80 °C for a period of 1 to 48 hours to provide compounds of formula 25.
Oxidation of alkenes 25 to compounds of formula 26 proceeds under suitable
oxidizing conditions, such as excess sodium periodate in the presence of
catalytic ruthenium trichloride in acetonitrile:carbon tetrachloride:water (2:2:3)
solvent at 25 °C for 1 to 18 hours. Treatnient of compounds of formula 26
with diphenylphosphoryl azide ("DPPA") in the presence of a suitable base,
such as triethylamine, in an inert solvent, such as benzene, at 70-100 °C for
1-12 hours gives an intermediate isocyanate, which upon addition of a
suitable alcohol, such as benzyl alcohol, provides compounds of formula 27,
where Pg is a corresponding protecting such as benzyloxycarbonyl protecting



Treat ment of conpounds of fornula 23 (prepared as descri bed I n Angew.
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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
corhpounds of formuta 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 reported in the



conpounds of fornula 28. An alternative sequence naki ng use
of the internedi ates of formula 24 is shown bel ow [err]
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Treatment of compounds of formula 33, which are readily
derived from D-aspartic acid by methods known to those skilled in the art,
with trimethylsilyl chloride and triethylamine in dichloromethane at 25°C for
approximately 1 hour provides the trimethylsilyl esters, which, without
isolation, are further reacted with aryl sulfony! chlorides of the formula 15 in
the presence of additional base to provide, after conventional work-up, the
corresponding sulfonamides of the formula 34. Treatment of a sulfonamide
34 with approximately 3 molar equivalents of a strong base, such as lithium
-diisopropylamide ("LDA"), at a temperature between -78 °C and 0 °C in an
inert solvent such as THF, foliowed with 1 equivalent of an appropriate lower
alkyl halide of the formula R,-X, preferably at a temperature between 0°C and
-78°C, gives a mono-alkylated product of formula 35 where R, is H. Without
isolation, the reaction mixture is treated with an additional equivalent of base,
and then allowed to react with a second alky! halide of the formula R-X,
where R, and R, are preferably the same, but can be different, to give, after
acidic work-up, a sulfonamide of the formula 35. Following esterification of
the carboxylic acid function of 35, the protecting group Pg is removedto -
provide the acid 29.



literature and known to those skilled in the art, wll yield
enantionerically- enri ched conpounds of formula 28 and 18-c.

Al ternatively, the internediate conpounds of formula 29 can be
prepared in enantionerically-enriched formaccording to the follomnng
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Arylsulfonyl chlorides of formula 15 can be converted to
suffonamides 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 ccmpouhd of the formula 18-c is effe'cted
by cyclization in the presence of catalytic 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.



Al ternatively, conpounds of the forrmula 18-c can be prepared accordi ng
to the foll owi ng schene. [err] 0
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Treatment of diethyl aminomalonate, which is commercially
available, with chloroacetonitrile or bromoacetonitrile in the presence of
diisopropylethyl amine in ethyl alcohol provides diethyl
(cyanomethyl)aminomalonate, whicﬁ is further reacted with an aryisulfonyl
chloride of the formula 15 to give a compound of the formula 39. Nitriles of
the formula 39 are reduced to corresponding amine salts of the formula 40 by
hydrogenation over a suitable metal catalyst, such as palladium or platinum,
in the presence of acid in alcohol solution. Reaction of a amine salt of the
formula 40 with an excess of a ketone R-CO-R, gives a piperazine derivative
of the formula 41. After protection of the amine function by conventional
methods known to those skilled in the art, basic hydrolysis of the ethyl esters
followed by decarboxylation under acid conditions provides a compound of
the formula 42,

Compounds of the formula 44 (i.e., 12-a where where W is N-H,
X is C=0, and Y is CH) can be prepared according to the following scheme. |

D-Asn————-»
43Y 44\(
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PCT/ US96/ 19328such as DMF generates the corresponding trimethylisilyl gster. Thls 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-methylmorpholine, 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
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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



Preferably, a warm aqueous sol ution of D-asparagine, which is

commercially available, is treated with formalin to provide, after cooling
to O C, 6(R)-carboxy-tetrahydropyrimdin-4-one (43). Treatnent of
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The starting B-hydroxy a-amino esters 49 are either commercially available,
for example serine, threonine, and allo-threonine esters, or can be prepared
by methods described in the literature (see, for example, J. Org. Chem.,
1896, 617, 2582-2583, the disclosure of which is incorporated herein by
reference). Compounds of formula 49 are treated with an sulfony! chloride
having the formula 15 in the presence of a suitable tertiary amine base, such
as N-methyimorpholine, in an aprotic solvent, such as DMF-dichloromethane,
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-40 - conpounds of formula 45, which are readily isolated by a

aci d-base extraction sequence to renove snmall anmounts of the

bi s- sul f onan] eﬁW% roduct . Treatnment of amines 45 with gl yoxal ate esters
of formula 4 are commerci al l y-avail abl e or well - 6/19328 he
literature, pI’OVI des I nt er medi at es of fornmula 47, which can exi st
partially or substantially as the corresp%'hdl ng open-formim ne

taut omers. Reactign onpounds 47 with an ap i ate el ectrophilic
reagent R3-Lg BhRE % é)'?/ é”"é vige henRrbyedroxy GWHJF &8’“"0 esters having the A

nmet hod for preﬂﬁ'ﬁ'ldi‘é? gorrpounds of fornmula 54, where Xis O or S is
shown in the sc gel oW. [err]

54- a: X=0 Treatment tﬁtemmohmds of the faineula S8nithsuifabler | - hydr oxy
a-amno esters either. conmercial |IabI e r EX e serine,
t hr eoni ne, and"éﬁ’[‘ﬁ“ﬁﬁ[ﬁﬂ@ﬁ@& §"c%m¥E WW@W%E)EA t hods
descri bed in tBelutibh atasﬂceprbeiae,thé me@iymwﬁnes%ff@‘rﬂuia@ienrreatmen%%% 61,
2582- 2583, the djsclosure of which is |nco:§orat ed herein by reference).

Conpounds of f GF‘IE'HI"&SA?‘@“W'Q $13WB@ thiol X zro)arateahpl (Ot mIQxefdermula B2vi ng t he
o 2 o PROLE A Poau Bl e €1 B folkreth BEeh 38 Py, o
such a leavmg group) in the presence of a Lewis acid, such as boron
trifiuoride etherate, at 0°C to 25'C, either without additional solvent or in a
suitable inert solvent such as dichloromethane, yields compounds of formuia
53. Subsequent treatment of the compounds having the formuia 53 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 53 to give 54 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.
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to 25[err]C to provide the [err]-hydroxy a-sul fonylam no esters having the
formul a 50. Treat ment of conpounds of the forrmula 50 with
sui tabl e WOITRA824t | ng reagents, for instance triphenyl phpepbsssassasd DEAD
I n THF solution at 25[err]C, provide the sulfonylaziridines of fornula
51. Treatnent of aziridines of fornmul4251 with a thiol (X =S) or
al cohol (X = O of formula 52, where Lg is any suitable | eaving group
(or a precursor, such as hydroxyl, to such a | eaving group) $p the
presence of a Lewis acid, such as boron trifluoride etheratej at Of[err]C
to 25[err]C, either without additional solvent or in a suit e inert
sol vent such as dichl oronet hane, yields coggounds of formula :
Subsequent treatnent of the conpounds having the formula 53 w a base
such as potassium c&y bonat n an aprOti g“sol vent such as DNyg=kep
provi des conpounds fg | n_ghe nppse WiBre Lg is hyfirokyl, _
cyclization of 5 |v ted wth triphenylp nd DEAD
in THF sol uti ongt 25[ err] C Alternativ cofrpounds of
formul a 54acan b 7,?'lzzemiredfrom jInHesters 49 by the Sﬁz erc hown
bel ow. 08394 55
PCT/ US96/ 19328 -42/ err] 56
ZA
Z-A
00=S=0 OO=S

o

Hydroxyethylation of amino esters 49 can be effected with
ethylene oxide in alcholic solvent at 25 °C to 70 °C to provide compounds of
formula 55, which can be converted to compounds of formula 5§6 by treatment
with sulfonyl chlorides 15. Diol §6 can be cyclized with the Mitsunobu
protocol (see Holladay, M. W.; Nadzan, A. M. J. Org. Chem. 1991, 56, 3900-
3905), or in traditional Williamson-style via the tosylate 57 and base to give
compound of formula 54-a.

Alternatively, compounds of the formula §4-c (i.e., 54-b where Q
is tert-butyl, X is S and R, and R, are both hydrogen) can be prepared
according to the following scheme.

O
° o 15 ool e
L
t-B«O)k[Br———-> tao)\ED . t-BOJ\[
Br ' 54c



Z- A Hydr oxyet hyl ati on of amino esters 49 can be
effected with ethyl ene oxide in alcholic solvent at 25[err]Cto 70[err]C
to provi de conpounds of formul a 55, which can be converted to conpounds
of formula 56 by treatnent wi th sul fonyl chlorides 15. Diol 56 can be
cyclized wi thWh¥2¥Msunobu protocol (see Holladay, M W ;PCEUSWMI9328. M
J. Og. Chem 1991, 56, 3900- 3905), or intraditional WIIlianson-style
via the tosylate 57 and base to give coprpdund of fornula 54-a.

Al ternatively, conpounds of the formula 54-c (i.e., 54-b where Q is
tert-butyl, Xis S and R[] Breferabht t-huty 2]3-@b@mmr¢plﬁwedgm)ar%acqs>@dlpgécpar ed
according to th

according L0 tN%hd Rl BEscBBATR . Periid fiahk 1, p. 1321 (193) theThbidélie of
Preferably, t-buwihith i3 iSestpbratechemin byleafere(\pe)dpa'eatedaﬂiﬂﬂdi ng to the

o, oS e yRadonlbtibe P e aBine F s oo ol T Wil

ner capt oet hyl amgyenrypsfofm laftilben28hé qo ipfovide tbitplteBangirg And-thigzisd3as a

mxture 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
carried 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. ltis 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 S=0, and also to directly convert compounds of
formula 1-a where X is S to compounds of formula 1-a where X is S=0.

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

2 A % A
0 0=¢ z 00=8 i
. Qo):[”j
S"54-b R T>s
Y Ly s

the following scheme.



of chlorof orm and benzene, to provide t-butyl tetrahydro-1, 4-thi azi ne-3-
car boxyl ate, which upon reaction with a conpound of the fornula 15 under
sui tabl e conditions, such as in the presence of triethylamne in

di chl oronet hane solution at 25[err] C, provides conpounds of the formula

54-c. WO 9720824 As shown in the schene bel ow, oxi dat i pCr/o$96/19328
t et rahydr ot hi azi nes of fornula 54-b to the correspondi ng sul f oxi des of
formul a 54-d can be carried out unded4suitabl e oxidizing conditions,
such as m chl or oper benzoi c acid in dichloronethane at -78 Cto O [err]C
or sodium perborate in acetic acid at 25 [err]C to 50 CzAt is to
be understood that such oxidations can al so be carrl at ot her
i nternmedi ate stag in the synthesyYs of conpounds of a 1-a where X
is S=0O, and als ectly co l&dzrrpounds of a l-a where X is
S to conpounds for mul a—2—a re X is ) > Conpounds of
the formul a 54-b"-&'a7‘l~§p pr epar ed B o] [errw\s/\/a'l he '
fol | owi ng schene. R WO 97/ 2
PCT/ US96/ 19328 58 -44 - 60 [err]
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First, B-mercapto-a-amino acids of formula 58, such as D-
penicillamine or D-cysteine, both of which are commercially available, are
treated with 2-bromoethanol in the presence of a base, such as sodium
hydroxide, to provide 2-hydroxyethyl sulfides of formula §9. Intermediates of
formula 59 are then reacted directly with compounds of the formula 15 in the
presence of a suitable base, such as sodium carbonate, in an appropriate
solvent system, such as DMF/water to provide the N-sulfonyl derivatives 60.
The acid function of compounds of formula 60 is then protected as a suitable
ester group Q, for example, the t-butyl ester which is prepared by reaction of
60 with t-butyl bromide in the presence of a suitable base, such as potassium
carbonate, and a suitable catalyst, such as benzyiltriethylammonium chloride
("BTEAC") in dimethylacetamide at a temperature between 50°C and 60°C.
Cyclization of the compound of the formula 61 can be effected using
triphenylphosphine and DEAD in a suitable solvent, such as THF, to yield a
compound of the formula 54-b.

More preferably, compounds of the formula 1-d (e.g., 1-a where
Wis CH,, X is S, and Y is CR,R,) can be prepared according to the following
scheme.



First, [err]-nmercapto-[err]-amno acids of fornula 58, such as D
penicillamne or D-cysteine, both of which are commercially available, are
treated with 2-bronoet hanol in the presence of a base, such as sodium

hydr oxi de, o‘gérz)hggf 2- hydroxyet hyl sulfides of fornmula 59. Internediates
of formul a hen reacted directly w th conpounds of ROTA'SPGI9A a 15
in the presence of a suitable base, such_as sodi um carbonate, in an

- appropriate sol vent system such as DVFfRat er to provide the N-sulfonyl
derivatives 60. The acid function of conpounds of formula 60 is then
protected as a suptable ester gr p . tor exanpl e, tFN@thI ester
which is preparedhbynmeaction of (LNt - butyl br n the presence
of a suitable such-—asypot 2851 ar ponate,»an i fabl e catal yst,
such as benzyl t rk gillammnl um chl & He "BTEAC") in yl acet am de at
a tenperature betRfeen 50[err]C and 60[8 r]C Cycli zat Rgn of the conpound
of the fornula 61 be effected usi tri phenyl phosphj nggand DEAD in a
sui t.abl e solvent, stUch as THF, to yiel'd®a conmpound of tpe formula 54-b.
More preferably, corrpounds of the fornmula 1-d (e.g., 1-a here Wis

CHerr], Xis S, an zﬁR[err]R[err ) ze prepared &ccording to the
fol |l ow ng scheng WO 97/ %
PCT/ US96/ 19328 O ¥ 45 - Mt
N):(D (Pg)o\ﬂ:] (PO
[ R
R 63

Treatment of compounds of formula 58 with a trialkylsilyl
chloride, such as trimethylsilyl chloride, in the presence of a tertiary amine
base, such as diisopropylethylamine, in an aprotic solvent, such as DMF,
provides the corresponding trialkylsilyl 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 9-fluorenylmethy! chloroformate ("FMOC-
Cr) in the presence of additional base, such as N-methyl morpholine, to
provide, after aqueous acidic workup, the free carboxylic acid of the formula
62. This acid can then be coupled to an O-protected hydroxylamine, for
example where Pg is t-butyldiphenyisilyl, 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 DMF, followed by reaction with a sulfonyl chloride of the formula
15 in the presence of base, 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.



Treat ment of conpounds of fornula 58 with a trial kylsilyl chl oride, such
as trinethylsilyl chloride, in the presence of a tertiary am ne base,
such as diisopropylethylanm ne, in an aprotic solvent, such as DV,

provi des the corresponding trial kylsilyl ester, which upon reaction with
1,2 - di chiyonaedstane or 1, 2-di bronoet hane in the presencediusbldiad 25
[err] C gives the internedi ate tetrahydrothiazine of the fornmula 7-b.
Wthout isolation, this internediate iSgqkurther reacted with

9-fl uorenyl met hyl chloroformate ("FMOC- ") in the presence of

addi ti onal bas | [(A-\VA r aqueous
aci di ¢ wor kup, M%%BWS@%%%S‘}'S@&BQ% Bmgtfgg?%l.lg\grgg?ﬁfﬁ?s acid can
t hen be coupl edctarding tote prasess desgrihed)bdlewd ne, for exanpl e where Pg is
t-butyl di phenylsilyl, with conventional peptide coupling reagents, such

as EDC, to give the protected hydroxamate of the fornmula 63. Renoval of
the FMOC pr ot eguniigagy 6f'thePidtessnvent i onal net hods, such as pi peri di ne

in DM, followed by reaciion with sul fonyl ch|or,ide of the fornula 15
in the presence of base,bgﬁéﬁpﬁg W%%PW?"%’BV#&“ 'ﬁ@,P’PFPsér}QU{'\eabl e
sol vent, such gontbellopeeitBhiAst ntaNddieass IS, rBbrekbfteli tiythk 2 13- b.

Renoval of the protecting group Pg a ds conpounds of the a 1-d.
Particul arly pfarfmada 8@. conpounds of this invention are  conpounds of

can be-appi | oo 118 PRERTRTE wiFR RfRRke 8 iHivhd i ool Slapacc, 7oV
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- 46 - More preferably, however, conpounds of the fornula 10 are

pr epar ed according to the process descri bed bel ow. Summary of the
Process One aspect of the present invention is a process for
the synthesis of certain matrix netall oprotease inhibitors, represented
by the foW@PHu208y The reaction scheme can be summari z BET/HE% | ving
the foll ow ng steps: Step 1 -> [err] (2) Step
2 [err] -> [err] (2) -47- (3) Step 3
[err] -> [err] (3) (4) Step 4
[err] ->orStep4A [err] (5) (6)
0 H O
H?”f\on EN OH
' Ry
HS Rl:' _ SR,
(6} {11)
Step 5
o I
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HS" R,! 1
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or Step 5A
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-47 - or Step 4A [err] -> [err] (5) (11)
Step 5 [err] -> [err] (6) (7) or Step 5A
[err] -> [err] (11) (7) Step 6 [err] ->
[err] W0 97120824 (8) Step 7 PCT/US96/19328
-48 -
Step 8

020502 o — 020‘302 0

N N NHOH
) [s:%w [sj;'g‘

(9 (10)

The process comprises combining a suitably activated two-
carbon piece with the amino acid 5 to form a tetrahydro-2H-1,4-thiazine
derivative 11 or with a suitable ester 6 to form a tetrahydro-2H-1,4-thiazine
derivative 7. A compound of formula 7 is treated with an activated sulfonic
acid derivative 4 to give the corresponding sulfonamide 8. The ester
functionality Q in compound 8 is deprotected to give compound 9, which is
then activated by formation of an acid chloride or other suitable activating
group. The activating group is displaced by hydroxylamine or a suitable salt
or derivative of hydroxylamine to give the hydroxamic acid 40. The activated
diarylether suifonic acid derivative 4 can be prepared from the diaryl ether 2
by chiorosulfonation directly to the sulfonyl chloride or by a stepwise process
of suifonation to the sulfonic acid 3, followed by conversion to the sulfonyl
chloride or other suitably activated sulfonic acid derivative.

Detailed Description of the Process

A number of diarylethers 2 are commercially available. In cases
where the diarylether is not commercially available, the first step of the
process involves preparing the diarylether 2. In the case where D is nitrogen,
compounds 2 can be made by combining either 4-chloropyridine
hydrochloride or 1-(4-pyridyl)pyridinium chloride hydrochloride with phenol or
thiophenol at or above 100°C either neat or in water, toluene, xylenes, or
other suitable solvent. '

In Step 2 of the process, the diaryl ether is treated with
chlorosulfonic acid, sulfuric acid, sulfur trioxide, or other suitable sulfonating
agent to give the suifonic acid 3, which is used directly or isolated by water



[err] -> [err] (8) (9) WO

97/ 20824 : PCT/ US96/ 19328
-48 - Step 8 [err] -> [err] (9)

(10) The process conprises conbining a suitably
activated twoyO9720824, on piece with the amino acid 5 to forblT4/s96/19328

t et rahydro- 2H 1, 4-t hi azi ne derlvat|v§ 11 or with a suitable ester 6 to
forma tetrahydro-2H1 , 4-thiazine r'|vative 7. A conpound of fornula

7 is treated with an activated sul fonic erlv%)llve 4 to give the

cor r espondi nfluench fHliowedbygssclvent rennpyal or em?‘iﬁ?@t'?@rﬁa?‘l" &WRI®T conpound 8 s
depr ot ect ed tigy éefﬁe%gmeaaw&m Hsslhel Gases, o hrrey Ehahuealtr et | on of

an acid chlorl e or other suitab eactlvatlng oup. The activating
group is di sgiusbas tetfabytriemmoenivmnisomidecan e 'd%ﬁ‘bt%ﬁﬁﬁase thegsolilityvat i ve of
hydr oxyl am ne W 10. The activated di aryl et her
sul foni c aci &fyg? ?ﬁlg(?"é Q&ﬂ"ﬂ%ﬂ on rg?aﬁ%'lr'tgd fromthe diaryl ether 2 by

chl orosul fonati on di re&ép@toﬁthd]ﬁroseés‘lOmWesbdidmgdiHonyl chipride statyli se
process

o the. sul f orfode, chpresiiame sk phese el Aphts dr aBOB PR aci o "

derivative. cp nna@ﬁé%é t Rt duohR'achf 3 ihacdtomihs, Si:!!chloromethane A
nunber of dlarg et hers are conmercially available. In cases where the
di aryl et her ik2rtichioregthane; ai anothersuitablecorganie spiveat thesesylting gulfonyl

process i nvol ¥es; 4 £B5h bB%sdiftBd By Fokeht Riffioval of Waldd GuEASIFIOIBRES bY ' S

ni t rogen,
filtration or extraction. Alternatively, the sulfonic acid 3 can be converted to

the sulfony! fluoride with fluorosulfonic acid or suifonyl 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 converted to a suitable sih\(l or carbon
ester. In the cases where a silyl ester is utilized, trimethyisilyl chioride, tert-
butyldimethylsilyl chiloride, dimethyithexylsilyl chioride, triisopropyisilyl
chioride, 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
amine base in N,N-dimethylformamide, acetonitrile, dichloroethane, or other
suitable aprotic solvent . The resulting mixture of the sily! 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 § and sulfuric acid, hydrogen 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 for 4 to 60 hours. The resulting ester is isolated as either the free
base or amine satt by solvent removal and/or aqueous work-up, followed by

extraction with an appropriate solvent and finally solvent removal or salt



compounds 2 can be nmade by conbi ning either 4-chloropyridine
hydr ochl ori de or 1-(4-pyridyl)pyridiniumchloride hydrochloride with phenol

or t hi ophenol at or above 100[err]C either neat or in water, toluene,
xyl enes, or ot her suitable solvent. In Step 2 of the
process, thWOR72p82% ether is treated with chl or osul f onper/asssdoszgul furic
acid, sulfur trioxide, or other suitable sulfonating agent to give the
sulfonic acid 3, which is used directl y50r- i sol ated by water WO
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1t . eresutln t I lyl ester 6 can be used
directly in S?'é’be%ter isrtreated wit j‘lsz‘gﬁk@%‘éﬂ“%é‘ i -difiramegthapesefanatefor k- up,
extraction, aggltabfd éi&ﬂfbtéc?m/@érbon moiety and 1 &dlabﬁblhi?@oﬁaﬁﬁﬁnw&'?%rié carbon
ester is utilized, a mxture of conpound nd sul furic acid, hydrogen

chloride, p- tgqmggmw@mq;tegamanme base i ln 1 2—d|chloroethane N,N-
dimethylformamide, or other suitable aprotic solvent. The silyl ester is

deprotected in-situ by addition of methanol, 2-propanol, or another alcoholic
solvent and the resulting 'tetrahydro-2H-1 /4-thiazine derivative 11 is isolated
by precipitation and fitration. |

In Step 5, the ester 6 is treated with 1,8-
diazabicyclo[5.4.0}Jundec-7-ene, sodium hydroxide, potassium hydroxide, or
other suitable organic or inorganic base, and 1,2-dichloroethane, 1,2-
dibromoethane, or other suitable activitated two carbon moiety in 1,2-
dichloroethane, N,N-dimethylformamide, methanol, ethy! acetate,
tetrahydrofuran, acetonitrile, or other appropriate solvent. The resulting
tetrahydro-2H-1,4-thiazine derivative 7 is isolated by precipitation or aqueous
work-up followed by extraction with an organic solvent and solvent removal.

In Step 5A, compound 11 is converted to a suitable silyl or

carbon ester. In the cases where a silyl ester is utilized, trimethylsilyl chloride,



anot her suitable organic or mneral acid in nethanol, ethanol, isopropanol,
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but vyl t abl d i tabl
mnersl acra Ghiidsanr andlberRioR i abh Feidbot b Adeutbaififue ] %, o ir °
p- t ol uenesy uﬁdaﬁl éhda.‘}j srcﬁé}_amy&m{mmrﬁﬁgman?, triethylamine,
St 4A, 5 m W t I azabi.cycl o ene
s ogPu m hy g?gg ?ﬂlf'éopfﬁﬁblgﬂﬁﬁlﬁ)}ﬂemﬁyﬁ'ﬂ 'Eﬁ@hﬂ@ow?’neﬁy T‘@F‘ Qi A0 %‘%B@aﬁ{fﬂafgr

i nor.gani c bas%mﬁg%gls??n f 161 rﬁélﬂﬁflf)&ﬁﬂ?mdé a%etonltﬁlebﬂivﬁiﬁﬁééthaﬁe dlothérer

sui tabl e acti vi wo tar I et | or oet hane
N, N- di net hy| f csuitablecaproticesdiverdl., The te,sultaagmmae of the@ulvlaa%ﬂomhﬂused

|
et r anydr o- o desy i SisPies 2 4R S BisePbdh 5 IecBitba pYBEUEGR WOKNR. .,
fol lowed by éitfdction, and svlveny remowatnt renoval . Alternatively, the

carboxylic acid functi Oﬂlﬂl i t% of corrpo&)rl)ql,1 gsté:lﬁig u?ﬁzéy %trﬁﬁu‘la‘gojf n-situ by

addi tion of trlmethylél

1, 8-di azabi cyctihgouhd vaﬁ&suﬁurm%m Tieroges hioride, p—téluénéswameracidi ok r eat ed
with 1,2-dichl oroet hane 2-di br onoet hane, or anot sui tabl e activated

two carbon noi mqth@rrﬁantabquam&@r syeeral acidingpgthase ‘Pﬂtﬂﬂ? IsQpropanghnisy
suitable tert 'lﬁg¥n5\ e?ﬁgxﬁﬁﬁ& Ly Iég;ﬁhgl' Smﬂépﬁﬁlﬁ%@alcﬁhtﬁﬂsolvent is heated

di met hyl f or mam e aprotic solvent. The silyl ester is
depr ot ect ed i ratseflux. b'ihal:&aultmgrestﬁir isrisolatethas eMﬂbgﬁﬁQIbasgpf anineysalt

al coholic [ rivative
11 is isolat egbyg‘ﬂ"e'ﬁrr}gﬁ"gﬁé({?@y édé'%gu# % @%%@ ﬂy élxt}éﬂti% viith &Fn Step
i e et

i nor gani ¢ base Rropn %ﬁa(ﬂ‘ﬂ gly, hetert-b er
suitable acti vmhaitﬁdmb\mnmr’@w campewd 1 irl 1 A=dioxdhiectv stheesuitable

N, N-di met hyl f or mami de, et hanol, ethyl aceta t et dr of ur an,
acetonitrile, ?ﬁ'vg{th’&“"bﬁﬁpﬁﬁ!ﬁ"& E"‘%é‘l"f}’éﬁtac'érﬁe\!d?"Q?UIcE’ﬁ?ﬁée pP-

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 tefrahydro-2H-1,4-thiazine derivative 7 or 11 and
the activated diarylether sulfonic acid derivative 4 are combined in
dichioromethane, 1,2-dichloroethane, acetonitrile, N,N-dimethylformamide,
ethyl acetate, toluene, tert-butyl methyl ether, or another suitable solvent in
the presence of 4-methylmorpholine, pyridine, triethylamine,
diisopropylethylamine, potassium 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.



tetrahydro-2H-1, 4-thiazine derivative 7 is isolated by precipitation or
aqueous wor k-up followed by extraction with an organic sol vent and

sol vent renoval . In Step 5A, compound 11 is converted to a
suitable silyl or carbon ester. In the cases where a silyl ester is
utilized, twigwmkbeghsilyl chloride, WO 97/ 20824 PCT/US96/19328
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tert-butyldinethylsilyl chloride, dinethgdthexylsilyl chloride,
triisopropylsilyl chloride, or-another suitable silylating reagent is
added to a nmixture of gieFTGHRSvdsithentbpiot8ctibinraahé ey pidtedting] grodp ef 7- ene,
triethylamne, diisopropylethylamne, 4-nethylnorpholine, pyridine, or

ot her suit abl eompound8 {o giaicasbaxylieacid SNINhg Gasemhers ashyl@sterd et onitril e,

di chl or oet hane,.,._or, -SUEL : ' . : ' m xture
of the silyl 5@{2813' &é}g{ﬁcgéﬁjhss Oﬁ(ﬂ% rg@% W"lﬁﬁ‘h@g‘%’ %%?Ftaehéib%lr ester
can be isol at gad metirano,athanel; isopropanely or anatherrglcehol solventati20°Griov al .

In the cases ere g .carbon ester | ild zed, ] o] nd 11
and sul furic E\Q\Ud ,anﬁyﬁawthsrﬂfm"i"éziyl*{‘}!%"'é’f‘&gﬁ&@'&ﬂ %mvgéczl\%‘?rﬁgﬁ%qgnot her
sui tabl e or gagiy eSlerd'taltbé deprdtécted byeieatment with Minerdl acidsomacetieacid inl-
butanol, tert-butanol, allyl alcohol, or other suitahle, al cohol solvent is

heated at r eelther orgaric os sauepyRsalytian on by raaimeptyith furide,iop i pEANIGe pase
or am ne salt Bﬁor?()' vent renoval and/or aqueous work-up, followed by
extraction wi PRan” appropriate solvent, and finally solvent renoval or
salt formation by addi tindhe ceseswheisn evbpaestaids utilized theqstencanpy t he

tert-butyl t ' MY ) d 11
1 i oxaramered ey B RS bl o et AY I fydbdorntMofide, SEBALT

sul furic aci dackly 6r othenminerarinoeater dioxané oe ansthif suitableacigdnicesolivenbaher

sui tabl e m'nera% nic.acid

i.d . t fl . , .
Al ternativel yr® l'-ﬁ:%‘@f’?é?f%&? 10 gpier gp_qﬁ? éﬁ%‘@%ﬁ*‘%ﬂ&ﬂe&&wﬂ sediiMhe | eft
unprotected angdisxRI, Iihiuliﬁhgdtirdxmg.sbﬁﬁsﬁun'ﬂHydrdiu'ide,@%ﬂoth‘é‘reﬂitéiﬂei s sinply
n Step

omtted. . . | , the tetrahydro-2H 1-1, 4-thi azi ne
derivative 7 mqrgqnlaﬁase tm%’a’&éﬂ?&PmP"Eﬁh&f‘ﬁ?@ég%'@"émF@ﬁPEL acid derivative
4 are conbi negetidhydfbfGRNObPARSIAE Suitable’ordhhic| solveAt. NmtRe casewhetd Qiis e,

N, N- di et hyl f or mar¥1 de, ethyl acetate, toluene, tert-butyl nethyl ether, or

anot her sui t aiiiy, thel astercanpe rareoyeddytrratment withdt-methyianding, mesphaling; di ne,
triethylam ne. aﬂbih%PQﬁﬁHBré SLEXHAN Bfind¥Hfssi um carbonat e, or anot her
sui tabl e organic ertrary am ne base or |1 norganic base. The resulting
sul f onani de ddetrakig(triphesylphosphine)paliadium(0) or another suitable paliadium(0)
catalyst in ethyl acetate, acetonitrile, or another suitable organic solvent. In
the case where Q is benzyl, the ester can be removed by catalytic
hydrogenation.

The final step of the process is a two-step procedure involving
in-situ activation of the carboxyl functionality of compound 9 and subsequent
displacement with hydroxylamine or a suitable salt or derivative of
hydroxylamine. The activation is accomplished by reaction of compound 9
with oxalyl chloride or thionyl chloride with or without N,N-dimethylformamide
present as catalyst in dichloromethane, acetonitrile, or other suitable solvent
to give the corresponding acid chloride. Alternatively, the carboxyl can be
activated by addition of methanesulfonyl chioride, isobutylchioroformate or
various other chlioroformate reagents, 1,3-dicyclohexylcarbodiimide or other
carbodiimide reagents. The activated compound is added fo hydroxylamine or

a suitable salt or derivative of hydroxylamine and an appropriate organic or



is isolated by aqueous work-up, extraction into an appropriate organic
sol vent, and solvent renoval. WO 97/ 20824

PCT/ US96/ 19328 -52 -

Step 7 involves the deprotection of the ester protecting group of
conpound 8 wm ayr2es24car boxylic acid 9. In the cases where a"%T’ﬁ?ﬂ‘”?}?er is
utilized, deprotection is acconplished by maintaining a m xture of the
ester and net hanol, ethanol, isopropangg. or another al cohol solvent at
20[err]Cto reflux and isolating the product by filtration or solvent

removal . Al t efféiganil base, if ebadsapy ie waterptetlahydiofuran aiidxhedy treatment with
m neral acid or acetic acid in ei t her Qé@;inl c_or aqueous sol l]Iti on or by

treat ment wit HHimethaxyabhangntertbulylgieahol, dichigramethane, or other suitable In the
cases where a i htt A& Grh et : d by
heating a m xtsct?ﬂequgrggﬁg@u&r@%ﬁaﬁrﬁéﬁhjﬁﬁgﬂﬁ@%ﬁ%drris e, #&'\sﬁtﬁq a??gﬁ%@ aci d,
ot her mineral isolatest by solverdxemevalrordyastisssfutioniin agueousrhydnoxide, @djustingat

reflux. Alternati t ter . t t with sodium
v oxi de, 11 AP 1018 eAes Bpd BBy SO ME ottt ARBRAL LT 20l o

i nor gﬁnidc ]E)ase in water Pﬁpreﬁercemdsu_ -Tmums@.(smtr?dmen-fm«pﬁdﬂh - " 0
t et rahydrofuran, or another, s £ or [ 0 t, . ln.t case where
i A yl, ‘¥loxgibenzepesiiigay >'é%¢w?@'%m%¥§%ﬁﬂa¥!ﬂﬁ§r hyl ani | i ne,
norphol i ne,  cqbodtAidBeE lutratediBycthe 4Rl Yomtlate and _
tetraki s(triphenyl phosphl ne) pal I adi un{0) or another suitable palladiun(0)

catalyst in ethyl acetate, acetonitrile, or another suitable organic

or

solvent. In the case where Qis benzyl, the ester can be renoved by
catal ytic hydr ogenati on. The final step of the process
IS a two-step procedure involbwng idu activation of the carboxyl
functionality of conmpound 9 and subseq At di spl acenent with

hydroxyl ami ne or a suitable salt or dgfiyatN@@Hof hydr oxyl ami ne. The
activation is acconplished by rea{;ﬁac; onpound 9 wi th oxal vyl
chloride or thionyl chloride with wi t hout N, N-di net hyl f or mam de

present as catalyst in dichloronethane, acetonitrile, or other suitable

sol vent to give the WPW@Eerﬁi@idéiwﬁ]’btydiﬁ@gro‘Npt e matively, the
car boxyl can be activated b g\c‘iﬁgi t]on ’gf net hanesul fonyl chl ori de,
i sobut yI chi or oligietayttbeyyisilyl, where 4\ is sdicRar ReandRefte bath CHue88e Rosls

1, 3- di cycl ohexpdi RIGMEICHI. I Mudkatel b9 the folbMingQsthictlirdofR@aent s.  The
activated conpouncf is add€d to hydr oxyl am ne “or

—Si

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
or 1-g, or their pharmaceutically acceptable prodrugs, salts 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. |



a suitable salt or derivative of hydroxylam ne and an appropriate organic
or WO 97/ 20824
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base, if necessary, in water, tetrahydrofuran, dioxane, di met hoxyet hane,
tert-butyl alwe®hRbs24di chl oronmethane, or other suitable SEAVENRkn ks

sol vent conbi nations. The resulting hydroxam c acid 10 can be | sol at ed

by solvent renoval or by dissolution ingdueous hydroxide, adjusting t he -

pHto 5 to 10 range and col | ecting the precrprtate by f||trat|on
A preferred c-- \

yl ) oxy) benzeng
car boxam de,
(10a) A preferred carboxylrc acid protectrng group, Q is

di met hyl t hexyl Si | where A i on err .err re bot h
CHerr], and Ha aﬂ‘p%lnteme W%&P%& I | ustrated by

152, 2 dime VIS 2H-1. 444 gigle- 5

the fol | owi ngtestahy, m%-Mdhm@@ -carpaxyinte CI her conpounds
of the formula 1 rray be prepared by nmet hods known to those skilled in
the art in a mS8ieed. Brepaes of idePhé nichine: procedures descri bed above.
Speci fic exanpl es of hod u re \ corrpounds are
descri bed bel ow al ong 3@@?9&?9 98”&) 53355 ' nts of the

I nventive CO”PHU%?r:&ﬁreW@rd‘cﬂldﬁdh%5!(911910 ﬂaof) was didedi: T, he%sﬁlhﬁ‘gf

phar maceuti ca ceptabl e prodrugs, salts or sol vates. The

fol | owi ng spesmlﬁtltm marhpaw aiﬂéol"ﬁtfehtﬁebmﬂ@ F&eidarkigmber solution was t he

invention and,SlouhdoBR uhh SRANEE TS S M BobbBls Lt M aRSAR(BL)! e
aqueous was extracted with dichloromethane (3 x4 L). The combined
organic was washed with 1 M sodium hydroxide (2 x 4 L), water (4 L), and
brine (4 L) then dried over sodium sulfate and filtered. The solvent was
removed under vacuum and the residual oil was dissolved in hexanes (6 L).
The mixture was cooled to -60°C with stirring and the resulting solid was
collected by filtration and dried to give 1.1 kg of 4-phenoxypyridine (64%
yield). mp 46-49°C. 'H NMR (300 MHz, CDCI3) 5 8.45 (dd, J = 1.5, 8 Hz,
2H), 7.41 (dd, J = 12, 12 Hz, 2H), 7.28 (dd, /= 12, 1H), 7.06 (d, J = 12 Hz,
2H), 6.84 (dd, J = 1.5, 8 Hz, 2H).

eparati f 4-{(Pyrid-4-v)oxylbenzenesulf ;

To a vigorously stirred solution of 4-phenoxypyridine (1 kg) in
dry 1,2-dichloroethane (3 L) at -10°C under a stream of argon, chlorosulfonic
acid (974 ml) was added slowly. The addition rate of the chlorosulfonic acid
was adjusted to keep the reaction temperature below 0°C. After halif of the
chlorosulfonic acid was added, the exotherm stopped. The cooling bath was
removed and the addition of chlorosulfonic acid continued over 3 hours while
the reaction solution warmed to room temperature. While continually purging
with inert gas, the vigorously stirred reaction mixture was heated to 45°C. By

thin layer chromatography analysis, no more starting material remained after
20 hours.



I nvention as defined by the appended cl ai ns. These exanpl es include
preferred enbodi nents of the inventive conpounds. WO 97/ 20824

PCT/ US96/ 19328 - 54 - Exampl e 1,
Process for the preparation of 3(S)-N hydroxy-4-(4-((pyrid-4-

yl ) oxy) benzewes2m2p8dy| ) - 2. 2- di net hyl -t et r ahydr o- 2H 1, 4-t hi aPGTEBS98419328

car boxam de 1(a) Via the internediate 3(S)-dinethylthexylsilyl
2,2-dinethyl - tetrahydro-2H1 , 4-thi azb8=-3-carboxyl ate Step 1.
Preparati on of 4-Phenoxypyridi ne Phenol (2.82 kg, 30.0 nol)
was heated to 50 [err] CTaedealstloncflmlr@wmcuth o yepro demperaire@nds kg, 10. 0

The dark anberSQubpauEe e es sobfustet (FLpRIe BT, LowsRline fsehie ) >

aqueous sodi u mmaasnmseammswmaforw
di chl or onet ha@ﬁ%{%&@?@&é@ﬁ%&ﬁ%ﬁnﬁﬁg ganl c was washed with 1 M sodium

hydr oxi de (2 xmmmes, followed by addition aﬁslodunml rqxide (2M)re rIPHjZ-l AftepSWFiNg odi um

sulfate and fi red The ol v he

resi dual oil (ﬂ é’&(ﬂ’?/@ Wﬁo&ﬁﬂw%ﬁ%aﬂﬁs ure sa)ggél ed to
-60[err] C wit h(zﬁ gitétﬂmaﬂ@b é&rﬂmueé lﬂdrts mmuml then the organid lagérwady
filtration and dr|e ive 1. pheno‘ge%)yrldlne( 4% vyj el d) rrp

46-49[ err] C. [drairied ofi@n él@garnﬁﬁ l{'élrﬁrws? fteg apgecppd imewith s “ g |
20 (0 i ! ot gl i, i o 121

4; [ ( PY(rji d- I4 %/| kgéﬁ?ﬂémﬁﬂﬁmd ﬂlﬁﬁarded,ch'He %mammg aqueoui n;nxtgie)\;]vlasvi g;)r ousl| %/3
stirred solution o enox n i oet hane

L) at -10[ err]@“[ﬁmﬂr bgag@'ﬂ@gp FﬁB‘%%aQ% %'r)estﬁfj’?%‘m"@m“é‘&'ﬁﬁm ) ‘was
added sl owl y. qaé dé&ﬂuﬁ:%la {)zfue) oI P WrleQRixturad Wei aqgeremsst ed to

keep t he react nperat ure be C After half of
chl or osul f oni cmmtds aactﬂmjmi'gdmctlawrémttdm)rdfamdme@ flaske Thestnagtiont h was

d and the addit f I 3 h
uhi To- the. rcaBTRBAEONER (RoRetRs R (e somoed pERI S SR Blerdont a1y

purgi ng 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-
yloxy]benzenesulfonic acid 3a (1.3 kg) as a white powdery solid.

mp dec. >275 °C

Anal. calc. for C11H9N04S: C,52.58; H, 3.61; N, 5.57; S, 12.76. Found: C,
52.50; H, 3.69; N, 5.51; S, 12.67.

