;e3e_NNO U<VT_6_T 34t -1 1 Z MAY 2003 HYDROXY Pl PECOLATE HYDROXAM C ACI D

DERI VATI VES AS MVP | NHI Bl”ﬂ'm sent invention relates to h

pi pecol ate hydroxani c aci mﬂmmm and to pharmaceuti cal corrp05| t”)
conpri sing rivatives apgdqlo the use of such 5 derivat

t r eat ment g?d'gdr?(%gﬂﬁ tis, cance{rmgnd ot her di seases. The corrpo%@%gb@lgsﬁ
present invention are |nh|b|tors of zinc mdtall oendopepti dases, especially
t hose belonging to the matri x netal |l oproteinase (al so called MW or
matrixin) and reprol ysi n (aI SO knovvn as adanyl sin) subfamlies of the
met zincins (Rawin Sb al ods in Ené‘\{)rml o\a;l/_y 248, 183-228 (1995)
and Stocker, et al W’S&%fwoéé%%%mxﬁm%é SEBIVATYES p§ MMPINHIBEORAP

subfam |y of enzynes currently cont ai ns seventeen nenbers (MWP-1, MWP-2,

MWP- 3, MWP-7, NMﬁ%i% 1, MWP-12, MWP-13, MWP-14, MWP-15,
MVP- 16) MVP- 17 ei%esﬁwﬂvi"élm f\ﬂ?ﬁiesziﬁ)hydmp'mp'aée ByEOXRENCt acifderivalYRSWANF o
their rol e inorpgguhadeuttgl tdompbditione vesmpdiking xducRCadrivativad dmat fol ePlget 8f Rechand

o5 such PLEY JOROLE A el DA b RR P RSB0 eoo0® S e

are expressed in n‘Em:;copaomls@gﬁearessmtmmhimme inhibirdts ofnzsr&d)nélélmahdoﬁéma&ti ve

| ot LV vk S LSk 63 AXATM g MIErdS, RSO hehhDS

cartil age), Ha@m'b%@f??@éwew&ﬁ? adamy!sin) spefamiies of g @sei@dm (Ravdiogso af al.hiethods

((:ﬁ/'r\/}:) i |2 ag(l\a/IVIg Mk Q% g§t24§|183 %@95 nd'SW&lért ebal%rota?rﬁémér{’c% -ﬁ)ega -84d (1645 MVPs
are al so 20~ overexpress

osteoarthif tic cart®l MYE %’Hff’”l”}‘lﬁ’f ikt 6?"%‘%0’6?'”%!5?"961‘%{‘ WE%@GM\/(MWi S

expected to suam2pMMEDaKVPIEVMAMIGE| MBI MNPSS fiPaar MMPaQae MMprfMMiﬂM

joint di Seas‘ﬁmé%*}wﬁﬁ 185 ﬁlgalr t IOIMFI% rP rg‘?\@’ﬁﬁﬁ){ Wé\lﬁéresmost well known

manmmal i an reprol ySins are kKnowh as

Met al | opr ot eiferalbel) rqlendi feigeleting e tain-qved of é)atabellalaoIma,tnxl&btexr@?éimd?az&u(:ri@%))
and contain t; i ke
domai . To AT P el GRERsica ptiheet Rk S T Ehent BERLERORRGR, 1

al so know® asd‘fie[ﬂﬁ‘b?t'%e@r%’glt'g” feechIP>s:are Repr %ﬁ@@rm$mg>a§wwm S{tTNEEE)in whih t he

nost wel | kn%W@brAWnnéﬂ@Muésﬁe(tMQ@ id Scd Oﬂ%r@xénﬁlermﬁdpﬁ%vé}g&u e Gfh !
bound tunor necrosi.s ctor known as cachectin TNF- a

a
i s recogni zed°Fd! gv'g(')aa}ldﬁgrép\?%% Req ﬁ‘%?eq H’F%B‘H’i%’sc%qﬁﬁie“aﬂtcém’ﬂﬁ?ﬁhehadlt?é%lses
(W Friers, [EEBGdtretetds be 028Expres88d (nm%a)ﬂ)rmc keaititabe (Mruhel), 6t bl Naglid &sests hown
that TNF-a i gt t f PR en 1n
sepsi s and s?fc])t P% g#%ﬁ Wg@\ogn@pg a2 'M& i i cwam%gé)o@gpéghare also
| mmunopatZRol GYsrexPeEEsS! I‘loite@QQ*)C) cartirpger én%rf@lbﬁm of seme wfallTiRhese MMPy e | |
menbrane pr oteRbertedfio EBIaK ibiek Rl é?ﬁélbr%fed%of%@rt%@ tipRB Bff}b.nmaées%%ﬁi% e 17
kD form generated from 35 the bound protein by specific proteolytic
cl eavage. ThQS@%ﬁr@B’fsé’rth“RBmfdo?ﬁ‘l'% TNF-a is released by the cell and is
associated with thae deiaetmuhamuep&ﬂ)fsmt Ser@f krdWn- aas TADAME O Ofsintegril  AndVAY

Gites i stanbebgeneeel (B0 el 8, oL cBugh? of, EERR Tl S aes ont

t he form&bi odisipfegdm|daimein iMNEditom tel apme\aé@nroteltmedmé elbawrinouJo ebfeciestytired he

sol ubl e fact grstmcﬁgbg,gg hg@mm&gt,f% the invention are potent inhibitors of
aggrecanase, an enzy S5 Inmportant In the degradation of cartilage

aggrecan. Aggr ecarﬁ\Qﬁ‘M 175 2lgp kpPvieds WReE newosrelaatar-ApmeonTering ee¥me fTAGGYriecan

from the car tte mge waikhbwn IADARIN AD’Rﬂrﬂ?aQW\CEﬁ%t r‘éE;{anIbIEh@rt 959?5@%5&&‘9 boBd
eumatoid arthritrs and

joint diseases such as OSte'OEl b%;
i nhi bition of'"PEPERsH Bsterpleha (Tl WINAY GEhestitle K THFE 1§ ppeeanied to be
cartil ag@oi nlmheaﬁlndnaﬁasfealouoah@lautéﬁﬁh@wetm&bsébam FEritPMFEBSDLRER m lwe

at hol ogi cal at AM 1 S-1 al J. Blo
I[2)72 55%I 562 T?’%) f 9’“’% %DE\%R E‘E)e” T °"¥1M’aii(s% 'Et&'ﬁl p”’”eBi”ES‘ﬁ@Wf the
. Bi ophys Resmﬂémtrmatnry ré%nseﬂﬁﬁén Mgepsic B8O Bptic sﬁ@ckl(amdnedQ_Ealotlnrtsdswlnemmbagxs| on,

physi ol ogi ca r n j a i.at .l of t ncr eases
Phetul s grei HaroBaiiody br E4F P8, TRBES ot 1heet aeo| Pemdies
will be appr ewtein efdelatieanaienyiso ads 2600Q (26 KD)wad kisoblard hmsferfnugenemtetdrfmm

t r eat menzgof yar ri4d.s

artnri 1S, R Anaet iR SR AR Rao0  HesolBE OB IR B fira i,
respiratory &lepseeby tf@w@r‘ﬂlraﬁw a%?@?'ﬁ‘ﬁﬁ W'*bhhe)mleieocbstaﬁaets |0f/é§Nbul ridwsafoym of

di sease, Al zheiner's disease, organ transplant toxicity) cachexia, allergic
reactions, allergic rsensitivity) cancer (such as solid tunor
cancer including co“mﬂmmmﬁWMWWMEreast cancer, lung cancer and prostrate
cancer and hemat opoi eti g nmlignanci es |nclud|ng 20 | eukem as and
Iynphonas) tlssue ulcera Ion, resten05|s perlodontal di sease,

o . o o o S o, -~ = - =




1 2 MAY 2003 wo oo/ 09ass -3 PCT/1B99/01388 i nventors have been able to
idenfrfy include those nol ecul es which selectively inhibit TACE ang, 7ryrygs
nmet al | oprot ease-13 (MWP-13) preferentially over MW-1. Another group of
preferred WRKDPBI4BHrs the i nventors have been able to identiPgr/iBseiouisé t hose
nmol ecul es which sel ectively inhibit Aggrecanase and matrix

met al | oprot easE 13 (MWP-13) preferentially -8ver MVWP-1. 5 Anot her group of
preferred inhibitors the inventors have been able to identify include those
nol ecul es which selectively inhibit Aggrecanase and TACE preferentially
over MVP-1. Another group of preferred inhibitors the inventors have been
abl e to identi fiFinisialrgecapditsef astingd gitasisidnt bmdled sitetdf wyrithesis nhusi tnhnbutors of
Aggr ecanase pr e || |

reprolysin i nh?féie?o‘?%b%r é%w@ t'ﬁ%&ﬁﬂyﬁ 3 %Fﬁ%%geltv%rﬁgﬁg%gl&gpem caquﬁ]e
United States PotkRafac®rgel, 510, issued January 19, 1999, refers to cyclic
aryl sul fonyl am no hygdiexaym [ r {