1H NMR (300 MHz, DMSO-d6): 6 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).

ep 3. Pr tion of 4-{(pyrid-4- aenesulf ide
hydrochloride 4a
To a suspension of 4-{(pyrid-4-yl)oxylbenzenesulfonic 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



with inert gas, the vigorously stirred reaction m xture was heated to
45[err]C. By thin layer chronmatography analysis, no nore starting materi al
remai ned after 20 hours. WD 97/ 20824
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The reacti ogobsbdsse Was cooled to roomtenperature and mtwussg1emsr ed
into ice cold water (5 L) while stirring. Potassium phosphate tribasic
(212 g) was added as a solid to the m xggre and this was stirred for 10
m nut es fol I owed by addition of sodium hydrOX| de (2M to pH 2. After
stirring %WB e‘iéb“s VitoMR aindl e Rid Komdgdheoul afterss rimutesf sodi um
hydr oxi de atlon Was continued for 5 mnutes then the organi c
| ayer was cm-mmladloatéd thedeactiopawas complete. A pertipe ofithe solvanh ¢4 blwWasSsecond

the or gan c ﬂvﬁﬁér%ecﬁeaé"a&%c v ane ef i iy et T vieRlacked, T T, 2N
m xture was n@%\hﬁ% fudsdd uRderdhert adspheret T filtdr@aks was

tetrabutyl ammnl u (940 g), and sodi um hydroxi de % to pH 7.
The mi xture medgvutheteetdamwmahyl ather 249 anddhe selid,dracurder Yaguumie: ¢ om)

Combi med or oaiRid 4Ry noR) bRRbefkuiol hfy pyRenlerE R
sol uti on was @@]mmeLMQrofF@smntﬂakesnmﬂaz e ' NMB (200 0| | was
diluted with 20% et’hanol in eth

chl ori de gas MH2eQDC#3)adH-85(d, _T%&etggﬁﬂe% i ?ge'%‘%c?'@f?“sgy(an =t he

filter cake rj d oW t 9 Uﬁqi)l n ethyl acetate (2L). The solid was
dri ed under \/éagﬁfﬁ’rggb 4&?8‘&‘?0 for 2{? hours to yield 4-[(pyrid-4-
yl ) oxy] benzenesul fonic acid 3a (1.3 kg) as a white powdery solid. np

dec. >275 [err]C Anal . calc. 52.58; H,
3.61; N, 5.57; 9% aNg

R-diethylihexvisiyl 2 2=dimethvl- ~ 15’ 57
J:15 7.4 Hz, 2H), 7.84

1H NVR (300 Metrahyurse2iiid : arbaxyls
(dd, J = 1.5, 7 He, 2H)754(dd J=1.5 7.4 H, 7.35 (dd, J = 1.5,
7 Hz, 2H). Step nderamgoratmospbere; D- mellamme@ %gy?ﬁéﬁa@m@m f onyl

L Cpyri d- 4. YRRepRBn Sl dimethytorgmise (3.8 E) dnd Y AR

[56.4.0Jundec-7-ene (413 mL, 2.76 mol) was added, forming a clear solution.
While the temperature was kept between 20-30°C, dimethylthexylsilyl
chiloride (543 mL, 2.76 mol) was added dropwise. After stirring for 1.5 hours,
1,2-dichloroethane (593 ml., 7.53 mol) was added in one portion. 1,8-
diazabicyclo [5.4.0}undec-7-ene (788 mL, 5.27 mol) was added over 1 hour,
keeping the temperature between 25-30°C. The resulting mixture was stirred
at 20°C for 3 hours then quenched into a 0°C mixture of water (8 L), tert-butyl
methyl ether (2 L), and hexanes (2 L). After stirring 5 minutes, the phases
were separated and the aqueous was extracted with additional tert-butyl
methyl ether (2 L) and hexanes (2 L) mixture. The combined organic layers
were dried over magnesium sulfate, filtered, and the solvent re_moved under
vacuum to give 878 g (110% yield) of crude 3(S)-dimethylthexylsilyl 2,2-
dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylate as a thick, yellow oil. H
NMR (300 MHz, CDCly) & 3.65 (s, 1H), 3.42-3.37 (m, 1H), 2.98-2.83 (m, 2H),
2.30-2.22 (m, 1H), 1.69-1.58 (m, 1H), 1.42 (s, 3H), 1.31 (s, 3H), 0.92-0.86 (m,
12H), 0.34 (s, 3H), 0.30 (s, 3H).



(1.3 kg) in acetonitrile (8 L), was added N, N-di net hyl for mam de (12.35 nlL)
and the viscous reaction mxture was heated to 75 [err] C. Thionyl chloride
(756 m.) was added to the reaction m xture over 30 minutes. The reaction
m xt ure WD 97/ 20824
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becane | ess vi scous and becane honpbgeneous after 45 m nutes, whi ch

i ndicated the reaction was conplete. A f&rtion of the solvent (4 L) was
evapor at ed under vacuum and tert butyI met hyI et her (4 L) was added The
resul ting sl uriStenygs a @fatitic : : ¥

rinsed with temld; P g °' B ic e

to yield 4-T(py y oxy] benzenesulfonyl chlorlde hydr ochl ori de 4a

(1.35 kg) as a fl UffchIdfm‘été) g@?ﬁhtr&x?&uﬁﬁ-hm?l&eﬁéﬁ}ﬁ%-zmv4182

[err]C [err]H NMR (300 2H), 8.24
(d, J = 8.5 HthiaZih-3-carboxylate (878-g, 281m0&an¢4ﬂnetwlmrmhplms (&47mbz, 2H) .

P 70, o Samh e desaived A Reromethand (3 Lyand né SHURBh.Y o,
at nosphere, DgpgahG | i@fﬁ e E@R&Gﬂ)&y}%aﬁ@i@su%@l chl%ﬂ&@ﬁ?du%hioﬁddﬂh

N, N- di net hyl f or nam de di azabi cyclo [5 0] undec- 7- ene
(413 L, 2.76(680 9, zwas mcd)jwas atidedrang the mi@emmrmﬁd slowtwm|2@°€=rﬁnd

(545 e, 2. 70 HRMANRE 2UC 1o 12 B PhgypBI) oA fabiibh e poufigd ™' °°

1, 2-di chl or Oeﬁﬂta%téﬁ(%a_ m=rhe7 Hage§Wete wﬁarattd%hd the @hganie ldyepdried.oder

di azabi cycl o [5. 4. 0] undec ene (788 ni, 27 mol) was added over 1 hour,

keepi ng the tsndmnaswfafte rfétembnndsh@eﬂalgamt]rernom@uné%rmwng! givindu1-4 Kgas f
vater (8 1y, oS SRQUPHERMEAR S 2 S5 L " A er

stirring 5 m phbPbeinteneshifoad)-2,2ulimethybletrabydrd-2Hhd, 4-thiazirgs8ous was

extracted with additional t rt- ut vl %g}/b‘?g{t he_ﬁQéZ L) and hexanes (2 L)

m xture. The €8 "M‘?&P‘B?Q:{ﬁ '|W§v‘é?\yasu taoutRyracionAgnesi um sul f at e,

filtered, and h cﬁﬁl ﬁﬁ renoved under vacuumto give 878 g (110%vyi el d)
ylt

of crude 3(S)- exylsilyl 2,2- di met hyl -tetrahydro-2H 1
, 4-t hi azi ne- 3- car boxy| aTbe sesidual ned: il was dissolved in nethariol(14 ad the0 Mz,

CDCI [err]) 6 30&1%0‘1 Waslhl_tgdte(;’ at4r2eﬂ§x ?071' 1( t%urlilg}mm% aggrecxpﬁgte( ni‘hezrl?“xtt.:re
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-
yhoxy)benzenesulfonyi)-2,2-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, 6 Hz, 2H), 7.86 (d, /= 8.5, 2H), 7.39 (d, J = 9 Hz, 2H), 7.11
(dd, J = 1.5, 5 Hz, 2H), 4.3 (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).

e i f -N- -(4-((pyrid-4-
| benzenesulfonyl)-2,2-di l-tetrahvdro-2H-1.4-thiazine-3-
carboxamide

A suspension of 3(S)-4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-2,2-
dimethyl-tetrahydro-2H-1 ,4-thiazine-3—carboiyiic acid (700 g, 1.71 mol) in
dichloromethane (7 L) was cooled to -65°C. Oxalyl chioride (179 mL, 2.05



2.30-2.22 (m 1H), 1.69-1.58 (m 1H), 1.42 (s, 3H), 1.31 (s, 3H), 0.92-0.86
(m 12H), 0.34 (s, 3H), 0.30 (s, 3H. WD 97/ 20824

PCT/ US96/ 19328 -57 - Steps 6 and
7. Preparation of 3(S)-4-(4-((pyrid4-yl)oxy)benzenesul fonyl)-

2. 2- di met hylg §@logahydr o- 2H 1. 4-t hi azi ne- 3- car boxyl i ¢ aci dpcrusesneszs

Crude 3(8) di met hyl t hexyl silyl 2,2-dinethyl-tetrahydro-2H1, 4-

t hi azi ne- 3-carboxylate (878 g, 2.51 nol xgand 4-net hyl norpholine (547 ni,
4.98 nol) vvere di ssol ved in dry dichl orohet hane (14 L) and the sol ution

hyar ochl or i ddhdhwes agded HBAlE ThE LR bATIER BN RN i b iwes,., e

sl owy to 20[s@fredi Gt 20eC fcsrmfmcmrsea‘hetreélmirsysdlmndronaéadeﬁer 1bs resulting
red suspension was poured into wat hases were sgparat ed and

the organic [NQyEs taR F@Hﬂ‘éf\‘/@frh}'@’@aﬂmdﬂpétle°f 5(?%@6%9“5 spltiomd7sHh vent

r enoved under

LS ol ot el t(}ﬁlg pgerrw?%h (§ zgn%%il&(fwél%r@l (98 L), keeping the

yl ) oxy) benzene:s:péfalmel betleén Giamet207C. tFrer rebylting nibkiute wds stired ah20%G
char a6 er | 7ads hours then poured ino 4 M acuiepus aphatiorida s LA Rea | n

nmet hanol (14 f p formng
a precipitate. em %m%bé\/\%g%ol eg%gﬁegﬁe?bfgﬁ Pﬁ@ pt%em pltate was
col I ected by tflethylre’then(n Linddlecatjueous layeewha fiiered dhibughiGalite andjtheepd75 g

§/I6)200/2<§|) gleﬁ)zemc 3%%?%/?%%)’(4?0 rg'n%qtﬁgﬂteq EW%H&%'%’"E‘#LUT ghiprideand,c_ 3 car boxyl i

c acid as adoha&smeahya@hh@nc@aiddeme raaéﬂﬂ s{:giernlsldd‘w& S 19ri3
CDCl [err]): [l_@rr] 8.60 (dd, J = 1. I;%E J =85, 2H),
7.39 (d, ] =hours, Theolidwas colested Iayﬁltrathn. vEa dvm)wamr,:andsineﬁ to), 4.03

S 12,5, 13 4o 405 D@2yl Shuidlproaudt fhe'dhod algraiids 15 (74
Step 8. Prepasedstallized fidaia nikinyslofetiarol( watel,and dicloromethane to give
1) o) ezl M docions T W hpbg Sy -+ (M e e S
yloxy)benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carboxamide as a white, crystalline solid: mp 184-188° with gas evolution;
TH NMR (300 MHz, DMSO-d6): 5 10.69 (d, J = 1.5 Hz, 1H),8.93(d,J=1.5
Hz, 1H), 8.57 (dd, J = 1.5, 4.6 Hz, 2H), 7.83 (dd, J= 2, 7 Hz, 2H), 7.37 (dd, J
=2, 7 Hz,2H), 7.11 (dd, J = 1.5, 4.5 Hz, 2H), 4.06 (s, 1H), 4.07 (ddd, J = 2.5,
12.5, 12.5 Hz, 1H), 3.91 (ddd, J=3, 2.2, 12 Hz, 1H), 2.98 (ddd, J= 3.7, 13,
13.5 Hz, 1H), 2.7-2.55 (m, 1H), 1.49 (s, 3H), 1.22 (s, 3H).

Example 1(b) Via t-Butyl 3(S)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carboxylate

To a stirred suspension of D-penicillamine (14.92 g), in 1,2-
dichloroethane (300 mL) and N,N-dimethylformamide (2 mL) at 0 °C was
added 1,8-diazabicyclo [5.4.0Jundec-7-ene (22.4 mL), followed by
trimethylsilyl chloride (19.0 mL). The reaction mixture was stirred for 3 hours,

slowly warming to room temperature. To the homogeneous solution 1,8-
diazabicyclo[5.4.0Jundec-7-ene (29.9 mL) was added over 10 minutes and



A suspension of 3(S)-4-(4-((pyrid-4-yl)oxy)benzenesul fonyl)-2, 2-

di net hyl -t et rahydro-2H-1, 4-t hi azi ne- 3-carboxylic acid (700 g, 1.71 nol) in
di chl oronet hane (7 L) was cooled to -65[err]C. Oxalyl chloride (179 ni,
2.05 WD 97/ 20824

PCT/ US96/ 19393 97/20824 - SBCT/USS6NINE)| ) \\as
added rapidly. The cooling bath was renoved and the m xture was stirred
at 20[err]C for 15 hours. The resulting-88kution was added over 1.25

hours to a solution of hydroxylamne (1.05 L of 50% aqueous sol ution, 17.15
nmol ) in tetrakyeradotionwanded td #7206d Trer reabtion/mixiiresvasl cqoledta tpokeepi ng t he

2olerric f Sén“n’iépas@r@?%%ﬂﬁ%e” w20 oo el Medhnal 70, Wi 10

L) at SC. o Ey@ ﬁeﬁﬁ@l ﬁﬁo&ﬁfeaéﬁtﬂa aféhmdaee RANEA ARterStiriRy forard ed with

tert-butyl The ac]ueous ayer was filtered through
Celite and t hanintites. 'ﬁnhreachm‘l meamag/fmed and ﬁamealpéatedqu@snal amoni um

hl ori de and ted h hi i
has st rred f ainsed wilvg G o0 of MEaag) Mhe B W dren Bt " as hed
wth water, a% Gﬁhﬁ‘&l g0>c for9'H&r@ﬁfmeld(ag?@;@ahélhwietﬁawdﬁ:-momct The

crude materl al recrystallized froma m xture of ethanol, water, and
di chl or onet hartb;azmeeﬁﬂcarboxyiml@(@tﬁ/m asa whitg)powrdery solid: mp dec. >

STt byt oy LS oMz, 70K 3 TS 1. H68350, 119, 2:2%:301

carboxam de aspq 2M)} 278-264 amrlewesl BH), 142 8338H).86[ err] with gas

evol ution; [err]H NVR (3 dé): [err] 10.69 (d, J = 1.5 Hz,
1H), 893(d,J=15 Hz,lH) 8.57 (dd, J = 1.5, 4.5 Hz, 2H), 7.83
(dd, J = 2, 7 He, 7 7.11 (dd, J = 1.5, 4.5
Hz, 2H), 4.06 (s, 1 H) éﬁé‘%éiég%&ads"pemﬁﬂ?da%q% 12.5 Hz, 1H), 3.91

(ddd, J = 3, 2.2, 12 Hz Toltired Sipedsidn of D-pehicijaniife (14.928)3nH2- 1H) ,

212951 Lihnebebtors ol i sl Riremice (15.mEl ATBbG, 1) V2
Step 4A. 3(S) -dmpekitiiRs, Was dddfetidmetiyt sifvi ém&ndélg@zc ) 1 %vémd)ﬁimﬂtegaael d 11

To a stirred suspension of D-penicill’am™ne 1,
di chl or oet handhg3eaction)warmedNoMd3fiGel diher r@Sﬂ'&ﬂﬂ MBCQ!ZS mspeasm 1.8rr]C was

added 1, 8-di azgbl Guel 0L 5. g AhURYESe (B Pad ablibd ol 8 chAYEH e 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 isopropancl (100
mL). The solid was dried under vacuum at 50 °C for 6 hours, to yield the
product 3(S)-2,2-Bimethyl-thiomorpholine-3-carboxylic acid (15.47 g) as a
white powdery solid.

Step 5A. P ion of t-butyl 3(S)-2.2-di - dro-2H-1.4-
hgazmg-S-caerMgLe, :
A single neck 2.0 L flask was charged with dioxane (320 mt.)
and 3(S)-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



trimethylsilyl chloride (19.0 nL). The reaction m xture was stirred for 3

hour s, slowy warmng to roomtenperature. To the honpbgeneous sol ution
1, 8- di azabi cycl o[ 5. 4. O] undec-7-ene (29.9 nL) was added over 10 m nutes
and WD 97/ 20824 : :

PCT/ US96/ 193837120824 - SPeTrusosiivBzs

reaction warned to 47 [err]C. The reaction m xture was cooled to room
tenperature and was stirred an additionaggl7.5 hours. Methanol (10 nlL) was
~added to the reaction mxture and a precipitate fornmed after stirring for
10 m nutes. b fel(2 dﬁ{LEQ mal W&s 88ded 19 that ed

mat eri al ri nseffe Bgﬂ%lﬁhﬁlﬁéa%@ f((? met hanol )tThe solid was dried
under vacuu rguepeﬁﬁo:i e(isgiiitylene eldsm@ndemsetgnna separate graduated cylinder at

3(S) -2, 2-di |-tt h 1, 4- i i - 3- i id (16.18
AR Sﬁ £ Goi 400 5 1&Gure Bottle) The Sasrivas Tel ke ARiob 350 iz Daos
6 3. 71(s, 3H) Fbtimﬁsﬁé?u% \ﬁi&; (@doubi jacRetcondeRder us‘u’i@ 5D efhariStfori4 (M 1H)

1.45 (s, 4a was al so perforned as
fol |l ows: recirculating cryGhath. Stiringauas oent mﬂcfw hours befare waskuRe (14 92

Poom 1 onperTheeaclaRer Sﬁ%ﬁ@%&mﬁvaﬁ@r\%ﬁ% %@ﬁgﬁ%"%h%%e%%r 30

‘minutes and so:f’a%esoxuﬁen e mh‘etdr ariies Were ous
suspension 1, 8(466?'“'& aza2b| cycl o[ 5. 4. 0] undec- 7- eSIe y Q m.) was added at a

constant rat e igalated anddhaagugouamsmck eytracied withie! h\d rﬂcﬂﬁée {208dkbn war ned

to 48 [err]C _Jhe re | t erature and
was stirred arﬁé?dﬁ? %\%ng"'%é'@ @ss'fé%%ggﬁeg%ﬁqjﬁg%é?m%ded to the
reaction m xt Lﬁtﬂfawd\ﬁehf ﬁratlon nmétsurvenmas ebnd:err&méd)undbrlwauuwn\w Igive ta
precipitate formed. The re was, filtered and t

precipitated rﬁl{tﬂr?!(ﬁ)'zrZ"F‘l'glﬁih%t?tFPh)@!ﬁ!r?b‘p‘bﬁﬂh'a}'ﬂ@@‘carbﬁﬂ)'ate‘ﬁ?ea’E‘?}' that was

dri ed und
S -2 20t merpeRon landihe] (279 slheiibluy. (HANRSQMIE. CoCBPRME L
.powdery sol i d.(s,1H), 3.2-B85 imSHl), Ri7=p8ddM, ﬁhl).cﬂ 05-232i(m) 1H), 1.37 (s, 6H), 1.3

3(S)-2. 2-di meté}/!m 'elté?r]gﬂio 2H 1. 4- t hi azi ne- 3-car boxyl at e
te - 1 3(S)-4-(4- id-4-vi)oxy)benzenesulfonyl)-2.2-di (o
te dro-2H-1.4-thiazine-3- (o)

3(S)-t-Butyl 2,2-dimethyl-tetrahydro-2H-1.4-thiazine-3-
carboxylate (2.31 g, 0.01 mol) was combined with methylene chloride (25
mL) and 4-methylmorpholine (2.42 mL, 0.022 mol) to form a solution. To this
solution was added 4-[(pyrid-4-yl)oxylbenzenesulifonyl chioride hydrochloride
(3.22 g, 0.0105 mol). The reaction became an orange suspension
accompanied by a mild exotherm. The reaction was poured into ethyl acetate
(300 mL) after stirring 4 hours at room temperature. The organics were
washed with 2N sodium hydroxide (50 mL) and brine solution (50 mL) before
drying over sodium sulfate. The solution was filtered then concentrated under
vacuum to give t-butyl 3(S)-4-(4-((pyrid-4-yi)oxy)benzenesulifonyl)-2,2-
dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylate as a yellow solid (4.4 g, 94
% vield). 1H NMR (300 mHz, CDCI3) 8.55 (d, 2H), 7.80 (dd, 2H), 7.17 (dd,
2H), 6.92 (dd, 2H), 4.37 (s, 1H), 4.07 (dd, 1H), 3.89 (dt, 1H), 3.15 (dt, 1H),
2.45 (d, 1H), 1.63 (s, 3H), 1.36 (s, 3H), 1.33 (s, SH).



A single neck 2.0 L flask was charged wth di oxane (320 nL) and
3(S) -2, 2-di net hyl -tetrahydro-2H-1, 4-thi azi ne- 3-carboxylic acid (28.0 g,
0.16 nol.). The suspension was cooled to O[err] C before adding

concentrat ed sul furic acid (32 nL, 0.6 nol.) via addition funnel over 10
M nut es. CooWiDrg/20824 WO 97/ 20824 PCT/US96/19328
PCT/ US96/ 19328 - 60 - was

removed and |iquid isobutylene (200 m, .42 nol.) was added to the
suspensi on. (Ilsobutyl ene was condensed in a separate graduated cylinder at
- 20[err] Cfroma 400 g lecture bottle.) The gas was refl uxed at room

t enperat ure mnth a double Jacket condenser, .usi ng 50[err] C et hapol froma
recircul ating cs 1 frreparayon Qi wdcs 5q'fr5!"} j% fﬂte HPNKBcetce wor k- up.
The reaction wdimeiyktetdah piazines3carboxy ydroghjoride ng et hyl
acetate (400 nL) and 2 M sodlun1b|carbonate solutlon (1 L). The organics

wer e i sol ated and they mm@mmwmmmmmzmmlanu 3{8pt-ate (200
n. The conbi ned or?anl cs were washed with brine and dried ogver sodi um

sul fate. Aft er Batyl 4+{4d( ﬁd+ﬂpxxmeaéﬁ@e%en¥}baMW&V@E@@MW@%% to

0L on oi 1t nat iaZeboBniodlafElA! o) GOOBRKIP TEthil wiid URHAFr RGP« B¢ ©
l(VHz, 1ﬁ)DG Eeg r7 ] ghigridein dioxanel{2D, mi3008m8Y dnd mbl)mumrewassﬁa(ed tozrbﬂw: 238?y|2 2
m ’

3(5) 4 (4- (( pyr Afioed prwfﬁmﬁrﬁ@ep%%wﬁwg ‘!a%gqpémﬂd fitéredo give

t et rahydro- 2H . R -4ABut yl
2ot et hyt -« SDPLREISEAYIGRppeRaErRLtony))-2 2 dimethytetrahydfo a1 1)
ol ) was conbi théakive-8tcartendiylic acid hytitashiodide ( 236 g, SM!)) aaraiﬂmtersolidyl‘rfd)r phol i ne

§2 oyt o a- v OB 00t B ickan Bt B bt th iz, oy e P A8

0.0105 mol ). Theyyr gastam Pg.R8E (dih1 ¢)28.96 (G328, 1 HICT.841E 8 ﬁf) by a

mld exotherm The reaction was poured into ethyl acetate (300 after
stirring 4 houl 8948, 36bm tenperature. The organics were shed with 2N
sodi um hydroxide (50 nL) and brine solution (50 nL) before dryi ng over
sodi um sul fate. The solution was filtered then concentrated under vacuum
to give t-butyl EXamplé-1{€) Viaethy! 3{S)+2,2-djthibthyl-teteshydrordi-1;41liiazine-3-

carboxylate

S Pr
3-carboxylate.

To a stirred solution of 1,2-dibromoethane (1.03 mL) in 10 mL of
dry N,N-dimethyiformamide at 25 °C was added over one hour via cannula, a
solution D-penicillamine methy! 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-
dimethylformamide. 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 ): 6 3.68(s, 1H), 3.67(s, 3H), 3.39-3.30(m, 1H), 2.85-2.80(m, 2H), 2.31-
2.18(m, 1H), 1.38(s, 3H), 1.27(s, 3H).



di met hyl -t et rahydro-2H- 1, 4-t hi azi ne- 3-carboxyl ate as a yellow solid (4.4 g,
94 %yield). 1H NWR (300 nmHz, CDCl[err]) 8.55 (d, 2H), 7.80 (dd, 2H),

7.17 (dd, 2H), 6.92 (dd, 2H), 4.37 (s, 1H), 4.07 (dd, 1H), 3.89 (dt,

1H) 3.15 (dt, 1H), 2.45 (d, 1H), 1.63 (s, 3H), 1.36 (s, 3H), 1.33 (s,
wo ¥o87d 20824 PCT/US96/19328

PCT/ Us96/ 19328 -61 - Step 7.

Preparation of 3(S)-4-(4-((pyrid-4- yI)ox& benfenesuI;oEyg) ZhF- |
oxylic aci ydr oc orl e

di met hyl -t etrahydro-2H 1, 4-thi a2|ne 3-ca
A 100 mL flask ¥

4-(4-((pyrid- '
t hi azi ne- 3- cardss g %5 was added 4 M hydrogen
chloride in dioxane (20 n1_ 0 08 m)l) and the mxture was heated to refl ux.

After 4 hours at ref| uxTotersoltionafirpethy J(Bine2-dimetddeteahygdrmt2ti 1. éered t o

gl(\é;a 4-(4-((p9?'95'-"$ r(‘)’)‘(”%‘% (?e-’r'?g |’?8h°§’f3’°’?e§’ager$e?ﬁ“1) at rahydro 2H 1, 4-

}\| K/IRafg 38 %éart%ni[rag?reanasiawmmlmmﬁané (0.48 D), “’"‘7’"’2?’?”?@“%"“; 3 1H

g (o ™y ylioxyTsnzanssulfonyi chioris hysirochioride 4s5(1i48 gl The feaption. a5 (4, 1
, 1.64

H) (s, 3%%) stjrred aﬁ?g rh%ﬁﬁ_@ﬁﬁ%o%ed into pFP P Bli& (%g}nqaﬁtdw?&@ﬂed

3(S)-2,2-dine I ne- 3- car

5. Prepar at i orwitif et dodtate(Sx-1002mb). rfEhdnqdimblBEd@b‘gam@eﬂhcts wetehdrded ne-

3-car boxyl at e. To a 'hl rr@ Héol utla 1, 2- di byonpet hane
P t”"§8’

(1.03 nL) in Ryergogium sulfgls, fitefedy;and g sp Yasuum: B8 added

over one hour el ster
hydr ochl ori de ﬁ?‘sﬁgé rﬁ‘odmﬁtogra;ﬂ'@dtkfﬂagﬂ;%l cyc“gwg%%uﬂg%{ eﬁe (4.5 n)

in 20 m_ of d r@lcl'llbmmetharaﬂ e ptdduchmmaiemgﬁmhpeawre)mmbmed @nditke for 2
nour s L hen, DU BB, AR oF AEHRRGnAH e ioBlToisl o L
over sodi um sifidxahes. Thelseivesit was slowly removed which caused crystallization of

methyl 3(S)-4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-2,2-dimethyltetrahydro-2H-

1,4-thiazine-3-carboxylate (1.06 g) as a crystalline white solid: mp 151°C; H

NMR (300 MHz, CDCl,): & 8.55(dd, J = 1.5, 5 Hz, 2H), 7.76 (dd, J= 2, 6.5 Hz,

2H), 7.17 (dd, J = 2, 6.5 Hz, 2H), 6.89 (dd, J = 1.5, 5 Hz, 2H), 4.47 (s, 1H),

4.10 (ddd, J=1.5, 1.7, 12.5 Hz, 1H), 3.79 (ddd, J = 3, 12.5, 12.5 Hz, 1H),

3.46 (s, 3H), 3.18 (ddd, J =4, 13, 13.5 Hz, 1H), 2.48 (ddd, J=2.5, 3, 14 Hz,

1H), 1.65 (s, 3H), 1.29 (s, 3H).

ia - id-4-yl enesulf -2,2-
l-tetrahydro-2H- iazine-3- ic aci

A solution of methy! 3(S)-4-(4-((pyrid-4-yl)oxy)benzenesulfonyi)-
2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylate (15 g, 35.5 mmol) in 6
M aqueous hydraochioric acid (74 mL) was heated at reflux for 15 hours. The
mixture was cooled slightly and the pH adjusted to 6 by addition of 3 M
aqueous sodium hydroxide and 50% aqueous sodium hydroxide. The
resulting suspension was cooled to 20°C and the precipitate collected by
filtration, washed with water (200 mL), and dried to give 3(S)-4-(4-((pyrid-4-



| sooct ane added and the solvent renoved. The residue was placed under
vacuum for 24 hours to give nethyl 3(S)-2,2-dinethyl-tetrahydro-2H1, 4-
t hi azi ne-3-carboxylate (1.41 g) as a slightly yellowoil: [err]H NVR (300

VHz CDCl[err] ): [err] 3.68(s, 1H), 3.67(s, 3H), 3.39-3.30(m 1"2
2. 95-2. 80(m wiS972082431- 2.18(m 1H), 1.38(s, 3H), 1.27(sPCHY$61932
WD 97/ 20824

PCT/ US96/ 19328 -63- -62 - Step
6, Preparation of nethyl 3(S)-4-(4- ((pyrld 4-yl ) oxy) benzenesul fonyl ) -

2. 2-di met hyl -t ety éﬁzéﬂésﬂﬂf&l P2 2zdimetht-fetraRpdiol2H-8 4-thiazine-3-carboxylic  To
a solution of neth 3(S) neth | -tetrahydro-2H1, 4-

t hi azi ne-3-carb @@S(amm&ss@ipwgéngﬁﬁ&a %aield) 20 nl) at room

t enperature was added 4-net hyl norpholine (0.44 nmiL), followed by 4-[(pyrid-
4-yl) oxy] benzenesul fonyl chloride hydrochloride 4a (1.28 g). The reaction
was stirred for 2 1651(d) Sa ARYI s(s)xm-a.methmwwdrbm1m.ah.aﬂde.s-
extracted I }e acetate (3 x 100 nlL). The conbined organic
extracts were drlea over sodlun1sulfate filtered, and the sol vent
renoved under vac ) A h bl
eluting with 409%
product-containi"’ sol vent renoved. A

m ni num of di chl or orret hane was,k added f ol | pwed hexanes The_ saql vent
was sl owy removed which 3&7&@&6}@ y\tamqume#dwﬁmeatm Pean-Sta

SRACILIE T =il e

151[err] C [err]1—kl—thnaz:hlb43 oﬁé%ﬁ&cyﬂiblapld(]ﬂqa?rg]()OO@md)]Tetﬁ§Madﬁed 1.5, 5

6 50’ (ha 32 | HenzBnd0 mly. ghuenesuifénib poid menanydists (866 9. 0.0phE md

12.5 Hz, 1H), 3.4 étﬂﬁ'lﬂc aé|d3)03l4 rhE; @0023 nﬁ?"ﬂ‘he ié‘ﬁotlon was@eﬂ@(écﬁor 36') 3.18
(ddd, J' = 4, 13,13 8 (dd ' 1.65

(s, 3H), 1.29 ( shougﬂ;o give an ambqstsgbltmn mxg,@az 11 pbwatgr was azeotroped

3 bt <1 ot iy A AR R A s pourgp pto water @5 L) The

sol ution of netBHuedtiSlayér Whs(sepirdtet éndbbmbwabwmeﬁ@mvlehémhldnde (25 mL).
2, 2d|rrethyl-tetrahydro 2H- 1, 4-t hi azi ne- 3- car boxyl ate (15 g, mol ) in
6 The pH was adjusted from 1 o 9 with 1N sodium hydroxide solutlon 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
g, 44% yield). 1H NMR (300 MHz, CDCl;) 1.24 (s, 3 H), 1.42 (s, 3H), 2.3-
2.36 (d, 1H), 2.8-2.9 (dt, 1H), 2.92-3.1 (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).

of aliyl 4- id -2,2-

di l-tetrahydro-2H-1 igzine-

4-[(4-Pyridylyoxylbenzenesulfony! chloride hydrochioride 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 acetonitrile (5 mL) was added dropwise over 15
minutes. The mixture was stirred at 20°C for 24 hours. The reaction was
qguenched into pH 7 buffer and the pH adjusted to 7 with 2 M hydrochloric



M aqueous hydrochloric acid (74 nL) was heated at reflux for 15 hours. The
m xture was cooled slightly and the pH adjusted to 6 by addition of 3 M
aqueous sodi um hydr oxi de and 50% aqueous sodi um hydr oxi de. The

resul ting suspension was cooled to 20[err]C and the precipitate collected

by filt o dmaseawashed with water (200 nml), and dried tgcgi¥dRnoazs
3(S)-4-(4-((pyrid-4- WD 97/ 20824
PCT/ US96/ 19328 -63 -

yl ) oxy) benzenesul f onyl ) - 2, 2- di net hyI -tef %hydro 2H1

; 4- thi azi ne- 3, a?: He)ﬁlirﬁdya{?‘ﬁ)gp%ﬁé%wﬁﬁ n%tméﬁeecﬁghc'ig (Zwebg r}g 'IJhS' 39 (92%

y| el d).

3(9) -2, 2-di rretdwﬂmrtatds@bmérl él'kivﬂarév\fabheclw&ﬁb'ﬁne drledlé\ié@%uiu% Sulfate, Step
5a. Preparation of allyl 3(S)-2.2-dinethyl -tetrahydro 2H 1. 4-t hi azi ne-

3- car boxyl at e and filttered. The solvent was igmayeghundervacunas gidng il 3(S¥4-d-heat i ng

TS 5 2 g metB Aok tafreRtlioRlh 2 ARG ot ifo: ?Eﬁ«%ﬁﬁ@%@% 1
(0.87 g, O. OOFcart:dx)/laté' as ahiellowasdlidaadighing 70(Dmg2(€'8% (aam? NMR (300

el (024" . M SB5E TN 53 (Gl bz BHOY 7107 Bro GPDT- 1560, J= BHiir s (o
g1 ve an arher 48] 08, Y5l fz 1 Baddh At 3EaRBLGRRRN, 4 g e/ €11 70

was renoved, reactl our ed
aqueous | ayer Ms4.§éﬂdr-ﬁ?@ﬂ-lz,rﬁi—l)cémm (ddd, Jv=t1L5, B, ByH=z el chraddl; =25 nl) .

EPSaﬁ.“c“ﬁ;saS’r 18210 B e AT s b8 A8 i a8 dd L 8, (5
2- di net hyl - t1e$ r@Mgrﬂq)Z '\ﬁhghéqz.mlcﬁ—zgﬂ arboxylate as a colorless oil

(0 47 g, 44%y|eld) 1[err]) 1.24 (s, 3 H), 1.42
(s, 3H, 2. 3- 236(d,1|—|),2829(dt 1H),29231(dt 1H),

3.3-3.4 (m 1lHg , 5.8-6.1
(m 1H. Qpﬁ ] -
3(8) (4 ((pyrl Lcnca

di net hyl -tetrahydro-ZH-,} 4-t hi azi ne- 3- carbo
o a solution of allyl 3(S)-4-(4- ((pynd-4-yl)oxy)benzenesuIfonyI)-

2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylate (0.150 g) in ethyl
acetate (3 mL) at 0°C, was added N-methylaniline(0.071 mL) followed by
tetrakis(triphenylphosphine)palladium(0) (0.0076 g). The reaction mixture
was stirred for 2 hours at 0°C, hexanes added (4 mL), and the solid filtered off
and dried in vacuo to give 3(S)-4-(4-((pyrid-4-yl)oxy)benzenesulfonyi)-2,2-
dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylic acid (0.085 g) as a white
solid.

Xam i 1
a) 4-Phenoxybenzen | ricle

To a stirred solution of 42.5 g (0.25 mol) of phenyi ether in 200
mL of dichloromethane at -20 °C under argon was slowly added 23.3 g (0.20
mol) of chlorosulfonic acid. After the addition was complete, the reaction was
allowed to slowly warm to room temperature. After 16 hours, 150 mL of
isooctane was added and the solution was concentrated to an oily residue.
Redissolution in 200 mL of 1:3 dichloromethanefisooctane and
reconcentration with cooling to about 100 mL gave a solid. The supemnatant



4-1 (4- Pyridyl)oxy] benzenesul fonyl chloride hydrochloride 4a (610 ny,
2.0 mmol ) was suspended in dry acetonitrile (10 nL) and potassi um
carbonate (550 ng, 4.0 mmol) was added After stirring for 30 mnutes, a
solution of allyl

3(S)-2, 2- di weodwiosaset r ahydr o- 2H 1, 4- t hi azi ne- 3- car boxyl at ePCTUSYAIRy 2. 0

nmmol ) in acetonitrile (5 nm.) was added dropw se over 15 m nutes. The

m xture was stirred at 20[err]C for 24 h@gr.s. The reacti on was guenched
into pH 7 buffer and the pH adjusted to 7 with 2 M hydrochloric WO
97/ 20824 was decanted, and the solid triturated with additional isooctane and then

PCT/ US96/ 19328 . ] -64 - cid. The
m xture was ex@feddpyacyp iooive R %chré’ﬂﬁér’?tbeé‘wb%zf@erﬁ_“ﬁcmﬂ?@d nbi ned

or gani ¢ | ayer sk SokAREthsiibdl B 30bmL & WRAIRYRBIBAE! ) 2 n‘il?{agg. and

filtered. The solvent was renove r vacuum giving a 4-(4-
((pyrid-4-yl) od.25moly eihmsily! Chieyitds was addedpoligwed byﬂaﬂnm.rofMN-l -t hi azi ne-3

e, GO Tyl Afes sy B8 e ul Sl T,
8 hz, 2H) mLQJfE% \(fé'ter Jana &u'aéted%ah 4@0 ﬁrt c'ff h_éitaﬁ@ Tﬁ@bﬁgéxléﬁgér was ( o

2H), 4.49 (s, (ddd :

1H), 3.78 (dddwashed w:th 106ml112fwa1tgraaq 1Q0m:.,of31rm (itiewpvermagﬁes(uﬁ 3&{)2 Hz

1H), 2.43 (ddd = 1. 1.31 (s .

S{_Dep 7. Pr gpar%\‘flfaﬁ 8(9%99(‘57"]"?5*@ %@E}WF@%"W Pgéﬁrﬁﬁ'ﬂyﬁ Bl fonyl ) - 2. 2-

di met hyl - t et ramﬁh néfrsbhbﬂﬁé@ﬁvéssfﬂé)ﬁf( @s@jb%nzenesulfonyl To a

sol.ution of allyl 3( i‘pyrl {%&wy) benzenesul f é

2, 2- di met hyl -t@tlared%ﬁ a%ﬂeﬁ idi MR A1 cNIMR(C )(6071! (ﬂa@)arenitet hél )

t at 3 n d t I fo] Lowe y
?g'?r:kssgt ri pzleny phosp}hgn% ; a‘geun‘?%})n?‘%y@% J'Qﬁ%gyrégg]ggzl%nj m xture
was stirred foB.8H#4)ours at O[err]C, hexanes added (4 m.), and the solid
filtered off a .
3(S)-4-(4-((p _
di met hyl -tetrahydro 2H ]T-oAa &auﬁaﬂaﬁ&ngwmoﬁ ARG feltidihenyl efigr 2 Wi te

sol i d.
~ (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 oxalyl
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 aqheous 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
hexane 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
285-300°C. 1H—NMR (DMSO-d6) 5 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).



Exanpl e 2 Preparation of Internedi ates of Fornula 15 (a)

4- Phenoxybenzenesul fonyl chlori de To a stirred solution of
42.5 g (0.25 nol) of phenyl ether in 200 nmL of dichl oronmet hane at -20
[err] C under argon was slowy added 23.3 g (0.20 nol ) of chlorosul fonic
aci d. Aftegydfmogeddi tion was conplete, the reaction was pchUbsesRst O
slowy warmto roomtenperature. After 16 hours, 150 niL of | sooct ane was
added and the solution was concentrated_to an oily residue.

Redi ssol ution in 200 nL of 1:3 dichl or(’) thane/ i sooct ane and

eronrSnins T on Wt CR, Bl BigH, S98cic Yzl hgeagre™

-65 - vvaqz(jacammfa ca6é. oshpl 3@s: 6 unizsucht ¢zl7n t h addi ti onal isooctane
and then dried in vacuo to, give 55. 2 g of crude 4-phenoxybenzene

sul fonic acid. The Ehe@loafmgawar@sprgp@@mtvacﬁlmﬂarzfe@hm of

di chl oronet h e4 7 | q 1. 0f oxalyl chloride was
added, fol | oned e or mam de. After 2 days, the
reacti on solution was pm;faeetj fram_aﬁfmobgphénypétheﬁwmrgr Fykeextract ed
with 400 nL of hexane. The oram o Iayer was ~~ washed w Ph 100 nL of water
and 100 nlL ofdbArALhlgropbgnex) AEReS\dliol 48 f at e, and concentr at ed.
Recrystallization of t gave
38.5 g of 4- phenoxybenl?ger?re“aé(?fwﬁ:l R'B}Obfﬁﬂnﬁhéetﬂég a Wd) B%ﬁwbe 41.5
[err]C, [err)é 3-KICH 1 : donjder ent t 4 H J 7 Hz),

7.28 (t, 1H J = 7 Hz) . 7.46, [ 2H, J= 8.8 Hz
(b) 45(4- Met hyl phenoxi?m%égmﬁgwwﬁ’ﬁ?ﬁ“z%@er(R'edes ge Haen), mp 14 4 .
solution of 1.84 g (10y§ %mol) of 4-nethyl di phenyl ether (see J. Chem
Soc., Perkin Trans 1, 19 2 407 408) W|th 2 m of di chl oronet hane in an
i D 4641 Cyanaphenoxmibe , hiptide aci d ( 0.73m., 11.0
nmol ) |n2rr1_of dICh| r onet Wi, S The. resul tin m xture was
stirred at O[lerr]Cto fﬁﬂﬁ"? ‘g Yé)@bf‘g'?enﬁpﬁaﬁrré‘u '?;ﬁ‘ff?qmen oxal yl
chloride (11 aLia-N1diHo pBens difemB ehodige fol |l owed by 0.15 nL of
DMF. The resu tlng mxture was heated to 40[ err]C for 1 hour and then

al | oned to cool to Prparedfipey4meihexybiphenyl etherdwhichawasprepared r eact i on

win e ondror Rl Bhen ity iy MemRAB Bl RY baldEe. 7T L

washed Wi tﬂmtﬁssnura carbiomiale inTefuxitgiacatend)ayer was extracted with
Et OAc/ Hexane(,4; 3)

R X ori
Prepared from 2-phenoxypyridine (ICN): 1H NMR (CDCI3) d
8.25 (m, 1H), 8.05(d, 2H, J=9Hz),7.81(t, 1H,J=8Hz), 7.34 (d,2H, J=9
H2z),7.15 (dd, 1 H, J =7 & 5 Hz), 7.06 (d, 1H, J = 8 H2).

imethyl-tetra -2H-1.4-thiazine-3-ca i

This compound was prepared in a manner similar to the
procedure described in Example 1(d), except that 4-(imidazol-1-yl)biphenyl
ether (prepared by the procedure described in U.S. Patent 4,006,243, the
disclosure of which is incorporated herein by reference) was used in place of
4-phenoxypyridine: mp 148-150 °C.



(150m). The organic |layer was dried over Na[err]SO err] then evaporated by
vacuumto give crude product as white solid. This solid was triturated with
hexane and col lected by filtration, then dried under high vacuumto give
1.555 g (57% of 4-(4-nethyl phenoxy)benzenesul fonyl chloride as white
solid: np wesmm@ee[err]C. [err]H NVR (DVBO d6) 6 2.34 (s PCIHSI/P3 _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). WD 97/ 20824 67 -

PCT/ US96/ 19328 -66 -

Anal . cal c. forp]3s)- ‘ pA-(4-¢ enbhy)Bénzelres Gifdi 2-dirheth ,

12.71. Found: Getr3lydis-2H m&!ﬁéﬁ%@gﬁlﬁ 12. 71. The
a simlar fashion:  (c)

4- (4- Br onophenoxy) benzen I ' i imi red from

?girél %OWAU#E%% i[)%?ﬁeg ina manger simitartb the'

foll owi ng were prepared In
4- br onobi phenyl ether (Al

4- ( 4- Chl or opherprsgedire desertheds in Exampiie dfd)cexcept that 4-(4- Prepared from
4- chl or obi phenyl ether (Transworl d), 61 rr] C e \

4 (4- B uor bpheIRIgPas pazsstopy iarie' Example 2(c))ws employgdina f  om
4-f | uor obi phen | 5 : ! .C.

(f) 4-(4- &l)anoﬁgﬁ%gﬁﬁgﬁg ﬁ@%wooér%?ﬁ%wl%ﬁddc (? loride hydrochloride i [sglﬁééﬁ)'ar ed
from 4- cyanobi ghpriyB-t0i€r (Transworl d). (9)

4- (4- Met hoxyphenoxy) benzene fonyl chl,oti de . . ed from
4- met hoxybi phenyl et her ?\ﬂﬁfﬁ?’?ﬁ”&a%ﬂeg’sszc'ﬁé#@ ﬁ]&?(ﬂ("yggﬁy' et her
by methyl ation gwghs 4.0¥ICll PFBdFoawE C, 480824, 3 A.77IN; &.98 118 357 01,67 46X g
acet one). (h) 4-(Pyri d- 2-yl ) oxybenzenesul f onyl chl oride

Prepared from 2-phenoxypyridine (ICN): 1H NWVR (CDCl[err]) d 8.25 (m

IJ-|ZHg ' g (])_g gga 2% 3{SEN=hydf QXA Ep -.*i;ﬂ.-,.lt?l 9'11:‘ esulfon m_ij;-m' -; 3
(a) 3(S)-Nhydr ‘EM-'.;’*}M‘- benzenesul f onyl ) - 2. 2-

di met hyl -t etrahydro-2H 1_4-t hi azi ne- 3- car box Thi s

: ﬂn de. L.
conpound was prepared i n BISRAMRAUNG Was RRepared In@ manner similar to the
procedure described in Example 1(d), except that thiophenol was employed in

place of phenol (in example 1(a), step 1): mp 128-131°C with gas evolution;
TH NMR (300 MHz, DMSO-d6) 8 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,
8 Hz, 2H), 4.15-4.00 (m, 1H), 4.06 (s, 1H), 3.97-3.85 (m, 1H)

Example 4
3)-N-hydroxy-1-(4-(4-br: nzenesulfi -
to bonyl)-pi zine-2-carb ide

Step 1. A solution of 2(R/S)-piperazine-2-carboxylic acid
dihydrochioride (1.06 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-butyldicarbonate (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)benzenesulfony! chioride
(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



procedure described in Exanple 1(d), except that 4-(im dazol-1-yl)biphenyl
et her (prepared by the procedure described in U S. Patent 4,006, 243, the
di scl osure of which is incorporated herein by reference) was used in place
of 4- phenoxypyridi ne: np 148-150[err]C. WO 97/ 20824

PCT/ US96/ 19¢237/20824 b)
3(S) - N-hydr oxy: 4-(4-(4-chl orophenoxy) ber zenesul fonyl ) - 2. ZGICIFTIU?W?”;

t etrahydro-2H 1. 4-t hi azi ne- 3- car boxant 8- Thi s corrpound
was prepared in a manner simlar to the procedure described in Exanple
1 (d), excepkidiffetittopH 25 with 2 dhhydrogtieniwagijlb he enirtuve tvas \eixtratled withe

(Exanpl e 2(d)vvase | 0 I.n | ace, of .

BT Capyr | kb RepatE on 300 L0 Ape thB OB IR BRI kvers Were washeth 6.

178-180 .
derr] H% g; ; ]Lﬁper P]ﬁugro lrJT §fglp IrT] Hﬁ%ﬁ%%gﬂ{ilghgi d“l-?d oveé sodlum 6.13: S,

14.03; d, %uﬂ‘ﬁte andi concehtratell. Sthe r@sidueWas purrﬁedgw cl%omatbgkaphmn 7. 46.

Lol r oty o 200 N e BN B Bl R RS e orpound
' l SRR _itbed Exanpl
1o P eraepc Shg RN BEAEISIM (a4 bomOthenoxy PRARRRSSEIGHIALELE OC 17, DA €

was enp pl ace of phenol (in
exanmpl e 1( ahutwtyearbb)‘\yl)mpetaﬂnaziqwbmﬁyﬁnmldhmpa‘lsﬂe&@ ution; [er_ r]H NMR
gs?ﬁg, M;W,Dys%d?zj %Mﬂ%ﬁﬁpﬂ'ﬂﬂ@% tha'y ﬁfgzﬁﬁd’ 7 25 (l'dg’ J
= 1.5, enzefie$Siifoni)-4lEbutokyEarbonayl)- ztheédZ-ca ien 1H)
Exanpl e 4 B/th"m drogy m (4- grogtym hen%iﬁi)ﬂ)gganzenesulrﬁ%yl) 4-(t-

but oxycar bo rqpliq %)sr ‘éﬂrﬁ'@mgl) (!fhﬂﬁmlaqﬁ amnydrous dichloromethane ald'Lpwas A

o 5. 23 o30S QDAY AR S Morhine808 ma, 6, £1 KR Rlloferce (- 0°
by a solution of EDC methiodide (1.99 g, 6.71 mmol} in 20 mL of
dichioromethane. The resulting mixture was stirred for 16 hours at 0°C to
room temperature, and then concentrated in vacuo. The residue was
partitioned between ethyl acetate and water, and the organic layer was
washed with water, saturated aqueous sodium bicarbonate, and brine. After
drying over sodium sulfate, the organic layer was concentrated, and the
residue was purified by rapid filtration through a pad of silica gel,l eluting with
1:1 ethyl acetate:hexane. After concentration of the filtrate, the residue was
triturated with hexane, filtered, and dried under vacuum to give, in two crops,
1.78 g (61%) of 2(R/S)-N-(t-butyl-dimethylsilyloxy)-1-(4-(4-
bromophenoxy)benzene-sulfonyl)-4-(f-butoxycarbonyl)-piperazine—2—
carboxamide as a white solid: mp 163.6°C.

Step 3. To a solution of 2(R/S)-N-(t-butyldimethylsilyloxyl)-1-(4-
(4-bromophenoxy)benzenesulfonyl)-4-(t-butoxycarbonyl)-piperazine-2-
carboxamide (1.599 g, 2.38 mmol) in 8 mL of anhydrous THF was added a 1
M solution of tetrabutylammonium fluoride in THF (3.6 mL). After 0.5 hours,
the reaction mixture was concentrated and the residue was partitioned
between ethyl acetate and water. The organic layer was washed with
saturated aqueous sodium bicarbonate and brine, dried over sodium sulfate,
and concentrated. Trituration of the residue with t-butyl methy! ether:hexane



to pH 11 wth 10% aqueous sodi um hydroxi de and then cooled to O[err]C. To
this solution was added a solution of di-t-butyldicarbonate (1.37 g, 6.28
nmol ) in 3 nL of dioxane, and the reaction mxture was allowed to warm
slowy to room tenperature overnight. The reaction m xture was then
re-cool ed to Wpenrreszs and triethylamne (4.0 nL) and PCT/USY6/19328

4- (4- bronophenoxy) benzenesul fonyl chl ori de (2.00 g, 5.75 mmol, as a
solution in 3 nL of dioxane) was added. J6@- reacti on m xture was
stirred for 5 hours at O[err]C to roomtenperature, and then WO
97/ 20824 gave a precipitate which was filtered and dried under vacuum to give 1.320 g

D CE with 3 N n499%) Af 2ARIS)-Neiron s (Rramep e ORpraRResHioR AL por O P

acetate (3 x 16&9td(¥y):a%ﬂ¥|§ fﬁfpe?m-aﬂﬁrswm@ H\@!?ﬁza"mﬁAﬁaM@ﬂB%rW th 1 N

aqueous sodi um hydrogen ate and brine, dried over sodiumsulfate, and
concentrated. WheHsiBENMLS: Gad7 4 Hi A54; Ny 7 &5 5%&%%@%"@7@2
silica, eluting with 1:10:1 ethyl acetate: hexane:acetic acid, to give 1.07
g (38% of 2(R/'S)-1-(4-(4-bronophenoxy) benzenesul fonyl)-4- (t-

but oxycar bonyl eayi ne-2-carboxylic acid: np 112.8[err]C.
Step 2. To a solution of 2(R/S) 1(4(4-
br onophenoxy) bday2(htis MO UA£(6=DT0MOR boxylic

acid (2.42 g, mmmﬂg_mmnﬂgmw anhyrous d| chI ororret hane at O[err]C
was added O (t-butyl-dinmethylsilyl)hydroxylamne (998 ng, 6.71 mmol),
foll owed by a sol ution oR(R/BFNRydIbRE1{e-(4-brdifoghentxy)benzanesulfonydqil of

di chl oronet hane. The resulting m xture was stlrred for 16 hours at OCto

r oom t enper at urkiitoxysarhonyb-pinarazing2-aaskpxamide, (399. 1 mge 1,804MmED wiss
partitioned be%ﬂleﬁtimﬁbrﬁ oF #1351 8fdh /i Mottﬂ& IgarL with \as

washed with water, saturate aqueous~sodi um |car bona rine. After
dryi ng over socgentlematmg e',I'he resultingaotear sbhgion wmallomdeohodttedoomnd t he

id fied b d fi th h d of sili ,
Gl it ng it 1 ameemyre,ad St At Mihvdtapen et B divianewis pode et - oo,
the residue wag ﬁddr&%é&éﬁbﬂ&nﬁﬁmﬁﬁé%@ patialily @6RcbntaRsh Ghdéidesndey vacuum to

give, in two crops, %ﬂ
2(RI'S)-N-(t- bumsmﬂ%ﬁgn djluted withiethyl -acetate:ethyl ether. The precipitate was

br onophenoxy) b I zi ne
car bogam dey;s%ﬁ%%&? 59 tﬁ%h)“’g t%&i‘gﬁ gﬁf%ge?ﬁe%n}j e%\ﬁ ﬁE‘er g’t‘%é"? To a
sol ution of 2( RhSgr %cfuurfotd gi deSHBJBhTIQ ©62%) @DQ(R)S)lNMdroxy—1-(4-(4-
(4- br onophenox enzenesus3 on % but oxycar boné% pI per azi ne- 2-
car boxam de ( 1P5@goghenoxy bﬁﬂ%/ﬁ"FSP’fP Iripesazipesearberamide hygrochionds as 1
a white solid: mp 186.6°C.
Anal. calc. for C4H,gCIBrN,O;S: 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:
b) 2(R/S)-N-hydroxy-1-(4- oxyb esuy -piperazj -
carboxamide: mp 160.4°C;
Anal. calc. for C,;;HpN,0;S: 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.



M sol ution of tetrabutylamoniumfluoride in THF (3.6 nL). After 0.5 hours,
the reaction m xture was concentrated and the residue was partitioned

bet ween et hyl acetate and water. The organic | ayer was washed with

sat urat ed aqueous sodi um bi carbonate and brine, dried over sodium sulfate,
and concentwalsgdeszdri turation of the residue with t-butyl gpetdes

et her: hexane WO 97/ 20824 b19028

PCT/ US96/ 19328 - 69 - gave a
precipitate which was filtered and dri eg under vacuumto give 1.320 g
(99% of 2(@,@." I’g,/droxy 1- (4- (bronophenoxy)benzenesul fonyl)-4-(t-

but oxycar bony pi pera2| ne- 2- car boxam de p 112. 4[err]C Anal . calc. for
C err] H err {8 NS A g g =4-tiind: C, 47.56;

H, 5.01; N, nfe % j

2(R'S)- N hydroxy 1(4 (4 brormphenoxy) benzenesul fonyl) - pi perazi ne- 2-
car boxam de h o4 5G$bension of 1.20 g of 2(R/S)4-(benzylo carbon f)-
2(R/'S) - N hydrioxy- -(4- (%bronop enox?/) be(nze?les(ul ?:(z)yn ) %')

but oxycar borpjperazing<-earbaxylic-asis (oblainediacqonding 1o the m@ h@d oﬁM;E) Freed

gent Lo neat i -FrESlogt,Pe g 5Pt Mo, £.085 808070 By RaMABBSWRIRE T, Moo

t enper at ur e pehgif ifcothorated'bMetarehegrin drrdﬁksrbmémane @mepat geowagded. After

5 hours, the reaction mxture was parti al Ifé{concentrat ed under reduced

pr essur e, amﬂdedé]ﬁ%lmhﬁfédmﬁthwﬁ“ﬂmﬂdﬁce‘i dOdminjitese trigthylamine (358ci pi t at e

and drfgljl ecrhﬁ%g/eéa% rfagdﬁ&%@ﬁ%wégzgé%\a_g?cet ate and et hyl ether,

ﬁ( R'S)- N P%/Cbmz?mpﬂeridcy!b’énzen@sumghehbngé ﬁfter 3 hﬁlurs thde mixture waswh_ g
enzenesu ony -PlLperazi ng- £-car xam roc rpae a white solld:
mp 186. 6[ er rqa(rjltloned between gdighlorom a@@ﬂﬁ]ﬂh{g criate Fﬁf"e rﬁ]ecf'SFP'PS: C,

41.43; H 3.87%rwWhs @a%%d \Eﬂ‘r'%tercd ied G\Jer‘ﬂ)duﬁr s?lfa‘ri:gnanﬂg c::&c?mrated.

The fol |l ow ng conpoun epare sim
2(R/'S)- N hydi‘mwstdt(emmwrcﬁeymmmamatdgmm eluting avith2)_5%- abetic aaidinxam de:
P 160. 41 e I'dex dichioromethaneethanol, to provide 2.05 g (85%) of 2(RIS)-1-(4-(4- |
chiorophenoxy)benzenesulfonyl)-4-(benzyloxycarbonyl)-piperazine-2-
carboxylic acid: mp 104.2°C.
Anal. calc. for C,5H,,CIN,O,S: C, 66.55; H, 4.37; N, 5.28; S,
6.04; Found: C, 56.65; H, 4.41; N, 5.22; S, 6.10.
Step 2. A solution of 2(R/S)-1-(4-(4-
chlorophenoxy)benzenesulfonyl)-4-(benzyloxycarbonyl)-piperazine-2-
carboxylic acid (2.21 g) in 18:1:1 ethanol.ethyl acetate:water was
hydrogenated at 1 atm over 10% Pd/C (0.22g) for 1 day. The catalyst was
removed by filtration and the solution concentrated to give 2(R/S)-1-(4-(4-
chlorophenoxy)benzenesulfonyl)-piperazine-2-carboxylic acid of ca. 95%
purity, which was used without further purification.
Step 3. To a solution of 2(R/S)-1-(4-(4-chlorophenoxy)benzene-
sulfonyl)-piperazine-2-carboxylic acid (0.987 g) and triethylamine (0.41 mL) in
20 mL of anhydrous DMF was added methyl isocyanate (0.16 mL). After 6
hours, the reaction was partitioned between dichloromethane and 1 N sodium
bisulfate. The aqueous layer was extracted twice more with dichloromethane,

and the combined organic layers were dried (sodium sulfate) and



Anal . calc. for Cerr]J]Herr]Nerr]gerr]S: 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. WD 97/ 20824
PCT/ US96/ 19328 -70 - Exanple 6 (a)

2( R/ S) N- hydr oxy- 1- (4- (4-chl or ophenoxy) benzenesul fonyl )-4- (N

met hyl car bammy#720884per azi ne- 2- car boxani de Step 1. To a BCHPSMGAPBE of
1.20 g of 2(R/ S)4-(benzyl oxycarbonyl) - pi per azi ne- 2- carboxylic acid

(obt ai ned according to the nethod of ME.-Freed and J. R Potoski, US.
Pat. No. 4,032,639 (1977), the disclosure of which is herei n incorporated

by reference) iaorﬂﬁeﬂ&htﬁd)ﬁm&mmué%a?s pdw)fedtby&{reomhfbgmphy, ehtidgavith. 63 ni of
trimethylsilyl chloride. er 10 mnutes, trieth Ig{n'ne, (t1'55' rbtg was
added, foll omed3§515z£ﬂ@hl?‘i°m¢ﬂéﬁ"eie@4"@ containipg 0.5% acetic acid, fo provide 0.918

chl or ophenoxy) b xture was
partitioned bet %é?%z % gﬁ&'ﬁ%ﬁgrda e E(gﬁ?:er%reg?éeﬁgm]ypﬂﬁ(m‘_rhe organic

| ayer was washe¢hethyitarbameyl)- pmemzinweaarhmqhuaczdumpzﬁﬁj “Eadnabcalenforat ed.

T e B o Gt NG G A B EAED82E S 406, Fungs . BRISB AL 4ol
2(R(S)-1-(4-(4- \y 9 38: S, 6,93.

N : :
chIorophenoxy)behzenésulfonyl)4 (benzyl oxycarbonyl ) - pi perazi ne-2-
carboxylic acid: np 104. 28tepd. (o a solution of O-(t-butyldimethysilyl)hydroxylamine

G 56165 H 4. 402600 B 42 mLgre;T dighibrometnand DM at 8r€ bas agded 980 T

2(R/S)-1-(4-(4- 1-{4-(4-chlarophenoxy) benzenesulfonyl)—4g -methylcarbamoyl)-ZRlS-
chl or ophenoxy) benzenesul f onyl ) -4- ( benz car per azi ne- 2-

carboxylic acid p(pbrmn@arbwvma@dfo@mw mmdrmmﬂe@%ﬂ‘h@) andsthe

rovad by 11t readtbrike Attt Ko B S el BIGERd RS
chl or ophenoxy) beg Feome tarhperasire.- pftee1 Stiours, 2he dedvtion was pattitibnetl betwe &5 %

purity, which was used wi thout furthef rlflcatlon Step 3.
To a sol ution ot peelpteand; a%“ﬁ%ﬁl%ﬂ%‘ﬁ 183Pnals, ; i organic layer was

sul fonyl) - pi per%sﬂﬁdﬁ:ﬁ% %ﬁﬁd Brifg;! mﬁ%fﬁmﬁ%m@iﬂafe’ hﬁ&%%bééigfﬁni 0.41

m.) in 20 nlL of rous was a | socyanat e Af ter
6 hours, ther é‘ehetresdumsm;stalhz&dwslbwta\rapuraliontiltom dichlonamethanetl N

sodi um bi sul { ale, , The G0UCORS Jore' o Shsviai bleaS! g thebll (AR Su by
: dimethylsilyloxy)-1-(4-(4-chliorophenoxy)benzenesulfonyl)-4-(N-
methylcarbamoyl)-piperazine-2-carboxamide as a white solid: mp 171.0°C.

Anal. calc. for C,sH,sCIN,O,SSi: C, 51.49; H, 6.05; N, 9.61; S,

5.50; Found: C, 51.59; H, 6.08; N, 9.67; S, 5.58.

Step 5. To a solution of 2(R/S)-N-(t-butyldimethylsilyloxy)-1-(4-
{(4-chlorophenoxy)benzenesuifonyl)-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
dichloromethaneft-butyl methyl etherfisooctane to give 781 mg (89%) of
2(R/S)-N-hydroxy-1-(4-(4-chlorophenoxy)-benzenesulfony!)-4-(N-
methylcarbomoyl)-piperazine-2-carboxamide as a white solid: mp 133.2°C.

Anal. calc. for C4gH,:CIN,OgS: C, 48.66; H, 4.51; N; 11.85; S,
6.84; Found C, 48.74; H, 4.53; N; 11.90; S, 6.91.



and the conbi ned organic |ayers were dried (sodium sulfate) and WO
97/ 20824
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concentrated. The residue was purified by chromatography, eluting with

85: 15 di chlypgormispane: et hanol contai ning 0.5% aceti c aci dpctraspermvsisde 0. 918
g (81% of 2(R/ S)-1-(4-(4-chl orophenoxy) benzenesul fonyl)-4-(N

met hyl car banoyl ) - pi per azi ne- 2- car boxyligcygacid: np 212. 7[err]C. Anal. cal c.

for C[err]H[err]CIN[err]Qerr]S C 50.27; H 4.44; N, 9.26; S, 7.06;
Found: C, 50.94 ? % oundsl\bangbéﬁrepﬁrecﬁn%%lmﬂar manner: Step 4
Toasolutlono O(t

uty d| net hyI Si droxyl am ne (0.282 g) in

p| pera2| necar boxyl I c aci d foI I owed by EDC hydrochl oride (O. 294 g) and the
reaction m xture was stlrredfor at C d en allowed to

war m to (3 g,lj' =11 _,!""_J " 43 - NG 2 - “.‘. T4 =191 (8) )T . & Was
partitioned bmeipdearoa PINQrazine-q+-Care0Xa aAMous SOdI um bi car bonate. The
organi c | ayer was washed W|th wat er and br| ne, dried over sodium

sul fate, and conce
evapor ation f# s\Redi 3
provi de O. 643 1s9prenylsarbamoyllpy "l‘»»: g amide.
di met hyl si | yl oxy) - 1- (4 (4-chl orophenoxy) benzenesul fonyl ) -4- (N

nmet hyl car bam)gx 189 azi ne 2-carboxam de as a white solid: np 171.0 C
Anal . calc. for E[)derr]H[err]ClN[err]CIerr]SS| C, 51.49; H, 6. 05 N, 9.61;
S " , \ ":‘ 27 = : \t K - :: > iN = 1 e

Step 5. To a wf 2(R/S) N—(t butyI di rrethyIS|IyI oxy) 1- (4-

(4- chl or ophenoxy) benzenesul f onyl ) - 4- (N- met hyl car banoyl ) - pi per azi ne- 2-

carboxam de in 20 ni of 29Qa Stifred 3boRHibh ©f 425 i) ot Bhef] ether

trifluoroacetic acid. A 30 m nutes, 20 mL of tol uene wa and the
sol uti on was wﬁ%mkaﬁcbahlomthm Mﬂﬁﬂnﬂlﬁr@fs@l wis slowdy added 23.3 g

SRS Ny g1t B R, R BB P bl 0

met hyl car bOWDYééctthSBélidmﬁoW?mde rmaembérhmré olafidi 16holis3- 2[err] C.
Anal . calc. for Cerr]JHerr]CNerr]derr]S C 48.66; H 4.51; N _11.95;
S, 6. 84,150 50k 9f isoogtgne ywasiadded:and the sglyt!g@)wagcoacggrated to an oily

residue. Redissolution in 200 mL of 1:3 dichloromethane/isooctane and

t ed. t‘h re |rdue was Gl al Lli.zed by sl ow
™ | v G o (] S .
: QIOPNENOXY) et Her+i sooct ane to

reconcentration with cooling to about 100 mL gave a solid. The supernatant
was decanted, and the solid triturated with additional iscoctane 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 dichioromethane, and 34 g (0.25 mol)
of oxaly! chloride was added, followed by 2.5 mL of BMF. 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 sulfate, and concentrated.
Recrystallization of the residue from didhloromethanelisooctane gave 38.5¢g
of 4-phenoxybenzenesulfonyl chloride as a white solid: mp 41.5°C.

Step 2. To a stirred solution of 2(R/S)-piperazine-2-carboxylic

acid (1.30 g, 10.0 mmol) and triethylamine (3.6 mL) in 25 mL of 2:2:1
dioxane/water/acetronitrile at -20°C was added dropwise 1.13 mL {1.22 g,
12.0 mmol) of acetic anhydride. After 2 hours at -20°C, an additional 1.5 mL



WD 97/ 20824
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fol |l owi ng conpounds can be prepared in a sinmlar manner: (b)

2(R) - N- hydr oxy-1- (4- (4-fl uorophenoxy) benzenesul fonyl ) -4- (N

met hyl car barmel9yrgszper azi ne- 2- car boxani de: (c) - PCT/US96/19328
2(R) - N- hydr oxy- 1- (4- (4- net hoxyphenoxy) benzenesuf onyl ) - 4- (N-

met hyl car banoyl ) - pi per azi ne- 2- car boxam dgg -and (d)

2(R/'S) - N- hydr oxy- 1- (4- (4- chl orophenoxy) benzenesul fonyl ) - 4- (N

| sopr opyl car bypgidthyiaminenids addedt, fslloveddy 2169 g (10 nieal)pf 4- 7 (a)
2(R/'S) - N-hydr oxy- 1- (4- phenoxybenzenesul_f onyl ) 4- ac%l &Fi g"ﬁr azi ne- 2-
car boxami de  phenoxybenzenesulfonychjoriderd hg reactiondpixiiie wasailoyedowemy (o, 25

nol ) of phenyl | \ t s 20k under
argon was sl oﬁ@'ﬁ%'&? n}?ﬁlp?eggtu%(gﬁ?giﬁ%)@%gﬁ%gﬁ?%ﬁgﬁﬁ één)ri[n@a%%dlcd. After
the addition \u@msmrmAf ®h%6°ﬂngN potammhwmdmf rﬂbhosphdtetandﬂm\myd ogfar mdt oh
room t enper at ure. ter ours, Of i sooctane ed and the
sol uti on was EYndapretata.cthe Bq‘éﬁP'-@i'?\!Frwasr@‘i"gﬁ%‘!mhéﬁi’gﬂgﬁﬁ& ¢ 200 nL of
1:3 dichloro ie?ﬁg i t ' ' ahhp about
100 nL gave a ng.‘ ?ﬁé eaggg\gtrrﬁéa}f %ﬁméﬂ\?\gg ' e%%t?g&c%ért}% ?ﬁghggﬁ'ﬁa
triturated wi tonganiclicdyetswere drisgooven sodium suifate and conceditratedy atheoresidugi ve

) f d -.ph yb | f oni id. .-Th d id
G seorved i n 3 GESQYEINTOID o6 ARSI T 25 o) - of oxaly
chloride was m@%s‘llﬂgiﬁ tHahed2 M Sblufién H\ﬁexaﬁ%ﬁés adday Eroﬂiﬁe unti

reacti on sol ution oured 1 nto 200 nL of ice ter, and.et_racte W th
400 m. of Heeyelow Toler oo lpnget dissipated(aboutctSob). wiiter addlitiomof @ drapser and

100 m. of bri ., ed ' t d.

Recryst al | ioz atqrf éﬁg%‘f g{u'ﬁgo ?@i’ﬁ%ﬁ%ﬁl"ﬁ%ﬁ%ﬁ@@zﬁﬁ%ﬁ@%Sﬁ%‘ﬂﬁﬁ‘f&ve 38.5 ¢
of 4- phenoxyberscsoreshirated landithe résidueawas puliiddbyseiromhatograghy & ¢50 hC.

Step 2. To a stirred solution of éé%R/ S) - pI Per azi ne-2-carboxylic _ acid
(1.30 g, 10. 0 ofsticy ggheluting with,a 807 Rthyl acetate/hexanets ethy! gcetategradient.

o oxane] et o HRaRAR] oiRe o PS5 ol S sl (1 2
addi tional 1. Hpoh trituration with t-butyl methyl ether/hexane to give 1.86 g (44%) of
methyl 2(R/S)-1-(4-phenoxybenzenesulfonyl)-d-acetyl-piperazine-2-
carboxylate: mp 118°C.
Anal. calc. for C,4H,N,OgS: 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-acetyi-piperazine-2-carboxylate {(1.672 g) in 12
mi 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 C19HzoN,04S: 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.
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triethylam ne was added, followed by 2.69 g (10 mml) of 4-
phenoxybenzenesul fonyl chloride. The reaction m xture was allowed to warm
slowmy to ‘gagq}zﬁgﬁgperature After 18 hours, the reacti on mEsueIdsRs i oned
bet ween 10 5 N pot assi um di hydrogen phosphate and 100 nL of

ethyl acetate. The aqueous |ayer was ac?glfled with 10 nL of 2 Msulfuric
acid, and extracted with an additional 0 nL of ethyl acetate. The

The rosidue  was di coiedr T ariie S BEeReR b RuRinaRtgE T < o

trimethyl S'|Xb@?&@ﬁﬁﬁbmoﬂﬁc%methamalWmmemﬂheMSZ eﬂz spm se .
unti | the yell ow col or no | onger dissipated (about 15 niL ter addition

of 2 drops (4fPhgpexyhengenesulionyihtacelyl-pipesazing-2rGasboxyiic Acid: W‘Qﬁ)rret hane,

the solution h

chr omat ogr apyPATE 16§ HRRUZS Bt FIME BalBigia ok itfibh, HtePhbout
acet at e/ hexanginutesEDO hwremﬁdagm%gu)twas afiledinoresportion, aind the
product - contai ning fractions 9ave an oil which solidified upon

triturati on weeetionwas stireeion 1P raipytes at &G and:then allewad BBWQ"'('M%O’M
hyl 2(R'S A
oy ot e, e DNOH AR E R roRAbh vk Bffiifleehfiar 166 i of

car boxyl at e:

Clerr]Herr] N{ eetﬂwkeetajeﬂwe)ene@dzm mb of wad€r, The @rpasic I&erwadbyashed Found:

gf r5n73t ﬁ§| g ( mng) saltu@eaG aquéous sodlum bicarbonate, 1 N aqueous so&]lum blstﬁfa?e sol ution

Phenoxybenzeng il qrpHospHatasitehibheirididher chreahibaisy atiturkorbding) in 12

nm. of THF and 6 nL of nethanol was added in a dropw se manner of 2 N
aqueous | i t hiresidugavithdrhudy! methyrethernhnxane and filteationigavesicdan 9&&49@19\'

Coci um bi <ul RS SEBY BBy Bt A ShchoRlbepzntom ol SREH70 .,

sodi um sul fat;ﬁpe;aaﬁ.e@asmokammchs a‘hm.teeendjmmmrl turated with t-butyl
nmet hyl ether and filtered to glvel %90
¢

. of 2(RLS)-1-(4-
phe_noxybenzenesul f onyl )Anﬁl fﬂ -Cpn'ﬂteNaQ 8*%@?@0’%%5-53' %7&7&@- a white
?Z?lalr ?] HFEr r2]1 er r%‘& err ge 38 Hsg GZ?BN ’?W S gqj N, ];3%3; S, 7.93; Found: C
.50; H 4.96; N, 6.9@tems. Fotisolution of 2(RIS)-N-(t-butyIdimethylsilyloxy)—‘l-(4-
phenoxybenzenesulfonyl)-4-acetyl-piperazine-2-carboxamide (1.200 g, 2.25
mmol) in 20 mL of methanol at 25° was added 0.5 ml of trifluoroacetic acid.
After 1 hours, 20 mL of toluene was added and the solution was
concentrated. The residue was recrystallized from dichloromethane/t-butyl
methy! ether to give 850 mg (84%) of 2(R/S)-N-hydroxy-1-(4- |
phenoxybenzenesuifonyl)-4-acetyl-piperazine-2-carboxamide as a white solid:
mp 171°C {decomp).
Anal. calc. for CygH,yN;05+0.25 CsH,,0 (1-BuOMe)+0.25 H,0:
C, 54.63; H, 5.55; N, 9.44; S, 7.20, Found: C, 54.62; H, 5.45; N; 9.38; S,
7.20.

The following compounds can be prepared in a similar manner
from enantiomerically pure 2(R)-piperazine-2-carboxylate:

b -N-hvdroxy-1-(4-(4-chlorophe nesulfonyl-4- |-
piperazine-2-carboxamide;
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-74 - Step 4. To a solution of

0- (t-butyl di net hyl silyl)hydroxyl am ne (0.575 g) in 13 nL of

di chl oromet hane at O[err]C was added 1.212 g of 2(R/S)-1-

(4- phenoxybavoemssa f onyl ) - 4- acet yl - pi per azi ne- 2- car boxyl i ECHUPYI9RS ¢ hi s

m xture was added 2.0 nL of DMF, resulting in a clear solution. After about
3 m nut es, EDC hydrochl oride (0.634-b-was added in one portion, and

t he reaction was stirred for 15 mnutes at O[err]C and then allowed to
warmto room 2(RR-biyditony-d -(44pHet d ifomyl)etmethoxyagetyllparti ti oned
bet ween 100 mﬂﬁmmhﬁﬁémmﬁmcet at e/ hexane and 50 n1_ of water. The
organi c | ayer was washed w th saturated aqueous sodi um bi carbonate, 1 N
aqueous sodi um bi suI fate and pH 7 phosphate buffer/br| n dr| ed and
concentrated. (g yNY0 POX$ 1 -(4pNenoXypenza . ,

et her/ hexane ag;gm@_rgmﬂetlon gave 1. 351 g (84% of
2(RI'S)-N-(t-butyldimethylsilyloxy)-1-(4-phenoxy-benzenesul fonyl) 4-acetyl -
pi per azi ne- 2- car boxarm de as a white solid:; 1C.

Anal . cal c. fdele{mr-MIMoX ‘-‘»‘"i.*-'-"- ’--"" DESURRINYP=-2-QLCyl-[ERE e.87; S,
6. 01; Found: RIHOX3MIGE, Step 5
To a solution of 2(R/S) N-(t butyI di nethyIS|IyI oxy) 1-(4-

phenoxybenzene 4'- ¢ 6L Yl whl per 4 - car n)gf_ 200 g, 2.25
nmrol) in 20 m - e ol fl uoroacetic
aci d. Af t 3 X af‘%l uene was added and the sol ution was
concentrated. The residue was recrystallized from di chl or omet hane/t - but yl
methyl ether @) IRENGRAdY. LEdMaib i 44~ | .
phenoxybenzene indacaniisibe i = 4 oxanide as a white solid:
np 171[err]C ( . lc. for
C[err]H[err]N[err]qerr]SO25 Cerr]Herr]O (t-BuOw).0.25 Herr]O C,

54.63; H, 5.55Examphed4; S, 7.20; Found: C, 54.62; H 5.45; N, 9.38; S
7. 20. The follow ng co ounds can be red . in a
simlar manner{@ 3R sl o AYaleE 2

2(R) - pi perazi %@gxyl ate: () ' :

2(R) - N- hydr oxy-T-(4-(4-chl orophenoxy) benzenesul f onyl - 4- acetyl -

pi per azi ne- 2- car boxam detep 1. To mixture of D-serine methyl ester hydrochloride
(11.20 g) and N-methyimorpholine (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 bisulfate (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 fayers 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-chIorophenoxy)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-
suifonyl)-D-serine methyl ester (8.3 g) and tripheny! phosphine (6.79 g) in 150
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2(R) - N- hydr oxy- 1- (4- phenoxybenzenesul f onyl ) - 4- (net hoxyacetyl ) -
pi per azi ne- 2- car boxam de: (d)

2( R) - N- hydwex9r288284- phenoxybenzenesul f onyl ) - 4- (i sobut yr yl PCPURSIRBne- 2-
car boxam de: (e)

2(R) - N-hydroxy-1- (4-(pyrid-4-yl)oxybepgenesul fonyl) -4-acetyl - pi perazi ne-
2- car boxam de: ()

2(R) - N- hy dpxar THE %dséhddewahv«amsc)ammww oLy i) 246 L AHH -

pi per azi ne- 2- car boxam de; a

2( R) - N- hy dABiey 18 hours, dhe Fﬁ&ﬁ’%w@ﬁ&f@%ﬂ%ﬁ% oppuenn b \gtby| acetate:hexane
di met hy
g( :?;rel\l-ﬁyg%ha&?aﬁi%{ %Eh(‘ﬁéaﬁagﬁdo%ﬁen Q%enzenesu ?ony -m)rpﬁ&lul ne(g2

ﬁ a(r]I boxzﬁlm' detdxlfate amc:jL forzxc(:)entratedSt @n'omatﬂ'graphybmhle residie m%mr;yhat héiBSefnt_ er f
T G anelteherARIPrNEhe-05 S etEd 2RF AT ons over a2 hour
period, - chidrdbhehdXubnedné URMREANGRL LENBERARE! sﬁﬂm.cﬁégreﬁ' de. The

m xture was an ad ours ‘at err and t hen
partitioned between Stdg 3. Taqminmdsahnmmfmethylﬂaéﬁ)ﬂ(m%chio)’o-and 4:1 ethyl

St hyl acot EnRONRREEHRRony R AR e e 1SR BT WL ot e < vere

washed wit fyy Bé{han&aﬂmayadded aRpwiye JPB§WIL éf@aroﬁilf‘iﬂlfo@lhéd agueous
sodi um bi carbonate, and brine. After dryi ng over sodium sul fate, the

sol ution watherate; éFhe eaasﬂorawmwrreéfqrr%ﬂmwtes at Qifvandhfor Bhuwis et was _
o b gt oA A £ i 1 1 0

N(4 (4- Ch'ghb@ﬁﬁéi&@(ﬂf)ebﬁﬁdﬂaﬂm émw'e)h@a&@t"até*l@ex&hbh%eﬁﬁgﬁmc layapas 21.29
: np 103.9[err] C To a stirred sol ution of

N (4 ( 4- chmssoupRheskyiibwRiesAad bnnesdﬁlﬁr(gﬂ%r)sommf?éemdnyl ester (8.3 q)
and tripheyh-SR0ARBE! Rechfitalikadbn bPthbY8sidue from t-butyl methyl

ether/iscoctane gave 3.69 g of a slightly impure solid, which was again
recrystallized from {-butyl methyl etherfisooctane to yield 2.35 g of fine white
needles. The combined filtrates were concentrated and the residue was
chromatographed on 150 g of silica gel with 40% to 50% t-butyl methyl ether
in hexane. The product-containing fractions were partially concentrated to ca.
50 mL volume, and the crystalline solid isclated by fiitration to provide an
additional 1.11 g of product. Total yield of N-{4-(4-chlorophenoxy)
benzenesulfonyi}-O-{2-bromoethyl)-D-serine methyl ester was 4.36 g (61%):
mp 98°C.