Publ i cati on WO 981 34918) u"ET"?f’ 0(e#?thet RRhRIEe Ha@ﬁtqhﬁlﬁt?res“égrggbrg@ngée %Fnse'nz)Pngr
hydr oxam ¢ dci dPARY 'Udh%ﬁegéaéjﬁ'%‘l‘i of %g}@ﬂ%ﬁg@r %iﬂﬁst/iﬁgtﬁcéﬁﬁsé%ﬂ%?ﬁ!@quh@tbeaﬁ%

useful as MVP apDRAMDI tTOE SiossPEIT a@gjb&dncﬁdm Wc&?@a@&h%%@% anGnAOR=R B0EP I the
publ i shed March 7, 1996, al

; i {1 Febr uar %ﬁ’ﬁ% respective lX 15 refer to
Pyl Sul fonyl hRPiSEART 8 BB AReESraich oh PHESH VO Y18 DSTTHOS AT iiiand BhEton o
January 29, 198@grecapheris expecipth egidw oraoels thedldsh ohddrilagetin thedeydiseB6eE. publ i cat i on
981 33768) publ : shed li\%tArv@ th&%%@e sf&%jneé’x rfers%q% n in acbaﬁ':ugsltclalts"{vagiﬁ%seiac!ude ADAM

aryl sul fonyl am no hydroxam ¢ aci 9
publ i cati o8 am&-1dfpnd. ehgli dnBiol Eheray 212y STEREEr(H2A7AX entl APAMefier rene 1iS(Wt 8t

entirety. Sumgr i®heh h@oé?ﬁé’ e @&nr%ol 233"93795@? 2%7)| nﬁg p&o\tﬁlﬁg@ &Rl g)ﬁarésgtoﬁ

conpound of the for
pham-aceut i cal PRysklogicpsybtates ang disease P%’i??'ﬁ’“%/r?é?’élﬁﬁ)w s increggeg the fullesigndficentge

fromthe groupofawmﬁﬂm@miﬁ ohydbaxyofewdfeewrbea p;baeig@al (preferably chloro

?E:Zfz!sugg;) )h et é?c\)lé r yI %% u?(nfi(é ﬁ‘(% lr(uvét%&@rglu&%g,ﬁn the” tre;tmeXt cgf arthrmg ?ncluedm%l
(C6-C, o) aryh( CQSi@)‘laﬂlﬂGy alyd rht(L@@lC(BQ)aﬂthteT oiaftaniriaBary Cbgved! kdisegde, Crohn's disease,

C, - C6) al kyl k L u |,
(CsC og Zr yIy a%ﬂ&&érﬁ%t er oar %(art %lsuésg s&@%mreﬁ %Nm? C‘E{% é)cf (%Y%%"%"M
C6-C, o) aryl ox?‘sea@&'@@)’)wf‘éﬂgﬁ&?% é?fﬂaﬁ@ans(p@zt @gbthemr@wﬁwll@mcaeachons allergic
CZ- C9) het er oagghtRX p&ﬁs;@@ C4REN e las sbife: tumoulc%c%Xcl@%ScoWnQaqgérogx%%
CT/1 B99/01388 C6 k&/(‘%‘é/droxymat h I ene% gréerl €/

C, - C6) al kyl pi FEFF daF” b c PIOSHH F2anger, sk 'amelopeistls, melgnarsinsa diAuging |
C, - C6) al keky - leGkeblias and@aiiomes, 1i€s6¢ alkérytionNidsteRBs, pericaibflal disease, epidermolysis
(C -C6)al ky] th.hlg&‘ Ozst%o\gomglge'l&sér@ﬁqd o? %dlfg%e H?xkty im r%J pa{m r¥?c?%$515 n(%clugmg

ubstituted by one'or oups ndepen y O edte
C6) al kyl t h?tbem{@rot@ayﬁumﬁbwwei repiti¢ @ogunrset fiydludingGidoiaél aortic @de@ysh ang | |
C9) het er oagriih, adrfid ehe sﬁc’g h&i’ﬂe@tﬂe el - fgid?é a@%’&éal%é? rinfhrefnC sﬁ%@ YdePetVal

C -
Cz-
CZC9) het er oaryl am no, eteroarylthio, het er oar yl oxy,

C6- C, a) aryl ( henbe) be Uau('@S%’)%ﬁE’F’ Mr*yvpuro@gqr@@we QF?}'@Q@ECH‘Qland ‘chronic),
gG C,o0)argh( Cautdﬁﬁ)nahé(@ewde(s%um‘)dwa%edlﬁb%ﬁé” RerkindPlsabikesy,, mlgralne depression,
Co6-
m

L5y e e EReREN, B, Aty P sty RGPS P bheiker
no, (C, - CG)Qﬂhhwemmhemwtrop(n@lat@)aletoﬂs)mamplmeclerosxs I?iculamhglaaene@rs Edrmeand

R', or RS and a X d or
N RQQWWCR@;% db @ BfRubR AR v, \Jofﬂ’be £ d*a BBYL:, 1 lor Rvadlieluifer
C3- CB) cycl oal ¥gwth, @R‘&b’%‘?ﬁﬁ%&?‘l’me@ ﬁ‘iaﬁ@pcqclﬁh@(WDS ﬁﬁmﬁm}'hep@ﬁ shagk.r al i ny|

ing or a go OUp of ﬁkéec Bﬂﬂds%fmédfgsgmlrﬁleﬁron'a?e also useful in the treatment of diseases

(
r
C6- C, o) aryl kox
ECG C, Og ar ¥| E V@%ﬂ @%@(@@%ﬁ gdﬂ?’WS will provide therapeutic benefit, such as those

E gZZ gg Eet er Oacrhxatagc@nzm}y&hd{wét%pﬁhe&lh% &ADAM expression. 4

et eroary et er.oar j onal stitute one
or nore substituent %s&m i eé“){fcﬁ%%alf%d'ﬁ??'égd g{‘gi‘i)‘éfsl ‘E°ﬁ% ‘fg’ gipn p@orsﬂ%g
preferably onedrf[emerttlhlrraealbprbteaset arehegrolpsin bdtigityt (preferatiy TACE thhibitorg activing.. 20n¢ | ng
furtherst o GUR rein i tituents ar
i ndependen% ynasrzéqbecfgﬂgg%reoo nh{Bh&r? rougetr%oné\i%t ?er?a or° ﬂ t?'g' ' oe % eCé'ﬁ'ﬁ*l’ kyl
optional |y subsgtectvgtyciohit TRCEoPreferﬁnha*mpter MMR1.i Weotaemrwp(qmmm?mamrybnonahé 0
three fluorine atons), hydroxy, hydroxy-(C, -C6)al kyl, (C, -C6)al koxy
optionally substituted with one or nore fluorine atons (preferably one to
three fluorine atons), (C, -C6)al koxy(C, -C6)alkyl, HO (C=0) -
(C -Co)alkyl-O0(C=O -, HO (C=0O- 25 (C,-Co)alkyl,
(C,-C6)a|ky| O(C—O} {C C6)a|ky|) (C C6)a|ky| (C—O~O
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30 [(C -CB)al kyl ] ZN-(C=0}-(C, -CB)al kyl, H0=C-NH, (C, -0C6)alkyl (C=0O-NH,
(C, -Cs)al kyl (CCO[NH (C, - C6) al kyl, 1.2 MAY 2003
(C -GCs)al k %- (C,-C6)al kyl](C, -Co6)al kyl, (C,-Co6)alkyl -