Step 4. To a solution of N-(4-(4-
chlorophenoxy)benzenesulfonyl}-O-(2-bromoethyl)-D-serine methyl ester
(3.94 g) in 40 mL of anhydrous DMF at 0°C was added 4.0 g of powdered
potassium carbonate. After the addition, the ice bath was removed, and the
mixture was stirred vigorously as the reaction was allowed to warm to room
temperature. After 1 hour, the mixture was partitioned between 200 mL of
water and 200 mL of 1:1 ethyl acetate:hexane. The organic layer was
washed with 200 mL of 0.1 N pH 7 phosphate buffer, 50 mL of water, and 50



WD 97/ 20824 _

PCT/ US96/ 19328 . -76 - nL of THF was
added di et hyl azodi carboxylate (4.07 nmL) in 2.5 nL THF. After 18 hours, the
reaction was partitioned between 1:1 ethyl acetate: hexane mw&&s and

t he organi cAY&824as washed with brine, dried over sodiumsultate, and
concentrated. Chromatography of the residue (20% et hyl acetate: hexane)
provided 7.05 g (89% of nethyl 2(R)-1-(47(4-

chl or ophenoxy) benzene-sul fonyl ) azi ri di ne- 2- car boxyl at e a thpck syrup.
Step 3. To a stk phlring;diied e¥epsodiumspifate; pnd Eo?qﬁ’%@%?&%@sﬁhgﬂéﬁ%

benzenesul f onyl | Jol B D 2 )efid was °

br onoet hanol atsyg{de{ff%(,&\%gés g%éégéad krg%(\?mng.go f%lgg drlrt?_)&(l)-'fL }B%ﬂr‘gﬁafv?alt? T ?Jto? i%e
etherate. The rzp@ct0 mh of@N squedus ditHium hytroxide wes added) | Ehe inbidaredvasr 6
hours at roomtenperature, and then titioned between 200 ,nL of 0.1 N pH
7 phosphat e bufsﬂlg'gd oo minytes at0°% Eﬁ‘gihﬁﬂ a"é’&(@?’é?&%‘i@i&ﬁ%@ﬁ'@%%‘é‘ﬁr c

| ayer was wash i i eIl ' d
concent rat ed. e pDietiRlob| RO, Bie BRandr WaS paiBonepbeEen 260 ThE of 21

et her/ i sooct aneetiyl \aeefhitdiRexans ared $00 gkt of\0.5 Mpaqueossisodiumibisulfateadheagai n

tallized f t - butyl hyl .et. /1 t t leld 2.35 f fi
Wit needl oo, aAMESwSfRYEH WS Frirped s e B i eleBY (he r oo due vas
chr omat ogr aphed,daiatdpxaned fandithé e8mbiledWranié WpekOwaRMvhs it With BRR)Y | et her

in hexane. The product-containing fractions were partially concentrated to
ca. 50 ni vol urdriedaower sbdivny sulfate, iandeopoentrated.oThe sesidye wast ration to

i d ddi ti 1.11 t. ] el d of .
R O (4. an o o isBRtoaaptieahrolar S SHica wht 70 SioblScetite:nexane pontaining,,,
ester was 4. 36 @®5Y%ddétic atR. 9ﬂ{ee;§rbh6et-containing fractions WeRIcohcen®atdd 36! ut i on of
N- (4- (4- chl orophenoxy) benzenesul fony%%é - bronoet hyl ) - D-seri ne net hyl

ester (3.94 g) Rravide ZA8 ¢{94%hgiRHRYS oroplgnoxpbgazengrianyl}-o0 g of
o Ehe ot b SRRl o e Mot SRS | OV
to roomtenper ABHEC.After 1 hour, the mixture was partiti oned between 200
Neished i th 200 L of 0. BI9b 8HTo FANMRASBIEGNE 50 m of et er - and 50
~ 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 0-C and then allowed to warm to room temperature.
After 2 hours, the reaction was partitioned between 150 mL. of 1:1 ethyl
acetate:hexane and 100 mL of water. The organic layer was washed with
cold 0.1 N agueous sodium bisuifate (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)-morphaline-3-carboxamide as a white solid:
mp 129.6°C.
Step 6. To a suspension of 3(R)-N-(t-butyldimethylsilyloxy)-4-
(4-(4-chiorophenoxy)benzenesuifonyl)-morpholine-3-carboxamide (3.35 g} in
25 mL of methanoi at 25°C was added 0.3 mL of trifluoroacetic acid. After 1

hour, 20 mL of toluene was added and the solution was concentrated to a
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brine, dried over sodiumsulfate, and concentrated. The resulting thick
syrup (3.86 g) was dissolved in 60 nL of 4:1:1 di oxane: met hanol : wat er at
O[err]C  waorkostd nl. of 2N aqueous |ithium hydroxi de was PEOME/19338e

m-xt ure was stirred for 30 mnutes at O[err]C and then allowed to warm
to room tenperature. After an addi.tpganal hour, the reaction was
partitioned between 250 nL of 2:1 et hyl acet ate: hexane and 100 nlL of

0.5 N aqueouﬁ;méldf%bauﬁm it &poheddition @fcamndweo miasf eldenecaed with an
additional 50 nlL of ethyl acet at e: hexane, and the conbi ned organic

| ayers were solidiprecipitatadp Aftera few minutes RO mbof hexpnewas added angithe

trated, .Lh i th
70% ot hy! - aciail e EIbtER W fiveton SR BRE ALARANT o8 265 0%emp o | o2 v
product - Cont:?(lRZlNlﬁ dtoxgU4-@ng-ciisrepharoxyhbemdenestifonyl)-mombolines-32. 98 g (94%
of 3(R)-4-(4-( roro henoxy) benzenesul f ym) hol i ne- 3- car boxyl i c
acid as a swaxpomm £643r3d9 pag ag @ white:n 'H Prip4-C. 168“8* 2k far.
S 5 T 4
b orheno S RliNBeSo M Enlei Sodd v a7 N 632 CLB0O:S 728 o

chl or ophenoxyY? €Ul ony)® myrphot carboxyl'ic ac

mL of 6:1 di phhmd: Q2 HM4BIN,E.26;CLT7.828sSa788d O(t but yl di met hysi |yl ) -
hydr oxyl am ne (1.47 g) followed by EDC hydrochloride (1.77 g). The solution
was stirred for 30 mn at 0-C and then allowed to warmto room tenperature.
After 2 hoursg of 1:1 ethyl
acet at e: hexane a?ﬁlli@%ﬁ%ﬁ%ﬁ%ﬁ%ﬁéhe ofghaﬁ aye%ﬁﬁe/érgtwashed W|th

cold 0.1 N aqueous sodbug{R):Nydeoxy-4c(ATpheny tifonyl)<mo!
bi carbonate (25 nli), d _brine.. dried ever sodium sulfate and concentrat ed
to an oil which soli dia;{’-wggé%wﬁstandl ng Trituration with hexane and
filtration gave 3.@P3G A anze

chlorophenoxy)benzenesu
np 129.6[err] C

3(R) -N-(t-butyldinmeth
(4- (4-chl orophenoxy) betr
25 mL of nethanol at 25

hol i ne- 3- car boxanmi de (3.35 9g) in
of tr|fluorocet'c aci d.

asulfo

After 1 hour, 20 mMEEDESITYEIRY RIS (ORORR O XS
concentrated to a morpholine-3-carboxamide; and
-IN- 4-(imi g~ nzene-
s = ine-3-car i
Example 9
a -N- -1-(4- heno z lif _

butoxycarbonyl)-piperazine-2-carboxamide

Step 1. To a solution of 2(R)-piperazine-2-carboxylic acid (1.30
g} and triethylamine (3.50 mL) in 25 mL of 3:2 acetonitrile:water at -15° C was
added BOC-ON (2.70 g) in one portion. The mixture was allowed to warm
slowly to 25°C overnight, and then concentrated to a volume of ca. 10 mL.
The resulting mixture was partitioned between 25 mL of water and 50 mL. of
4.1 ethyl acetate:hexane. The agueous layer was further washed with
dichloromethane (3 x 10 mL) and then concentrated. The semi-solid residue
was triturated with ethanol and filtered to give 1.18 g of 2(R)-4-(t-

butoxycarbonyl)-piperazine-2-carboxylate. Concentration of the filtrate gave a
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about 10 nmL. Upon addition of an additional 10 nL of tol uene, solid

a
precipitated. After a few mnutes, 20 nL of hexane was adde n ‘g
solid was colW@eld¥24y filtration and dried in vacuo to gi Vg’cgn%gst/ §7(895%

of 3(R) - N- hydr oxy- 4- (4- (4-chl orophenoxy) benzenesul f onyl ) - nor phol i ne- 3-
carboxam de 6 0.33 toluene as a white sol i-d8-np 104-C. Anal . cal. for
Cerr]Herr]CIN[err]Jerr]S*0.33 (err] HLerr] . C 52.32; H 4.47; N, 6.32,
a, 8.00; S, 7.2condreemat0.58 gstotalyieldiof A(Ri7-(thputexyserbonyl)-pipesazing2-7. 38’

The follow ng co un In simlar manner:

(b) 3(R)- N hydr o%-gﬂ’fﬁﬁ-a%ﬁje\ﬂ%\f?/@rggg?g@m f onyl ) - mor phol i ne-

3- car boxam de; Step 2. (To)a stirred suspension of 2(R)-4-(t-butoxycarbonoyi)-
3(R) - N-hyd -4-(4-(4-neth h b | | ) - .
ol T Y pptanass cabOXyIc acid 4.65 5f and N-methyimdrohofine (5.5 mL) in 90
%B?Dhyi Ih%gr gxzaf' % f%oﬁ éicﬂ[o‘?‘éﬁﬂe%%@émﬁ W&E%Pg%& ddpwise trimethylsilyl chioride
3(R) . I\T hydr oxy- 4E)2(,19 ﬁﬂ.g’immcufogmmy;sbemmhf ]?;ftyzl’ ¥ -hour,

mor phol i ne- 3- car boxam de;  and, . .

3(R) - N- hydr oxy- 4%%{@%?%@5% (355 ML) prs agdgd B‘éﬁf@% mixture was stirred for
sul fonyl ) - nor pholLj K A T Bed. . . X
S(R) N by oxy- 12 aernadt BEWAich aint il sMRfiaifed, fiallonal trimethylsiy
but oxycar bonyl ) - phipede {0.2@ nil-) sastadded; ard after 30 minutes, the reagtiopwas aTo a

| uti f 2(R) .pi i ne-2-carb ' id (1.30 d triethylam
(3,50 nt) i n 25 RBmBgeasUs ShBieGn AR AT e Rertokyhenzp ey chidgL " "
BOC- ON (2. 70 9) F]Ktlsﬂg?waeraﬂueﬂin dhepoiitish U The Yesctivh viaiPstirted foP2 MoursSaadl ¥y to

25[err] C overnig and then concentrated to a volune of ca. 10 ni. The
resul ting ni xt ur thepeauengsed Witheae d0 pY: olosatensAfier 3} minites, theymidurewasf  4: 1

et hyl acetate: he . f '
di CK| or onet hane ?gﬂ@%%&]ﬁi?&%ﬁwhégﬁgﬁ‘é%ﬁwra%{e[éé‘%ﬁ e sem ‘i\g%ﬁLdo froég |Ndue
was triturated watjhecishsoitm bistifaiel tTHrectiganic fayee whs Mashed fwith( H0 wl(@ach

but oxycarbony!) - Bt BS'\4nd .5 K 3oaRun baifite SAYSHR! LS sahe! dfed (sbbfh
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 contaih‘mg 0.5% acetic acid, to give 9.33 g of 2(R)-4-(t-
butoxycarbonyl)-1-(4-(4-chlorophenoxy)-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-
chiorophenoxy) 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 ethyt _
acetate:hexane. The organic layer was washed with water and cold 0.1 N
aqueous sodium bisuifate, 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
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crop of 0.58 g: total yield of 2(R)-4-(t-butoxycarbonyl)-pi perazi ne-2-
carboxylic acid was 1.76 g (76%. Step 2. To a stirred
suspensi on WP ITR0R84 4- (t - but oxycar bonoyl ) - pi per azi ne-PETAISHEGI9338 i ¢ aci d
(4.62 g) and N-nethyl norpholine (5.5 nL) in 90 nm. of 2:1

di chl or onet hane: DMF was added dropwi se 80 +ret hyl silyl chloride (2.79

m) with cooling in a 15[err]C water bath. After 1 hour,

di i sopr opy! et previded rie1q73g $88fk) of2(R)dN+Hiduutyldinethdsilyloxykddt-was stirred for
anot her hour t which o tle soI remai ne ddi tional, -

trinethyl sil ylpﬁoxycart&cms@ 'gi:'(‘{'ﬁﬁlﬁfpmo emau'?%ﬂﬁ pd'??r@fz'"gt? m nutes, the
reaction was @arboxamidenpgergecol ution, and

4- (4- chl or ophenoxy) benzenesul fonyl chl ori de 5516. 67 69) was added in one
portion. The react i on wAsalks calefeiCAiblaoCiNIHRS:, Cadti70; H, 6.4AN, BddnSed with

ca. 10 nL of o@‘ %f? éngat'e tahf\2r§>§t e was partitioned

bet ween 300 xané dand T00 m. of 0.5 N aqueous
sodi um bi sul fate The 3, CTd axelutionof Feqt-butyidimiétRy sityl®a)-4-(t- of 0.2
N and 0.05 N sodi um bi sul te and with 5%® of brine, ﬁ{Irs?yed (SO(dI um

sul fate), andbetexy-cathosydd-(4rehioropberrxy)hanzepesylfonydpinerazinerat ogr aphy on

200 g of sili | 4

acet at e: hexanéﬁbggéﬁkﬁﬂgg%@ﬁaceﬁéjﬂ&g‘gl )“fh% g%dggﬁ?@%w %?%%4-(%
but oxycar bonyhgur] tdder(e420hbhy was added and tvezsoletion Wasmdu)eemitrawcﬂbi asolid-
carboxylic acid, as a lid foam con n| n %races of sol vent

Step 3, To a HEide Bhickwas ﬁeqr!ﬁtalirzqﬁ mr@%! BEohiP pive. 48img.af 2(R)-N-

chl or ophenoxy I! 995 ng) in
D oL P ey P hydtelyanaxy égg&}g{)%er.n?@ di@ st é’ﬁ"’%"ﬂyé

di met hyl si | yl pipechzines2-sarbonxanide agfiné whiteweddhy Ew&ﬁtﬂ?.ochl ori de (460
ng). After 20 m nutes, the reaction was allowed to warmto 25C. After 2
hours, the reaction was partitioned between water and 1:1 et hyl

acet at e: hexane. The organic |ayer was washed with water and cold 0.1 N
aqueous sodium bisulfate, and finally with pH 7 phosphate buffer/brine. The
organi ¢ layer was dri edThﬂ/fQ' O\ymmmymﬁawrearﬁpaseﬂ]msmbémanoea sol i d.

Di ssolution in dichl or(ce(tiI Tﬁ-h
bt

concentration gave a h

2({RIS)-N-hydroxy-1-(4- h ulfon
4-(f-butoxycarbonyl)-piperazine-2-carboxamide: mp 131.3°C;
and

S)-N-h

butoxyc: gmggyl) p;ggrazcne-g-grboxamlg mp 133.5°C;

Anal. calc. for C;yH,6N,O,S: C, 52.71; H, 5.48; N, 11.71; S,
6.70; Found: C, 5.54; H, 5.48; N, 11.61; S, 6.75.

Example 10

.ca[boxamide hydrochloride

To a solution of 2(R)-N-(t-butyldimethylsilyloxy)-4-(t-butoxy- _
carbonyi)-1-(4-(4-chlorophenoxy)benzenesulfonyl)-piperazine-2-carboxamide
(313 mg) in 7 mL of 6:1 dichloromethane:methanol was added 2.0 mL of 4M
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1.107 g (88% of 2(R)-N-(t-butyldinmethylsilyloxy)-4-(t-
but oxycar bonyl ) - 1- (4- (4- chl or ophenoxy) benzenesul f onyl ) - pi perazj.pne-2-
car boxani de:Wep7/20824 6C. Anal . calc for ?c?'nfspﬁisgzs
Cerr]Herr]CINerr](Jerr]SSi: C 53.70; H 6.44; N, 6.71;, S, 5.12;
Found: C, 53.79; H 6.46; N, 6.72; S, 5.19. -31- Step 4. To a
solution of 2(R)-N-(t-butyidinet hyIS|IyI oxy)-4-(t- but oxy- carbonyl) 1

- (4- chl or ophenoxy) iBehindieane: Aig UfSeﬁhﬁﬁ IDQWES pa,rﬂallycsmaféate G@Cﬁg? in

was ‘added and 1o Bbr ﬁﬁﬁ%%%ﬁérﬁgﬁ%% afiaf 5P refidhratel ROV

was recrystalli zedThe sasidi wasbituratedowideethyl agetafe, ﬂbté?)sd Nand dned in vacuo to
hydr oxy- 1- (4- (4-chl or%henoxy) benzenesul fg@_&%'] ut oxycar bonyl ) -

pi per azi ne- 2- car boPRexiget88493 18814) ahe@a-Nrb Q']OQSY)

T L% O3 o ok %ﬁ*@"@?‘%@ﬁéﬂ%ﬁ%ﬁ%ﬁ*&& DA vt

(t-but oxycar bonyl ) mpi 16&°8zi ne- 2- car boxani de: 151. 2[err] C

(c) 2(R/'S)-N-hydroxy-1-(4-(

4-(t-but oxycar bonyl) pi pera%’ﬁ% P‘ggﬁ’ B-g?xémgwgﬂg %’afg% i" 14@7 N, 8.37; I,
and 5.8203, 7.15; Found: C, 45.59; H, 4.25; N, 9 20; Cl, 15

2(R/'S) - N-hydr oxy- 1 (4 (pyr| -2°y ') pxybenzénésul f ohyl) - -(‘l -08; 8, 7.02.

but oxycar bonyl ) - pi perazi ne- 2- car boxam de: np 133.5C, Anal .

Ic. f Herr]N 7 5 48:
6.70; Found: C 5 54 1 ezrsr]ﬂgeefrﬂf’fl"‘ﬂgé?_mpgu"%wﬁ PrepaISa i, 3 il fRATRer

2(R) - N- hydr oxy- 1- (4- (4- chl ortbp beRr ‘wmmm
i |1508°C

car boxam de hydrochl oride pinerazine Be d
2(R) - N-(t-butyl di met hyl si | yl'oxy car bony @

-(4- (4-chl or ophenoxy) beme”%ﬁé‘f&?&%h& cBHBS[:R&é 8n Beﬁ?éd%?é&‘m &Similar manner:
c) 2(R)-N- -1-(4-{4-meth oxy)benzenesulfo
iperazine-2- amide hloride:;

-N-hydroxy-1-(4-(4- enzenesulfonyl-
piperazine-2-carboxamide hydrochloride; and
2(R)-N-hyd -1- - {-3- esul -
iperazine-2-carboxa h ri
Example 11
-N-hydroxy-1- hi esulf - -

iperazine-2-carboxami

To a solution of 313 mg of 2(R)-N-(t-butyldimethyisilyloxy)-4-(t-
butoxycarbonyi)-1-(4-(4-chlorophenoxy)benzenesulfonyl)-piperazine-2-
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
stirred 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
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HCl in dioxane. After 1 hour, the solution was partially concentrated to
ca. 2 woorzig24di luted with 5 nL of ethyl acetate, andPCEHEWHEVAErated to
near dryness: The residue was triturated with ethyl acetate,
filtered, and dried in vacuo to -gpavi de 198 ng (88% of

2(R) - N- hydr oxy- 1- (4- (4- chl or ophenoxy) -

beni gg[es ul }‘ ONYdriediiviee Fseauuﬁes@fa@émﬁmeﬂﬁamﬁtbm 231 iR cfslightWiiparsol i d:
nmp err cal C

Clerr]Herr] o4(83-N-N[dﬁaxq-aa[(éﬁﬁcslor@hemxﬂbemnesumnylmpgrazme-b

15.82; S, 7.15 2,
The fol | owi ng C@S'E‘%%l‘\?'ﬂﬂe 2 %03‘3'5° Lof fhﬁ%ﬁg s‘?ﬁﬁ'?3‘?9@"%%}5551’0%9'9@'8rzin%
(b) 2(R) - N hydpepsymL) inB.64mlt bE®N ezt DMA Mecsddetidoddmethane (0.031

pi per azi ne- 2- car boxam de hydrochl ori de:

o ar | ot g ko AGRES Batir at 26 2 4he eation v HIiad Withe:5 mL of ethyl
h
() 2(R)- N hy oyt el ARABX YR S840 WE H6ARGHA BaMasn 05 1)

pi per azi ne- 2- oxam 1 orrT de;

2('R) - N- hydr ox yaquebis sddiuer hmhmawaﬁdoahyleauesaiéf dOhglagueous phase was
pi per azi ne- 2- car boxam de hydro

2(R) - N- hydr oxyaraciad wih aszF%‘f ?ifa'e%’f’swgﬂéjw@ﬁywd the combined organic '
B8 11 et s v o o s, (9
pi per azi ne- 2- C'Brdamsaiuednamghi‘omatcbgraphhd on 10 g of silica gel eluting with gradiens ol uti on
of 313 ng of 2&@% 't\cli 3&6 t%u‘} d"a eqﬁér%i Im dllcl\{lororxgthané The product-containing
fractions were concentrated, and the residue was dissolved in 5 mL of ethyl
acetate:dichloromethane (4:1). To this solution was added 0.4 mL of 1 M HC}
in ethanol, and the mixture was concentrated to a white residue, which was
triturated with ethyl acetate and filtered to give 115 mg of 2(R)-N-hydroxy-1-
{4-(4-chlorophenoxy)benzenesulfonyl)-4-methyl-piperazine-2-carboxamide
hydrochloride as a white solid: mp 152°C (decomp).
Anal. calc. for C,gH,,ClLN;05S: C, 46.76; H, 4.58; N, 9.09; Cl,
15.34; S, 6.93; Found: C, 46.65; H, 4.65; N, 8.98; C|, 15.18; S, 6.84.

The following compounds were prepared in a similar manner:

b) 2(R}-N-hydroxv-1-{4-phen ne nyl)-4- -
piperazine-2-carboxamide: mp 127.7°C;

Anal. calc. for C,gH,4N305;S_0.5 hexane: C, 56.71; H, 5.98; N,
10.18;
~ Found: C, 56.70; H, 5.99; N, 10.05;



but oxycar bonyl ) - 1- (4- (4- chl or ophenoxy) benzenesul f onyl ) - pi per azi ne- 2-
carboxam de in 2 nL of dichloromethane was added 1 nL of trifluoroacetic
acid. After 2 hours, 2 nL of nethanol was added and the sol ution was
stirred for 15 mnutes and then diluted with 5 nL of tol ueng? 89621 tratlon
gave an oi | ywoenreae, which partitioned between bri ne/ sat uFf®

bi carbonate and ethyl acetate. The aqueous | ayer was extracted vmth tvvo
additional portions of ethyl acetate, and-BBe conbined organic |ayers were
WO 97/ 20824 PCT/ U896/ 19328

-82 - dried over so' 2 pdroxyie(4c{drohlorophens 16 |
slightly inpure , i

2(R) - N-hydroxy- 1-(4-(4- Chhﬁmghbﬁggyh*pe'mﬁemeul fonyl) pl peraZI ne- 2-
car boxam de. To a solution of 186 ngy of th| s solid and

di | et hyl t
added | odomet hane (0. 031 ATeb calty B Gl CL, O, A0 BN AG ST v

reaction was dilgio@d with ca. 5 nL of ethyl acetate and concentr at ed.
The residue was partiti on 5 sodi um bi car bonat e
and ethyl acetate. The aqu@HUg %eg]ggw@'%7 N, e%gﬁjg% % h a second
portion of ethyl acetate, and the conbl ned organl C | ayers were washed
with brine, dried over so ) 1);1"' il o Chtn cgi due

hr omat ogr aphed on 10 - ’ Rogr it of 6%
has ¢ @.M!‘Tﬂ'mﬁ'

g
to 8%to 10% nmet hanol in d 2 Fgduct - cont ai ni ng

aCet at o1 di ehl or onot nane. (A8 LA ﬁ@{%ﬂ&ﬁﬁ“’ﬁg@ ERAYE s

in ethanol, and % bﬁ maﬁd,lrcesm f,paogyww abaA: Bo7&sWhi te residue, which was

triturated with et acetate and fil teredtoglve 115 ng of

2(R) - N- hydr oxy- 1- The following compound can eprepared mas:mllar manner.

(4- (4-chl orophenoxy) benzen Ne-2-Cal de
hydrochl ori de as a white i .

Anal . calc. for C[err]H[eF oM = N,
9.09; d, 15.34; S, 6. 93 Found C, 46 65; H 4. 65; N 8. 98 CI

15.18; S, 6. 84. The foll ow ng compounds were prepared in a simlar
nmanner : Example 12 (b)

2(R) N- hydr oxy- 1- (4- phenoxybenzenesul fonyl)-4-net hyl -

pi per azi ne- 2- car boxam de: -4- -chl rophe
for C[err]H[err]N[err]O[er 7ine®-cakbe

Step 1. To a suspension of 1.00 g of 2(R)-N-(t-
butyldimethylsilyloxy)-4-(t-butoxycarbonyl)-1-(4-(4-
chlorophenoxy)benzenesulfonyl)-piperazine-2-carboxamide 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, fiitered 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.



10. 18; Found: C, 56.70; H 5.99; N, 10.05; WO
97/ 20824 '
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(c) 2(R) -N hydroxy-1-(4-(4-chl orophenoxy)benzenesul f onyl) - 4-

(et hoxycar Qﬁpw,ﬂ;g,,hyl ) - pi per azi ne- 2- car boxam de PCT/US96/19328
hydrochl oride: np 163.7[err]C, Anal . calc. for
Clerr]Herr]d[err]Nerr]Jerr]S: C 47.2 4_H, 4.72; N, 7.86; S, 6. 00;
Found: C, 47.09; H 4.77; N, 7.93; S, 5.90; and (d)

2(R) - \-hydr oxy- 1- (4- (4- 1 Lupl OPRS R UNABRIGE BRS040

nmet hyl - pi perazi ne-2-carb alc for

C[ er r ] H er r ] FNichlorditHemoxy)eber2engulfinyl)igipstatife-2carbhOxdthide $1.03 g) in 20 ndl3;
Found: C, 52.66; H

fol | owi ng conp&ﬁﬁlﬂ’h@éwnﬁg’as’%’%?%%qdﬁ) Z\g mi%ﬁtﬁ?thxﬁ‘m@? 0.41 mL of N'The
() 2R 1y Oifigthnckbhdifie! N0 BRAGAINS RAAFRATPEY RM dinbtnyl

(cyclopropylnet vyl -pi perazi ne-"2-car ‘drioc
chlorosilane. @dter 1.5 hours, the mixture was cooled to 0°C and

?ﬁni? hanceul { oot AncRiERy FlSEIB A0} BRe agked dropmtbe. The mixtre wasy ¢p 1. To
a suspensi on OfstlﬂreQ%IQBO)ﬁnrﬂ{t@ af¥h4C and then allowed fo warm to 25°C.  After an
but yl di net hyl si | yl-oxy) -4-(t-but oxycarbonyl)-1 4- (4-

chl or ophenoxy) [aeditionab4h miniites,-the puxture was paMOMQMmH 5 mhi ofaf: 1

claar o corii BB el il 54 Pl o3 B cs ey bR e " ©

concentrat ed ttbrgmc layerwasdva@neawh@ﬂhddmrraﬁfsomeoﬂe@edj@%ehw in 10 nL
of nethanol. After he solution was reconcentrated, the

residual syrup t\m{ifatﬁ @sﬂb@awﬂh 2 5mL °f5‘(MrﬁD°§Ph#§tMﬁb(PH Zhend finallyawith  of
| RA-68 veakly BaRiC FHadrfaNi aya /24 dried over sodium sulfate and concentrated,

and the residue was purified by chromatography (75 g of silica gel, eluting

Exanpl e

with 40% to 50% ethyl acetate:dichloromethane containing 1% acetic acid).
First to elute were several mixed fractions, followed by pure product fractions,
v_vhich were pooled and concentrated. The residue was re-concentrated from
toluene (to remove residual acetic acid), and finally from dichioromethane:t-
butyl methyl ether to give a white solid. Trituration with 2:1 t-butyl methyl
ether:hexane (ca. 15 mL) and filtration gave 2(R)-N-hydroxy-1-(4-(4-
chloraphenoxy)benzenesulfonyl)-4- (methanesulfonyl)-piperazine-2-
carboxamide (0.646 g) as a white powder.

Anal. Calcd for C4gH,oCIN30,S,°0.35 hexane: C, 46.41; H,
4.83; N, 8.08; S, 12.33. Found: C, 46.43, H, 4.93; N, 8.04; S, 12.25.

The following compounds were prepared in a similar manner:

2 R}-N-hyd =1-(4-({4- opheng; fonvi)-4-
(methanesulfonyl)-piperazine-2-carboxamide: mp 102.5°C.

:(c) 2 (R/S)-N-hydroxy-1-(4-(4-
metho o) e onyl-4-(metha onyl)-
iperazine-2-carboxamide

Anal. calc. for C,gHyN,05S,: C, 47.00; H, 4.78; N, 8.65; S,
13.21; Found: C, 47.09; H, 4.81; N, 8.57; S, 13.11.



The m xture was stirred gently for 2 hours, and then the resin was renoved
by filtration. The filtrate was concentrated to a white solid, which was
triturated with hot t-butyl nethyl ether, and after cooling to -20[err]C,
filtered to provi de

2(R) - N- hydr wom720824- ( 4- chl or ophenoxy) benzenesul f onyl ) - pi pe?%%&’-wszs
2-carboxam de (0.552 g) as a white solid: np 147.0[err]C WO

97/ 20824 -85~

PCT/ US96/ 19328 - 84 -

Step 2. To a suspension of 2(R)-N hydroxy-1-(4- (4-

chl or ophenoxy) - benzenesg)f B4 SrRbRENE

of di chl or onet hane was ﬂ%@iﬂd :

met hyl nor phol i ne, and, Th a ropW| se manner

chl orosilane. After 1.5 o

nmet hanesul fonyl chlorid 6% %om?g%ﬁﬁyﬁ

stirred for 30 m nutes %

After an addi ti ona 4 l'n

12.5 L of 4:1 et hifl Hhe3&ord 35 .54 4 f(d@ \b-m‘{ad@eﬁaﬂg. sodi um
bi sul fate. The org&H),@-zﬁi?éﬁ (ﬂhé%&ﬂéh%fﬁf £ia,thehyQ,Beled.58g0M. of
agueous sodi um bi sGl| 44.64; Hahd0: Net2 401 8, P1.85.Mounkd: C\Va4I53sHN4108; buf f er
(pH 7) and finally w thN, 42.39p8] t37.The organic | ayer was dried over sodium
sul fate and concentr at ed, and the residue was purified by

chromat ography (75 g of silica gel, eluting with 40%to 50% et hyl

acet at e: di chl or onret haneTﬁQ'FBll%WinEb Aﬁﬁgtclaﬁ b%%réb ed lnfsﬁlflefrtméﬂ'u&! ut e

were several m xed fractions by pure pro uct ractions,
whi ch were pool ed and coRGeR] fiahdfhww B fml A oW Be > ted from
tol uene (to renpbve resif dcC IS : F 1

di chl or onet hane: t - g .‘.l’ﬂ“’ R Jrve-a wni te solid.
Trituration with 2:1 t-butyl nethyl et her: hexane (ca. 15 nlL) and
filtration gave 2(R)- Nméammm&m_maz_&wmﬁm

chl or ophenoxy) benzenesugli ScimetnanesyHonpy 4P iPRIAZING-£rCANOXIMNGE,
carboxam de (0.646 g) as a Whl te povvder Anal Cal cd for
Clerr]Herr]CI N err] J efa)]28K ixyet -tdeida(imidazol-2-gl) diendiy)be :
8.08; S, 12.33. Found: §i gt )
The foll owi ng conpounds wer e prepar ed inasimlar manner:
(b) 2 R)-N-hydroxy-1-(4-(4-fluorophenoxy)benzenesul fonyl) - 4-
(et hanesul fo%ﬂbp@r azi ne- 2- carboxam de: np 102.5[err] C

r

a)3 -hydro 4-bromoph nesulfo

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.



;(c) 2 (R'S)-N hydroxy-1-(4-(4-
met hoxyphenoxy) benzenesul f onyl - 4- (met hanesul f onyl ) -

pi per azi ne- 2- car boxam de Anal . calc. for
CerrJHerr]Nerr]derr]S[err]: C 47.00; H 4.78; N, 8.65; S, 13. 21;
Found: C, 4vo9fi083d 4.81; N, 8 57; S, 13.11. WO 9PCTNB26119328

PCT/ US96/ 19328 - 85-

(d) 2 (R)-Nhydroxy-1-(4-(4- chI orophen@éy_) benzenesul f onyl ) - 4-
(1-nmet hyl i m dazol e-4-sul fonyl ) - pi per azi ne- 2- car boxam de:

186 C (d ' - Q> , .

a7 (a7 g Tl oy N G0k 18 % 8.3 NDg'eeL 8, 13

Tz, 2I3-I) 777 JFEmgrdl 01537? gl gZH);N ,8.96] §,45.86) , 3. 85_(d, 4J :21E23 Hz,
é[:;)l) ]2H[25 (2;516 I(_l) m 1HSengaA é@gﬁqunl_gi;?a—bu?yl(t&rahydro_-zél"l 4-tr]ﬁaiine-laz’ ‘ea n

err err
50N %ﬁ&)@lﬂﬁ’i DE% %’rﬁhﬁb %(544&?5157Jﬂ>iqénoxx)be§zenesulfonyl chiorid® N
12.39; S, 11138 g, 5 mmol), and triethylamifien{D. 84>mto6|mlyot)ampmﬂmlsne:dniom pr epar ed
in a simlar

2(R) - N hydr gLy ves srediat ?P}‘b%ﬁé‘@%f‘e@& PPours afler which it was

(et hanesul f B th3 N HCL T ¢
(7 e | B o4 RN oA BRASEE vt 3N 0L Theorgank e

sul fonyl ) - 4- waednaah & anyl tine peiventievaporated. hbxergroainingrarange
(9), 20 kit i ) SRR DS Mot 1
to give t—butyl 3(R/S)-4-(4-(4-bromophenoxy)benzenesulfonyi)-tetrahydro-2H-
1,4-thiazine-3-carboxylate.
Anal. calc. for C,4H,,NO;S,Br: C, 49.03; H, 4.70; N, 2.72; Br, 15.53;
Found: C, 48.94; H, 4.67; N, 2.76; Br, 15.62.

Step 3. A solution of t-butyl 3(R/S)-4-(4-(4-
bromophenoxy)benzene- sulfonyl)-tetrahydro-2H-1,4-thiazine-3-carboxylate
(0.5 g, 0.97 mmol) and triflucroacetic acid (0.5 mL) in methylene chioride (11
mL) was stirred at room temperature for 1 hour, after which it was
concentrated to give 3(R/S)-4-(4-(4-bromophenoxy)benzenesulfonyl-
tetrahydro-2H-1,4-thiazine-3-carboxylic acid, which was used in the next step
without further purification.

Step 4. To a solution of 3(R/S)-4-(4-(4-
bromophenoxy)benzenesulfonyl)-tetrahydro-2H-1,4-thiazine-3-carboxylic acid
(0.62 g, 1.4 mmol) and O-t-butyldimeihylsilyl hydroxylamine (0.27 g, 1.8
mmol) in 6 mi of 5:1 dichloromethane:DMF at 0°C was added EDC (0.52 g,
2.6 mmol). The mixture was stirred at 0°C for 30 minutes and at room
temperature for 22 hours and then partitioned between ethyt acetate and
water. The organic phase was washed with brine, dried (Na,S0O,), and
concentrated. Purification of the residue by chromatography provided 3(R/S)-
N-(t-butyldimethylsilyl)oxy-4-(4-(4-bromophenoxy)-benzenesuifonyl)-
tetrahydro-2H-1,4-thiazine-3-carboxamide.



e

(a) 3(R/'S): N-hydroxy-4-(4-bronophenoxybenzenesul fonyl) -

t et rahydr o- 2H 1, 4-t hi azi ne- 3- car boxam de. Step 1. To a
solution of t-butyl-1,2-dibronopropionate (J. C S Perkin I, p. 1321
(1973); 10.85 g, 37.7 mmol) in chloroform (28 nL) and benzene m.)
was added a Kb opmbig i on of 2-nercaptoethylamne (2.9 g, PET/US ) in
chl oroform benzene and triethylamne (11 nL, 79 nmmol). This m xt ure was
stirred for 3 days after which it was wasged with water and bri ne. The

organi ¢ phase was dried (Na2SO4), evaporated, and the renaining oil
chromat ographed on sili cgtep’. 1A sblutibn ata(tFHS)}NHé-haty@:)lmBﬁ‘YLﬁ"V‘@’We‘?‘@‘B’UtyI

3(R'S tetrahydro-2H 1 , 4-t hi azi 20824
P(CT/ U)SQ 6/ 19328bron}\/ophenoxy)benzenesulfonﬂ)—tetraﬁyéro-%‘Y 1%ﬁuazxn%§% carbo\QQm?Jé

aal . C?:' ‘s 36 9{9%841'1&&{:{\?] N@ng&dcguc 5id 3.5, dha MethinoNs Srildin S 15.77;

2. A
sol ut : ;)n of (tegﬂethé%é chbhd%l(nmm) Mlsésiuted at mnmt;emperatm B?Sx“y'l‘%!ﬁ'e T@f 02 g,
5 mmo 4- (4- br onophenoxy) benzenesul f on and
triethyl am ne solventsiweregvapgrated ip Igaye gi Qh‘i é%%ﬁ'é%@‘%@eﬁms stirred

t t 4B hyl
o T R SRS oty s o 1117
(Na[err]SQ err ]b)anaéﬁbémfﬁnﬂmamdwﬂﬂdnﬁtwmﬁ&afmmiﬂ?rg or ange re5| due

was purlfledbyS|I|ca 2pYoebh agisae to
give t-butyl 3( rArgl. gale °(§’475[m gp%l‘)lghgeoh;esum g%lee§ ?gt rga o " oH
1, 4-t hi azi ne- 3(%343%1‘%39366 N 53@«% 13:46c for C[err]H[err]NCIerr]S[err]Br:
C, 49.03; H 4 25727 Br, Found: C, 48.94; H 4.67; N,

2.76; Br, 15.62. Step 3. A solution of t - butyl

3(R'S)-4-(4-(4- h
Sl(.l| foZ]yI )fte'grahya‘?géig&) enoxﬁ%&g&g preap rggiql/ gtsgamliar{%aqger, 0.97 mmol ) and

trifluoroaceti q phieRgkybiae g)-t gHede stirred
at room tenpera after Whl ch |t was concentrat ed to give
3(RIS)-4-(4-(4- enoxy enzenesul fonyl -

tetrahydro-2H 1, =ra B £rs;H, 460,99, wwo S!SK5126; Fdund: CpXxt
step without fér%{:grgﬁ:pfjbrgl 1§t i??ﬂ( ¢ 78, p 4. To a solution
of 3(R/'S)-4-(4-5181; H, 4.56; N, 7.17; S, 16.18; and
C -N-hydroxy-4-(4-{4-flucrophenoxy}benzene [}-tetrahydro-2H-
1.4-thiazine-3-carboxamide;
Anal. calc. for C;;H;N,0Br: 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
a) 1{R/ R/S)-N-hydroxy-1-0 4-(4-b ophe I -
trahyvdro-2H-1.4-thiazine-3-carbo i

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,S0,) 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-



br onophenoxy) benzenesul fonyl ) -t et rahydr o- 2H 1, 4-t hi azi ne- 3-carboxylic acid
(0.62 g, 1.4 mol) and O t-butyldinethylsilyl hydroxylamne (0.27 g, 1.8
mmol) in 6 mM of 5:1 dichloronethane: DM at 0C was added .EDC (0.52 g, 2.6
mmol ). The m xture was stirred at O[err]C for 30 m nutes and at room

t enper at ur ewioar2diz4 hours and then partitioned between et hypcrosssass and
water. The organic phase was washed with brine, dried (Na2SO4), and
concentrated. Purification of the residgge by chromatography provided
3(RI'S) -

N-(t-butyldi Bezeh I Hiotng-gonyl ) -
t et rahydro-2 él tdf?lxg%l ne- 3e§§l¥dg@§mﬂaéﬁﬁﬂ96w2mmgw 2’?#8?4

PCT/ US96/ 1932&boxylate MS (FAB) found 530 (M+H)". -87 -

St 5. A sol ut f tyl 4- (4-
brglromphenoig) gelnggngs )T ?&F@ﬁ?#gbg&- ?&{é h@é%e“é f:ar E)oxam de

(0.3 g, O 51PO“ (Pheﬁo&y)‘ béi?ié?@@ﬁﬁd@x)apbﬁb-{éra‘éymolzmmtmﬁ@aoI (5.5 L) in

nmet hyl ene ch was stirred roomtenperature for 1 hour. The
sol vents wer eamwetaatoew 900 Bé awmoh lrsmerlwler@scsmr&a/% rok) was addehd® ont o

filt 3

benzenceul fofh 3t Vgt A nduRY e Yolnitn viag hreRERRATRSY)
Found: © 1 C 5 Do SRS LA ety e zohssuiny . f B ol owi ng
conpounds metetrqiwdﬁaZHdl Jihiazigera-carboxuinaeid, whichwas used without further

3(R/'S) - N hydr %;{T 4- phenoxybenzenesul fonyl)-tetrahydro-2H1. 4-

t hi azi ne- 3- cgﬁﬁﬁ Anal . calc. for

Clerr]Herr] N err]0[ ergjgﬁ_:grna solutioh.of A (RAS), URB)4-04-(47. 10; S, 16. 26;
g ??e?g) ﬁ hy dPESY P 0 Séwqrwxyﬁ)emem-éﬁgmlv@%?m{gaﬁxgﬁrﬂgﬁw}qu-&nydr 0- 2H-
e e RS RPAGH 00 o, 0y i Sy ycrgramine
C, 49.40; H, (40329, B 2567117@1) i 6: 1 8ichiBromethane:DMF (3.5 ml) at 0-C was added

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

followed by room temperature for 3.5 hours and then partitioned between

ethyl acetate and water. The organic phase was washed with brine, dried

{Na,SO,) and concentrated. The residue was purified by chromatography

(ethyl acetate) to give 1(R/S),3(R/S)-N-({t-butyl-dimethylsilyl)-oxy-1-oxo0-4-(4-

(4-bromophenoxy) benzenesulfonyl)-tetrahydro-2H-1,4-thiazine-3-

carboxamide.

Step 4. A solution of 1(R/S),3(R/S)-N-(t-butyldimethylsilyl)oxy-1-
oxo-4-(4-(4-bromophenoxy)benzenesulfonyl)-tetrahydro-2H-1,4- thiazine-3-
carboxamide (0.069 g, 0.11 mmol) and triflucroacetic acid (0.5 ml) in 2 mL of
1:1 methanol:methylene chloride 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 and hexane to give 1(R/S),3(R/S)-N-hydroxy-1-
oxo-4-(4-(4-bromophenoxy)benzenesulfonyl)-tetrahydro-2H-1,4-thiazine-3-
carboxamide.

Anal. calc. for C,7H,sN,0¢S,Br: C, 41.72; H, 3.50; N, 5.72; S, 13.10; Br,
16.33;
Found: C, 41.81; H, 3.46; N, 5.65; S, 13.01; Br, 16.44.



Exanpl e 14 (a)

1(R'S), 3(R'S)- N-hydroxy- 1- oxo- 4- (4- br onophenoxy) benzene- sul f onyl ) -
tetrahydro-2H 1 . 4-thi azi ne- 3- car boxam de. Step 1. A solution of
t-butyl 3(R'S -4-/%4-(4- br omophenoxy) -

benzenesul f oWPPV#84 ahydr o- 2H 1, 4- t hi azi ne- 3- car boxyl at e ( FCEUFI6/ 133283

nmol ) and sodi um perborate (0.11 g, 0.73 mol) in acetic acid (3 nL) was
stirred at 35 Cfor 5 hours, after whih-it was quenched with saturated
agueous sodi um bi carbonate and extracted with ethyl acetate. The organic
|l ayer was dried The felipwing csappound wasprepaieddnarsitndar mangele a f oam whi ch

\tNaE purified b¥ S};J' , &?@)— @ﬁ%?y@-to%%ﬁ— fﬁ%en"&%@m&é—guﬂn\%—
2utyl R S) wttahydio-2H-1.4-thiazine-3-carboxamide:
PCT/ US96/ 19328 ydro-2R-1,4-thiazine-s-carboxamide, - 88 -
br onophenoxy) - benzenesul fonyly) -1-oxo-tetrahydro-2H1  4-thiazi ne-3-
carboxyl ate: N5 Anskale.Jornes0eSHH 19,4466 H. 4.00; N, 54; 8, 14.85¢ ehoynd: t5 a
solution of t-hytad. Q) - -(4-
br onophenoxy) - %Zr@déﬁ'égﬁﬁ?@nﬁ@'?' gég)dp?et rahydr o- 2H 1, 4- t hi azi ne- 3-
carboxylate (0.18 g, 0.34 mmol) in nmethylene chloride (4 nL) was added 1.8
mL of of trifluoroacetic acid. After 4 hours, the solution was concentrated
to give 1(R/S)E,xﬂ{'m|$)1-54-(4-(4-brom)p_henox_y) benzenesul f onyl ) - 1- oxo-
tetrahydro-ZI—I-%_afls( I(RZVAFoI AR Wl s WRh S dh MRS ed wi t hout

v

further purif ydro -
:I'(F\)/S),3(F\’/S).itf_§t|4 pyrimidin-4-one

-
b h b - sl f L) - 1. -tetrah - 4-t hi,azi ne- 3-
car bowyl o aci d S85ds [P 2 3HwenRE BieRaniraisk g of B 4nei nl 1R bRy at 5
hydroxyl am ne  wzs 4¥tied®.2% miSofB19 Jorinlile: Aftéd £ Rbar0 4Bt Oahe dodtiohdvds M) at
0-C was added EDC (0.06 g, IE. The m xture was stirred at O[err]C
ehp

0.34
for 30 mi nut es copleditonedC gygiw@@rﬁlun:m lumne was aligwed m@maynﬁo@%hand o
titi db . ter. . '
Nth brine, dr tapreroeSRERy e Gl tiain i 8Tcin}a8s 4 % sed by
ch er)gat gg rR/ ag hy ISJF Gm)tcdrbaq?e&h&)ydlmpylﬁmlﬁﬁnA-onelas a white cérlystallirAlfe Eolid: 1Hh
LS ) NI 0f B B 78 b LB Al i, SB005)
Pl (a7 SN SR L= B A o

0X0- 4( 4- (4- br onophenoxy) ben -tetra I azl ne- 3-
16 Hz).

Step 2. To a solution of 8(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 (1.88 g) in 4 mL
of dioxane. The mixture was stirred for 8 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-1-(4-phenoxy)benzenesuifonyl-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=8Hz), 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 6(R)-carboxy-1-(4-
phenoxy)benzenesulfonyl-tetrahydro-pyrimidin-4-one in 5.5 mL of 10:1



carboxam de (0.069 g, 0.11 nmmol) and trifluoroacetic acid (0.5 mM) in 2 nL
of 1:1 nethanol:nethylene chloride was stirred at roomtenperature for 1
hour. The solvents were evaporated to | eave a solid residue which was
washed onto filter paper with ether and hexane to give

1(R'S), 3( Rw®) omgospadr oxy- 1- PCT/US96/19328

0X0- 4- (4- (4- br onophenoxy) benzenesul fonyl ) -tetrahydro-2H1 , 4-thi azi ne- 3-
car boxam de. Anal . calc. for CJerr]HegplNerr]gerr]Slerr]Br: C 41.72;
H 3.50; N, 5.72; S, 13.10; Br, 16. 33; Found: C, 41.81; H, 3.46; N,

5.65; S. 13. 01didhloroftitthe:DMF was afePOLERBERHimethylsilyl) hydroxylamine (126
PCT/ US96/ 19328 (?.e % yisilyD -%9 EQI ( The

f o:?} ow ng R/conp(mgicfolm[geq)b)g ERChydrachiorde {133y mgh Miar-4 hoyrs, the re:;u;tion vlvas
1(R'S),3(RS)-N - 1- 4- (A= (4 . -
tetrahyar o, ot BRPRE Fapyeetd ey dlelaRectie i dods a0

Clerr] N err] J ¢jidarSbrete] TheGrgdnic &yer Was4irie0 ovek sdnim suffate] éofcentratad)d: C,
47.70; H, 4.09; N, 6.45; S, 14.86, Exanple 15 (a) ,
6(R) - ( \- hydr oxyansithe residye was Japidlyshegmatogranhed wihaAfk ethyl acetate in

L xyRErhae . _ ' . |

0 1o 400 n ofigtidtofieRfing to give’d)-(v. ¢ binhzRIMIMocalbARAN Akar > (15- 0

Sty The ot e 15 ver s Lo DL orrL o ane e o eei o Lat &
urry. e sl urr S al |l oW | , I PI

col | etied by T WilTou fugther Buﬁfﬁﬁé'?“f‘e}% a)ﬁﬁﬂ\deéﬁy%g ?ﬁ"@@é‘ue{qa"f 62 '_QEO of

NVR (DLerr] O SUepHSHatd, AR haRs s, B lche vids/added amftpbanion! 771

(dd, 1H, J =ewascbreEpyated. (Whe(redidugwasipurified bydotaerhronmtagaphlyl, 1H, J =

9 and 16 Hz). tep 2. T ' f . o

6( g)n car boxy- % é{s?&ﬂy@‘ﬁgwﬂw%hﬁﬁ%hﬁ@%@a%‘?%Ea'aﬂ' cont@ining 0.5 agetig acid)

di oxane was adqggive SRIUNNHydMoxyRhfbdem r‘ggpbhérﬁ)xy)behﬁéﬁ@é%nhy a solution

of 4-phenoxybenzenesul fonyl chloride g% in 4 qL of di oxane. The
m xture was st itelrahydrepyrgnidiscd-onad31 man ag awhite salido "HiNMR(methanol-d,,

300 MHz) _7.90(d,2H,J=9Hz), 747 (t, 2H,J=8.7Hz), 7.27 (t, 1H,J= 7
Hz), 7.09-7.16 (m, 4H), 5.02 (d, 1H, J = 14 Hz), 4.80 (d, 1H, J = 14 Hz), 4.37
(t, 1H, J=7 Hz), 2.77 (dd, 1H, J =17 and 7 Hz), 2.72 (dd, 1H, J = 17 and 8
Hz). '

The following compound was prepared in a similar manner:
-(N-hydro a -1-{4-(4-fluor b - nvl)-
tetrahydropyrimidin-4-one;
Anal. calc. for C4;HgFN,OgS: C, 49.87; H, 3.94; N, 10.26; S, 7.83; Found:
C, 49.84; H, 3.95; N, 10.18; S, 7.73;
The following compounds can be prepared in a similar manner:

6(R)-(N- bamovl)-1-{(4-(4-chloroph e- 1)-
tetrahydropyrimidin-4-one;
N-hydroxycarbamovl)-1-(4-(4-methoxyphe: - -
tetrahydropyrimidin-4-one; and
e) B8({R}-(N-hvdrox oyl)-1-(4-(4-(fur-2-y)phenoxv)-b sulfonvl)-

tetrahydropyrimidin-4-one.



citrate buffer and extracted with ethyl acetate (2 x 50 nL). The organic

| ayer was dried over sodium sul fate and concentrated, and the residue
chromat ogr aphed (15% net hanol in dichl oronethane containing 1% acetic

acid) to give R-carboxy-1-(4-phenoxy)benzenesul fonyl -t etrahydropyri m di n-4-
one as a whi WOBHIBH: [err]H NVR (Dlerr] O, 300 MHz) 6 7.86 PET/USHI9R8= Q
Hz), 7.48 (t, 2H, J =8 Hz), 7.29 (t, 111, J = 7Hz), 7.11-7.18 (m 4H),
5.03 (d, 1H, J = 14 Hz), 4.68 (d, 1H J-8114 Hz), 4.31 (t, 1H J = 7 Hz),

2.68 (dd, 1H, J = 17 and 7 Hz), 2.47 (dd, 1H J = 17 and 8 Hz). St ep
3. To a sol utloExafnrﬂéElGng of 6(R)-car boxy 1- (4-

phenoxy) benzene ' IP' 5

WO 97/ 20824 ox on

PCT/ US96/ 19328 EﬂM&ZtLl.ﬂh_zm&l@rb_Qmm - 90 -

di chl or onet hane: DMF was added O (t-butyl dineth 1 g hydr oxyl am ne (126
mg) followed by muyd%euspmsimf(npenn@;mmﬁ .4%/ Bo mraol) immethanet i on was

D car bonat o, ThiaRpRIRELI L e EeR R FORUEr RAARER @ éﬁf%?ﬁ*‘“@m&)@ﬂ%ﬁ ated,

and the resi duegyggd irﬁBﬁ@'F&rti%HrtQ Qﬂé@l@ﬂ@% sliition2 PBRIbtanef @24
di chl oronet hane to give 6 ’ d)butyl di met hyl si |l yl') oxycar banoyl )- 1 (4-
éed/an

phenoxy) benzends3f inmpl) wasa ther feactiommixtuwredstisred at 3Cifor 2§ minwtes

of I‘#Hf‘ﬁé Hrporieinp et e h 53fihA ' pitull. RS o 2nc

the sol ution vapEratatPase e stlid desidiie was dedted witiswater) broaghtts pHS with
chr omat ogr aphy ;65 20: 15 di chl or onet hane: et hyl acet at e: et hanol
cont ai ni ng O. 5cyﬁgblép @nt&gqumcentrategoTQe\y@sultmg oily residue was dissolved in water

ety aﬁ%t‘zﬁ;??m. 13 78 shirbd AR KRBt L7 B 104 o andit o4
300 MHz) _ 7.90 ((d-br@hbplﬂermx?)ﬁehzeﬁesﬂfo(\yl chiiride J1.28%, 3.68&nmol). far 17 houfd:l 3 =
o o T O B e i S 3 71
; HSI \r]n l-ar17 miﬂﬁe;%queous H@érz e acidified td pf! 1.8vid\VédhdeRPABA 1T affdSextratfedr €d 1N
6( R) - ( N- hydr oxy sdthiethyl\acetate ( The organioexifsoisiwese tambibed.-washed with water
tetrahydropyri Mgl YN 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), benzyitriethylammonium chloride
(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 glass.
Anal. calc. for CpH,NOgS,Br: C, 49.28; 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-hydroxyethylsuifanyl)-3-methyl-2-(4-(4-
bromophenoxy)benzenesulfonylamino)-butyric acid tert-butyl ester (0.17 g,



Anal . calc. for Cerr]Herr]FNerr]Qerr]S: C, 49.87; H, 3.94; N, 10.26; S,
7.83; Found: C, 49.84; H 3.95; N, 10.18; S 7.73; The

fol |l owi ng conpounds can be prepared in a sinmlar manner: (c)

6(R) - (N- hydr oxycar banoyl ) - 1- (4- (4- chl or ophenoxy) benzene- sul f onyl ) -

t et r ahydr opyo 9wvdoghian- 4- one; (d) PCT/US96/19328

6(R) (N-hydr oxycar bamoyl ) - 1- (4- (4- met hoxyphenoxy) benzene- sul f onyl ) -

t et rahydr opyri m di n- 4-one; and (e)o2-

6(R) - (N- hydr oxycar banmoyl ) - 1- (4- (4- (fur-2-yl)phenoxy) - benzenesul fonyl ) -

tet rahydropyr ig3ghilndly RTEHF (5 mL) was\#dd8d trshéadiphosphine 0.102 , 0.38
PCT/ US96/ 19328 ) Gmb) Phosphine ( 9 Exanpl e 16

(a) 3(S)- N hydnogel)-anddiethylazedigarbaeriate(P6d b3 rmael)| :)\fter stirtingrat hyl -

tetrahydro-2H1, 4- si on of
D-penicill am JB"'(‘&EE’F%H‘@’%@ g@hﬁﬁ&@g‘tﬂ& 'g(ﬁgﬁ wa gﬁ%asof%@gls%?qﬁg O[err]C and
powder ed sodi Wrotystipaxfistbor 8ilizé gel (4Dwahmwsde}amxane)adm ﬂert—lsutﬂ portion
to give a colorless solution. 2-Brono-ethanol (0. nmol ) was

added and t he {SkétHdf- hﬁ‘?&?ﬂ?@%)‘b?%@@ﬁu@{’yﬂﬂ %df'mthﬂéeﬁﬁhlﬁ@sz“' and

room t enper at The sol vent was

evapora’[ne)d an(';lq?‘ﬁ@gélgé%ﬂgg*yaﬁga‘;vﬁasﬁﬁﬂawawth wat er, brought to pH 3

Wi th 6N HCl Apal. b@lccfoceggHZaﬂGQGzBThéi 50902 H; BQOQNI.QSOE:SL dd82pnas di ssol ved

in water (6 nL) an& Lrr ﬂggg fﬁhmcarbonate(l 17 g, 11.04

mol ) and 4-  Feund; n%faﬂé x§r) e B 5 chloride (1.28 g, 3.68

nmml ) for 17 ho . r and washed with
#‘g?_tl_‘ A sbitfioA YF ﬂirl BUtyV‘QGS)Q%Aﬂ@f sroif Fﬁet‘l@(yi

et hyl acetate. aqueous | ayer “was ac 5 wth
concentr at ed I-Iﬁénzandswionybc&kdlmethyhteimWHatéﬁluwne-'ﬂamrbogddec(Oa& racts

nbi ned, t The sol. ut
(Fiteren ovabiagemmahindydibrmetant Rl At FE8 & Mg vipa ezt foordo ne:
as a viscous %hp@atﬁ&?fogso #Rfoitek Saftbr whlch the solveRtsAwerd dVibbratad ahdlthé s oi |

was di ssolved in (3 treated with pot assi um car bonate (2.4 g,
17.5 mol ), berﬁalsduerazeemneﬂﬁm hmzemtsmlue?»(s)-dr-(%(%s g, 0.67 mmol) and

oo b T orplphelo BB £ Bty 511 BB o,
acet at e, washechrboxyfic aeldeds a dhite dolid)dviictawas aextdisied withoet further vi scous oi |
whi ch was puri ;fnljr%%la? s silica gel chromatography (50% et hyl

Step 5. A solution of 3(S)-4-(4-(4-bromophenoxy)benzenesulifonyl)-2,2-
dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxylic acid (0.11 g, 0.22 mmol}, O-
t-butyldimethlisilyl hydroxylamine (0.049 g, 0.33 mmol) and EDC (0.085 g,

0.44 mmol) in dichioromethane (2 mL) was stirred at room temperature for 30
minutes, after which the reaction mixture was diluted with dichloromethane
(30 mL), washed with 5% citric acid and saturated sodium bicarbonate, dried
and evaporated to give crude 3(S)-N-(t-butyldimethylsilyl)oxy-4-(4-(4-
bromophenoxy)-benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carboxamide, which was next used without further purification.

Step 6. A solution of 3(S)-N-(t-butyldimethyisilyl)oxy-4-(4-(4-
bromophenoxy)benzenesulfonyl)-2,2-dimethyl-tetrahydro-2H-1,4-thiazine-3-
carboxamide (0.12 g, 0.19 mmol) and trifluoroacetic acid (2 mL) in
dichloromethane {2 mL) was stirred at room temperature for 1 hour, after
which the solvents were evaporated and the residue was azeotroped from

benzene. The product was triturated with diethyl ether, filtered and washed



acet at e: hexane) to give 2(S)-3-(2-hydroxyethyl sul fanyl)-3-net hyl - 2-(4-(4-
br omophenoxy) - benzenesul f onyl am no) -butyric acid tert-butyl ester as a

col orl ess, viscous gl ass. Anal . calc. for CJerr]JHerr]NJerr]S[err]Br:
C, 49.28; H 5.39; N 2.50; S, 11.44; Br, 14. 25; Found: C, 49.21;
H, 5.25; N, Yuy2084 11 37; Br, 14.31. Step 3. To a solﬂ@Tfﬂ$P6ﬂ?328

2(S)-3-(2-hydroxyet hyl sul fanyl) - 3-net hyl - 2- (4- ( 4-

br onophenoxy) benzenesul f onyl am no) -butyrt83acid tert-butyl ester (0.17 g,
WD 97/ 20824

PCT/ US96/ 19328 with diethy! ether to give 3(S)-N-hydroxy-4-(4-(4- - 92 - 0. 30

T i bt 2z B SRR P ARG eplpe ™™

room t enper at urrbd¥anifle.ri nut es, the sol vent was evapor at ed and the

product purified on silica gel (40% ethyl acetate: hexane) to give
tert-butyl Anal. calc. for C46H,,N,055,Br: C, 45.51; H, 4.22; N, 5.59; S, 12.79; Br,
3(S)-4-(4-(4- brg@@henoxy) benzenesul fonyl ) -2, 2-di et hyl -t etrahydr o- 2H
1, 4-t hi azi ne-3 oxylate as a |ight yellow oil. Anal . calc. for
C err] H err] NJ eFobrl:eC 4581; I, 4.39; R25.561 S51269; BY, 16.090; S, 11.82;
Found: C, 51.03; H 5.18; N, 2.95; S, 11.33. Step 4. A solution of

tert-butyl 3(S)-4-(4-(4-bronmophenoxy)-

CEIR L o s e o0

stirred at
wer e evapor at edeftah

3(S)4-(4-(4-

br onophenoxy) benzenesul fonyl ) - 2, 2-di net hyl -t et rahydr o- 2H 1, 4-t hi azi ne- 3-
carboxylic aci Exampleit t e sol | d whi ch was next used wt hout further

purification. . I_ el ~nhenayvibenzene
DS 4t (4 o) 1(R§§F éhv&o -854%1 ,,._ y)benzer ,,
dinmethyl -tetra 2T e—3=Ca 0.22 mmol ),

0- but y| h 0.049 g, 0.33 nol d EDC
(0.085 g,t u g—‘%—nﬁlsf:";‘xpﬂ %FEHW&‘M aé?é@rPTOHg?nméb@zmaergﬁéﬁgwlroom
tenperature fory QQilme l-teﬁ‘aﬁWrﬁ%H-@?—ﬁﬁazYP{E— mshgg%@@;\é@g/ {Dhibf iyas

diluted with dichloronéthane citric aC|d and
sat ur at ed sodi \aeetit agidddmal)ayasitreatad with NaBOyi4H»Q (023 ged.8 mmpl)andr ude

bt onophenoxy) * IRBR RSP SIS 012 i sty theeastion Mg 8%:c.- .
car boxani de, WyiktedWith By acktawd, Washedvith WatdtehdtatirbiesPdddiim
bicarbonate, dried over sodium sulfate and evaporated. The foamy residue
was twice chromatographed on silica gel (20% hexane:ethyl acetate) to give
tbutyl 1(R),3(S)-4-(4-(4-bromophenoxy)benzenesulfonyl)-2,2-dimethyl-1-oxo-
tetrahydro-2H-1 .4-thiazine-3—cérboxylate as a white foam,
Anal. calc. for C,3H,sNOgS,Br: C, 49.46; H, 5.05; N, 2.51; S, 11.48: Br,
14.31;
Found: C,649.44; 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-carboxyiate (0.37 g, 0.66 mmol) in dichlioromethane (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



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

br omophenoxy) benzenesul f onyl ) - 2, 2-di net hyl -t etrahydro-2H 1 , 4-t hi azi ne- 3-
carboxam de (0.12 g. 0.19 mml) and trifluoroacetic acid (2 nL) in

di chl oronet hane (2 nlL) was stirred at roomtenperature for 1 hour, after
whi ch the s ymga were evaporated and the residue was azeetmsswadsdsr om
benzene. The product was triturated with diethyl ether, filtered and washed

WD 97/ 20824 -84 -

PCT/ US96/ 19328 - 93 - W th
di et hyl et her o VAL iridbhiefioxy)benzenesulfonyl)-2,2-
brom)phenoxy) ?aér?‘zaglrﬁsgw? ?éké; 2( d@;‘mt hyl™-t et >rqcfi)hydro- Y)4 t hi azi ne 3-

car boxani de. dlmethMabxo-tﬂitabydMHd[ 4thiazipe-Srgaxpoxylit a{:ndraS] pbite pelid. C

19,58 15 22 ST i e, as By B SR AT o

prepared in aqglogi | ar nmanner (b)
3(9S) - N-hydroxy 2. 2-di met hyl - 4- &i f | uor ophenoxy) benzene- sul f onyl ) -
t et r ahydr o- 2H fwndhlcaﬂl&ﬁaiﬁde@ﬂi 28485, 12.66; Braﬁ)Ba 17 (a)

i et by 1- oo SR Raiky 0o o TS PR L SRR Pbshzdhesuronyts |
sol ution of t2wwet@(la)dxd-féu(aﬁybwzmmﬂmﬂélawwwhémrw I3)2g. 0.64 - _
22d|msthyl-tetrahy ro-2H 1, 4-thi azi ne-3 carbgwglate(o 65 2 mol) in

acetic acid (mmel)ingishloramethane/(3 mika was|cooted. t9§q§ and 5 o )

mxture was - reged PO RERh A hydroRfidiie €11 £, B7BRINET 1207 2o
sodi um bi ciminediately fallbived w&mcqoauaarg, D96 miml)arTheerespiting reeattiothe f oany

resi due was .tw ce chronat ographed on silica 0% hexane: et hyl
acetate) to gMmigure was gtired at 8 ? 80 minutes, after hlch(a ditional O-t- Y

éL (eF 3 aﬁﬁ 042%’%{@?h&?}?2e 3- Cﬁg@%{zg?gw;ggm@ m&o@’)‘éﬂd@ﬁ)ﬁ%bﬂ%‘% i al c.
for CJerr]H emrmlnwere hdiled, @ndithe qutuga was stitred a8 C for an. agitlitiopal hQur48 Br,
14. 31, and at room temperature for 1 hour. The reaction mixture was diluted with
ethyl acetate and washed with 5% citric acid, water and saturated sodium
bicarbonate, to give 1(R),3(S)-N-(t-butyldimethylsilyl)oxy-4-(4-(4-
bromophenoxy) benzenesulfonyl)-2,2-dimethyl-1-oxo-tetrahydro-2H-1,4-
thiazine-3-carboxamide, which was next used without further purification.

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

Anal. calc. for C45H,,N,06S,Br: C, 44.10; H, 4.09; N, 5.41; S, 12.39;

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

The following compound can be prepared in a similar manner:



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-

bronophenoxy) benzenesul fonyl ) - 2, 2- di net hyl - 1- oxo-t et rahydr o- 2H-1, 4-

t hi azi ne- 3-carboxylate (0.37 g, 0.66 mml) in dichloronethane (4 nL) and
TFA (4 i) w¥08t#¥ed at roomtenperature for 7 hours, aft&ECTHIPEI e
sol vents were evaporated and-the resi due azeotroped from benzene. The
product was triturated with a warm 50% di-&hyl et her: hexane sol uti on and
WD 97/ 20824

PCT/ US96/ 19328 i |-4- 4-(4- filtered
toglveI(R)3 gsuilia fre 2 '
di et hyl - 1- oxo- tetrahydro 2H-1 4 th| azi ne- 3 carboxyllc aC|d as a white

solid. Anal _ calc. for CJerr]Herr]NJerr]S[err]Br: C, 45.42; H, 4.01;
N, 2.79; S, 12. 7Example18 15 90; Found: C, 45.51; H, 4.08; N, 2.84;
S, 12.66; Br, 15 VN B t 29 .

R B (4_ (é%fs quv?:&& {4.f i enesulfony:2.2-dimet

2, 2-di net hyl - O- -3-carboxyI|c acid (0.32 g,

StSfr]c ané”m') s&&f&' o Gr%td“o?u?m%%w% Pte iy RO LG IR 0”11
0.76 nmol ) add@@if‘d?lisabr%:lpyuem}lérﬁmem -} rﬁg%n&uécﬁsy Gn afaraﬁwﬁa%énn&he

resulting reactio ure was stirred at O[err]C for 80 m nu
after which addnmedndsllyt]shlende (1.52mnly. Aftex3dminutes,l hydr oxyl anmi ne (0 094 g,

0.64 mmol ) and EDC,(.0. 0 {0 1), wer d nd t m xture was
stirred at Of er$?@l$@?c}oiﬁ%ﬁw<¥chng|(4.ﬁgm)L)>was aiq%dtg%ﬁé S%ﬁf erand e for
1 hour. The reafbir@sultiig$siiRorn\Ras deﬁéhsfeﬁ'éu via canﬁ&lﬁ)ﬂveﬁﬁeltl%tﬁ pERgavashed
with 5%citric acid, water and saturated s bi carbonate, to give

1(R), 3(S)- N (t-1B& §nfulilqre@fhy2§iibr9mpsttsanﬂ@@5(m!-) in 20 mi phedeyIPMREtEP°C.

b | |
DR el mety! 00 iAnerfie SUARbH Was boifleto e OO W eaed for an anditianald, | o,
Step 4. A sol uthoun ad501C(&)d theh)codledtto 0aCy I T thetstised isblvtiba wastadded (M-

br onophenoxy) benzenesul f on di_net hyl - 1- oxo-t et rahydro-2H 1 , 4-
t hi azi ne- 3-car HB?@W‘?P"H ?'ﬂ%lecétozddﬂf-blf@lqwgﬂ flugrenyimetaoxveathonybehieride 0. 21

mrol ) in dichl qacsxeg)haﬁ@tr(@smﬂmi @eaﬁich“é f0f48 holurd." &H aﬁ&.tpﬂgm 50

tenperature for 2 hours, after ol vents were evapora and the
resi due was az@@ﬁ%ﬂ@@ehvmtb@weﬂwnymmas ad@pd‘\,iandehssblutiomsfl | tered

o omopnenoxy) - BB 18An HfBinerd Mt i Elpd ks RLchA bl b
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 agueous 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 acid. The product-containing
fractions were concentrated to give a syrup, which was twice concentrated
from toluene, and finally from t-butyl methyl ether:isooctane, to give 2.84 g of
3(S)-4-(9-ﬂuorenylmethoxy-carbonyl)-2,2-dimethyl-tetrahydro—2H-1 ,/4-thiazine-
3-carboxylic acid as a white solid.

Step 2. To a solution of 3(S)-4-(9-fluorenyimethoxycarbonyl)-2,2- dimethyl-
tetrahydro-2H-1,4-thiazine-3-carboxylic acid (2.98 g) in 20 mL of
dichloromethane at 0°C was added O-(t-butyidiphenyl- silyl)hydroxylamine
(2.71 g) followed by EDC hydrochloride {1.58 g). The reaction was stirred at



t hi azi ne- 3- car boxam de. Anal . calc. for _
Cerr]JHerr]Nerr]dJerr]Serr]Br: C 44.10; H 4.09; N, 5.41; S 12.39;

Found: C, 43.84; H 4.20; N, 5.37; S, 12.25. The foll ow ng conmpound
can be prepared in a simlar manner: WO 97/ 20824

PCT/ US96/ 1%6Q 8720824 - 9PCI/US96/193%8D)

1(R), 3(S) - N hydr oxy- 1- oxo- 2. 2-di nmet hyl - 4- (4- (4-f | uor ophenoxy)

benzenesul fonyl ) -tetrahydro-2H 1 . 4-t hi azgge- 3- car boxam de. Exanpl e 18

(a) 3(S)-N hydroxy-4-(4-((pyrid-4-yl)oxy)benzenesul fonyl)-2.2-di net hyl -

tetrahyd ro-2Hgic4o PBP@ZbiTE Rowdidndthen partitioned Sémd:.‘i:‘l'eﬁg/l stirred
solution of D-penicillamne in 20 nL of dr d

d
di i sopr opyl et hacetataibexaned206mL)iand) Q)?Véhp*ﬂé,P %P\ﬁg(s?r%ﬁ ZEOQ?WHreT},‘e

trinmethylsilyl j AR i :

di azabi cycl of 49%%%‘%%0@%%%3%“ )&l\ﬁgha%&w{sga?ﬁ‘esﬁaé%?ngol ution, and
the resul ting gehesritenedaThe residus was psiifisd lochromatograpiyonm 460 gaof sillcaur

peri od to a solution of 1,2-dijbr et hgne (0.95 ni) .in 20 nL of dry DWF
at 50C. Af g8k elutisg with 20%:to g’"% E%‘@ﬁ%?ﬁ\e%%n%gi’ﬁf‘%vé‘#wﬁi@r heated for an
additional 1 ; 1 I Igpo[err]C. To the
stirred sol uti 83"%1:3&%5%%{6&10%% %{/‘%Jn@rap ol f%gé)(r?.(tgo m.), followed by
9-f 1 uor enyl et batydiphdrysilyl)oxy-¢1(8-flaorenyinfeth@ycgibonyi}2,2-Himetbyldetrahydas kept

t -20 Cf 6 .o An_addi t | .50 .
g-f I uog g::l;/} met %&i&ﬁ%ﬁ%&%@ﬁ@@%@ﬁﬁ, Wm%f’ﬁ% sol ution was
stirred for an aﬂ#bliomg sblufigH of 8tS)NFLButdphenyiBim bed with 1 nL of

n
wat er . The reaction was partitioned between 3:1 ethyl acetate:hexane (200

nm) and 0.2 Ruerpnybosthexytiathanyl)<2,2<dimethybletrahydro-2tha.ddhipzine:34 ayer was

and w th " bri AETSEIES (aF ol BHET TRy Ul Borbd e i (Bunel A Tl
residue was [nait,fthe dolatios Waeoohoerteey and thdfesitivefwas thromatsgrapleedit i ng
with 25%to 35% _ et tg; acet at e: hexane containing 0.5%acetic acid. The

pr oduct - cont ai 9P g of siliea gl slufig Wit st Acetate 40 Be(PiNaltsyr up, whi ch was
e 2ot an BB S5t o 2o i
(2.11 g) as a sticky solid foam. :

Step 4. To a solution of 4-phenoxypyridine (6.84 g) in 20 mL of 1,2-
dichloroethane at 0°C was added 8.0 mL of chlorosulfonic acid in a dropwise
manner. After 10 minutes, the ice bath was removed and the solution was
allowed to warm to 25°C. After an additional 1 hour, the solution was heated
to 40°C for 3 hours, and then cooled to 25°C, and oxalyl chioride (4.4 mL)
was added. The solution was heated to 50°C for 16 hours, and then an
additional 2.2 mL of oxalyl chloride was added. After 5 hours more at 5°C,
the solution was cooled to 25°C, and poured with rapid sfirring into 250 mL of

| diethyl ether. After 1 minute, the solids were allowed to settle and the '
supernatant was decanted. The residue was suspended in 3:1
toluene:dichloromethane (250 mL) at about 5°C and 50 mL of 1.6 M aqueous
K;PO, was added with stirring. After about 30 seconds, the mixture was
transferred to a separatory funnel and the layers were separated. The organic
layér was washed with 25 mL of 1 N pH 7 phosphate buffer and with 10 mL of
brine, and the combined aqueous layers were extracted with 50 mL of

toluene. The combined organic layers were dried over sodium sulfate then



3(S)-4-(9-fluorenyl nmet hoxy-carbonyl) -2, 2-di net hyl -tetrahydro-2H 1, 4-thi azin
e- 3-carboxylic acid as a white solid. Step 2. To a solution of
3(S)-4-(9-fluorenyl net hoxycarbonyl) -2, 2- di net hyl -

tetrahydro-2H- 1, 4-t hi azi ne-3-carboxylic acid (2.98 g) in 2

di chl or onet hWOS780828[ er r ] C was added O (t-butyl di phenyl - Sfhusdlusns |
silyl) hydroxyl am ne (2.71 g) followed by EDC hydrochloride (1.58 g). The
reaction was stirred at WD 97/ 20824 -

PCT/ US96/ 19328 0OCto
25[err] C for 1diltecas through a gless-fbet filterofedhe dltratayas lmmééﬁiy?ly added 11

acet at e: hexane 0 nd .0, f he
organi c | ayer wé@?ﬁ%b&ﬁw ?'ﬁx%'?é\lﬁ;?&r(zﬁl e ove%ggo |‘%§E§ﬁ%gggbhﬂ(ﬁ

concentrat ed. TéBhcéﬁﬁéﬁﬁ#ﬁrﬁ?ﬁ%ndwﬁrbfﬂeﬁhﬂeyt-wwlMhylgatmmndrﬁitratﬁih gavef silica
gel, eluting with 20%to 30% ethyl acetate: hexgi‘l?ﬂd row d& after

concentration f2. Mrﬁcﬂféhﬁ(wf&ﬁﬂﬂamb?mﬁ'&'mw rochiori
but yl di ph | | | -tetrahyd
Doy A PRENY ©), ! B8y T8 dstuitiah e} R DBty ?ﬁ.%‘a&’@?‘?@” s
fSIt ep 3. ;I'o ?hsqlenbhyburo@"l-l 3(43)1id¥|r(d-3hatbob(dmniaemfl +g) mld)mlqromemine (20

uor enyl met hoxycar bon rahygr
car boxa?/n de (4. %5}) ah WWP"‘%ﬁ‘gh a'gl?y@ %Wﬁ%ﬂ!?ﬁ%g y"dA‘f’t er
hour, the sol Ut%gﬂgﬁéﬁz ﬁ%&g@g%@nﬁm@&@%&m&%«dw goaa'h@fydnmhcmwphed

on 75gof sili wth ethyl acetate, to give 3(S)-N-(t-
but yl di phenyl si étirted at 0°C for3hours and then at 25°C for 4 hours. The reaction was

2% Feky sl o patfiphet BESeRE Cethl qistE B tnd PUREIRAF 0 A NGHT: Gine
(6.84 g) in 20 phosphate Buffer (50 nﬂ.)cfrherdagéﬁr@meﬁmehﬁshé@wmadaddndl 8.0 nL

of chlorosulfonic acid in a manner. After 10 m nutes, the ice

bath was remve@féﬁf@mhﬂf%@mﬁv ﬁaﬁdmgr sodium gulfaigeamdicongantiated. BBerr] C.
Af dd f 3
oA TSR o Qoo

added. The sol uéthghacmatefticttierdmethdn@ tergiveC after parialcmmcentrativah froren an

ddi ti | 2.2 nL. of hi d Af t 5 h

Sterric 2 dienbutePalieisoolne AP AP hACSE AR EIRRR-  api d
stirring into Zﬁgog?lbﬂzﬁgesulfoﬂy@&@kilrﬁétﬁﬁftetréﬁfd%-zﬁ ‘f‘hﬂhﬁhﬁneiéle solids were

allowed to sett . er nat ant was decant'ed. The residue was
suspended in 3:waoxam&l(ﬁéﬁ@)d&ﬁh@bdﬂﬂ@h&ﬂkﬂ(250 m.) at about 5C and 50

nLoof 1.6 Madueqys, o o K 8TidRS S5 N-AB RSyl o 14 (pradft e abour
yloxy)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 HCI 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 pm 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. The crystalline precipitate
was collected by filtration and dried in vacuo to give 3(S)-N-hydroxy-4-(4-



transferred to a separatory funnel and the |ayers were separated. The
organi c | ayer was washed with 25 nL of 1 N pH 7 phosphate buffer and
with 10 nL of bri ne, and the conbi ned aqueous | ayers were extracted
with 50 nL of tol uene. The conbi ned organic |ayers were dried over
sodi um sul fao 93/20808n WD 97/ 20824 PCT/US96/19328

PCT/ US96/ 19328 -97- filtered
through a glass-fiber filter. To the fil®©B8ate was i medi ately added 11

m. of 4 MHC in dioxane and the solution was then concentrated. Parti al
concentrati on ({gyeien-4ty Wm&mfﬁw})m-yimethylhatrawdneemnd,—thuahmeaa-u on gave