(C, -06)al k% gg@‘w (C, -C6)al kyl -SQz-, (C, -06)al kyl - SO2- NH-, ﬁEW’gé%OBSS

HZN- S02- ( C, - C6) al kyl , 1 2 MAY 2003 WO 00/09485 -5 PCT/ 1 B99/ 01388

(C, -C6)al kyl HN- SQz- (C C6) al kyl, [(C, -Co6)al kyf] ZN- SQz- (C, - C6) al kyl ,

CF3S03-, (C,-C fi)alkyl-S03-, phenyl phenyl (G, - C6) al kyl ,

(C3-C, o) cycl oal kyl, (Cz-C9) het erocyGoaI kyl, and (cz 09) het eroaryl; with the
proviso that a f r F addi.t i onal OVI SO
that the corrpotlﬁnng tt‘"?é;tr?er?& 218 toﬁﬁtkﬁg{%% "%%ﬂm 'eiw feﬂsseqe&“’e'y iRk TAZE eho
(4- Fl uor obenryIWV)mﬁé'mmaﬂﬁdMWﬁnPﬂﬁwv Qiep BIMPeli. n&ndther agrinexof | frefersedi d
hydroxyam de; innipitors th tors have been able to identi

(2R, 39 - 1-[a- { STEHTB 1 TR o U i £ e P T8 R S pe
ridi ne-2-car bOWIb'tCA@ﬁqcanwd,aaq(y%ﬁﬁxd@etalloprotease-‘!s (MMP-13) preferentially over MMP1

(2R, 39) - 3- Hgdr %Mhér c_{réu;( bhp@zeeﬁed nhibhdRe ieokyerReRN AERCSeh f28RYib liadHik Shdi e Nk C 2
rboxylic acid dro

(2R, 3S) - 3- Hydr iﬁc‘ie%/ ﬂ“‘%"p?‘?’?ﬁ"’?ﬂ RNi} AROFICERGFF (587 7 ARE SIRfaeFIY VBl MUPiapri1ep - ¢
gr boxyl i CI ?Ci d ghoysl odpryterred dnhiitai, Ugﬁhvei:tg[‘sﬁlha(vg Hébﬂ@bl@b@ﬂgr}{t]ﬂgbﬂ)delﬂosedmolec(utzes
enzenesul f ony r X: rjdine-2-car I ydr oxyam de;

R, 3S}-1-{4-][ 2- w@ﬁ%‘%’% ?eﬁg}'B?qu as]3 p'beerrl%né'ﬁ' @Héq} 3- hydr oxy- pi peri di ne
-2-carboxylic acid Wamamyammgelnase and reprolysin mhnb;tors are well known in the literature.
(2R, 3Sr 3- Hygr 0§¥ec?f‘c£lﬁl/, (lﬁutgé(rétgt'eg'?%iew S%BPQW)ISQEBZ\EHS%' 1901%d - RiPET] g:ilcrl]«g 2
-carboxylic aci roxyam

(2R, 39)-1-[ 4- (%HE'\&”WP@T@Ihyﬂ“}‘ﬁ'ﬁ’é@ﬁ'é%(&?‘}it genzefeauMMBriythitersh R ToRybligatipr Wi n

e2-carboxylic 98784@19)’ BRI OISt 13, 1998 refers to c¥chc hydroxamac acids including certain
uoro | - benzot hi azol -2 15

(2R, 39) - 3Hydr u%“ rif y
yl met hoxy) - benQ Pﬁﬁ\‘ﬁ?é ch”B%“l“Fﬂ bars. ysepy 25, MP d”"%ﬁ'f?’é Hy&dt esBfisgtone WQq 2
R, 3S) - 3- Hydr ox96/2{543 (ed WO 98/07697, pubhshed March 7, 1996 and Februaré 26, 1998, respectnvely

: h@é?;;%ﬁ: &é yl&éﬂé‘é’&%&:f&%’ﬁy‘%%&% QLY fﬁ’CPbk%%Eét%'r‘nWO 88/8385:1 Oxu%]rshed ﬁanuary 29,
(2R, 3S} - 1- [ 4- ( 159@hieterototpnioaptinat®-wit idhatiylly. REZ putdisalibd 88153768 Spubyched Rygust me
thyl - pi peri di ng- %err@wld K- @eh&, {0

(2R, 39) - 3- Hydr oxy- 3- e [ 4- EI hi g%slwmygﬁmo Rydroxamgnazcgﬁesua\cPc%"ﬁa pI per
i di ne- 2-car boxS‘Ffel“E"‘ca‘?:P‘&"F@}@PBE%?HPH@“WFZS ’F@"?}B’r'BQth?Q(@V foef?@FﬁV*IltSEmEfﬂly 20
(pyridin-4-yl rret hoxy) benzenesul f onyl ] s@hfelicting@wventear boxyl i c acid

hydr oxyam
R, 3Sr 1] 4- ( gFI uor ob &I RFEIRN VEUHRY eﬁ?é?d??(ﬁﬂwcﬂ“'"g OhPaBRY2 3- et hyl - pi peri di ne
-2-carboxylic acid hydroxyam de; R®

(2R, 3S1- (4-[ 2- (4- Fl uorophenyl ) - et hoxy] - zenegdl f onyl } - 3- hydr oxy- 3- net hyl p
i peri di ne-2-carboxylic acid hydroxyaRde;
(2R, 39) - 3- Hydr oxy- 3-net hyl - 1-[ 4- (2- pyri

y- 3- net hyl - pi peri di ne-2

(Benzot hi azol - 2- yl net hoxy) - benzenesugyo
-carboxylic acid hydroxyani de; 8 'f
(2R 3S}- 3- Hydr oxy- 3-met hyl - 1-[4- (5-tr' rf ifio yN—@¥zot hi azol - 2- yI met hox
y}benzenesul f onyl ] - pi peri di ne- 2- carboxyl i c &ctd "hyldr oxyani de; (2

R, 3S) - 3- Hydr oxy- 3-net hyl -1-[4(1

Htetrazol - 5- yl net hoxy) - benzenesul f ony(] - pi peri di ne-2-carboxylic acid

hydr oxyami de; (2 R, 4S) |

1- (4- Benzyl oxy- benzgrq@eswafnquéu),c-aﬂy%g&ém&g%%l - 4- hydr oxy- pi peridi ne-2-c
arboxylic acid 30 hydrox qmg

(2R, 4S}-4- Butyl ami n¥HEeRR - R pi-selected tiem iseaioyn encyisting ok ydeasul Hydroges, hakageir ox

y- pi peri di ne- 2p @ﬁrwwlérs oﬂ(ﬂu&omck Y& n@? (02 Ce)alkenyl, (c6 o)aryl S Ce)alkenyl (I

2R 4R) - 1-{4- Bs I di'ne-
<(';10| d hg/dro rc?ax (Cbeé‘ %a?%%ﬁu éog%llkynyl (é' C,o)ary[(g 8 alkynyl (Cz-Cs)heteroaryl(Cz

f) gR |4R2: ;C[g (@dbtyngy qDpTpfpiyib ez, eTpEskytiioN (E)-calkag! PEMudo5Id, Rikpe- @;-car
xyli i
R, Sé) 1-[ 4- (4g§o%bgniye)8§t§ﬂ°83nzéﬁéglﬂ)ra%W?‘] 5Cﬁ)?d’ a63Q‘§)'°p| ;S%r?’d)iamé”% & box

ylic acid hydr@hetamoatdami®b, (C,-Co)heteroarylthio, (C,-Co)heteroaryloxy, (C,-Ce)eycloalkyl, (C,-
(2R, 5S1- (4- Benzyl oxy- benzenesul f onyl ) - 5- hydr oxy- pi peri di ne- 2- car boxylic

aci d hydroxyam de;