2.11 g of 4-((pyrid-4-yl é}benzenesulfo ch I de hydrochl ori de.
Step 5. To a RETREXaE 1(8'5( 2R A Whitg $qfidy Mélyl)oxy 2, 2-di net hyl -

t etrahydro-2H1 f Z | h o t 20
) atyO C was éﬁ%’ géﬁfo'? 5] ine? (léBJSréﬁggHTgl1§oﬂ be @ﬁa@srfd 4-

yl ) oxy) benzenesBbhmdi\e, mmrn c!ie151NrQ)3hlS)r1|4d4a1 (1.71 9g). The soI uti on was
stirred at O[err]C for 3 hours, and then at 25C for 4 hours. The reaction
was partitioned between 3:1 ethyl acetate:hexane (150 ni) and 0.5 N pH
7 phosphat eThg?émuG%Q rB*PﬁunJﬁﬁsBF W fin F¥iRfilayAmnneshed with

er an

addi ti onal bri ne r| ed over SOdI um sul fate and

after

el uting with ek ieiz Zarios 'chlororrethaneto gi ve,
partial concent rat i on from d| chI ororret hane | sooct ane,

3(S)-N-(t-buty b %) 1:4556(9077t fbufd: 556.996
yl ) oxy) benzeneﬂgﬁmmww ?j% hg/l -tetrahydro-2H 1 9 3t hi azi ne- 3-

car boxani de (2. A0alralgsfox GeltaNy@s 23@7§d1|zQi C, 40.47; 4t 296N, 9622850l uti on of

3(S)-N-(t- buty,t%é?henylsuyl)oxy 4-(4- ((pyrid-4-
yl ) oxy) benzene onyl ) -2, 2-di net hyl -tetrahydro-2H 1, 4-thiazine-3-

car boxam de (2. Baufig: q;mmhqnq)b»l-(nOga'y_')svpsa@dded 5 nL of a 10% sol ution
of concentrated HC in nethanol. After 1 hour at 25[err] C, the solution was

diluted with net wilwogrmynmdtcaa&e@!emmﬂ !mamﬂarmanm 68 weakl y
basi c resi n.é)%t?‘ e

renoved b Tt
filtrate \>//vas di Eﬂb ‘ .
nmet hyl ether gave a voI um nous preC| pltate V\/mch was col |l ected by
filtration to gkypple 49 g of an off-white solid. The solid was
di ssolved in 50 nL of 10% net hanol in ethyl acet ate and filtered

through a 0. 45 &y r48IR: fidcb&j-4UR-(pFAGUES
filtrate was p___ok;@tﬂa)‘{v&%nﬂ?- A - HiZSine.-cah

_dimEAL

To a solution of 3(S)—N-hydroxy-4-(4-((pyrid-4-yl)oxy)benzenesulfonyl)-2,2-
dimethyl-tetrahydro-2H-1,4-thiazine-3-carboxamide (0.423 g, 1.00 mmol) in
30 mL of 5:1 dichioromethane:methanol at -10°C was added 0.15 g (0.85
mmol) of m-chloroperbenzoic acid in portions over a 2 hour period. The

hlazm -C oxamld

solution was diluted with 60 mL of methanol and then passed through 10 mL
of Arhberlite IRA-68 weakly basic resin to remove the byproduct m-
chiorobenzoic acid. The filtrate was concentrated and the residue was
chromatographed with 6% to 12% methanol in dichloromethane. Eluting first
was 1(S), 3(S)-N-hydroxy-4-(4-((pyrid-4-yi)oxy)benzenesulfonyl)-2,2-dimethyl-
1-oxotetrahydro~2H~1,4-thiazine-3-carboxamide (200 mg): 'H NMR (300
MHz, DMSO-dg): & 10.92 (s, 1H), 9.04 (s, 1H), 8.57 (m, 2H), 7.90 (d, J= 8.5



et hyl acetate and reconcentrated to about 20 nL. The crystalline

precipitate was col lected by filtration and dried in vacuo to give
3(S) - N-hydroxy-4-(4- WD 97/ 20824

PCT/ US96/ 19328

((pyrid-4- yMWoRi2B¥nzenesul f onyl ) - 2, 2- di net hyl -t et r ahydr o- EEE’YS%H”ZS

, 4- t hi azi ne- 3- car boxam de (0. 97 g) as a white solid: np 149. 8C.
Anal . calc. for C[err]H[err]N[err]qerr]9S[-err]0 5 H[err]O C, 49 47; H,

5.19; N, 9.62; S, 14.67; S, 14.41.
The fol | owi ngHz. 2@ Gﬂaé-}:ﬁﬁrbﬁi BU)-|7H1%(% i ‘F-ér“?n%ﬂ)ef‘fsg( 1H), (455

Cetr ahydr o otA-204 1Pf HA520 40 9D, SO, P S & FITTO M 11,

(MCs)[err]: 5z0. 9951-?) 1f d3HR56. 9963 Anal . cal c. for
gerriner wﬂ—{» e Ffrgngdg r éNQ@égz.H féﬁﬁgq%pﬁg%ﬂg@oﬁﬁww,g' 62;

l??c,)fﬁlL%“rSE?%%??Z?‘?-?f?%“ G N R oy )2.2.

di net hyl -t et r ahydr @odtinded! - tehitioni nErogidedr b{R{M 3(S)-N -hydroxﬂle(ﬁf((wriﬂetl-
(a) 1(S

3(S)- N Lydr oxyl)qxx)be('%?im"éf%ﬂ)ﬂ}%s@j‘ﬁﬂwké rRxqtetrahydre-2H-1, 4rthiazing-3-
1-oxotetr ahyd%}o)a(y%,g engguﬂﬂ Wsh@mﬁm msmbe}(ﬂo 08((3, 1M hyéogw 4-

(4((pyr|d4y -22d|rrethl -oxotetrah dro-2H 1 . 4-
t hi azi ne- 3- carﬂdgp&ﬁﬁ(ﬂu = 6 Hz, 2H)07.89 {d\| J Pdiz, @H)740(d J =9 Hz, 2H),712

i ety et r By B2, A8 B ISR DGR HE B 4 1 270901 ) i
30 mb of 501 ghC{Hion QRS BANEr. weshaﬁplLsnMs—rﬁ&[@@éhede@g%m*(O- 85

nmmol ) of mch oroperbenzmc acid in portions over a . The
sol ution was &i44% ove abserved=MA40of net hanol and then passed through 10 ni

of Amberlite | %\a? CaY\(E?O é%g% hfsdé?z’ﬂ Ztl"Pzd ?f@é’t‘é&checbww%cé 1I|nN
8.95; S, 13.66. Found: C, 48.21; H, 4.98; N, 8.99; S, 13.60.

The following compound was prepared in a similar manner:
S)-N-hydroxy-4-(4-{4-chl orof henoxy)benz n ifonyl)-

mp 145-147 °C. Anal. Caled for C4gH,»4CIN,0g5,"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; C|,
7.30.

Example 20

S)-4-(4-(4-(fi -3 -N-hydroxy- dro-2H-
1.4-thiazine-3-carboxamide

Step 1. To a suspension of D-penicillamine (0.75 g, 5 mmol) in 10 mL of
dry DMF was added 0.87 mL (5 mmol) of diisopropylethylamine, followed by
0.75 mL (6 mmoil) of trimethyisilyl chloride. After twenty minutes, 1,8-
diazabicyclo {5.4.0}undec-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



chl orobenzoic acid. The filtrate was concentrated and the residue was
chromat ographed with 6% to 12% net hanol in dichloromethane. Eluting first
was 1 (9,

3(S) - N-hydroxy4- (4-((pyrid-4-yl)oxy)benzenesul fonyl) -2, 2-di net hyl -

1- oxot et r alvpdraes2ét 1, 4-t hi azi ne- 3- car boxam de (200 ng): [ROWHSSAEB (300
MHz, DMSO-d6): 6 10.92 (s, 1 H, 9.04 (s, 1 H, 857 (m 2H), 7.90 (d, J =

8.5 WO 97/ 20824 - 400 -

PCT/ US96/ 19328 - 99 - Hz, 2H),
7.39 (d, J —(538ﬁurhzigo?fyz.dlﬂroﬁ?oéﬂ%nelsﬂo%é erDMﬁhﬁso %Bﬁftéﬁanl H) 4 33-
4.20 (m 1H 21-3.10 (m 1H), J Hz,

1H), 1. 42 &dditional 301mggte§gaftag e additiomwas complete, thg|solut|on was

C o014 er ) ASGRACRaE L i MR Bl Ryt 1+ 24 N

Continued efgibived bynheurdwise édﬂi)mn&fﬁ)solﬂtlbudfﬂém (4-((pyrid4-
yl ) oxy) benzenesul fonyl ) -2, 2-di net hyl -1 -oxot et rakgmro 2H 1 . 4-thiazi ne- 3-

car boxami de bBwneRje nombepzenqsnlfqmd@hme (bR49. Semmol). inSamkjof DMiog (s, .
1 9. 20 2 7.4
(5? 3= (S°"‘§'Hﬁl %?“ﬁ'fé%eﬁgd Jne rfa H@"‘gﬁ?t"gﬁ‘ﬁ@' ?g”,w%ﬁ@ﬁ%&dsk%o (m
2H), 3. 45 3. fen(aliowkd)to warfitoZooM temperatine) ,Affer 2n a(dmtii*i)aIZhoHFs 0s3g3H);
L s of 4-( brpb ooy fanzbhssulforyl chidride was added. After an |

H .11: N,
5 o5 1 & 4] ?éaﬁ'é%un?*@ﬁ%é‘%eﬁa%%ﬁ‘%k parfioried BSéedn 0,2y ad. sddium: [
foll ow ng cobmlfalé amms1: preﬁp}dlaedtatelhexmem‘ﬂwaqt?oueiayer ;\(dzs)exlrésﬁed
3(S)- N hyd b 2=
R L ——
[err]C Anal wagaé&dmw:z ﬁ&grsbdhﬁ'i bismfaﬂé%a]vﬁ{rﬁﬁﬁdeshﬁéabv&&ﬂmn C, 48.3;

H 4. 48; N, Cl, 7.41. Found: C, H, 69; N, 5.64,
S, 13.01; d ;ulfate, an concenga'@q;m@@sldue was purified by chromatography on

3(9) - 4- (4- (4 hiuranRanARRSDBAGRYERN Bk RhaRS By B5cHbeaRbl ANy o o- 21

1, 4-t hi azi ne-
dichloromethane, to provide, after rotary evaporation from dichioromethaneft-

butyl methyl ether, 3(S)-4-(4-{(4-bromophenoxy)benzenesuifonyl-tetrahydro-
2H-1,4-thiazine-3-carboxylic acid (0.84 g, 37%) as a solid foam: 1H NMR
(CDCl3): 67.70 (d, 2H, J=9.19 Hz), 7.50 (d, 2H, J=8.82 Hz), 7.01 (d, 2H,
J=8.83 Hz), 6.94 (d, 2H, J=8.82 Hz), 4.50 (s, 1H), 4.01 (d, 1H, J=13.24 Hz),
3.7-3.8 (m, 1H), 3.2-3.1 (m ,1H), 2.42 (d, 1H, J=13.98 Hz), 1.61 (s, 3H), 1.39
(s, 3H)

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

organic layers were washed with brine, dried over sodium sulfate, and



Step 1. To a suspension of D-penicillamne (0.75 g, 5 mmol) in 10 nL of
dry DVF was added 0.87 nL (5 nmmol ) of diisopropylethylam ne, followed by
0.75 nmL (6 mol ) of trinethylsilyl chloride. After twenty m nutes, 1, 8-

di azabi cyclo [5.4.0]undec-7-ene (2.24 nL, 15 mvol) was added to t he
honbgeneous QP WI08M and the sol ution was transferred to anPGRYP &3t unnel
and then added dropwi se over a 1 hour period to a stirred solution of 0.50
mL WD 97/ 20824 -101 -

PCT/ US96/ 19328 -100 - (5.8 mmol)
of 1, 2-di br onpebicemtrated. 1Thertesiduelkds purified] by ciramaimigraphy-en silicaigek i onal 30

oty A A %‘“ﬁﬁy‘ﬁ%ﬂﬁ‘ﬁﬁﬁﬁmwﬁmﬁq PeEA8inea " “Fol loved
Dy the dropw S@ichfitbinefang f@p;%oidatsésmqa étﬂ-(ﬁfan-S-

br onophenoxy) benzenesu chl ori é—’d‘? 5 mol) in nmL_of DMF
over a 15 ni nuyk)plmeow)ben’zaaesld@ovlr’toh‘ahmo Metblafztsne-&carbemcaacld)[ err]C

nours, 0.3 o (aneson’® B iRl BIRCESEME CABF Clor i de vas
added. After a%c@%ohlmal bbs B0B\W0SE; Hﬁmgate@nmgmm-mstm sph)ed

between 0.2 N ag. sodium bisulfate and cet at e: hexane, The

aqueous | ayer Wi fh2Hadr846 Ha)w7 .00 (di 2Hh JEE182HR), 6.6t 3kh ARk ielHland t he

conbi ned or gam [ feat € and
wi th brine, dr| e hg%@ 13@? g‘r?fségﬁfmf iﬁgégﬁq @ﬁggﬂt%g?gg&mﬁfeﬁﬁgs%ue was
purified by chipyet.egiersH), 0138 (ssH) ca gel, eluting with a gradi ent from
di chl oronet hane to 8% et hanol I n di chl o onet h le1 rovi de, er

t@P ﬁ%‘?’%‘{’)

rotary evapor at i 28RE: dd a5utien Bfn%ﬁprér(éf(f“( uranyg enzepesul ony

3(S)-4-(4-(4-b .
2I(—|-)1 4- 'E hi giZI ng& -car g%? ?gﬂ.ggilﬁg-%(é%érggy%:c ta%%/? bggﬁgé-os'%% {nén ?%%’%q Ot rt
(CDCl[err]): [butjldlﬁhélﬂjlilm)hﬁﬂoxﬂammhﬂm-wg, 0z8 onglpin 2L af=8. 82 Hz), 7 01

31 3 24ty dosiorbineliorn was pddt BDK (5240, 00 mnclp AP B o kB L)

1.61 (S 3H), *c3the mﬁ&ure?w‘ﬁs partltlon%!d%t@eeﬁ\ﬂﬂ ¥4 UsoRliuth bisuffatetaridl. O nmol ) of
3(S)-4-(4-(4- brom)phenoxy benzenesul fonyl -t etrahydro-2H1

, 4- t hi azi ne- 3- clighipreinethang: | thesaguepus layer wesextractegdwicedwits- f ur an bor oni c

w1 (3 09, G S GRS s ™

ag. sodium car bona eoxygenate
stream of ar gOlﬂ!n‘édrové!Ssm:nmﬂswfatéaadd ichaceritdatedIoTdrebidue 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)benzenesulfonyl-tetrahydro-
2H-1,4-thiazine-3-carboxamide (40 mg, 8%). FAB+MS Calcd for
M+Cs " =859.1308 Obs 859.1274; 1HNMR (dg-DMSQ): 6 10.81 (s, 1H),
8.17 (s, 1H), 7.74 (s, 1H), 7.67-7.861 (m, 8H), 7.45-7.30 (m, 6H), 7.10 (d, 2H,

=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), 0.99 (s, 9H), 0.61
(s, 3H)

Step 4. To a 25 °C solution of 3(S)-N-(tert-butyldiphenyisilyl)oxy-4-(4-(4-
(furan-3-yl)phenoxy)benzenesulfonyl-tetrahydro-2H-1,4-thiazine-3-
carboxamide (35 mg) in 2 mL of THF was added 0.060 mL of 2M
tetrabutylammonium fluoride in THF. After 30 minutes, the solution was

partitioned between 1 M pH 7 phosphate buffer and ethyl acetate. The



mol ) of tetrakis(triphenyl phosphine)pal | adi umwas added and the m xture
was heated at 80 [err]C for six days. After cooling to roomtenperature,
t he m xture was partitioned between ethyl acetate and pH 4 citrate
buffer. The aqueous | ayer was extracted twice with ethyl acetate, and
t he conbi nado 972824ani c | ayers were washed with brine, driPEB/USY293280di um
sul fate, and WO 97/ 20824

PCT/ US96/ 19328 -102 - - 101 -
concentrated. The residue was purified by chromatography on silica gel,
el uting wi t hagques@sliagst was extratited bacewith Wateaté%nﬂeﬁhmnhbmeu

di chl or onet hane, to prOV|de 3(S)-4-(4-(4- g a

yl ) phenoxy) berganieayersongre. washed witly bring.idtie Wﬁ'\'%?ﬂ“l'msy“ﬁtﬁr B8ty ic acid

8853%3696036%%@:@%6”‘# éif’ W#@Wﬂ%@a@ﬂmmﬁﬁ%gﬁ p- 0021

J=8.46 Hz), Wwddkdlidctedty fitritionZolyisld 3(S)e#(4-61-(faren;3-4. 51 (s, 1H), 4 1 3.9

0, 115 et o b2 710
3(S) - 4- (4- (4G éEf ?ﬂ gfdwggg@mg?% 6.89)bs, 1H)t eﬂi@t&’ Q'I-P 2bteh

, 4-t hi azi ne- car 62 Mol )

but yl di phenyIHz)JZIB) Ngl.cﬁlﬂ).xgﬂwﬁ HE) (70}52@ 4, J?QEB?nHD) §69r(55§Hi. 4)57 (s,

. “the. it urihd2 s iR HEEARRR 12 G 2 on iR den o

di chl oronet h T ayer was extracted tw ce vm th

di chl or onet hZi@ (sa?gl)?ﬂgqag?b}?)ned organic |l ayers were washed with brine,
dried over sodiumsulfate, and concentrated. The residue was purified by
chr omat ograp%%p |§ii3i ca gel, eluting with a gradient from dichl oronet hane
to 5% et h ? I chl oronet hane, to provide 3(S)-N-(tert-

butyl di phenyl s$iep! 9, ORy astifréd mewommsydtémbmmoérbmmwa‘myl -tetrahyd
ro- 2H 1 ,4-thi azi ne- 3-car bgxam de . FAB Cal cd for

ViCS[er 1]  =BemetbAesianse: 208 6.6 g 15 MRRIEDA PBAYGIOBRSRIAM or 1| 10, 81 (s,

1H), 8.17 7o 6

7. 10 (d, 2H, %aj@§§?ﬂ§d§5Wgaﬂgg%L @%#%‘%@dgdﬂé@' é%e( 9 og) (s,
1H), 3.95-3. §9.08bn\., 17 tn)ql) Gropwise. 7the(rhixturé Mas szirraaiar:mhqﬁlbmattcbbm 1.28 (s,
3H), 0.99 (s, err Csolutlon of

3(S)-N-(tert *%'E}%Ta&"ﬁhéﬂﬂ"éﬁ"| Rﬂ‘ﬁt%%“‘lwéff ?gﬁo ml}. & itire
(furan-3-yl) pixgacterMABNZe HteH hterrd:héRinedBYBEmME S ahd the ldhbiidie - 3-

organic layers were washed with 5% ag. sodium thiosulfate solution, water,

sat. aq. sodium bicarbonate, and finally with brine. The organic layer was
dried over magnesium sulfate, and concentrated to provide methyl 2(R/S)-
(tert-butoxycarbonyl)amino-3,3-dimethyl-4-pentenoate (3.37 g, 87%) as a
syrup which was used without further purification.

Step 2. To a solution of methyl 2(R/S)-(tert-butoxycarbonyl)amino-3,3-
dimethyl-4-pentenoate {4.97 g, 19.3 mmol) in 50 mL of dichloromethane at 0
°C was added 16.5 mL of trifiuoroacetic acid. After 2 hours, the solution was
concentrated and the residue was dissolved in 100 mL of dichloromethane
and washed with sat. aq. sodium bicarbonate (50 mL). The organic layer was
dried over sodium sulfate and concentrated to give methyl 2(R/S)-amino-3,3-
dimethyl-4-pentenoate (2.30 g), which was dissolved in 50 mL of
dichloromethane and cooled to 0 °C. Triethylamine (8.1 mL, 58 mmol) was

added, followed by addition of 4-(4-fluorophenoxy)benzenesulfonyl chloride



carboxam de (35 ng) in 2 nL of THF was added 0.060 nL of 2M

tetrabutyl anmonium fluoride in THF. After 30 m nutes, the solution was
partitioned between 1 M pH 7 phosphate buffer and ethyl acetate. The
WD 97/ 20824

PCT/ US96/ 193%@ 97/20824 - 102 PCTUSY(32/ s
| ayer was extracted once with ethyl aceate, and the conbi ned organi c
| ayers were washed with brine, dried ovd03sodi um sul fate, and
concentrated. The residue was triturated with hexane and the resulting
solid was c@.Tegi 2tl3bymbl)! (Thetreactionovas allowed(t6)walr(to-rbdm(temparatire

1) ph b >sul f onyl - N- hyd -tetrah -2H-1 , 4-thiazi ne-3- °
2l Doxam db. ( 03 AESd [a5 B HPURADS BoEHIeR S NiIBRelprs QR LEBImE) 7 24 (o,
2H, J=8.82 A A =3 . : =9 3 , 6.69
(s, 1H), 4. 575%%? °ze'iﬁ1%°?'ﬂﬂ.s§g§tf?%1‘ﬁscg@lazt% @??és?',qlgéé@?;fgr% bg)H) 2.50
(d, 1H J=12. 8Hirortographiy 6 silica gek)ejuting3dith 20% e#hyl acetateFinchexape 2o Step
1. T tirred mxt R.S),- t- hit bonyl ) ani no- 3, 3-
di et hy! - 4+ penebd B{H180) cE R AR S AT oY ole sodi um
bi car bonat e ( ﬁu&%fﬁg?r%@')mehﬁmfo%?ﬂé’fhin@f&%ém?l#ﬁéﬁténﬁﬁfé‘éﬁ a whitede

(1.03 nm., 17 nmol W se. e mxture was stirred for 27 hours at room
t enperature, anlitlt hen poured into water (100 ni). The m xture was

extracted with 2 t.hyl et atg: ) i), 1 t moi ,ned
organi c | ayers éﬁegﬁﬂ?ﬁﬁaﬁﬁ?-%%%ﬁﬂﬁﬂﬁ is]g?&?qu&q wat er,
sat. aq. sodi @gnsbicRrHGH N, 380 S, 798.ly with brine. The organic |ayer was
dried over magnesi um sul fate, and concentrated to provide nethyl 2(R/'S)-

(tert - but oxycar¥eng. yYamixereofsnetned(R{F):-U=-(ent enoate (3.37 g, 87% as a
LT uP o o nI BB e SR poelkl 978, °
di et hyl - 4- pertoBwaricl) 4rdl SotagsiurhTatbonate §3.65g 526.41mmbl) diaslstied et hane at 0
Sol Ut i on vas. VESBSH 22 Bl CHRME HESS 95 a8 sl Beoropacsiatoanms #9080 i of
o oan? e Tyor opuB AN RE ol B kol B2 o LSO BLAe T e
met hyl 2( R/ S) 4dhinboof 21y broravaneate was added. cAber an additiénal B, houins ah65as
di ssol ved in 58, é”o rﬁlf_ 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 between 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)
benzenesuifonyl][(ethoxycarbonyl)methyllamino-3,3-dimethyl-4-pentenoate.
Anal. Caled for Co4H,gFNO,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-flucrophenoxy)benzenesulfonyl]
- [(ethoxycarbonyl)methyljamino-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 extracted with



di chl oronet hane and cooled to 0 C. Triethylamne (8.1 nL, 58 mml) was
added, followed by addition of 4-(4-fluorophenoxy)benzenesul fonyl chloride
WD 97/ 20824 .

PCT/ US96/ 19328 - 103 - (6.71 g,

21. 3 mmol ) wabmes®act i on was all owed to warmto room t enp@CTUSHEA9328nd
stirred for 18 hours and then washed 3 N hydrochloric acid (125 nL), dried
over sodium sul fate and concentrated._{§f.resi due was purified by

chromat ography on silica gel, eluting wth 20% ethyl acetate in hexane, to

yield 4.41 Qilélﬁé?@métﬁaﬁ@gdw 502\6!5/ 3)he[dbnﬁl:ﬁned organic layers were dried over
f1 uor ophenoxy) benzenesul fonyl ] am no- 3, 3-di met hyl - 4-pentenoate as a white

sol i d. eglium sylfale ar@rcochmrﬁ\tﬂfieﬂ'hﬂrmpé? agptwf eddyos: H 5.44: N
?n itAfurg of7 Brélrﬂ? P%%&T ﬁﬁ?ﬁS&l e'ﬂ’un& with'a B#ad%n?ﬁ'omsl 17etl%ﬁ Step 3. A
f 1 uor ophenoxygdistanixans ié ethyl &@éﬁt@?to’iyﬁld(ﬂ(mmlﬂwmo&})e (4.31 g,

10. 6 mml ) and potassi um carbonate (3.65 g, was stirred

nnol
vi gorously ibemzenesulimyiliiethaxyesben)meth "@0%3&39 dutanediolss added

dr opwi se. b I ot assi um car bonat e and
4.1 nmL of et%‘i’é ﬁ&%ﬂeétegi@ &dbgd/‘g%ga fggvhgﬁ%él ditional 3 hours at 65
C, 6.0 nL of mmocumamtefmmymmypm@ stirri ng was contl nued for
anot her 4 hours:. After_coolin

1 t 1 d
" vacuo ([ igiophenpy)peraned onyi S thoxycarcomaatayIATIo Set-aBas:
acetate and but\éﬁé&acJéﬂ?w @1',%2 gmnémg ﬁﬁqéﬂ@@@ggwo ﬁgﬂ:ei’hv\;h

brine, dried over conce resi
chr ormat ogr aps@ ehioof berziehe @h 80 éCuﬁas@dﬂdmpheryywlosphowf azide40.93 o6 et hyl

SCR & S an SRR ites A fpurs, berizyl aidbrol {182 Hit, TBid tmol) was added.
benzenesul f Oﬂﬁéﬂ ar BB 20K, )tﬂ@véaehbaws%o%aém@l rasm& rétﬁu%t enoat e.

Anal . Calcd f Cerr]Herr]FNgerr]S: C, H, 84; S, 6.50.
Found: C, waamtlpmeds eiveen ethylgoetate aBMO% aq citat:@pm Thecpraam:xt ure of

[n(atewl)x%?rb %"%Fﬂ?ﬁ?ém nog'?;%9 gs#gﬁﬂ@?éﬂ@f gg%t éﬁ%%? ers\gdgyéng, 7.13

mol ) in 40 shifaé, shdeccheentrated. na-rermbkmbedm alcehoinwas témovautbyr was added

0.037 g (0.18 rrrml) of rut hen mtr| Ior| nohydr at e 789(364
mol ) of sod\“ﬁﬁﬁ"ﬁ@l’i‘i@é‘ﬁ?t@“ #M%@(ﬁ- §'P‘F FQSL‘E}/W%PW ifiedb room

\tMe{TEr ature f Qhroftat8GrapRy oh'dfita délhhﬁg?ﬂnt%b@a &A1 stetatb n’{"ﬁéf‘énea&?gﬁét racted
methyl 2(R/S)-[4-(4-
fluorophenoxy)benzenesulfonylj{ethoxycarbonyl)methyllamino-3-
(benzyloxycarbonyl)amino-3-methylbutanoate (1.81 g, 75%) as a colorless,
viscous oil.

Anal. Calcd for CygH3,FN,0gS: C, 58.34; H, 5.55; N, 4.54; S, 5.19. Found:
C, 58.50; H, 5.43; N, 4.60; S, 5.16.

Step 7. A solution of methyl 2(R/S)-[4-(4-fluorophenoxy)benzenesulfonyi]
[(ethoxycarbonyl)methyl]Jamino-3-(benzyloxycarbonyl)amino-3-
methylbutanoate (1.89 g, 3.06 mmol) in 50 mL of ethanol was hydrogenated
over 0.19 g of 10% palladium on carbon under 1 atm of hydrogen for 1 hour
at room temperature. The catalyst was removed by filtration, and the filtrate
was concentrated. The residue was triturated with 50 mL of warm diethy!
ether and filtered to give 1.07 g (80%) of methy! 2(R/S)-1-[4-(4-
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di chl oronet hane (3 x 50 nL). The conbi ned organic Iayers'were dried over
sodi um sul fate and concentrated. The residue was purified

chromat ogr apW@ 93”9834 | i ca gel, eluting with a gradient from%"ﬂ’%@’!ﬁ?s

acet ate: hexane to ethyl acetate, to yield 2(R/S) [4-(4-fl uorophenoxy)
benzenesulfonyl](ethoxycarbonyl)nethylib@ﬁﬂo 3, 3-di net hyl - but anedi oi ¢
acid, 1-nethyl ester (2.27 g, 62% as an off-white solid. Step 5 To a
sol ution of rﬂwrgphez-pm)syenzmegulfonyllﬁﬁ gutimptiwhe-expiRiperaziaew-eashgxylate

[ (et hoxycarbo no- 3, 3-di net hyl - but anedi oic acid (2.00 g,
3.91 mmol) aﬁﬁy?QEEWﬂéFﬁﬁﬁhe (0.6 nL, 4.30 nmol) in 50 nL of benzene at
80 [err] C was Aﬁdpéaiﬂdﬁbeoyﬁghwogswlsaame 48598, 642; S, A358. Foxmid:. After

4 hours, benz al cohol mol ) was added. After an

addi ti onal 20CHRAIE; H.t‘h@ .r"é,afbﬁﬁ‘cﬁ 788. cooled to roomtenperature  and
partitioned be citric acid. The organic
| ayer was wash L{nﬁ%‘??ﬁét@g@&ﬁl% Eﬁg’onate dried over sodium

Kugel rohr a1 Ll Tatt '8?’2?"6*‘?“““’“"“'m"““y"?;*ma*n‘““’d Tha roa due s

Eu“ fi edt by 0@9@&56&’3@%?"‘69 1%3I9 (9.\82 B\“ﬂﬁd ﬂfg"tW’E‘Hog’g%"é P%/'F'Eé\te,:t ate in
exane o gi ° °

fl uorophenogy er&ene ﬁﬁ?%ﬁ%&?&e& Jr%ol )Crre’t\ er|1|%5mh%ur§ - 120°C,
(benzyl oxyf:ardwaddh);a]fallﬁlgé:gnm? Iitbiutgubs;mm ;]ddéiil Mj;:@i%dimml 8doarg, ess,

Vi scous oi . C r err err err err 58.34; H

5 25: N 4. 54moee lthitbiodide (1423 o) thg wap iireddor 5 15
Step 7 A sol UpdiRerd hHiWsthte?é&Slﬁg tb4oérﬂ1éhb€fé?ﬂ@%&é&ﬂ??ﬁ§§§&béﬁny|]

[ (et hoxycar boné ) met hyl ] am no- 3 enzyl oxycar bon étg\am no- 3-

met hyl but anoay \(@1689 fgmLBao@emmtyd withsx 40 nylf ofethylrasetate {totrgmovgenat ed

2t T oom t et GTRNCAE 1 AeBls TR 80 M Rertigg A b RAR s . """

filtrate wescetsteqRxtS0xhe). Tﬁ'éleombﬁbdldﬁgdmsl r§Wé|%tdﬂéd\M\ie|ﬂs5&uﬁ‘1— of warm

di et hyl ether_and filtered tao glVGlO?ﬁ of methyl 2(R/S)-1-14-(4-
sulfate, treated with decolorizing carbon tered 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-fluorophenoxy)benzenesulfonyl}-3,3-dimethyl-5-oxo0-
piperazine-2-carboxylic acid as a beige solid.

Anal. Calcd for C4gHgFN,OgS: 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-methyl morpholine (0.10 mL) in DMF (0.5 mL)
at 25 °C was added 92 mg (0.18 g} of PyBOP followed 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. aq. 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
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f I uor ophenoxy) benzenesul f onyl ] - 3, 3-di net hyl - 5- oxo- pi per azi ne- 2- car boxyl at e
as an off-white solid. Anal. Calcd for CJerr]J]Herr]FNerr](err]S: C,
55.04; H, @o%9rmedh 6-42; S, 7.35 Found: C, 55.15; H 4.83us¥18283; S,

7. 20. Step 8 A solution of nmethyl 2(R/'S)-1-[4-(4-

f I uor ophenoxy) benzenesul f onyl | - 3, 3-di gﬁ]@ép - 5- oxo0- pi per azi ne- 2- car boxyl at e
(0.20 g, 0.46 mml) and 0.123 g (0.92 ) of lithiumiodide in 8.8 nL of

freshly-distj]] LGl e 5 hours at
120 C, an a%q%ﬂgﬁ%ﬁLﬂ@sgseo?&ﬁ%ﬁ%w|c§{ﬂ"§1£et8é%? ngges@{ctap\%lyép&an

addi tional 3witi90ors% gcféﬁnf acitliin wahamate' \ plprowiefﬂ%1 mg nﬁae(mspwm t he
reaction was_stirre r anot her ours. After cooling to room

t enper at ur e,ﬂqmeplamgﬁwwa%s%fenv'iaSﬂhﬁm@ﬂwﬁ-avdre%f’r& -RIPRFagIRer2ict ed with
3 x 40 nL of et HR\S Vj 2. 30- Py m”!fﬁ us | ayer was
then acidifig g%%f"?)%f r?(i:?e wt%ﬁlgtah?rc;‘%}g?é‘rytagg?g X 0%?1_; ihe conbi ned
organi ¢ | ayeFound:4381448d over sodium sulfate, treated with decol orizing

carbon, filtered, and concentpate (o] resjdue rityrated with
diethyl ether (5 ni) Anplrcalafos C(é*zp}{s??ssgh&éﬂt@és IR 4-@6&&1 by
filtration S ' dicet - ero: ¢ } 91 321 ng (629 of
2(R/'S)-1- 14??%??02%%@?&@%)%53%863&Eﬁodmlﬁzé)?séﬁ ?ret hyl - 5- oxo-
pi perazi ne-2-carboxylic acid as a beige solid. Anal . Cal cd for
C[err]H[err]ENLerrll%err]S: C 54.02; H 4.53; N, 6.63; S, 7.59. Found: C(C,
54.13; H, 4.5%MR®g454-" s 7. 47. Step 9. To a stirred solution of
2(RI'S)-1-T4- (A -(4-fluorophenoxy)be
15t

f 1 uor ophenoxj idiR8Y. darBorRidE X0- pi per azi ne- 2- car boxyl i ¢
acid (50 nyg, and N ne nmor pholine (0.10 nmL) in DVF (0.5 nl)

0. L2 nmo y

at 25 C was a 9 f | |, L4l f:33 ng
(.47 nol) of %%ﬁ%ﬁlﬁ%&%&gﬁ%@ﬁﬁﬁm%ﬁb{o@?ﬁ%@? 'ﬁgﬂbé‘ ,OB{]-H.Q OFeact i on
was part:tloai%dlob@hwanh gdthv(r(aa?talml@addé@%aml_emagpeﬂddbasoltmtidn atnd t he
organi c | ayer_was was with water, sat. a ogdi um bi car ponat e, water,
andbrine. oHEGAbarRBenaRAperRreal chyante Bl Pl Hal B BlHeL of
concent r at edgjch@gimbliainkS YhaUeavith wﬁéﬂstgfézzgfégdgwga@ﬁraﬁepihe@h gl et her

and partially concentrated to provide O. ite soll I ch was
sonewhat i npwas complete, and then partitioned between ethyl acetate and water. The

lfonvl-N-hvdroxy-

- 4

resulting emulsion was cleared by addition of dichloromethane, and the
organic layer was separated. The aqueous layer was extracted with
dichloromethane and the combined organic layers were extracted with 0.5 N
aq. sodium bisulfate. The aqueous phase was brought to pH 8 with sodium
bicarbonate and then extracted with dichloromethane (3 x 100 mL). The
combined organic layers were dried over sodium sulfate and concentrated to
a volume of about 50 mL. Addition of hexane resulting in formation of a
precipitate, which was collected by filtration to provide N-(3-aminopropyl)-4-
{4-fluorophenoxy)benzenesulfonamide (4.27 g) as a white solid: mp 184 °C
(softens), 237 °C (melts) "H'NMR (300 MHz, DMSO-d,): 5 7.84 (d, J = 9 Hz,
2H), 7.38-7.21 (m, 4H), 7.12 (d, J = 9 Hz, 2H), 3.8-3.2 (br s, 3H), 2.80 (dd, J =
7,7 Hz, 2H), 2.77 (dd, J = 7, 7 Hz, 2H}, 1.72-1.60 (m, 2H).

Step 2. To a solution of N-(3-aminopropyl)-4-(4-filuorophenoxy)
benzenesulfonamide (3.24 g, 10 mmol) in 100 mL of dichloromethane was
added 2.26 mL of a 50% solution of ethyl glyoxalate in toluene. After 2 hours,
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to TLC analysis. Purification by chromatography on silica, el uti ng W th
0.5% acetic acid in ethyl acetate, provided 7.1 ng of 2(R/S J %

f I uor ophenowo bednesul f onyl | - 3, 3-di net hyl - N- hydr oxy- 5- oxbS 'fﬂ"ﬁéfla ne- 2-
carboxam de: FAB HRMS calcd. for (Jerr]Herr]FNerr]Jerr]S (MtH)[err]:
438. 1135. Found: 438.1145. -107- Anal. Cal. for
CerrJHerr]Nerr]dJerr]SF.0.25Herr]O C, 51.63; H 4.68; N, 9.51; S,

7.26. Found: 40 gidf.%ﬁ;mdibcxﬂaﬂéievé&waeébﬁde& Attet 18 hours, anBdditphal 226
2(R/'S) - 3-acet

| -1-4-(4-fl b | f -N-h -
hexahydr opyr i ﬁilcﬁfr%hé%xg% enc&éga pgrr%étfa‘nesu h"PFd¥' Eqrfqérqbg%%ﬁt@f'i on of
1, 3-diam nopr 8 Sss(@y i‘s.gt%?o P4m9|r§*3hé>ieac .oﬁme'ﬁﬂéemh#wgﬁ CHiits 585 err]1 C

was sl owy ad over a ur per a so ution
4-(4-f1 uorophandll)eblh'ateenesod)riam}fateml'ﬂweltémd(.léwasg;uriﬁedrhybl) in 50 nL of

d|chlorometha2§ ere ctlo %“s {:‘%g ;'21 5mnutes after the addition
was conpl et e, CAIY ﬂ%’r"i'p &PF.SE’FBn YRR UREWEN 44| acetate and water. The
resul ting emuhgisres: Miéﬁto?drﬁé’thﬁﬁebthyﬁd@ét&!ecﬁhﬂheﬁmﬁ"méﬂm hane, and the
organi c | ayer was separated. The aqueous |ayer was extracted with

di chl or omet hameetateidichieranaethanado@iviah? @ of8 midurast Sve gompouads by ThCo. 5 N

b1 car bonat e aREVRE ikt e e Wt skt ARanchn 3G ot ol ™

combi ned or ganigteb By €Tcba Boluflon bf @ mmctswdlg;mow{hfeqsrewan@lpa@ge@pﬁrnat ed to
a volune of about 50 nmL. Addition of hexane resulting in formation of a

preci pitate, wRiMkohdishiommethane wag added 087 ok of 4 M hydragen chloride in

i Lo ol 1o Sexgg. Afer p bl dvagRTERSRGEL HRIEOTREF Lifents 20 5 25 S0

MHz, DMSO-d[ elan]j)acefydachl]ande ©119 chl) vas Sidied, followedpy addilisn of Niméthyl 4H) , 7. 12
(d, J = 9 H 2H), 2.77

(dd, J = 7, %@h@%ﬁ%%gg‘?&r%@éf(ﬁmﬂﬁﬂ)%f o i'aug iéz‘i"”'%g‘* BB Ut oh of
3 B Oy SRRt i, 1 1O
of ethyl gl yoXhezrganialayer waadriediover salikrosuifate, concentrated, and the

residue was purified by chromatography, eluting with 40% acetone in hexane,

fo yield ethyl 2(R/S)-3-acetyl-1-4-(4-flucrophenoxy)benzenesulfonyl-

hexahydropyrimidine-2-carboxylate {0.24 g) as a clear syrup: LSI MS m/e

expected for CpqH,,FN,OgS (M+H)": 451, Found: 451.