(2R, 5R1- (4- Benzyl oxy- benzenesul f onyl ) - 5- hydr oxy- pi peri di ne- 2- car boxylic

aci d hydroxyam de; 1 2 MAY 2003 WD 001 09485 -s PCT/1B991 01388

(2R, SR1-[ 4- (4- Fl uor obenzyl oxy} - benzenesul f onyl J- 5- hydr oxy- pi peri di ne-2-carb
oxyI iC aC| d hydr oxyam de
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20 and at |east one of the other of RZ-RB is optionally substitut e?
(C -Co)alkyl. OGher preferred conpounds of the present invention a 4 MM 3803
wherein R iwohydéexy and each of R-R is hydrogen. Qther prefer-ed
conpounds of the present invention are those wherein R is hy8F&45994Ha8%ach
of R-R8 is optionally substituted (C, -C6)alky]. 25 O her preferred
conpounds of the present invention are those erein R is hydroxy and RZ
is (C-C6)alkyl. Oxher preferred conmpounds of the present invention are
those wherein R is hydroxy and RZ is (C,-C6)al kyl and each of the other of

R -R8 i s hydrogerc,) drddvREBVIERY of d he. pr t invention are
t hose wherein R samr}in?r (r)% 3_t§)nang p%miﬂg'q?b?‘i) "g%?'fljﬁ' ?ﬁ’%r:’éfy'el”é%l(cb%a‘aﬁhno.
the other of R3- I&bi'gs %%’fci’%n(gl’ §2EAYYETO Ut E-H1C(GBYebelIHyYNH-(CEDler angr (6, )@Y ,-N-
conpounds of the(@¥@sent invention are those wherein R is hydroxy and R2

is (C -Co6)al kyl and e 2 R4S hydrogen. Other prefer-ed conpounds of
the present inventi on%éeqr{ ﬁ%s@&ﬂj‘?g@i HOHR M oRiipaR!y be substitterl ByZoresor two groups

(C, -C6)al kyl &ndingerandentiyReelerter sroop(d, @aalidhnics YOS LISt SorarlyR! | o (..
MAY Z003 V4' O 00£QRMA5 (d.c %%Ja 9/%1_%8%”? her prefer-ed compounds 'ohfa ¢ (s
present invention . are those wherei'n R 1% My0P8xy Gifdortia HeefylaryiovherC,
preferred conpoubdletgioatyaaing @s&ﬁheiemﬁeﬂttliboﬁﬁzwﬂgﬁHetemx\ﬁh@@igyhrﬁcsjcs,gar& (Cs

n er

hydroxy and R2 i s.)emidaky, : i et 0 -R rogen,
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35  pymoyimethoxybenzimidazolyl, pyrroylmethoxytetrazolyl, pyrroylmethoxypyrazinyl,
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35  thiazolyimethoxybenzimidazolyl, thiazolylmethoxytetrazolyl, thiazolylmethoxypyrazinyl,
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5- Hydr oxy- 1- [ 4- ( 5 sopr)é%y[ -_benzg} oxygx%%%?gwg%ﬁv%%l/l ] - SEEEV MRty I o
ylic acid hydrmﬁnatggxypynmadyl. oxazolylmethoxyquinolyl, oxazolylmethoxyisoquinolyl,

‘2: ;Ng(r) oxy- %% J ﬁxi(a?ﬁf?fezhwﬁbg?gﬂgiyg ﬁ}' %égz&w%bmemwza@%f?zeB%H:bl%%ﬂ%Ubé&o%%%‘yF' n
1-[4- (2-Br o_rro-‘?o*‘?ﬁ'm?*g?’a’éﬂisﬂ%xy) - bW FENEBRINPYIRGANY- 5- hy dPxaRgYIFepexvisdindelyl2ca
rlb?zyl( I2(:E;le ﬁl ? At eneSlfIx?zg 'YITeth%xyﬁar%arml){" i ec;ﬁaéoilyrllrgetgoxgg?x%% ]1 iC
acid hydr oxzaﬁgiewfb@%g%@?&ﬁ oxazon«lthoxon’azolﬁ, y-P £<azolylmethoxybenzthiazolyl,
1-[ 4- ( 2, 5- Di breyasiireetagrybsngdxabeivizenesul f onyl ] - 5- hydr oxy- pi peri di ne- 2- car box
ylic acid {gydr oxyanyge. preferred d : ; : , .

1-[ 4- { 2- Br ono- 5- et hy| - benzyl oxy et iVt ¥ s NERG M0 & PRficAEY2c a
rboxylic aci d SHYH#Esd ami d&sCrolaryimethoxyoxyphenyl, (Ce-Cyo)aryimethoxypyridyl, (Ce-

L- (4-Benr yl ox\c papmeaespdony| t:-Bonihensy By 1Y ! cpohf MeRsH fidd POXK, ©
aci ydr oxyam de o -

1-[ 4- (4- Fl uor ﬁ@@ﬁ'mrﬁﬂ)ﬁwﬂ%ﬂ'ﬁenesul f ony| PeSoippdnetoxyvimigazelidi ne- 2- car U6y |
(1: az [ d4h>|éfjr ox;Eadgérdlmethoxybenzimidazolyl, (Cs%c,o)arlylme:t))hoxyt?uﬁzolyl, (CG-C,O)%rwmeuzqoxypyrgzjnyLl _
r o ar 280 e KRN RERES RS, o e RS methaisoacinont (e, | <
3- Et hoxy- 1- [ 4&udrryimethomvbseaeiupll ox y ~benz e f@sQiofaormetoxpisgenzadiryle- 2- car boxg)-i ¢

aci d hydr oxya, jéyimethbxybehlfieal03c O, BRANAEGoyrdbiy PIE, L9 R REB indoyt. (c,-
Cio)arylmethoxyisoindolyl, (Ce-Cyq)arylmethoxypurinyl, (Ce-Cyo)arylmethoxycarbazolyl, (Cg-
Ciolarylmethoxyisoxazolyl, (Ce-C,o)arylmethoxythiazolyl, (Ce-Cyo)arylmethoxyoxazolyl, (C,-

25  Cyp)arylmethoxybenzthiazolyl, (Ce-Cyo)arylmethaoxybenzoxazolyl,

pyridylmethoxyphenyl, furylmethoxyphenyl, pyrroylmethoxyphenyl,

thienyimethoxyphenyl, isothiazolylmethoxypheny!, imidazolylmethoxyphenyl,

benzimidazolylmethoxyphenyl, tetrazolylmethoxyphenyl, pyrazinylmethoxyphenyl,

pyrimidyimethoxyphenyt, quinolylmethoxyphenyl, isoquinolyimethoxyphenyl,

30  benzofuryimethoxyphenyl, isobenzofurylmethoxyphenyl, benzothienyimethoxyphenyl,

pyrazolyimethoxyphenyl, indolylmethoxyphenyi, isoindolylmethoxyphenyl,

purinylmethoxyphenyl, carbazolylmethoxyphenyl, isoxazolylmethoxyphenyl,

thiazolylmethoxyphenyl, oxazolylmethoxyphenyl, benzthiazolylmethoxyphenyl, and
benzoxazolylmethoxypheny!.

35 Most preferred compounds of the invention are those wherein Ar is optionally

substituted  (C;-C,q)aryimethoxyphenyl, pyridylmethoxyphenyl,  thienylmethoxypheny!,



1-[4-(4- Fl uoro- benzyl oxy) - benzenesul f onyl ] - 3- hydr oxy- 3- net hyl - pi pe{ IZCMAQ%U%C
arboxylic acid hydroxyam de, '
1-[4-(4-Fl g\p(ﬁ g(m% gs:yl oxy) - benzenesul f onyl ] - 3- hydr oxy- 3- net hyl - pi peri di ne-2c
ar boxylic 3 oxyam de, 5 PCT/IB99/01388
3-Ethyl -1-[4-(4.fl uoro-benzyl oxy}-benzenesylf onyl ] - 3- hydr oxy- pi peri di ne-2-c
arboxylic acid

hydr oxyam de, 3- Et hyl - 1-j 4- (4-fl uor o- benzyl oxy) - benzenesul f onyl ] - 3- hydr oxy- p
i peridi ne-2-carboxylicacid

Blygregfé?nmedg S rél‘r;\(e)]/t?cixgphgrdfylf' uor o heRaNhaxsy &Yz enesul SambllrB%inagy -
hydr oxyani de, 1thjazolylmelrpxiohesyb enXprainpptherAbeesul f onyl ] - 4- hydr oxy- pi peri din

e- 2- car boxyl i caci dhwepwém&ecam&&mﬁewthmmzeeesélltmaywerémhxxdrsom pi
peri di ne- 2- car boxyl i caci dhydr oxyam de, 151- [ 4- ( 4- Fi uor o- benz{)f{ oxy) - benzenesu

| f onyl ] - 4- met hex}POYNeraexyelRe! PHanaly spstius a}ﬁﬂneosz HOrfi» JRICBI3PY” Poe f9 (1FD- b
enzyl oxy} - benzmeauérfts)wlnhg Ambst Ghrederiblv ofifoltiilee BLtREItURALS R -tRe RARIRGMNG, whepdin d

fﬂp: %L?IX)(SI (;\121 g gtfbggé'%ts: %r%r che%%r'?dze\{\h éfgc?eednf%o% seug}rgu%né/oq'xllstlnghcx Q\a%XYC L}Z {%nhy'
hydr oxyam de, 1€y )atkoit arpedudre(®zyd. @yl - benzenesul f onyl | - 4- hydr oxy- 4- phenyl -

pi peri di ne- 2- car box d f th ti lud th h
hydr oxyam de, 4- Al | yFSItHf fleq%r%nzy rg&ou-n ser?zeneesmﬁlle?8)n ‘ncu C hyt eo&'yer%'lnp'gr |jsd| ffe- 2
r

- carboxyl i caci @h)fd’l‘@%?%ﬁ%ﬁbs @ Mifgﬁ“bﬁyb%é’ﬁﬁdg%gfﬂﬂ POMPIe) Preferpely ORy 14- m

et hyl - pi pefg di RReZsbitRARYAer GRE) thé(tddré?éﬁéslfﬂdée td trde BESEMERY ¥on he@meawﬂgo ny
| ) - 4- hexyl - 4- hydr oxy- pi peri di ne- 2- car bo i caci dh drox%'am de, 4- Benzyl - 1-

benzyl oxy- benz‘é"r‘?é%‘[]lsﬁ'éﬁytfs)m”ﬁ”tﬁfé‘? BRgRepAgsEY eipTied 5O dhendRyA F%@f’%@ﬂ?@r fﬁeyam

i de, 1- (4- Benr y¢ a1, Re Pz ganesidof suitlofo(d: o;;ﬁukyuxy pi peri di ne- 2-car boxyl [ c acid

hydr oxy- et hyl - | or o- benz nesy | f on '% y-p
P‘P‘é? QXQ' en T ox

i peri di ne- 2-car boxy&?@&%f%ﬁ?&r%@@f’é’m‘ el 3%‘2 'Pg Bxy"? Udf4
y) - benzenesul f@;)the}re@ylp\ethoxy(@earszl- car bdﬁycb)baenoddyyrmhtfwxy(ﬁﬁrcwbeteroam 2 dplonal003

WD 00/0948 gtgt/e‘lg ?r{ ref raBl one to thre ubstxu nts per nng. most péef erabl one
4- Hydr oxy- 1- benz f nzenesu j I"di ne-2-carpboxyl i
c acid hydroxytan*hf!@ substituents on the termmal ring, whereln sal substltuents are mdependently

él ;béld (rj O)ﬁzdgoi ;‘/saeﬁre]‘éztémk%e Se6F ¥draxing & 8AE qBEBPAIKANEL-L) Bke§ or Périgorecr-anaryy | i
4- Hydr oxy- 1- [ 4- ( 3- n@fhﬁylpreffé’ﬁfy?mj‘”‘ffeﬂ BseBatiomnduIp; hass WPHEN2AL B piSxy | i
¢ acid hydr oxygyyelgoaryimethoxy(C,-Cs)heteroaryl optionally substituted by one or more, preferably one
;;:I[ 3_ gié?gg(g o E'H 2L ggrzr%%,ersn%gtfp%}grally A ) SRR T ANIG T oo rﬁ/;,I Ic
1- (4-(2-Fl uor wlimmzysbld)syt}stltbemtz @reeiogérfendeplly seledigdiran jhepdrpun ¢ansining2ef halb@ey | i
c acid 10 hydr %1 3lk06)é or perﬂuoro(? +~Cy)al

1-[4-(3-Fl uoro nzenesul'ton Iﬁy-4 hydr oxy- pi peri dme- 2- car boxylic
acid hyd roxyani de) e term “alkyl", as used herem unless” otherwise indicated, includes saturated

4- Hydr oxy- 1- [ 4mérpvaBithgaricabfn midiery having REQGR StrbricBEY bl cyiicd@bibtits e ctdmbinations
carboxylic_acid hg{droxyam de, 15

1-[4-(3- chtdr oheE zyi oxy}-benzenesul f onyl ] - 4- hydr oxy- pi peri di ne- 2- car boxyl i
c acid hydroxyam deThe term "alkoxy", as used herein, includes O-alkyl groups wherein "alky!" is defined

1- (4- Benzyl oxy bbenzenesul fonyl } - 4- met hoxy- pi peri di ne-2-carboxylic acid

hydr oxyam de,

1-[ 4- (Benzo[ 1, 3] di oXud tedr "phyiteasusey hetsianintase oihefwingyndicaled ipelyder o [rgapic ragicak - 2

20 carboxyl i c agil&h frdEPar¥RMIcYRdrocarbon by removal of one hydrogen, such as phenyl or naphthyl,
1-[4- (3, 5-Di net h' ?d I soxazol - q?}l tho g}-benzenesusl'qun lr p )(/)Ix - pl p)erl d
0

i ne-2car boﬁgll i thua@qllu 5%3?‘69(9&&1‘%@ substntuents independently selected ma suﬁable sub tituent

ﬁ <(:| 4- Benzy:]I OXYsueRNzenasdid,f @Rlpho), - tyene! hiyy - rfip@bmethne- € Crleyy | (C-Ggrgoxy,
ydr oxyam de,

3- [ 4- (4- Hydr OXVEL?IWW%&)‘;@%?’B@?T‘BWL% (GeFi¥he- 1- sul f onyl } - phenoxymet hyi ] - be
nzoic acid nethyl eShetem "heteroaryl", as used herein, uniess otherwise indicated, includes an organic -
et it L2 DD el dB b oR) o AR HRRR i Bl BY R oPLREHIAUGRR skl PO
1- [ 4- ( 3- Cy@ho- hywidely Ifusdy Pz diieri| isethigaolyl, imidagieli.x PerFinpieazoli rietrazolyla Py@xpYl ¢
aci d 30 hydr oxyaHidle) quinolyl lyl, benzofuryl, isobenzofuryl, benzothienyl, lyl, indolyl,
1-[ 4- (4- Cyano- %enz’d}faoiug/nfybel%%qglr?ggul fe(gzrloyl lsoh?/né?ogy p‘?“é%r'f’ C ngyr%zocyar |lgo(;<)3l/l ic
aci d hydroxyam de,

1-(4-(3,5-Di ftuoro-benzyl oxy) - benzenesul f onyl ] - 4- hydr oxy- pi peri di ne- 2- car bo
xylic acid hydroxyan de,




35

4- Hydroxy-1-[4-(3,4,5-trifl uoro-benryl oxy}-benzenesul fonyl ] - pi per ildn¥Ab 285y
boxylic aci yam de, 7 Z MAY 2003 wo oo/ 09a8s -19 PCT/]1B991 01388
1-[4-(3, 4- 5"9'?!65@5§4g§_(bem yl oxy) - benzenesul f onyl ] - 4- hydr oxy- pi pEF"irﬁ'i;??@)-lﬁg-scar bo
xyl'ic acid hydroxyam de, 13-

4- Hydr oxy-1-[4-(2-trifluoronethyl -benzyl oxy) - benzenesul f onyl ] - pi peri di ne- 2-
carboxylic acid hydroxyam de, 5