Step 4. A solution of ethyl 2(R/S)-3-acetyl-1-4-(4-

fluorophenoxy)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 79°C; *H NMR (300 MHz, DMSO-d,) 5 11.0

(br s, 1H), 9.05 {(br s, 1H), 7.79 (d, J = 9 Hz, 2H), 7.39-7.30 (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
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-107 - 10 g of 3 A nol ecul ar sieves were added. After 18 hours, an

addi tonal 2.26 m. of ethyl glyoxal ate was added portionwi se while
nonitoring the reaction progress by TLC. After 4 hours, the reaction was
filtered tyWpaughseel i te 545, and the filtrate was concerdmesoeaes2sihe

resi due was purified by chromat ography on silica, eluting first with
2:2:1 hexane: di chl or onet hane: et hyl af@ ate and then with 1:3 et hyl
acetate: di chl oromethane, to give 1.2 g'0f" a mi xture of two conmpounds by TLC

| ysi s, i ch . e . . N
Feact on, - ErdFHE Y Y30 08 2 H9R R bR L o0 e, ) 1D, i e
previ ous paragy gah1H; HRMS (FABP{+Ch)skpeichse 570 11aFoardd a70®188, . of 4 M
hydrogen chloride in di oxane. After 1 hour at roomtenperature, the

sol ution was cool ed t &nabgalcetor CaHaoFNQuSeR: 4 (GH, ChnP 3biisroctanst Cnl) was

added, foll . [N . ] r i 6.0. Ja) fter 2
hour s at -2%’?{'5%4&’ Q@’%ﬁ%ﬁf%ho%%@ﬂﬁ%ﬁ ﬁ%%’eﬁa ‘i on was
partitioned bahaleesic ol €5HaNJOSHMD.4M;0} BiFhexané@. 1Golientc d, &pem; wps dried
over sodiumsulfate, concentrated, and the resi due was purified by

chr omat ogr ahQ1; N 09§ Gi%n Favmsa Cot53rD; iHh 486 Mh 9.03; S.6.18-e d et hy
2(R/'S)-3-acetyl -1-4-(4-fl uorophenoxy) benzenesul f onyl -
hexahydr opyri m di ne- 2- carboxyl ate (0.24 g) as a clear syrup: LSI M5 nie

expect ed forI Cerr] H][ é‘he}Eslhl[ﬂsrab]ﬁbed dindhg bi:bld,gioal telsting o1 sorhe pheferréd 1.

Step 4. A solutign of et 2(R/I'S)-3-acetyl -1-4-(4-

fl uorophenoﬂ??ﬂ‘ﬁ@&ﬁ?ﬂltg%wpg% m%ﬁrﬁidﬁﬁ?f&leﬂt@i‘?‘ﬁoxyl ate (0.225 q)
and hydroxyl am ne (0.10 nL of a 50% aqueous solution) in 5 nL of ethanol

was stirred at 25 [err]C for 18 hours, and then at 55 [err]C for 24 hours.
The reaction sol ution was concBIQLQGICALBDATA r omat ogr aphed, eluting first

with 40% et byl acetate in dichl oromethane and then with 54:40:5: 1
di chl or onet hagém St at e: et hanol : acetic acid, to yield 37 mg (17% of
2(R/'S) - 3- acet yl - 1- 4- ( StiohiehfsaP BRAMIAMICRRIVIOWES heaRuted\idingla PXodified

hexahydr opyri m di ne- 2-carboxam de as a white foam after concentration from
di chl or onet Hessipn &b adesgnancagnedydransier flueragenioaasay asclesribed VSO d[ err])

[err] 11.0 . , =t , 7.39-7.30
(m 2+, 7.5 aéeé'z‘i"' i“ﬁ%”)' §k§é3 gﬁfﬁ(‘ﬂ% %Ek’élfge,g"%'?ﬂ & ‘9‘3&?@3‘%{3 . 3.73 (d,
J=14.5 Hz, Mdreinbyo@ference. The MCA-peptide substrate is shown below. The

fluorescent MCA group is quenched by resonance energy transfer to the 2 ,4-

dinitrophenyl group. Matrix metalloproteinases cleave this substrate at the
Gly-Leu bond. Cleavage results in the loss of energy transfer and a large
increase in fluorescence of the MCA group.

0 o
%”'gLGLNCHy:ARNHz
CH,—C — H |
MeO Cile
NH
0
NO;

7-methoxycoumarin-4-yl-acetyl-pro-leu-gly-leu-3-(2,4-dinitrophenyl)-L-2,3-
diaminoproprionyl-ala-arg-NH,

The MCA assay was performed at 37°C in buffer containing 50
mM Tricine (pH 7.5), 10 mM CaCl,, 200 mM NaCl, and 1% DMSO with the
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PCT/ US96/ 19328 : -108 - (d, J= 13 Hz,
1H), 3.33-3.13 (m 2H), 1.93 (s, 3H), 1.44-1.35 (m IH, 1.17- 1.07 (m
1H); HRVS (FAB) (+Cs) +expected: 570.0111. Found 570.0122. 6719328

Anal . cal c. WaA720824rr ] H err]FN[err]O[err]S.0.1 CH err] d [e?cr'ﬁm%?. iy

| sooct ane: C, 52.05; H 4.97; N, 9.06; S, 6.91. found: C, 52.03; H 5.00;
N, 9.05; S, 6.85. Anal . calc. for -109 -
CerrJHerr]Nerr]O[err]SF/*0.4H err] O, 0.3 hexane, 0.1 toluene: C, 52.72;
H, 5.01; N, féliowing c&')ceﬁtraﬁond:cﬁmdmx@etélbp?ﬁteinaseﬂ f6 nM\strém8élyin, S, 6. 78.

enbod; mont s of-GHTHTEAL? @m‘?ﬁ?ﬁﬁ\e oxfelinagd e, Epebaaton of M
Bl OLOG CAL DAEﬁbstrateEWs}sfl Fo nafinal volume of 1.6 ﬂl.r qflﬁbﬁé'ébéhdﬁ‘ﬁétgat Ic

acti vi ty was measure version of a resonance ener ay
transfer fl uomescullectedydih iaerkm\eElmané.éB-m and SB35 spedtrofinodinejers mith263

(1992), the dlsclosur of whi,¢ch is i orate her erencge. The
VCA pept | de. s domemat S2P4 AN Ammenct oo hnE: SHecTpRudTocier pare, Flailscpd
quenched by r@ﬁﬁﬂﬂ%@oxﬂﬂ@ﬁtﬂé‘rﬁnérﬁﬂéﬁﬁﬁt& dtbmis2, 4- di mtrophenyl group.
Matrix netal | oproteinases cleave this substrate at the A y-Leu bond.

Cl eavage results in the |l oss of energy transfer and a | arge i ncrease in
fl uorescence it . : [err]
7- met hoxycou < = u-gly-1leu-3-(2,4-dinitrophenyl)-L-2, 3-

di am noproprionyl - al a- aTl'ﬁe N',;!?orthe MCA peptide substiite With thé afitrivvas per f or med
at 37[err]C in buffer contalning 50 nmM Trici ne (|pH75) 10 MM Cad [err],
200 mvl NaCl , anetalioproieinasas isayifechigh and exceeds its solubility under assay

conditions. Consequently, the apparent K; (K, ,,,} 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, ,,,,, the concentration of
the inhibitor was varied at a constant and low concentration of substrate and
the steady-state rates of fluorescence change determined. In most cases
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 containing 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.
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concentrations of matrix netall oproteinases: 1.4 nM stronelyin, 0.063 nM
matrilysin, and 0.030 nM gel ati nase A. The concentration of MCA

substrate Wapoyhgsar 20 [err]Min a final volume of 1.6 niPCHUS&Eence

dat a was col lected with Perkin-El nmer LS-5B and LS-5B spectrofluorineters
with [err] = 328 nmand [err] = 39310m Spectrofluorinmeters were
interfaced with | BMconpati ble m croconputer systens. Competitive

I nhi bition Anal yses The Klerr] for the MCA peptide
substrate with the matrix net al | oprotei nases is quite high and exceeds
its solubility under assay condi tions. |Cgngequently, the apparent Kl[err]
(K[err]) was determined to describe t staergtﬁ (g/ gnhi Yt gon. However,
in this case, Klerr] would be essentiall S eyl ¢t K[!err]dsiﬁnce
[S][err]Klerr]. For the determ nation of Klerr], the concentration of

the inhibitor was varied at a constant ang | ow concentration of substrate

and the steady-state rates of fluorescqnce change deternined. |n nost
cases absorptive quench due to the pré&feace ab ki gand was,ngt observed.
For sl ow bi ndi ng i nhibitors, onset of|ihRi%i Snguav& Sebe collected
for at |east 45 mnutes so that equil irPuf WAasZest aBl iSHRd®

St eady-state rates of fl uorescence charlge were obtained by fitting a
curve to an equation for a single xpge&t il d&ay containBng a |inear
phase. The fitted value of the | i Bkar JYhBs & whsix aken als 1h¥®

steady-state ratg The steady-state tes |were fitted to the Mchaelis
equat i on descri bifg corrpgti tTve inhibttiqr 8y g09-& i@ag g geghods. Data
resul ting from tght-bingli ng inhibition \gsga@lgzg‘d,gagd K[gryl
determned by fitding the~gdata to the tigrt®bi*hdin& equat ion™Nof Morri son
See (Bi ochem £Bi oph A\cta, vol. 185, [pp. 269-286 (1969)) by non-linear
met hods. @ hesresults of tlhe above-described tests are
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PCT/ US96/ 19328 -113- Tunor .nodel s
Primary subcut aneous tunors were established in female BDF[err] mice by
trocar inngggledbdsen of the murine Lewi s |ung carcinonma (Nrdrarsasos2d i ne.
This tunor |1 ne produces spontaneous |ung netastases which arise fromthe
primary tunmor. Prinmary tunor growth wagqgpnitored by neasuring the |ength
and wi dth of the subcutaneous tunor using calipers; |lung netastases were
counted at the end of the experinent (22 days after tunor inplantation) by
renovi ng the lungs and counting the | esions using a dissecting m croscope.
The test conmpound was adm nistered daily, i.p., beginning 24 hours after
tunmor inplantation (day 1) and continuing.through day 21. Primary tunor

vol unes and nunber of |ung nmetastases were conpared to control animals
using an ANOVA foll owed by a conparison of neans using the F statistic. For
exanpl e, the conmpound of exanple 9(a), at a dosage of 50 ng/ kg, produced a
statistically s ifi ty (D < 25) t rgrowh delay, calculated as the
delay in reachF*%iID‘gqp p gdgng WO%E%E“th%éan comtno§ ané treated
animals, and in}th& nurber of 1’ Ung fet a8t §s&s © (P < 0 05) r& 8t ve to the
control. All drwgs were adm nistered at 50 ng/kg, i.p., daily, Day 1-Day
21. The resultsjare presented in Table 2 below

TABLE 2 Exanpl
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Arthritis nodel Previously frozen bovi ne nasal cartil age

pl ugs weighing approximtely 20 ng were enbedded in pol yvinyl sponges

i npregnated with Mobacteriumtubercul osis and inplanted subcutaneously in
female Lewis rats. Dosing was begun 9 days after .inplantation and the
plugs were haVQ&WRWE about one week |l ater. The plugs were WECHRSEH/MBRS t hen
WO 97/ 20824 PCT/ US96/ 19328
-114 - hydrol yzed and the hydroxyprol i-#d3cont ent neasur ed.

Ef fi caci ousness was determ ned by the conparison of the conpound-treated
groups with veBuposmodalsat ed controls. The results are presented in Table

3. i ; ; p.o.
wei ght | oss hydr ox%‘PSTVi S cuex%ﬁgg’éﬁ%r.s were e¢ %}‘i%?ddigyf?maléjgég‘ %
i nhi bi tion niie@by trecar innoculatiod(afthe murine Lewis lung Sarcinoma (NIH) tumor 97. 5

& 1 d.
2( g) (b) line. This tumor Fil?e produces §@o_rganeou%]lung metastases which arise %{)ﬁ)

10 the g:?ﬂlaﬁ/ tumor. Primary tmor 4gr&ﬁtﬂwas moRitred- By mbAsuritg thent I i es:

n.d. not determn
PCT/ US96/ 19328 fength and width of the subcutaneous tumdrldsing calipéés; hirg metastases

were counted at the end of the experiment (22 days after tumor implantation)
by rer:noving 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 siQniﬁcant {p < 0.025) tumor growth delay,
calculated as the delay in reaching 1000 mm?® tumor volume between control
and treated animals, and in the number of lung metastases (p < 0.05) relative
to the control. All drugs were administered at 50 mg/kg, i.p., daily, Day 1-Day
21. The results are presented in Table 2 below.

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

Arthritis 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 a'nd then



1. A conpound of fornula 3: [err] (3) wheréin D
is Nor GRerr] wherein Rerr] is a heteroaryl group, and Zis Oor S, or

a salt or solvate thereof.- 2. A conpound according to claiml1,
wherein said conpound is a conmpound of forrmula 3a or 3b: [err]

[err] WO 97/1085%) (3b) or a salt eeTaRée9sR

t her eof . 3. A conpound of fornula 4: [err]

(4) wherein Dis Nor CGRerr] wiereipf&err] is an alkyl group, a
cycl oal kyl group, a het erocycl oal kyl group, an aryl group, or a

het er oaryl olyZed §ncptﬁér hy'arow?onhe cdnferﬂ nedsRrel]. OFfficadiodsribsk wadz ol Y1 ,
benzotri azol y or | m dazol -I-yl,” or a salt or sol vat e t hereof.
4. A salt acaeteimiged by ¢thencomparisancefdhe compoundireated groups witbwvehiclesr mul a 4a
?Lb)d'b Lerr ]tmtgq FopEels: The resJItes artL. presented in fa%@ 3.
PCT/ US96/ 19328 TABLE 3 116- 5. A compound
of formula 6: - :
dose p.o. weight loss hydroxyproline
Example No. (ma/ka/day) % inhibition % protection_
3(a) 25 97.5 n.d.
2(b) 25 81.1 n.d.
5(a) 10 59.6 725
7{a) 10 77.4 86.7

p < 0.01 for all entries; n.d. = not determined



Erg'[ L{/I group, and wherein Qis 5162:yc| OQPE;P Srghgrr!anag(rjyl m“p umllﬂ"mm“l

het eroaryl group, a heterocycl oal kyl group, or a group of for mul & [errj _
wherein Ais Cor Si, and Rerr], Rerr], and R err] are |ncgr2(?%glg§g%

sel ected from92ea3d any suitable organic noieity, or a salft te
thereof, with the proviso that the conpound, salt or solvate of fornmula 6
is not a diester and with the proviso tHd6-Q is not methyl, ethyl,

i sopropyl, n-butyl, - CHerr]-phenyl, [err] 6. A
conpound accovwyl dgint:o cl aim 5, wherei n when Ais C Rlerr] is
H,  an al kyl group, an Qa 0 | kyl group, a cycloal kyl group,
a heterocycl oal kyl grou Aé’ﬁ"ﬁﬁ?‘ H I"ﬁaolgheteroaryl group,

EQLQS%H

(3}

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

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

UOQSOgH '050‘803!1

(3a) (3b)

or a salt or solvate thereof.
3. A compound of formula 4:

(4)
wherein D is N or C-R,; wherein R, is an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an ary! group, or a heteroaryl group, Zis O or S, and J
is a halo group, 1,2,4-triazolyl, benzotriazolyl or imidazol-1-yl, or a salt or
solvate thereof.
4. A salt according to claim 3, wherein said salt is a salt of
formula 4a or 4b:

SRe! SRe!
H SO0l H O~ SOCH-

cr (4a) cl (4b)



1 g e o oo Rerr] L wherein Rerr] s an ﬂﬂﬂmmﬁﬁiﬁffmlllll

aryl group, a cycl oal kyl group, a heteroaryl group,

het er ocycl oal kyl group, and Rlerr] and R[err] are

i ndependentWw9 9%ei82ct ed from H, an al kyl group and an arpgrngoeisis and
further wherein when Ais Si, Rlerr], Rerr] and R err]
are independently selected froman alkyig-group, a cycl oal kyl group, and
an aryl group, or a salt or solvate thereof. 7. A
conpound accordi ng t o5¢lsacompoundefifeimul&Bt s C( CH3) 3,

CHerr]-CH=CH err], CHerr](err]N, or a group of the formula: [err]
wherein Rerr] is CHerr] or CH(CH[err])[err], or a salt or solvate

t her eof . 9 g of formula 7: [err]

(7) wherein Rierr] and R[err] ependently are selected fromH and any
sui tabl e organi c noiety, or Rlerr] and R err] together forma
cycl oal kyl group or a heterocicloalkyl group, and wherein Qis a
cycl oal kyl group, an aryl group, Heteroaryl group, a het er ocycl oal kyl
group, or a group of forrmula [err] wherein Ais Cor Si, and Rerr],
Rlerr], and R err] are independently selected fromH and any suitable

organic noieity, or a salt or solvate thereof.
wherein R, and R, are each a methyl group, and

wherein Q is a cycloalkyl group, an aryl group, a heteroaryl group, a
heterocycloalkyl group, or a group of formula
JRs
—ARy
R1o
wherein A is C or Si, and R,, R,, and R,, are independently selected from H
and any s_uitable organic moieity, or a salt or solvate thereof,
with the proviso that the compound, salt or solvate of formula 6 is not a
diester and with the proviso that Q is not methyl, ethyl, isopropyl, n-butyi, -
CH,-phenyl,

~HCH2)2SCHC(OINH(CHa)s O\O/\O
HO,
o] HO, OH
o i
o H N/ll\
, or (o NH
x
‘\(KU K/Ko
Me
6. A compound according to claim 5, wherein
when Ais C,

Rs is H, an alkyl group, an O-alkyl group, an S-alkyl group, a
cycloalky! group, a heterocycloalky! group, an aryl group, a heteroaryl group,



WO 97/ 20824
- 118- 9. A conpound according to claim8, Wr{ I II

and Rlerr] are each a nethyl group, or a salt or solvate thereof.t

10. A compound according to claim9, wherein when Ais C,

Rlerr] is H WeP1eb8¢| group, an O al kyl group, an S-al kyl g"r‘aﬂﬁ%’é’”s
cycl oal kyl group, a heterocycloalkyl-groug an aryl group, a heteroaryl
group, CN, or C(ORerr], wherein Rerri 1%-an al kyl group, an aryl group,
a cycl oal kyl group, a heteroaryl roup, or a heterocycl oal kyl gr uro, and
Rlerr] and R[] er€ENaoeC(Q)Repeanbersin 113%?'ééik¥H9ﬂ°PBn‘i“T-P groypy gicyg 86'8}5 and an

aryl group; and fur Rerr],
Rlerr] and R ergrfuaréngkéé\%giﬁouﬁ ﬂ?téad[cgclg? kxln%rg%p,aanig gr.oup

cycl oal kyl group, and an Ryand r@{ommdepen@erﬁtylaelﬂﬁedsfmmzi‘{@l'ltﬂi@!'@&up

11. A conmpound accor di %rto claim 10, wherein Qis CHerr],
CHerr]CHerr],a @ﬂ"@ PYRerr], C(CH err])[err], CHerr]-CH=CHerr],
C"'[e”]qe”]N,aﬁ(jf Her UHR_réth the formla: [err] or [err]
wherein Rerr] I's CHerr] or CH CHerr])[err], or a salt or solvate

t her eof . when Ais Si2. A conpound of forrrul a8 [Jerr] wherein

Dis N Z 1 s OR'and:R, 28k independently selected from an alkyl group, a
cycloalky! group, and an aryl group,

or a salt or solvate thereof. .
7. A compound according to claim 6, wherein Q is C(CHa)s,

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

CHs CH, CH(CHy),
—s|—-€c H12 or —Si—CH(CHg)
CHy ™3 H(CHa)y

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

H O
oos
S R’:'

(7)
wherein R, and R, independently are selected from H and any suitable
organic moiety, or where R, and R, together form a cycloalky! group or a
heterocycloalkyl group, and
wherein Q is a cycloalkyl group, an aryl group, a heteroaryl group, a
heterocycloalkyl group, or a group of formuia

8
— R,
10

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



WO 97/ 20824
- 119 - . Rl err] and R[err] |ndependently are sel ﬁ“lﬁﬂiﬂmjm"l“l
err s o+

and any suitable organi c noiety, or where R err]

toget her form a cycl oal kyl group or a heterocycl oal kyl group,
and further Wimer282¥ Q i s a cycl oal kyl group, an aryl group,p@ﬂjggg,ﬁgﬁaryl
group, a heterocycl oal kyl group, or a group of fornmula Rerr]

/ -A-Rerr].418- -\ Rerr]
wherein Ais Cor Si, and Rerr], Elerr], and R err] are independently

sel ected fromH and ang, N&drﬁi&tﬁad@d&ﬁfdufg fo0cigiii 8, whdreth Rpaind R, af®l vat e
ound according to claim 12, V\/nerel n Rlerr]

t her eof .
and Rlerr] apeachadpathyl QFEPHV‘P" %‘,gghﬁf sqlyatg t t!?Jf*’i’fgor sol vate t hereof .

14. A conpound accor di §g, AGdmptiuidaecoltiitj ® dain¥98ihdreins C.
Rlerr] is H an alkyl group, an Oalkyl dgroup, an S-alkyl group, a

cycl oal kyl gdepA&S Geterocycl oal kyl group, an aryl group, a heteroaryl

, C=N, O I I
o oup, a oyl oal kyl grery VR dtolb s &4 B, B S HIGHRouBa ™ 1
a roup, ?Edl cycloalkyl group, :Rhetar@cyatmﬁllﬂ gnou]:. an aryll gdnmeadmterbaryisgtmlgt[ ed }‘ r omOI
, an a an ou err] an
Rl err] arg |ﬁ?§€éﬁ£ﬁiw s‘@?%ﬁ'f‘g% fg?%'hg]gﬁ SJPR@Aafb?’é{ﬁ%m”B R@@P%'ﬁwkyl group,

and an aryl greyP.a hétercarpajrbu fror%metﬁ’b gydibgiky group, and
compound according to claim_1

CH e CH
CH(CH err])[err], C(CHRePPf iefifgin é;ﬁlr&ef‘}'llfs éﬁf’ J’]‘ %ﬁiﬂ‘% e;]r]N or a
group of thearicd()érf@\lyf‘group [err] [err]

and further wherein
when A is Si,

R,, R, and R,, are independentiy selected from an alky! group, a
cycloalky! group, and an aryl group,
or a salt or solvate thereof.

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

formula:
CH; CH, CH(CHy),
i ]
__?,—QC':;Z or —Si—CH(CHy),
CH, . H(CHy),

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

00,

[N oQ
{8y S iy

wherein
Dis N
ZisOorS, and



thercor ' ugsizonza < ST

PCT/ US96/ 19328 -120 -

compound of formula 9: [err] : (9) whereln
Dis N, WO 9720824 7 i 5 0 orS, and Rl err] - affRI/V§oenssps

I ndependently are selected fromH and any suitable organi c
nmoi ety, or where Rlerr] and R err] togeti®r- form a cycl oal kyl

group or a heterocycl oal kyl or a salt or solvate thereof.

17. A conpound accor di nBs aodgzm gadem%f@éeﬁehptﬂdrfrorariﬂamgny}su@me each a

methyl group, or a sal t?%pg:%&@{y‘?omﬁ&%%, and thogetherfomf é?:yflp‘aﬂ?lt hod of

maki ng a conpound of fo .
(3) wherein Dis N ogro@pl%[r«arhdtembyalm’lkyl@[‘w] is a heter oaryl gr oup, and
Zis 0or S or asaltors vatel e st

t r
converting a @89]56’&%"69 oa“ﬁyl group, ana groupgaﬁgteroa grou;z 2)
wherein D and%@é@cggodmpug}egp,ah@/g}oupbff@rmalat or solvate thereof,

8
.
R1o

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.

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

14. A compound according to claim 13, wherein
when Ais 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 cycioalkyl
group, a heteroaryl group, ora heterocycloalkyl group, and

R, and R,, are independently selected from H, an alky! group
and an aryl group; and
when A is Si, R;, R and R, are independently selected from an alkyl group, a
cycloalkyl group, and an aryl group,
or a salt or solvate thereof.

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

formula:
CH; CH, ?H(%
—Si Riz or —Si—CH(CHy),
&y CHy T
3 cHichH,),

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



to a conpound of formula 3, or a salt or solvate thereof, und
sufficient to formsaid conpound of fornula 3. iﬂmﬁ’" Im mIHIII
according to claim 18, conprising the step of converting a conpodndtofn s

formula 2a or 2b: [err] [err]

(2a) WO 97/20824 (2b) WD 97/ 20824 PCT/US96/19328

PCT/ US96/ 19328 - 121 - or a salt or
solvate thereof, to a conpound of fortba 3a or 3b: [err]

[err] (3a) (3b)

or a salt or solvate 16hé eorhpountefiformauddi®i ons sufficient to formsaid
conpound of fornula 3a or 3b, or a salt or solvate thereof.

20. A method of naking a co f formula 4:

[err] wherein Dis Nor CRerr] wherein
Rlerr] is an al kyl group, a cycloalk roup, a heterocycloal kyl group, an
aryl group, or a heteroaryl group Hor S, and J is a hal ogen,
1,2,4-triazolyl, benzotrlazolyl NG zoI 1-yl, or a salt or solvate
thereof, conprising the step 01‘ onvert| ng a corrpound of formula 3:

[err] wherein (3)

DisN,
ZisOorS, and
R, and R, independently are selected from H and any suitable

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

D()‘L()‘so:,n

(3)

wherein D is N or C-R,; wherein R4 is a heteroaryl group, and Zis O or §, or
a salt or solvate thereof,
comprising the step of converting a compound of formula 2:

0

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

SHCENNSRE

{2a) (2b)



wherein D and Z are as defined above, or a salt or solvate thereof, to a
conpound of fornula 4, or a salt or solvate thereof, under conditions

sufficient to forma conpound of fornula 4, or a salt or solvate thereof.
21. A nmethod according to claim 20, conprising the step of converting a

conpound of f ¥Y@8T2083h or 3b: [err] PCTUSPY19328

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

WD 97/ 20824 -121- PCT/ US96/ 19328

-122 - to a salt of formula 4a or 4b: [err] [err]
(4a) or a salt or solvaté fiEreof, or a solvate thereof, under

condi tions sufficient toJofrfm sali % conpound of formul a 4a or 4b, or a
salt or sol vat dO@hgRRPUNd ofTormula 3aor3b. 55 = A npthod of naki ng a conpound
of formula 4: o err]

(4) wher ei n@’g ﬁl CRerr], PR err] is an al kyl group, a
cycl oal kyl group, He cycl oal g o) aryl group, or a

het eroaryl group, Zis Oor S, "and J is a halogen, 1,2,4-triazolyl,
benzotriazolyl or inid48a)1l-yl, or a salt d3Pdolvate t her eof ,

conprising the step of converting a conpound of fornul aor:a saltorsolvate
thereof, under conditions sufficient to form said compound of formula 3a or

3b, or a salt or solvate thereof.
20. A method of making a compound of formula 4:

O,

(4)
wherein D is N or C-R,; wherein R¢ is an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group, Zis O or S, and J
is a halogen, 1,2,4-triazolyl, benzotriazolyl or imidazol-1-yl, or a sait or solvate
thereof,
comprising the step of converting a compound of formula 3:

'QLQSOSH

(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, under conditions

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

converting a compound of formula 3a or 3b:

A0
J Sne!
SO3H N SOsH

(3a) (3b)

or a salt or solvate thereof,



E:Ig][ir]ned above, or a salt or solvate thert(a(2)12, }[Age;el:gnﬂ)mun"m,“m Immi“'

4, or a salt or solvate thereof, under conditions suf fi*ci ént *t o" f of m*
a conpound of fornula 4, or a salt or solvate thereof. 23.
A nmet hod agg@bflioastk t0 claim 22, conprising the step of PCT/USI9298t | ng a
conpound of fornmula 2a or 2b: [err] [err]
(2a) (2b) or a salt orqgglvate thereof, to a salt
of formula 4a or 4b: WO 97/ 20824
PCT/ US96/ 9328 salt of formula 4a or 4b: -123 - [err]
[err] (4 (4b) or a solvate thereof,
under conditions suffi |ent to formsaid conpound of formul a 4a or 4b,
or a solvate ther eg:j \O\ 24. A Wn&ki ng a conpound of
formul a 6: S0, [&N . SO0t

cr (4a) Cl (4b)

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

O, |

(4)

wherein D is N or C-R,; wherein R,4 is an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group, Zis 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

(2)

wherein D and Z are as defined above, or a salt or solvate thereof,
to a compound of formula 4, or a salt or solvate théreof, under conditions
sufficient to form a compound of formula 4, or a salt or solvate thereof.

23. A method according to claim 22, comprising the step of
converting a compound of formula 2a or 2b:

O S
g0 T30
(2a) (2b)

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




Qs a cycl oalkyl group, an arsl oroup, - heteroaryl oroun, | NI HNENT
het er ocycl oal kyl group, or a group of fo_rmJIa_R[err] * C L M sr] *

/ -A-Rerr] \ Rer
wherein A i swO #2084, and Rlerr], Rerr], and Rerr] are i nBEFERYENEY
selected fromH and any suitable organic noieity, or a salt or solvate
t her eof with the proviso that the con@3d, salt or solvate of fornula

6 is not a diester and with the proviso that Ais not nethyl, ethyl,

| sopropyl, n-butyl, - CH err]-phenyl, [err]
0 HO o WD 97/ 20824

s
PCT/ US96/ 19328 ] \O\ Q’ Qé 124 - conprising
the step of conveHiifig a conpdiRl of for my'ays: $0LCI

(5) wherein R errdr dd4@)R err] are as defi red 4ppve, or a salt or solvate
t her eof ,

or a solvate thereof, under conditions sufficient to form said compound of
formula 4a or 4b, or a solvate thereof.
24. A method of making a compound of formula 6:

(o)

o
S

H
(6)

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

Ud

—A-Rs

Rio
wherein A is C or Si, and R, R,, and R,, are independently selected from H
and any suitable organic moieity, or a salt or solvate thereof,
with the proviso that the compound, salt or solvate of formula 6 is not a

diester and with the proviso that A is not methyl, ethyl, isopropyl, n-butyl, -
CH,-phenyl,

(8)
~HCH2SCHZC(OINH(CHas” \Q/\O
HO
0 HO OH
M ?
o N NH N/ll\
, Or O NH
™
H/ko K/Ko

Me



to a conmpound of fornmula 6, or a salt or solvate thereof, m "II
sufficient to formsaid conpound of fornula 6, or a salt u“‘ “Em |||"ﬂ“1
t her eof . 25. A nethod according to clai m24* wherkin Swhén
Ais C Rlerr] is H an al kyl group, an 0-al kyl group, an
S-al kyl gr owp.e780824 cycl oal kyl group, a heterocycl oal kyl grronasosmesas vyl
group, a heteroaryl group, Cerr]N, or C(ORerr] , wherein Rerr] is an
al kyl group, an aryl group, a cycloal kyoys. group, a heteroaryl group, or a

het er ocycl oal kyl group, and Rlerr] and Rlerr] are

i ndependent | @ of féi#8: aryl group, with the
provi so that X??Z’br bgﬂ%gﬁl rf#ng%g ot gg; meo t hyl gr oups; and further
wherein when Ais Si, glerr], Rerr] and Rlerr] are

i ndependently selected froman al kyly grjpup, a  cycloal kyl group, and an
aryl group. 26. A rrefhk &tcording to claim 25, wherein Qis
C(CHerr])[err], CHerr]- CHCHerrkgHerr]Cerr]N or a group of the

f ormul a: [ er riiS Rp‘r [err] wherein Rerr] is
CH err] or CH(CH err])[err], or a salt or solvate thereof.

27. A nethod of nmaking a conmpound of (fsdrrrul a7: WD 97/ 20824

PCT/ US96/ 19328 -125 [err]
(7) wherein R, and R, are as defined above, or a saltor solvate thereof,

to a compound of formula 6, or a salt or solvate thereof, under conditions
sufficient to form said compound of formula 6, or a salt or solvate thereof.

25. A method according to claim 24, wherein
whenAis C,

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

R, and R, are independently selected from H, an alkyl group
and an aryl group, with the proviso that Ry and R,, are not both methyl
groups;
and further wherein
when A is Si,

Rg, Rg and R,, are independently setected from an alkyl group, a
cycloalkyl group, and an aryl group.

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

CHs CH, CH(CH3)2
--S'—%R‘z —SI—CH(CH3)2
&n, CHs
3 CH(CH,),

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



wherein R err] and R err] independently are selected fromH

suitabl e organic noiety, or where R err] and R err] toget ”mmmmmm"””m
cycloal kyl group or a het er ocycl oal kyl group, and whereih Jista®

cycl oal kyl group, an aryl group, a heteroaryl group, a heteroc cIoaIkyI
group, or a WM fornula Rlerr] / -A-Rerr] \ Rlerr] ’Rﬂ% Ais
Cor Si, and Rerr], Rerr], and R err] are independently selected fron1H
and any suitable organic noieity, or a salpgar sol vate thereof,

conprising the step of converting a conpound of formula 6: [err]

(6) wherein R err], Rerr] and Q are as defined above, or a salt or

sol vat e t her eof, to a conpound of f,.pr la 7, or a salt or solvate

t hereof , under conditions sufficiegf to formsaid conpound of fornula 7,
or a salt or solvate thereof. [ 2@ A nmethod according to claim
27, wherein R err] and Rerr] are a methyl group. 29. A
rrethod according to claim 28, V\/nerel Rahen A is C, Rlerr] is

H, an al kyl group, an O-al kyl group, &r)S-alkyl group, a cycloal kyl
group, a heterocycl oal kyl group, an aryl group, a heteroaryl group,
WD 97/ 20824 PCT/ US96/ 19328
-126 - wherein R, and R, independently are selected from H and any suitable
organic moiety, or where R, and R, together form a cycloalkyl group or a
~ heterocycloalkyl group, and |
wherein Q is a cycloalkyl group, an aryl group, a heteroary! group, a

heterocycloalkyl group, or a group of formula

R
—AZRe
R1o

wherein A is C or Si, and R;, R,, and Ry, are independently selected from H

and any suitable organic moieity, or a salt or solvate thereof,
comprising the step of converting a compound of formula 6:

0
“zN):‘oa
HS Rl:'
(6)

wherein R,, R,and Q are as defined above, or a salt or solvate thereof,
to a compound of formula 7, or a salt or solvate thereof, under conditions
sulfficient to form said compound of formula 7, or a salt or solvate thereof.
28. A method according to claim 27, wherein R, and R, are
each a methyi group.
29. A method according to claim 28, wherein
when Ais C, _
Rs is H, an alkyl group, an O-alkyl group, an S-alkyl group, a
cycioalkyl group, a heterocycloalky! group, an aryl group, a heteroaryl group,



Cerr]N, or CCORerr], wherein Rerr] is an al kyl group, ll
cycl oal kyl group, a heteroaryl group, or a heterocycl oal killlmm u)mu m "ﬂll
Rlerr] and Rlerr] are independently selected fromH, an al kyl §robp ™ and

aryl group; and further wherein when Ais Si, Rerr], Rerr]
and Rl err] wace7zosiependently selected froman al kyl grogprcausspub;zal Kyl
group, and an aryl group. 30. A nethod according to claim?29,

wherein Qis CHerr], CHerr]CHerr], CﬁgCH[err])[err] C(CHerr])[err],
CH err]-CH=CH err], CHerr]Cerr]N, or a“group of theforrrula

LT, ot o G2 B EAIR,: BRSBTSt i Sy Bi i (o1
(7) g/lherel n Eoep r?mt&]‘_ toﬁiﬁfégm]vl\lﬁg odapeteﬂmyberr%qgﬁélqtgrmxfi;:%ggtw?n} Er ?nng any
suitable organic mle%};'&{ ere Ldnt ) '

| oal kyl group or a TRY 8&%?354%[‘ Tioa r @1 flcy) groug
g&gz kgl gra:tganamylzg;er ;group, a heteroaryl group, a heterocycloal kyl
group, or a gro&x&[r@_ﬁrrv?‘rnula Rlerr] / -A~-Rerr] \ Rerr] wherein Ais C or

Si, and Rlerr§ Rlerr] are independently selected fromH or any
sui tabl e organic 1mi ei twherPA is'SER,! ROANE R, VarbnddpdnaBhtly selected from an

alkyl group, a cycloalkyl group, and an aryl group.
30. A method according to claim 29, wherein Q is CH,, CH,CH,,
CH(CH,),, C(CHy);, CH,-CH=CH,, CH,C=N, or a group of the formula:

CH
s oHy CH(CHy),
CH
CHy ™3 H(CHy),

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

H o
®fa
R
S7R,
(7)

wherein R, and R, independently are selected from H and any suitable
organic moiety, or where R, and R, together form a cycloalkyt group or a
heterocycloalky! group, and

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

8
- ’—RRg
10

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



vosri e (B

the step of converting a conmpound of formula 11: [err]

(11) wherein R err] and R err] are as defined above, or a salt ol vat e.
t her eof , twoe72eRpound of fornmula 7, or a salt or solvaté‘pwg?@@#?gunder
condi tions sufficient to formsaid conpound of fornmula 7, or a salt or

sol vat e thereof. 32. A mdRWed according to claim 31,
wherein R err] and R err] are each a met hyl group. 33. A
met hod accor di egmprising thestap,of cbrvertimg a comipeand\of fortiula 11:

Rlerr] is H an alkyl group, an O al kyl group, an S-al kyl group, a

cycl oal kyl group, a heterocycl oal ky} oup, an aryl group, a heteroaryl
group, C=N, or C(ORerr] , wh NT&flerr] is an al kyl group, an aryl
group, a cycl oal kyl group, a hg[ Ryyl group, or a heterocycl oal kyl
group, and R err] a(j%qerr] are i ndependently sel ected
fromH, an al kyl group and an ary¢1 roup; and further wherein

when Ais Si, Rerr], Rerr] and e ﬂ? are independently selected from an
al kyl group, awbemin®,lepd Ryaseps de nEChabtane,/brgrsaEpr solvate thereof, 34. A

C Crier 1) or 15 SBrPhfbor GroblifY. S e selef et bilrsprbibhs 1, o, &

group of the f suificieat to forreaid compound of formuld & of a salt or seleateither8perr] is
e 4% TE oL er 1) 1482 A methog ageordipg go ol 31, WiBIEIVR, Sha 589
PCT/ US96/ 19328gach a methy! group.
| 33. A method according to claim 32, wherein
when A is C,
R, is H, an alkyl group, an O-aikyl group, an S-alkyl group, a
cycloalkyl group, a heterocycloalkyl group, an aryl group, a heteroaryl group,
C=N, or C(O)R;,, , wherein R, is an alkyl group, an aryl group, a cycloalky!
group, a heteroary! group, or a heterocycloaikyl group, and
R, and R,, are independently selected from H, an alkyl group
and an aryl group;
and further wherein
when A is Si, R, Ry and R,, are independently selected from an
alkyl group, a cycloalkyl group, and an aryl group.
34. A method according to claim 33, wherein Q is CH,, CH,CH,,
CH(CHy,),, C(CH,),, CH,~-CH=CH,, CH,C=N, or a group of the formula:

CH; CcH, CH(CH,),
.__glg'_éR‘lz L
i Lo or —Si—CH(CHy),
CHy, 3
H(CHy),

wherein R,, is CH, or CH(CH,),.
35. A method of making a compound of formula 11:



i-ﬁggp;anden'g F;r!are a net hyl group, or(il)salt \(/)\A:e;g: Caﬁaerr]elmmm“"l"lll I”III

conprising the step of converting a conpound of formula 5: *
(5) wherein Rlerr] and Rlerr] are as defined above, or a salt or sol vat e
t hereof, twom7eeszpound of fornula 11, or a salt or sol vat ect/bsssasss

36. A nethod of nmeking a conpound of formula 8: [err]

(8) wherein DisNorCJ{e? Mwmﬂ1ﬂew]isandkw

group, a cycl oal kyl group, a he erocycloalkyl group, an aryl

group, or a heteroaryl group, H Zis Oor S, and Rlerr] and
Rlerr] independently are selected fromH and any suitable organi c

noi ety, or where R err] and R[ergI ogedher form a cycl oal kyl

group or a heterocycl oal kyl grou d further wherein Qis a cycl oal kyl
group, an aryl group, a heteroaryl gréup, a heterocycloal kyl group, or a
group of formula Rlerr] / -A-Rerr](#) R err]

wherein R, and R, independently are a methyl group, or a salt or solvate
thereof,
comprising the step of converting a compound of formuta 5:

0
Hz%"”
HS Rf1

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

Q0
D SO, 0

wherein
D is N or C-R,, wherein R4 is an alkyl group, a cycloalky! group,
a heterocycloalkyl group, an aryl group, or a heteroary! group,
ZisQorS, and
R, and R, independently are selected from H and any suitable
organic moiety, or where R, and R, together form a cycloalky!
group or a heterocycloalky! group,

and further wherein Q is a cycloalkyl group, an aryl group, a heteroaryl group,

a heterocycloalkyt group, or a group of formula
Rs

— _RQ
R1o



Y\?287{ 20823\/{1erei nAis Cor Si, and Rlerr], Rerr], and R[el Im ﬂﬁm "“:ﬂ I

i ndependently H or any suitable organic noieity, or a salt*or® sdl vite®
t her eof conprising the step of reacting a conpound of fom&dpﬁé
7)

formula 11: wo 9720824] [err]

wherein R err], Rerr] (11) and Q are as defined above, or a salt or
sol vat e thereof, with a conpound of fapgula 4: [err]

(4) wherein D and Z are as defined above, and J is a hal ogen,

1,2,4-triazol ngherem Ags Toérr Siaand R, Ry, ahdRjparel independeatly & eraany suitablel vat e
thereof er conditions sufficient to fform sai d conpound of fornula 8,
or a salt or orgasicmoleity fasait or solvate therec 37. A nethod according to

cl ai m 36, wher r f&mima 17\0r fereaukn 11:
Soe A ot hod aceipfsiiie 886 dRréicihg ¥ @mpouad fEmiR e 1y

Rlerr] is H an al kyI group, an 0-al kyl group, an S-al kyl group, a

cycl oal kyl group, a heteyocycl oal kyl groupy ag aryl group, a heteroaryl
group, Cerr]N, or\‘ )R[err] , Wher ei ng rr] is an al kyl group, an
aryl group, a cyclo Q group, a hete[o ryPH group, or a

het er ocycl oal kyl &.nd err] and Rlerr] are

i ndependent |y sel ect ed feom H, an al kyl group and an aryl group; and

wlhEnI Ais Si, Rerr], ®Rjerr] apHemireR|,IR,ar e(1tidependent |y sel ected from an
a roup, a
e P 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,

under conditions sufficient to form said compound of formula 8, or a salt or
solvate thereof.