1-[4-(2,4-Bis-tritluoronethyl -benzyl oxy) - benzenesul fonyl } - 4- hydr oxy- pi peri d

i ne-2 carboxyl igoRpld Jasli HABLIRE isoxazolyl, thiazolyl lyl, benzthiazolyl .or. b Iyl
4- Hydr oxy- 1-[ 4-( n_ap}ﬁt h&gl tg{]- 2-yl rrgt hoxy) Ybeﬁazzgﬁégﬁ?zfogh Lﬁ‘- p'%oeyr R (0
xylic acid hydr?ﬂy?‘épﬁ §ubstituted by 1 to 3 Substituents as defined below such as fluoro, chloro,

4- Hydr oxy- 1- [ 4-fiftofof@ MOy CoRKBAY (00, )anyitx 2GeRHehBRY tiadtbR&hdx P&, £, Rf§DOX
ylic acid 10 hydroxyam

de,. . , . . .
1-[ 4- (3, 5- Di et hyl - bFZGTHETY" F& NSNS HBRSH therwiss ddsripdpingdes @ reicd of feno
xylic acid rydrgexsralford®ia RCO wherein R is alkyl, alkoxy (such as methyloxy carbonyt), aryl, arylalkyl or

A oy e AR RRI ARG U O b GBI e 2 carboxyl T e aci d

4-j 4- (4- Hydr oxy- 2- hyldhe dsrycactienyh ek Upddgeraindiinviidds Sedcyliaamgups-wieesrosagyrels higlijedbe
nzoi c acid methyl, ester,

1- (4-(2, 6-Di chl oro-benzyl oxy) - benzenesul f onyl ] - 4- hydr oxy- pi peri di ne- 2- car bo
xylic acid hydroxy arﬁhﬂéﬁ’m “D-"or L-amino acid”, as used herein, unless otherwise indicated, includes

4- Hydr oxy- 4roretditine, latdnfhe( 2aif@tiitine iedktih@XphbnyReitiRN asHatdomRY bilmine eptHpR&s, 2
20 carboxylic acid hgdro an de, . , . _ o .
4- Hydr oxy- 4- metARe $ETNE. EORBEHYPS e AR Ne vRiEBReY BIEo AP INOD PR REPFTH AR, 2
car boxyl i c aci didteydr acidy ysinel@rginine or histidine.
1-(4-(4-tert-Butyl - ZcXJ'né}Qicp | f.onyl }.- 4- hydr oxy-pi peri di ne- 2-carbo
xylic acid hydr oxyaﬁlﬂge, g | %%&Q??n%y havé/ cklral cer}{ers anX tr?ergfore exist in g‘(ﬁerent
4- Hydr oxy- 1- [ 4-eperdipherisabmrs. 1Thid imeentinoxgiated énalieoptical lisooeys|, Hiapterivemers) iatrepisdnesy, bo
xylic acid {aydrQxyar 48 sterecisomers of the compounds of formul d.mi thereof
1-[ 4- (5- Fl uoro-2-net hyl - benryl oxy) - ben enesu(foonyﬂaf- rﬁ'}‘ lrj'”g?(y-e?peiop')eri di ne-2
carboxyl i c acid hydrdxspieRig)substituent” is intended to mean a chemically and pharmaceutically
1- [ 4- (4- Fl uor 0-adceRbiBHinchea? ylo0x Ve:be niorRe til H523Yrak ndadly HeOXMiniRinP 8étivil) Hreme
30 carboxylic acid. hggroxxg\mge ) . , L
inventive Compounds. Such suitable substituents may be routinely selected by those skilled in
the art. lllustrative exampies of suitable substituents include, but are not limited to, alkyl groups,
20  hydroxy groups, oxo groups, mercapto groups, alkylthio groups, alkoxy groups, aryl or heteroary!
groups, aralky! or heteroaralkyl groups, aralkoxy or heteroaralkoxy groups, carboxy groups,
amino groups, alkyl- and dialkylamino groups, carbamoyl groups, alkylcarbonyl groups,
alkoxycarbonyi groups, alkylaminocarbonyl groups dialkyamino carbonyl groups, arylcarbonyl
groups, aryloxycarbony| groups, alkylsulfony! groups, an aryisulfony! groups and the like.
25 Specific preferred compounds of formula | are selected from the group consisting of:
(2R,5R)-1-[4-(2,5-Dimethyl-benzyloxy)-benzenesulfonyl]-5-hydroxy-piperidine-2-
carboxylic acid hydroxyamide,
(2R,5R)-1-[4-(5-Fluoro-2-methyl-benzyloxy)-benzenesulfonyl}-5-hydroxy-piperidine-2-
carboxylic acid hydroxyamide,
30 (2R ,4R)-4-Hydroxy-1-[4-(2-methyl-benzyloxy)-benzenesulfonyl]-piperidine-2-
carboxylic acid hydroxyamide,
(2R,5R)-1-{4-(5-Fluoro-2-trifluoromethyl-benzyloxy)-benzenesulfonyl}-5-hydroxy-
piperidine-2-carboxylic acid hydroxyamide,
(2R,5R)-5-Hydroxy-1-[{4-(2-isopropyl-benzyloxy)-benzenesulfonyl}-piperidine-2-
35 carboxylic acid hydroxyamide,



1-[4-(2-Fluoro-6-trifluoronethyl -benzyl oxy~benzenesul f onyl ] - 4- hydr ?éyl\;[ i per

i di ne-2 carboxylic acid hydroxyamn de, Y 2003
1-14-(3, 5- Di»%ld(%gggﬁenzyl oxy) - benzenesul f onyQ 4- hydr oxy- 4- net hyl - pi peri di ne
-2 carboxylic aci ydr oxyam de, 35 PCT/IB99/01388

1-[4-(3,5-Di fl uoro-benzyl oxy~benzenesuf f onyl } : 4- hydr oxy- 4- met hyl - pi peri di ne
-2 carboxylic acid hydroxyam de, 1 2 MAY 20& WO 00/ 09485 -20 PCT/ |

B99! 01388
4- Hydr oxy- 1-[ 4- (2- met hyl - napht hal en- 1- yl net hoxy) - benzenesul f onyl ] - pi peridin

-2 carboxylic acid h i
4 hydr oxy- 1- 4- E%%et g 'gﬁgb z‘ﬁgf"é'a‘?ef.zw’w%rﬁx}ss.ugwa-éﬁaem—@psndjne;zrcmqm:cn
e-2 carboxylic Yy &m de, _ o

1-[ 4- (Bi pheny! - 2- yI meiaqussphr-pRaIFBRMbRMGLh2 NS Qs BPS L Bl s, 25 car boxy

lic acid hydr oxyargr?ge, ) )

4- Hydr oxy- 1- [ 4- (290&YIMACAyewemids. y| net hoxy) r benzenesul f onyl | - pi peri di ne- 2

carboxylic acd d hydr o@r®BR)d€4-(2,5-Dimethyl-benzyloxy)-b . -nineridi
nzenesul Tonyl To by par HISS BRIy 1 i o

4- Hydr oxy- 1- [ 4- (2-net.hyl - benzyl oxy~benzenesul f ony
acid 10 hydr Oxygcrghrbggy,/hc)émdl?]ydroyyamsd%,

(1:(-* gbg( il- IFlC uor ;);jzni&mt r(yng;y(mwreuammmyf-@é&ylbxﬁ-beNé&%@eﬁ}fan%-B%Er%kyflg: 2
1- [ 4- ( 5- FI uor o- 2- tIﬂiﬁ'?fﬁé@drmoefréﬁ?ﬂxylbcearlczidy'?ygmaﬁgﬂ%enesuI f onyl | - 5- hydr oxy- 3, 3-d
i met hyl pi peridi ne- _2-(35155&75%}71)’13fexmﬁﬂ(ﬂﬁyﬂﬁrwly&m&yi&xy)-ﬂ:&\zenesulfonyl]i-s-methw-
5- [ 4- (5- Fl uoroo- ipkridihd-HRE@ERAIONIC W%ﬁi’é&) -benzenesul f onyl | - 7- hydroxy- 5- az
a spiro[2.5] octane-4-carboxylic acid roxyam de,
1-[ 4- (5- FI uor o- 2- t r i {FRSREPEYHGY-Taemy -biy(P-misthyi-beresiokf)aepiehe iy paelidite-B-
(;Ii ezhyl5 E: peri di;artee%ﬁcadsi&)m@ydxw}waﬁ,i d hlydr oxygm’ de, y 1- 0 hyd ,

-[4- (5- -2- - bepzyl oxy) - benzenesul f onyf] - 9- roxy-7-az
a [20 gpi rol[JZ.rg] decglneé%-g%ggg%%?rf’@"gﬂ%ﬂ‘yhi} r(3B!WW'QEOZY'OX}')Ybenzenesu%:‘Ofiyl]- ’
1- [ 4- (5- Fl uor o- pirendine-2rcarborplidacid-Hyeruxyaniigs/) - benzenesul f onyl ] - 5- hydr oxy- 3- e
t hyl pi peri digne- 2-cay kes.ack-d Jaydr axyam d
1-[5-(5-Fluoro-2-tri éﬁ%’?%ﬁé{’ ﬁg‘?’g’ﬁgﬁg‘{/@6%@%%‘31%“@'%2'5%"§6m€r85'f?pylk3-mﬁyﬂr oxy-
pi peri di ne 2- caPB¥igierzcaeoflicegidrosicayamics, ab
L[ 6- (= F uor o- 2- 111 {aRISE)el SR Ml YAy énSehel B ool
pi pe methyl-piperidine-2-carboxylic acid hydroxyamide.