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

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

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

R, and R,, aré independently selected from H, an alkyl group
and an aryl group; and
when A is Si, R, R, and R,, are independently selected from an alkyl group, a
cycloalky! group, and an aryl group.
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nmet hod according to claim38, wherein Qis CHerr], CH[err]tH[err
CH(CH err])[err], C(CHerr])[err], CHerr]-CH=CH err], CH[err]C[err]N or a

group of t keobpre82d a: [err] or PCAiSP6/19328
wherein R err] is CHerr] or CH CHerr])[err]. 40. A net hod
according to claim 36, conprising the S{RR. of reacting a conpound of
formul a 7a: [err] (7a) or a salt or

| her eof '
sol vate t ereo(4 2 Wi t§p 2ASAkthod acbGHoiRg 18 ¢ fﬁjrgo.% fHPIerelﬁgfs Clts GH:CHay

[err]

under condi t Cbi{EHg)f C{CH HHICH,eClteChh,LHOaN wna group of thel farrBalapr 8b:
[err] [err] (8a)

8b CH; cH CH(C
( ) é ) 3 R312 l. ( H3)2
CH, ™3 H(CHa),

wherein R,, is CH, or CH(CH,),.
40. A method according to claim 36, comprising the step of
reacting a compound of formula 7a:
H O
g
S
(7a)
or a salt or solvate thereof,
with a salt of formula 4a or 4b:

% s
H SO0 H SO0

cr (4a) Ci (4b)
or a solvate thereof,

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

6]
SRS N ca e
oQ N
(8a) ES);[ (8b) [s):} >

or a salt or solvate thereof.

41. A method according to claim 40, wherein
whenAis 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 héteroaryl group,
C=N, or C(O)R,, , wherein R, is an alky! group, an aryl group, a cycloalkyl
group, a heteroaryl group, or a heterocycloalkyl group, and



or a salt or solvate thereof. 41. A nethod acc ' [
40, wherein when Ais C Rlerr] is H an al Hmmmmllﬂummll
O al kyl group, an S-al kyl group, a cycloal kyl group, a hete&rdcyd o8l kyl *
group, an aryl group, a heteroaryl group, Cerr]N, or C(Q I?[’uerr}

wherei n R erwp9%/2308# al kyl group, an aryl group, a cycloal S9% 93%Fp, a
het eroaryl group, or a heterocycl oal kyl group, and WO 97/ 20824
PCT/ US96/ 19328 -131 - -131 -

Rlerr] and Rlerr] are independently selected fromH, an al kyl group and
an aryl group; and f uR;land Ry areindependently Aeletted from H, an alkylgroup R{err],
Rlerr] and Rlerr] are. independently selected froman al kyl group, a

cycl oal kyl gr(ﬂﬂSJ,a%ﬁB"QFP%'yl group. 42. A method according
to claimdl, vipfrtheRvherdinerr], CHerr]CHerr], CH(CH err])[err],
C(CHerr])[err], CHerr]-CH=CHerr], CHerr]Cerr]N, or a group of the
fornula: [ errwhenA’s Shy - lerr] wherein Rlerr] is CHerr] or

CH( CH ) ; i |
o Torr T er of Ranfy an Risard iRdnenidgRty S8R it aTRRYGHoHD, 4 0 M1 2
i ndependent | y cycloadikyl giaupdand amaryl greupl any suitabl e organic noiety or
Rierr] and Reerr] togethgr folMeh Scordif 1 bialh 84 Pwherein Q is CH,, CH,CH,,

CH(CHy,),, C(CH,),, CH,-CH=CH,, CH,C=N, or a group of the formula;

CH; cH CH(CH
—Sl"i—éRi?— -—-é' (CHa)éH
[ Nen, OF T oCH

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

OQ,,,
{e) Eir;o”

wherein Dis N, Zis O or S, and R, and R, independently are selected from H
and any suitable organic moiety or R, and R, tagether form a cycloalky! group
or a heterocycloalkyl group, or a salt or solvate thereof,



gglgoggfrocycloal kyl group, or a salt or solvate thereof, ”“MI“IM””IIIIM"'
S

-132 - conprising the step of converting a compound of forrful & 8"

[err] wherein D, Z, Rerr] and R err] are as defined above, and
further whaygiofadgd S a cycloal kyl group, an aryl group, apoThussesszd group,
a het erocycl oal kyl group, or a group of formula [err] - wherein Ais
Cor Si, and Rerr], Rerr], and R[err]_ e independently selected fromH
and any suitable organic noieity, or a sa t or solvate thereof, to a

compound of f9(?@%@!73\@@%&@8?@Mve‘?qinfé’wﬁ‘lflgurg@Sfﬁ%ulaﬁ‘der condi ti ons

sufficient to ound t or solvate
t her eof . 44. A according to claim43, wherein R err]
and Rlerr] are each a et hyI f 45. A net hod

according to claim 44, wherein B0 o C, Rlerr] is H,
an al kyl group, an O al kyl group, an S group, a cycl oal kyl group,
a heterocycl oal kyl group, an aryl grou eteroaryl group, ~Cerr]N, or
C(ORerr], wherein Rerr] is an allgl gsroﬁ an aryl group, a cycloal kyl

group, a hetegg Angzort eane %r@%%‘i‘feﬂﬁé/d?b%\}é%hdgroulo’ and

Rlerr] and R err] are iIn en ent selected fromH, an al kyl group and
an aryl groupfurther Wﬁéfﬁmﬁlﬁ@rcmm group, amaryl graup, gihetercaryl group, a

Rlerr], Rer ri\e@%‘ifkw %'%E'ﬁ 6(9@%%%?%%(:@6' ected froman al kyl group, a

cycloalkyl group,
Rs

— _Rs
10

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

to a compound of formula 9, or a salt or soivate thereof, under conditions
sufficient to form said compound of formula 9, or a salt or solvate thereof.

44. A method according to claim 43, wherein R, and R, are
each a methy! group. '

45. A method according to claim 44, wherein
when A is C,

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

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

Ra Ry and R, are independently selected from an alkyl group, a
cycloalky! group, and an aryl group.



Y\Dlgg/ -20824 46. A nethod according to clai mpg/ Um"ﬂmallllsnlll " IIII

CH err], CHerr]CHerr], CH(CH err])[err], C(CH err])[err] ¢
CHerr]-CH=CH err], CH[err]C[err]N, or a group of the forrru £
or [ ewdorzosherein Rlerr] is CHerr] or CH CH[err])[’E’F’F’]”.“’19 28

47. A nethod of making a conpound of formula 9: [err]
(9) wherein Dis N, Zis 0 or S, and R¢g3] and Rlerr] independently are
selected fromH and any suitable organic noiety or Rerr] and R err]

together forma cycl oal knb Qfﬁh%thod AcorliNPIoEINRY 45, Ahér¥in iCBl,, OH @H,sal t

or sol vate thereof, n'ﬁ sing the steEl of converting a corrpound of

fornul a 4: [erG']*(CHa)z- C(C a)s, CH-CH=CH,, C 2C""(“49r agmr ithe formulp:z are as
defined above, and J is a halp ge& 1,2,4-tg benzotri azolyl or

I m dazol -1-yl , or a salt or ls e therep’f| to a conmpound of formula 9,
or a salt or solvate therecf‘?' 2 cgpdit it SiorHCHuf fi cient to form said
conpound of formula 9, or a ealt % sol vat QP r eof . 48. A
met hod according to claim47, whereln sai 2 of formula 4 is a salt of

formula 4a or 4b: [err] [err]

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

o

e
H
R
{9) 2

wherein Dis N, Zis 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 4:

mSOZ J ‘

(4)

wherein D and Z are as defined above, and J is a halogen, 1,2,4-triazolyl,

benzotriazolyl or imidazol-1-yi , or a salt or solvate thereof,

to a compound of formula 8, or a salt or solvate thereof, under conditions

sufficient to form said compound of formula 9, or a sait or solvate thereof.,
| 48. A method according to claim 47, wherein said sait of

formula 4 is a salt of formuia 4a or 4b:

0 | .
'_Q O\SOzCI H'hg \QSO L

Cl' (4a) ' cl (4b)



é?:?‘) US96/ 19328 4 - \1/\549-7 20824 ”IMI' lullulllullll “fl"l -

making a conpound of formula 9: [err] * (g ¢
wherein D is Nor CRerr], wherein Rerr] is an alkyl group, a cycloal kyl
group, a %Q?ycloal kyI group, an aryl group, or a hetrRETaN¥1932/ oup, Z
is Oor S, an urther wherein R err] and R err] independently are

selected fromH and any suitable orgg%&_m)i ety, or where R err] and
Rlerr] together forma cycloal kyl group or a het er ocycl oal kyl group, or

asall or solvate ther gl A mobfSiPbf kg Worfbetadl JGHNg L1 1O & compound

of fornmula 7: J[err] wherein Rl err] and R err]
are as defined above, and wher eizn is a cycloal kyl group, an aryl group,
a heteroaryl group, a heter@%@&l group, or a group of formula
Rlerr] / -A-Rerr] \ Rerr] er 2icc C or Si, and Rerr], Rerr],
and R err] are independently sel ected @Li&l

R2

(9)

wherein D is N or C-Rg, wherein R, is an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group, Zis O or S, and
further wherein R, and R, independently are selected from H and any suitable
organic nioiety, or where 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 7:

l:l (o)
OG>
R,
8 Rz
7

wherein R, and R, are as defined above, and
wherein Q is a cycloalkyl group, an aryl group, a heteroaryl group, a
heterocycloalky! group, or a group of formula

R
10
wherein A is C or Si, and R, R,, and R,, are independently selected from H
and any suitable organic moieify, or a salt or solvate thereof,
to a compound of formula 9, or a sait or solvate thereof, under conditions
sufficient to form said compound of formula 9.
50. A method according to claim 49, wherein R, and R, are
each a methyl group.
51. A method according to claim 50, wherein D is N.
52. A method according to claim 51, wherein
whenAis C,



and any suitable organic noieity, or a salt or solvate t
corrppupd of formula 9, or a salt or solvate thereof, undgmmml“t“wmlmn“l
sufficient to formsaid conpound of forrmula 9. 50.¢ Atnef'holl
accor di | ai [

ing to claim49, wherein Rerr] and Rerr] are eachpc'gr/g%yf%ksgroup

51. A net hodwaozaestsng to clai m 50, wherein Dis N . met hod
according to claim51, wherein when Ais C WO 97/ 20824
PCT/ US96/ 19328 -135- - 135-

Rlerr] is H an alkyl group, an O al kyl group, an S-al kyl group, a
cycl oal kyl group, a heteRr @wlaiﬁélkylgrenmwn,omyagwupgamamlkwgweuparanary|

group, N, O ' '
O oun! a oyl oRyRgakyl QPG heteipsy BBl gD 5” ar'v@vr%ﬁpﬁ%%ﬁéi%ﬂ oot nR),
group, and  coN, or G(OR RLWHe}engmq,B[aefélkyl urt = mﬂﬁ@'cﬁ@éaﬂmed from

H an al kyl group r ou rein when Ais
Si, . group,ﬂ[hﬂ’telloafsfkp&l-lﬂ Oaﬁdieﬁ@m(’mgf‘?%ﬁ@ﬁdent ly sel ected

froman al kyl group, a % 0
53. A nethod according tR"g a%rl% h‘\j/\%érhgaﬂﬂ | s&%qli errT‘,‘ 5%?%’! gﬂ[ err],
CH(CH[e][r]%}[e][rahdalﬁ(@[gmub,)[err] CH err]-CH=CH err], CHerr]Cerr]N, or a
group of the for : err] or [err] wherein Rerr] is
CH err] or CH( mﬁ&-‘&h‘%‘%‘??’%‘." 54. A nethod of making a
conmpound of foryRdmA IS, [err]
R:. R, and R,, are independently selected from an alkyl group, a
cycloalkyl group, and an aryl group.
53. A method according to claim 52, wherein Q is CH,;, CH,CH,,
CH(CH,),, C(CH,);, CH,-CH=CH,, CH,C=N, or a group of the formula:

SHs CH, CHICHy),

s R .

—s[;u—éc H12 of —Si—CHICHg,
¢ : H(CHy),

wherein R,, is CH, or CH(CH,),.
54. A method of making a compound of formuia 10:

[ﬁ NHOH
sl
(10) 2

wherein Dis 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 cycloalkyi group
or a heterocycloalky! group, or a salt or solvate thereof,

comprising the step of converting a compound of formula 9:



(10) wherein Dis N, Zis Oor S, and R err] and R er L
are selected fromH and any suitable organic noiety or ﬂm mgm ME |!I|

t oget her form a cycl oal kyl group or a heterocycl oal kyl

or solvate thereof, conprising the step of converting a conpound of
formul a 9: wbernresd WO 97/ 20824 PCT/US96/19328

PCT/ US96/ 19328 -136 - wherein D, Z, Rerr],

and R[err] are as defined above, or a_sﬁ _or solvate thereof, to a
conpound of forrmula 10, or a salt or solvate thereof, under conditions

Theroof | WSR2, R BB Reale S o st or dsait Solaliopleoly or

t her eof . accor err] and
Rlerr] are éaatcomporntyf fermada 10, or a salt or sohfle therest, bndercdonditioneg a

RoTRON"S: . BT 1 Bt siid bampound ot famyia 0. g7 3 53t oxselyaiedherebt. or oun b

het er ocycl oal kyl gr oup55.aA methodgicedidingoto dailes4 wlidnyih Ri'2PdR, ar8d further

wherein R err ﬁnd e{é‘]o are independently selected fromH and any
suitabl e or §2AN @ MBIELYOUBry where Rlerr] and Rlerr] together forma

cycl oal kyl group or a sBeRGheldalc?Mdkily SeaBoutt offoRflia ff SOl vate
thereof, conprising the step of converting conpound of formula 7:

e SRS
802 O
Eité\maou
Ry
{10) 2

wherein D is N or C-R,, wherein R,, is an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group, or a heteroaryl group, and further
wherein R, and R, are independently selected from H and any suitable
organic moiety, or where R, and R, together form a cycloalkyl group or a
heterocycloalky! group, or a salt or solvate thereof,

comprising the step of converting a compound of formula 7:

(7)
wherein R, and R, are as defined above, and
wherein Q is a cycloalkyl group, an aryl group, a heteroaryl group, a
heterocycloaikyl group, or a group of formula

8
.3
10

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

to a compound of formula 10, or a salt or solvate thereof, under conditions
sufficient to form said compound of formula 10, or a salt or solvate thereof.



(7) wherein Rerr] and R err] are as defined above, and
cycl oal kyl group, an aryl group, a heteroaryl group, a het
group, or a group of forrmula Rerr] / -A-H erLr

Rlerr] wherein Ais Cor Si, and Rerr], Rerr], and R[er(reﬂl

i ndependent | waszes24ed from H and any suitabl e organic noi (fwss’ﬂll”éasalt
or solvate thereof to a conpound of fornmula 10, or a salt or solvate

t hereof, under conditions sufficient to_figym said conpound of formula 10,
or a salt or solvate thereof. WD 97/ 29824

PCT/ US96/ 19328 57. A method according to claim 56, whefei' R; and R, are

57. A nethod according to claimb56, wherein R[err] and R[err] are each a
nmet hyl group. €achamethylgroup.sg. A nethod according to claimb57, wherein D
s N 59. 5 maﬁadaee&aﬂgascra@n@awm% Q.ein when A
is C, Rlerr] is H an al group, an 0-al kyl group, an
S-alkyl group, a cycl & k&lme}ho@pcchngﬂ@cm&om;ﬂm group, an aryl
group, a heterﬁ,ﬂgﬁﬁg@up, Cerr]N, or CCORerr], wherein Rlerr] is an

al kyl group, gr'oup, a cycl oal kyl group, a heteroaryl group, or a
het er ocycl oal kyl group, Rjyid H, an alkyl group, an GRaikyt groapdaBSealkyl group, a

I ndependent | sele d fromH,. an al kyl, grou d an a roup; and
vvhenpA is Si, Y ﬁf‘ﬁ %%ﬂh%ﬁ@C@gé%Yl %?‘ép'%mglgq{ﬂﬁﬁﬁ bgé&?ﬂﬂiﬂ“?-r om an
al kyl group, ac-wwm@?rk,yl umefam&ae@neukﬁgvﬂupgaﬁwyl group, acycloalkl 60. A
conmpound according to claim5 err| err] CH err]

CH( CH er r]) [ er Bfoupcakhsterpany! QGL[PePF?ﬁmml‘]Y[ 9"@HPe?'ﬂq Clerr]N, or a group

of the formula: R. and R,, are independently selected from H, an alkyl group

and an aryl group; and
when Ais Si, R,, R, and R,, are independently selected from an alkyi group, a
cycloalkyl group, and an aryi group.

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

formula:
CHs cH, CH(CHg),
. LR .
—?u—éc H12 or —Si—CH(CHy),
CHy ™3 H(CHa),

wherein R,, is CH, or CH(CHy),.
61. A compound of formula 1:

0 O-ﬁOZ—Ar

HO.,,N)L&, \)

wherein:

ZisQorS;

V is a divalent radical which together wnth 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



53(13.”!6\ corrpoﬁ:]d of 1[3;HH a 1: V\/nerei[grrR][err] V\/ianS-lLe”] O“mnﬂm[““ ‘m‘ ﬁ“U

or S;
fornms a ring

V is a divalent radical which together Wth &

and* N

havi ng six ring atons, where each of said ring atons ot her
than C* angoN7zegzpdependently is unsubstituted or substi tedEusIy93as suitabl e

substituent, and at WO 97/ 20824

PCT/ US96/ 19328 -138 - | east one of
said other ring atons is a het er oat om sgpected fromO N and S, and the
remai nder ar Y, eteroaryl
aroup, " or PESCRREE: S Biver AR atoms i a pterontom spleckd im0Vl o 5.2

t her eof . and the remamder&?e carboorgiomsparetcording to claim 61, wherein said
conpound has the fq wher ei n: W X

and Y are each, i ndepééfd%ﬁf‘l%/d%’ h&FF[é'gé'BfL?'PQP;, CRerr]Rlerr],

c=0,

or a pharmaceutically acceptable prodrug, salt or solvate thereof.
62. A compound according to claim 61, wherein said compound
has the formula 1-a:

0 oz§—®— Z—Ar
PN
H Yo W
wherein:
W, X and Y are each, independently of one another, CR,R,,
C=0,
S, 8=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 cycioalkyl group or a '
heterocycloalkyl group,
Rsis hydrogen or a suitable organic moiety, and
R, is an alky! group,

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

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

63. A compound according to claim 62, wherein 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 group, a cycloalkyl group, a heterocycloalkyl

group, an aryl group, a heteroaryl group, or C(OINR;R,,.

where R,, and R,, are independently selected from H, an
alkyl group, a cycioalkyl group, a heterocycloalky! group,
an aryl group, and a heteroaryl group, or R,, and R,,,



Rerr] and Rer i1 are independently sel ected romr and | Il IIANNRNIHN

a suitable organic noiety, or wherein Rerr] and R err] * ¢

toget her forma cycl oal kyl group or a '

het er ocycl oamky$7/m83up, R3 is W%’d‘é‘ﬁ”ér a
sui tabl e organic noiety, and R4 is an al kyl
group, with the proviso .148g8- at | east one, but not all, of
W X, and Y are selected from CRR2 and C=0 or a

phar maceutical | y accept abl e pogéthegwithahé nitrogen ator te whickr they are

63. A conpound according to claim62, wherein err] and Rlerr] are
i ndependent |y sel ected from I-Pﬁ%ﬁ'?egl%m ag}eg%rﬂ?@%!@ép&%%w group, a
het erocycl oal kyl group, ANi<A]Yan SkQMgrous, 46Vddal o, aheterdojeloalky!
SRlerr], NRerr]Rerr], B'an%g %(O?’Eg}er?'],eyv\her?‘gk urCOOR CO§5Ri S an
al kyl group, a cycl oal kyproypoap and oreurs edisterogal gygup, C(OYO-R;s, C(O)S-Reygy oup,
an aryl group, a heteroawéog'rﬁ)up, or CCONR[err]Rerr],

where Rerr] and R err] are Pnd¥pendently selected fromH, an
al kyl group, a cycl oal kyl gr owherein Retisaoa@fiyl groupy & cyeloalisyt group, a

an aryl group, and a het er oar L ot Gy 0f o 8L 51 &4 aRPGroRpSHF b heteroaryl VO
-139-

PCT/ UﬁQG/ 1_93ﬁ8 ) _ group, i eh th

together with the nitrogen ,atomto which they ar

attached form a heterocy& &4 pn@l%g{oup,a&cl%aﬁyl group, aheterqeyclolalkyl

al kyl group, a cycl oal kyhffOuR.-arfl Ji6GS 'Phetetcamilgrdup, an O-alkyl group,  9roup,
an aryl group, a heteroaé/l Fgrougﬂd& ORerr] Lg}c‘:(is-r«;[er.rﬁﬁi P

or SJerr]-Rerr], RysRye OF O-R,5, WhereiRu.dRw 39ER sjare indgpendently o oup,

a cycl oal kyl group, a as defined above, het erocycl oal kyl group, an
aryl group, or a heteroaryl

group,
Rlerr] is OH, aorwihérgin By anthR, together domnk aicyglpalisyl oraup of arhetsrerysiealiy}|
group, an aryl group, a heteroaryl group, an O al kyl group,
NR[err]Rerr], PU&R[err], wherein R err], Rerr], and Rerr] are
i ndependent |y or a pharmaceutically azseptebleprddmigosalt or solvatethereef.n Rl err] and

Rlerr] together forma C%ﬁl %lc:cla(r%lpogﬁé) ggco?’criins tg %faﬁﬁ%%é’%s% ﬁg’ Is hydrdteh'P-
an alkyl group, a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, C(0)-NR3R,, C(0)-OR;s, C(0)-SR,5, SO,-R,5, or C(O)-Ry5
where R,, and R,, are independently selected from H, an alkyl
group, a cycloalkyl group, a heterocycloalkyl group, an aryl
group, and a heteroaryl group, 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.
65. A compound according to claim 62, wherien said compound

has the formula:

S

HO"N N\‘
H

x W

Z-Ar

Yoy



or a pharmaceutically acceptable prodrug, salt or solvate ul

64. A conpound according to claim62, where R3 is hydrogenmmﬁmmmu III”III
group, a cycloal kyl group, a heterocycl oal kyl group, an aryl* gfoup

het eroaryl group, C(O-NRerr]Rerr] C(O-0Rerr], C(O-SRerr],

Sqerr]-R[g,P61,7,2d354C(C)) R err] wher e R[emc]rmsmhquerr] are
I ndependently selected fromH, an al kyl group, a

cycl oal kyl group, a heterocycl oal kyl g an aryl group,
and a heteroaryl group, or Rerr] and R?%tfr] together with the

ni trogen atomto V\/mcht are
het er ocycl oal¥ R:E?Ylyaecep aBI% progrug,s%grﬁ?lvﬂetgﬁre&fkyl group, a

cycl oal kyl grOUp, a heear @C&@hp&hﬂﬁ'#ccordmg to claim 62, wher@irpsald compaupd gr oup,

or a heteroaryl u#h or a pharmaceutically acceptable prodrug, salt
or solvate t formula: 65. A conpound according to claim62,
wherien said conpound has thg forml a: [err] WO 97/ 20824
PCT/ US96/ 19328 & - 140 - or a pharmaceutically
acceptabl e prodrug, salt, omsd vate Ahereof. 66. A conpound
according to claim®62, whereill said Co d has the fornula: [err]
or a pharmaceutically acceptabl e prodr 'ﬁoﬁ” sol vat e t hereof.
67. A conpound of the formula 1-f: [lerr

S

or a pharmaceutically acceptable prodrug, salt or solvate thereof.
67. A compound of the formula 1-f:

wherein: _

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

Ar is a monocyclic aryl group or monocyclic heteroaryl group;
or a pharmaceutically acceptable prodrug or a pharmaceutically acceptable
salt thereof. |

68. A compound as claimed in claim 87 having the formula 1-



}M;(ra:rgi 2: rf ng havi ngvs: >S< ?i gigv:!t gg}s, r\?ﬂiafgl e\gﬁ;ihcgf t gg???ﬂlﬂlumuﬁuﬂeﬂm"

than C¢ and N independently is unsubstituted or substituted by 'a duitabie
substituent, and at | east one of said other ring atons is_a het r?%tom
sel ected fromw0972082nd S, and the renai nder are carbon at BﬁE’;"S?fﬁ‘a’

Ar is a nonocyclic aryl group or nonocyclic heteroaryl group; or a
pharmaceutically acceptabl e prodrug or a.qprmaceutically acceptable salt
t her eof . - 68. A conpound as clained in claim67 having the
formula 1- wherein: g [err] WD 97/ 20824

PCT/ US96/ 19328

. -141 - erein:
Wand X are i ndependent | YV88pcawednderandentiy selpctedfiom GHg -G=04S, S=O\-N6-

N-Rierr] and N (0)-R err N RMSHE N'(O)-R,, where Rerr] is a
hydrogen atom or a suitabl e”substituéent’, and . ) R err]
is a (err]-Cerr] alkyl grouRsismbydrogen atom ar a puitaie gubstituent, and

Pydrogen atons having no. unsal ISt Cr i) GbupS WHERiS RSl k1 group s 2
substituted by one or nostraight babianched shaih neortovalent radical of carbon and
Rlerr] and Rierr] are i nduHEER APy bavog e ANFIET NS08 RPLOBAY o
Cerr]-Clerr] alkyl grougubstitufedBySiecor o suittblesubatituehte) NRl err] Rl err]
o oub, - vided that when W s &5, or 6=8%X s fot &, or !
group, and Rlerr] is an proviaed tha n 2 » AlS not L,
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 akkyl group, and R,, is an
alkyl group,
and wherein each of said alkyl groups is a straight or
branched chain monovalent radical of carbon and
hydrogen atoms having no unsaturation, which is
optionally substituted by one or more suitable
substituents;
or R, and R,together form a monocyclic cycloalkyl group or a
monocyclic heterocycioalkyl group,
or a pharmaceutically acceptable prodrug thereof or a pharmaceutically
acceptable salt thereof.

69. A compound as claimed in claim 68 wherein W is CH,
and
Xis §, $=0, O, N-R;or N*(0)-R,; or a pharmaceutically acceptable prodrug
thereof or a pharmaceutically acceptable salt thereof.

70. A compound as claimed in claim 89 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



"< % sbraight or 2 Branehed-enai n JNHLALAHNL 04k

of carbon and hydr ogen at oms having rfo "
unsaturation, which is optionally substituted by
one or norgodhhak! e ' subst i t uent BCT/US96/19328

or Rlerr] and R err] together forma nonocyclic cycloal kyl group or a
nonocycl i ¢ heterocycl oal kyl group, (%I;‘ a pharmaceutically acceptabl e

prodrug thereof or a pharnaceutically 2eifccept abl e salt thereof.

69. A conpou clbained in aj,m 68 wheyein IS 2 and Xis S
320, 00 N ReLUPINR . Rae. i SOFRan GFRUEMIhSTEM Brr. 20600 267 830 o g

thereof or ajndependertiytdncalkyl WherRR aid -strai 70.
A conpound a!s c?gi rred”_i_n cI%%grrr?\gg wherein g[lﬁgrlg@?agggstraq]h;&o en atom an
al kyl ~ group, buanehed ghaiairaongvalant sadieal of sahostang hyrogsn atonisrhavingno chai n
monoval ent ' gl itatieh, WAh Kotihally SUBKIRReR b Bhekhhiid diftable UNSat urati on,

which is optionally su te y  one or nofre sultable Substituents, a

C(O - R err] gubsifyerds.Gno)whateir R}, igya ovnocyclic(ayhgroap er ah afybgmoupaas
\IQQT? Llssg%g?,ggﬂned above; or a pharmaceutically acceptable prodrugorg ,, _

C( O NR[ er r ] Rphamjacegtically. acesptablecsatithéfeof.r ]| group, wherein Rierr] and
Rlerr] are each i ndependent|y an al kél ,n%;rtg,up wherein said al kyl group is
a straight or  branchdld cHAF a3 eaimed, iy daim 88, whareBWds $. B8 ogen

at oms _havi NgNIR, and RISEM, 261 PPhariice btidaly eRE&aBk! podiugYrid Ut ed by one or
nore suitable substituents, and wherein Rerr] is a nonocyclic aryl group
or an al kyl ghampRceyticaliyaccraiablespiithergola phar maceutical Iy accept abl e

d h i . !
prodrug or a  phar macgy '%b&?‘pa‘m’gﬁé%‘rﬁeémé}%ﬁ?@we&egws WFra and x

71. A conmpound as clained in claim 68, wherein

is CHerr]; ondXiplGaixarapharmaceutically pceeptablpmoorrug o a
phar maceutic ) 72. A conpound as
clainmed in C?h%ﬁ‘%%?lﬂ%}&%é%ﬁ%kséw&ﬂ] and Xis CO or a

phar maceuti cal |y accepl@bl éA pomgounyl as claimed phelaime@®,uvherein W ia Os€pt abl e
salt ther€ol g X is S, 0 or N-Ry; or & phaftnS@iIRiRdf a @ttt PRsiriglora @ ™M 68
pharmaceutically acceptable salt thereof.

74. A compound as claimed in claim 68 wherein Aris 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.

75. A compound as claimed in claim 74 wherein said suitable
substituent in the para position of said aryl group is a halogen atom, an O-
alkyl group, wherein said alkyl group is a straight or branched chain
monovalent radical of carbon and hydrogen atoms having no unsaturation,
which is optionally substituted by one or more suitable substituents, or a
monocyclic heteroaryl group; or a pharmaceutically acceptable prodrug or a
pharmaceutically acceptable salt thereof,

76. A compound as claimed in claim 68 wherein the carbon
atom designated with "** is in the R-configuration when X is CH,, C=0, O, N-
R, or N*(O)R, and in the S-configuration when X is S or S=0; or a
pharmaceutically acceptable prodrug ora pharmaceutically acceptable sait
thereof.



and Xis S, 0 or NRerr]; or a pharmaceutically acceptable
pharmaceutical ly acceptable salt thereof. 7‘”"[' r"mlmmmu III,
as claimed in claim68 wherein Ar is a nonocyclic aryl group®whitchwiss =

unsubstituted or substituted in the para position with a suitable
substit uent ; We97808#ar maceutical |y acceptable prod rug FCTAUS96/19328

phar maceutically acceptable salt thereof. 75. A conpound
as clained in claim74 wherein said suitafle substi:tuent in the para
position of said aryl group is a hal ogen atom an O- al kyl group,
wherein said al kyl grouf7is A conpuupbitasadlaibiedrin eRim@Saivierein $aid suitadsiat

radi cal of carbgn.and, hydrogen atons haying.no unsaturation,. which is

optionally su@&#@@@ﬁ'"ﬁgeggg BeSin QP%‘F ?&595’”&)5 iR chloringy a o

monocyclic hetméﬂ@&ybrarm@aan%id%zevpgﬁfaﬁﬁéﬁé ﬁﬁé&ﬁécéﬁﬁ@ény%%sptablédf ug or a
0 )

phar maceut i calé% acceptabl e salt théereof. A conpound
as cl ai med i n RiPdiug ¥ pharmacgutically ageeptable salttbereabsi gnated with "*" is in

the R-configuration me%XAQE%W?Eh‘E'gﬁz’&gg%“"@t“'é‘m%gr r] or N#(0-)Rerr]

and in the S-configuration har maceutical ly
accept abl e prodrug or a(ghar adberapeutidally effectivetambdunt oflatcompoundrasof .

\Ié\gT? 6%58%3 328def'med in claim 61 or a pharmaceutically acceptable prodryg, salt or solvate

77. A conpourtesf,cdngi med in claim 75 wherein said suitable  substituent
In the para position of ,said aryl gro s fluorine, chlgrine, a met hoxy
group, or an inidazolyl ¢ rouﬁ;"’%}‘"‘g“%ﬂg?%%ﬂ@éﬁ crigh dilgentpvehicle gy odr ug
or a phar maceugiciiiédty acceptable salt thereof. 78. A

pharmaceutical conposition conpri si S&c . _(a) a
t herapeutical |y ef fecti ¢& Anph@maseutical sampasitiorigompdegingned in claim 61 or

o] B ahar receut S e, S saaglaly Skl bl ol <
exci pi ent . defined in claim 67 o1 a/phanmenedisally seteptabtp poodriugor aonpri si ng:
G5 or ' poae oL BELIEB I gkl TP 25 e LI el
accept abl e salt thereof {b)anda pharmaceutically accépiableacartier, diloent; vehitie or
accept abl e Caré)écﬁarientqi | uent, vehicle or
80. A method of freating a mammalian disease condition
mediated by metalloproteinase activity which comprises administering to a
mammal in need thereof a therapeutically effective amount of a compound as
defined in claim 61 or a pharmaceutically acceptable prodrug, salt or solvate
thereof.
81. A method of treating a mammalian disease condition
mediated by metalloproteinase activity which comprises administering to a
mammal in need thereof a therapeutically effective amount of a compound as
defined in claim 67 or a pharmaceutically acceptable prodrug or a
pharmaceutically acceptable salt thereof.
82. A method according to claim 80 wherein the mammalian
disease condition is tumor growth, invasion or metastasis, or arthritis.
83. A method according to claim 81 wherein the mammalian
disease condition is tumor growth, invasion or metastasis, or arthritis.
84. A method of inhibiting the activity of a metalloproteinase
which comprises contacting the metalloproteinase with an effective amount of



g)(;(r:]hm ?g;. medi at ed by me'?gi I oér (r)r:agihggsgf af:'[ ?a\a/lit ![ ;gvmai gﬁngxmmmumﬂﬂm " I“I |
adm nistering to a manmal i n need thereof a therapeutically é&ffectfve *

amount of a compound as defined in claim6l1 or a pharmaceutically

accept abl e woounresys salt or solvate t her eof . PCT/US8419328A net hod
of treating a mammuali an di sease condition nmedi at ed by netal |l oprotei nase
activity which conprises admnistering {442 mammal in need thereof a

t herapeutically effective amount of a conpound as defined in claim67 or

a_phar maceut b@ihplo e aPadied 1§ oty ¢4 da fhamaBlfEAGT UELGALLN AGsieR! abl e

salt thereof. according erein
t he manmmal i aer a phasmaseutivallylacceptable salbtheregft owt h, i nvasi on or netastasi s,

or arthritis. od .according to claim8l wherein
the manmalian  di seasgs'con%i"?%%d &%{?ﬂ@p tﬁ%@ﬁ{"ﬂ& ‘?qms aPIgteingseast asi s,
or arthritiswhich comprises contadlifig thé\netalioproteinase Withian efibctiVeamslintioft Y of a

net al | opr ot ei nase ich comprises contacting the netall oprotelnase with
an eff egt i ved urg]as definedin llgﬁ/%zq;@zp!\am ceutically acceptgble prodrug

PCT/ US96/ 19338 a pharmaceutically acceptable salt thereof. -144 - a conpound
as defined in claim61 or a pharmaceutically acceptabl e prodrug or a

phar maceuti cal | y accepB&bl eAsampound aeegrding to claim 61 selectedfrom ZRjN-hod of
inhibiting t 1A Na | Ahi.ch conprises contacting
the netall op?‘gfjéb%ka“\s{g% @ﬂo@gﬁgbwﬁﬁz&hgﬁﬁi&? l)'c?f(métﬁa% Wni as defined
in claim67 piperagheiZrearbonanside] AR)dNbydraky-d-(@«(ddrug or a
phar maceutic e f . . 8. A conpound
accor di ng to%M’ép&%é§%§$@%{"§ghl&?%%thﬂpesu”ﬂ%‘?'BW—’ﬁzme'g'
- (4- (4- chl or cattmxamidéamde3(83--hyurky-444-( (potid-ardyonyberyénesulfonyl)-2,2-
pi perazi ne- 2- carﬁog%&ﬂe' %ﬁ),]- h drogy- gh%}ﬁﬁ .
f1 uor ophenox {iBethye Yargriitl £-thigzings e &, apd phagpaceutisally
car boxam de; agbéptable)salts anepharmacditichliyrdddeptabie/ broaigsmBrioresul fonyl) - 2, 2-
di met hyl -t et raﬁ%ro- 2H-1, 4-t hi azi ne- 3- c}g?pdggam glg; an(fqgh?ae?ﬁrraceut ically
acceptabl e salts and pRér med €ampeHnd poeprdingtta slaim S6ovhickyis 3(G¥Neof .
87. A conpougdroxyue(adi(pitid-A-yHbR)Bemienebinfdhyl) sthiyl- 200-
4- (4~ ((pyri d4&'|°§‘g>gyg gcé@ene%’ﬁ.l s 2%"‘&t’%§ﬁ?@?’r§ﬂ§%§?ﬁ 1
, 4- t hi azi ne- 3. 4HrazRemcasboxamide;ora Pharmaceutigally agerptableisaliosal t or a
pharmaceutically acceptable prodrug thereof.
88. A compound according to claim 67 wherein no more than
two of said four ring atoms of V are a heteroatom independently selected
from O, Nand S.
89. A compound according to claim 61, wherein said
compound is selected from:
3(S)-N-hydroxy-4-(4-(4-imidazol-1-yl)phenoxy)benzenesulfonyl-
2,2-dimethyl-tetrahydro-2H-thiazine-3-carboxamide,
3(S)-N-hydroxy-4-(4-(4-flourophenoxy)benzenesulfonyl-2,2-
dimethyl-tetrahydro-2H-thiazine-3-carboxamide,
3(S)-N-hydroxy-4-(4-(4-imidazol-2-yl)phenoxy)benzenesulfonyl-
2,2-dimethyl-tetrahydro-2H-thiazine-3-carboxamide,
3(S)-N-hydroxy-4-(4-(4-chlorophenoxy)benzenesulfonyl-2,2-
dimethyl-tetrahydro-2H-thiazine-3-carboxamide,
2(R)-3,3-Dimethyl-N-hydroxy-1-(4-(4-
chlorophenoxyl)benzenesulfonyl)-piperazine-2-carboxamide,



pharmaceutically 'accept abl e prodrug t her eof .
according to claim67 wherein no nore than two of said ft“nmlml Immmn'
V are a heteroatom i ndependently sel ected fromO, N and S.*
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2(R)-1-(4-(4-(Fluorophenylsuifanyl)benzenesulfonyl)-N-hydroxy-
3,3,4-trimethylpiperazine-2-carboxamide,

2(R)-1-(4-(4-(Chlorophenylsulfanyl)benzenesulfonyl)-N-hydroxy-
3,3,4-trimethylpiperazine-2-carboxamide, -
2(R),3(S)-N-hydroxy-4-{4-(pyrid-4-yl)oxy)benzenesuifonyl)-2-
methyl-tetrahydro-2H-thiazine-3-carboxamide, and
2(R),3(S)-N-hydroxy-4-(4-(pyrid-4-yl)sulfanyl)benzenesulfonyl)-
2-methyl-tetrahydro-2H-thiazine-3-carboxamide;
or a pharmaceutically acceptable prodrug, salt, or solvate thereof.
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(57) Abstract

The invention relates
to compounds of formula (1)
wherein: Z is QG or S; Vis a
divalent radical which together
with C* and N forms a ring
having six ring atoms, where
each of said ring atoms other
than C* and N independently is
unsubstituted or substituted by
a suitable substituent, and at least

Z-Ar M

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 heteroary}
group; and pharmaceutically acceptable prodrugs, salts and solvates thereof. The invention further relates to pharmaceutically acceptable
prodrugs, salts and solvates of these compounds. The invention also relates to methods of inhibiting the activity of metalloproteinases by
admmxstenng 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.