Other compounds of the invention include:

20 1-(4-Benzyloxy-benzenesulfonyl)—s-hydroxy-piperidine-2—carboxylic acid
hydroxyamide,

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

1-(4-Benzyloxy-benzenesulfonyl)-5~methoxy—piperidine—2-carboxylic acid

25  hydroxyamide,
1-[4-(2-Fluoro-benzyloxy)—benzenesulfonyl]—5—hydroxy-piperidine—Z-carboxylic acid
hydroxyamide, 1-[4-(2,S-Diﬂuoro-benzyloxy)-benzenesulfonyl]-S-hydroxy-piperidine-2-
carboxylic acid hydroxyamide,
1-[4-(2,3-Diﬂuoro-benzyloxy)-benzenesulfonyl]-s-hydroxy-piperidine—Z-carboxyIic acid
30  hydroxyamide,
5-Hydroxy-1 -[4-(2-triﬂuoromethyl-benzyloxy)-benzenesulfonyl]-piperidine-2-carboxylic
acid hydroxyamide,
1-[4-(2,6-Diﬂuoro-benzyloxy)-benzenesulfonyl]-5-hydroxy-piperidine-2-carboxylic acid
hydroxyamide,

35 5-Hydroxy-1-[4-(4-methoxy-benzyloxy)-benzenesulfonyl]-piperidine-Z-carboxylic acid
hydroxyamide,



2-carboxylic acid hydroxyam de, N
1-[5-(5-Fluoro-2-trilluoronethyl-benzyl oxy)-thi ophene- 2-sul fonyi] - A“-ZI‘MMeriﬂdy

pi peri di nez 2- ylic acid hydroxyam de,

4- Hydr oxy- qu @Mﬁyl -4-(2-trifluoronet hyf-benzyl oxy) - benzenggtglll 9()94103}?8]8- pi pe
ridine-2 30 carboxylic acid hydroxyam de, _45.

5- Hydroxy-3-trifluoronethyl-1-[4-(2-trifluoronethyl-benzyl oxy)-benzenesul fo
nyl] piperidine-2-carboxylic acid hydroxyam de,
1-[4-(5-Fluoro-2-trifluoronethyl-benryl oxy)-benzenesul fonyl ] -5-hydroxy-3
triouoromet hyl -pi per'f--gi-(g%rg-@ﬁéaﬁé'ﬁ-ylﬁieﬁgkﬁ-b@Mﬁn@M&M]@Q\yd%Qy—piperidine-2-
3,3-Difluoro-1-[4-(5-fluoro-2-trifluoronethyl-benzyl oxy~-benzenesul fonyl]-5
-hydroxy pi per icaibaedio agid hpdrRpiamideaci d hydr oxyamni de, 1 2 MAY 2003 WO

00/ 09485 -21 PCT/| B919(4(@,%8:&1uoro-benzyloxy)-berlzenesulfonyl]-5-hydroxy-piperidine-2-carboxylic acid
5-Ethyl -1-[4-(5-fluoro-2-trifluoronethyl -benzyl oxy) - benzenesul f onyl ] - 5- hydr
oxypi peri di ne- 2‘5’@8%‘3{?(93{%4 c acid hydroxyam de,

1- [ 4- (5- Fl ugr o- 2- t r i {-jau@uDimidnyberzgiony ybanzynesiibony A dydrblyeniyerPing-2kpathowip -Bidi s
opr opyl pi peri di n%- 2-carboxylic acid hydroxyam de, 5

4- Hydr oxy- 1- [ 4VIORETHIR - pyri di n- 3- yl met hoxy) - benzenesul f onyl ] - pi peri di ne- 2
carboxylic acid hydr53Nydmiyd‘b[m(aﬂm'ﬂuoromethyl-benzyloxy)-benzenesulfonyl}-plpend:ne-2-carboxyhc
1-j4-(3,5-Di fl ugro- .0xYy) - benzenesul f onyl ] - 4- hydr oxy- pi peri di ne- 2- car bo
xylic acid hyd%§§&§$n'%8§ﬁk'%e present invention also relates to th .
phar maceut i cal | y accepydpre!-Hdid lﬂaeremtefihwrpega'w>%‘28’f%@§ﬁ§bﬂm§‘“8%'%8FP€XY"°
formula I. 1‘5he§zgﬁihg§rowjgng@e'are used to prepare the pham-aceuti caly
acceptable acid addition salts of thg af oreﬁenhi ?nn d baseer. %g_rﬁpc%%%icof cn,i S
i nvention are those WHr@IFYERSRETRIAN BXIZENeREi YAV POERP REIONE 2 R oS 41 34

cont ai ni ng phamygeopgésal |y acceptabl e anions, such as the hydrochloride,
hydr obr om de, hydr ol odi nitrat f hsL > b ci dyg
phosphat e, acetate, 1'é&@g‘tyé?°%ﬂ2¥l§%y%',§é”§8?% %g‘?@ r%alﬂy é@;}f%{?étﬁrag'? %{Q&Eﬁx}g?t r gatcg ,
succi nate, 15 mgbtreayaeidd, unar at e, gl uconate, saccharate) benzoate,

met hanesul f gnate, eth f anat EHMZHBES fon elidireresathd@mat eacaind
panoate i. e&? 1,1 - n%?‘g&;rﬁgjn};%g?gﬁ%hydrg@g?éi%gﬁuhogﬁlg?j salts. Th)g

i nventi on al so hyéosyamide.o base addition salts of fornmula I. The chenical
bases that may be USﬁgt-(féSFIJ&@W@I-[S&ZM)@PBérQeWﬁqu}BMWrc@l—dig(eriameept abl e
base salts of those 20 conpounds, of formula | that are acidic in nature are
those that for rReRERCSRIAOYHROEW S ts with such conpounds. Such non-toxic
base salts include, bytuameraemetiyibanedoxybberzesesutimyi-G-apirexycrinesidioR-2-

pharmacol ogj cal | y acceptable canans such as alkali netal rations ( e.~c .,
- oA RSP

pot assi um Ine earth nmetal canons (e.~c ., calciumand
magnesi un), amoni um-gr(2keRimetwthenrdoxniensenagdifanyibprhydiplyPirefjdine-Larboxylic
N-net hyl gl ucam ne- Aghge) . and the lower 25 al kanol ammoni um and ot her
base salts of pharmaceltically acceptabl e organic grri nes. . Th SUEJ elct acid
i nvention al so i ncl uthés(2r@iareprrR(ory-beaasapsaN YIS G Ry R eTiIS e AP RYIC
identical tot Bxi&fibéed in Formula |, but for the fact that one or nore

I d ' ' - .
Gi 1Terent 1#om the avsienekre el dkaan oA Nrglo BRI bperytc

Exanpl es of i sodcpfrgairdxpahidean be incorporated into 30 conpounds of the
i nvention include is eSv-9ha. 0y 1B :befdehEQAEHYII-pRENEIRD2- carboxylic
phosphorous, fluori ng'ﬁ-&ﬁ@x%ﬁl[%p%%{eﬁﬂ%&c ‘ as ZH, eSl-el, " C&@l]&% SN, BO,xy"O,
"P, ~P, ~S, 'F,adkhdBByamidespectively. Conpounds of the present invention,
prodrugs thereof, andip -Bﬁﬁ‘e%%-i)&@*lb -B&zeRisalMdrg -8Rl drexyodipetiding-2csartoylin ds
or of said prodrugs \?\A‘f)ﬁ{cont ain t e%?aforementi oned i sotopes andl or ot her
i sot opes of 3®t heqid Rydseyamide: wi t hi n the scope of this 35 invention. Certain
i sot opi cal | 'y-1 abel | eg-1ammpyisle-méthyiiperidn-sieethaxyhbenzenesulforiyfjpirerdingle t hose
into which radi oactive i‘diOt oc%gs .guch as 'Hand "C are incorporated, are
useful in drug ZRRYIC BCIGhYSIRHIMISH DG _
5-Hydroxy-1 -[4-(4-isopropy|-benzyloxy)—benzenesuIfonyl]-piperidine-z-carboxylic acid

hydroxyamide,
35 1-[4-(2-Bromo-benzyloxy)-benzenesulfonyl]-5-hydroxy—piperidine—2-carboxylic acid
hydroxyamide,



WO 00/ 09485 PCT/ 1 B99/01388 -22 substrate tissue distribution assays.
Tritiated, i.e., 'N, and carbon-14, i.e., '"C isotopes are particulld Myy 2003
preferred forwdbebdsgease of preparation and detectability. Further,
substitution with heavier isotopes such as deuterium i.e., 2Hpceapooafikgy d
certain therapeutic advantages resulting from1 reater netabolic stability,
for exarnple increased in vivo half-life or reduced 5 dosage requirenents
and, hence, nmay be prefer-ed in sone circunstances. |sotopically |abelled
conmpounds of Formula f of this invention and prodrugs thereof can generally
be prepared by carvi ngs.pYsoleakacedures disclosed in the Schemes andl or
in the Exanples and PrepngQWOﬁgg%g?g\%?zy Reaneswionyipineridisedicasponyiai | abichy
i sot opi cal |y | abeVf"@¥addgent for a non-isotopically |abelled reagent. 10
The present invention sHgdokyel-Al®sidh9. mceutical conposition for the
treatnent of a C(P‘?Cg_i tion, select e§$'f Y orryffr{1 ﬁgg% o%nﬁe%eéf@”ﬂ'?'Hif‘déﬁfa‘?armlﬁd s acid
(i ncl udi ng os;tﬁeoa RPN and rheurmatoid arthriti s), inflammatory bowel

di sease, CrohR' s di sedsé(2,8/MihyteebeEhzyiBsbBnleRedib AN di Stress syndromne,
ast hma, chronic Qggwd;g)é} ye, pul monary ﬁ?segsee, ﬁ@’h%%‘é@%ma‘?@éﬁ caripmytion
transpl ant toxicity, ggf exia, allergic reactions, allergic contact
hypersensi tivity) canédf-(F-Buoh-2asetiybbanliody)beriiah ggﬂg}g, = Jdopcl udi ng. col on
cancer breast camw,ig%l?@p&}%deand prostrate canc &%ﬁﬁggfﬁ)’e‘%‘ff Tt c
mal i gnanci es i ncl udi ng | euKem as and | ynphonas), 'ti ssue ul cerati on,
restenosis, periodont &ll4-trGies@;medpi-tenzpioky deszeheduli Gy s- éftog)ﬁﬁgér%sniesz

| coseni ng of 1@r tdafioxii@l acidtyBloxjafle@nt s, at herosclerosis (1 nc Tng e

at heroscl erotic pl aqwf rﬁpt ure), aortic aneurysm (including abdom nal
aortic aneurysm and bFHr-2dme ﬂ'bﬁﬁ@’M)sbﬁy\,zer@emtgeﬂM-M@rcb@ffbfderiéiﬁé-.‘z-%r%o i
nyocar di al 20 i réc@rhytiosygmisd,r oke, cerebral ischemi a, head trauma, spi ﬁ'af
cord injury, neuro-d ngrative disorders (acute and chronic), autoi nmune
di sorders) Hunti ngt oﬁ_g@rkgiF‘yeoéos%Te%ﬂ%?ﬂwm)‘%e”é@f§éldf@e¥l]-ﬁmmadymgridj@@pessi on,
peri pheral neur PHYjic apidihydroxyamiglr al  anyl oi d angi opat hy, nootropic or

cogni tion enancenmenty, 4 35¥RL O eral sCerosis, nultiple sclerosis,
ocul ar angi ogenes'hs, ,c[oﬁneal °iqﬁtﬁt“(r5§/‘l,"%ﬁr%¥&E‘?Wm&é-ama%wifwu-mmwbemm
heal i ng, buns, §f8Pefieacid bydrexyerpide.i nvasi on) tunor growth, tunor netastasis,
corneal scarring, sSdetHyidrsy-14- b septic shock in a manmal,

i ncl uding a hunpn, con*[()jr icg(lynéjM g? %"mmé’é? &g) §%’%5'6?le nYi-Pipgridingt2acarbaylic acid
phar maceuti cal I”@ acxé’a'b’ &bl e salt thereof effective in such treatments and a
phar maceuti cal | y accéptyatuxg 1¢a@-mefiy-nddnddret @Rk ion also relates to
a phar mceubp calaisQIRAd i 9{3 for, the treat rren)tﬁ OPB@%S’%}ZS%% @qé’y'g'ﬂ'a?%"é%?'i zed
by netal | oproteinasé actli Vi §/(yan§' ot her diseases characterized by mammalian
reprolysin activity ('ﬁﬂ’@f%’ﬂfabﬁ}ﬂUdfﬁﬁﬁwamy)wehyaqegdwo,iayuwxgp,pg%i#ec_ié_ng a

human, conpri sidhg)oﬁylicm%&rogfan@econpound of formula
pharmaceutical ly accgg{_ébl e salt thereof effective in such treatnents and a

phar maceutical |y acc Eﬁ"@""E%ﬂz}"P’@?'Pemeequlfwﬂ}ﬁmyaraxgemﬁér@me@chgbogqucat es, 0
a pharmaceut i cdlydogygmisé,t i on for the inhibition of 35 (a) matrix

met al | opr otgj nases 0{_[4%%%% met gl | opr ot ei nases involved in matrix
degradation, or (b) a i PO PBIPenzenesioty ] asydmey-pisaias 2-fb s
TS-1, 10, 12, ESdamdrogyamidepst 1 2 MAY 2003 N O 00/ 09485 PCT/ | B99/01388
-23 preferably ADAM-4li4)/5i A |, including a human, conprising an
effective amount  of ?;(Zé%r?%bona?on%%%?b(??mxé “fengneguliopdirvensieaxy ipipatidine-2-

accept abl e sal CoPR&ieasid hydwexygmidesent i nvention also relates to a method for
treating a condition.@ade =QuUp copsisting of arthritis

(i ncluding jgst goart hr(f1 i s%ﬁ%bérﬁgﬂan%{&g}y g sg}yﬁrﬁﬂ' Tefhy-pingridiapawedoyylioowe keid
di sease, Crohn ¥ P%€e, enphysemm, acute respiratory distress syndrone,
ast hma, chronic obstiH&4-Fueroped b¥nn Al zhei ner' s di sease, organ
transpl ant tox},)gré)%am%gchexi a, Zgrla?’gi gic ?ggférﬁ]c?ﬁl O PRI ceoxrlic  acid
hypersensitivity, ?Eg(aé@(suc; as solid tunor cancer including colon cancer
breast cancer, |ung rorerhehzpin:gg-bemiefe StBoHyB3-rRddthyd! ojetjc )
mal i gnanci es i R@kdxghmge! eukeni as and | yrrphorrasJ)é, ti ggg[ég{ﬁq'%é%'&?rb%!m acid
restenosi s, periodontal di sease, 10 epidernolysis bullosa, osteoporosis,

| ooseni ng 8% art~ci %‘IE”]°6Y'h‘d4-€4rﬂs¢rafbeezylaxyhﬁfnmh%ﬁ>,s]lp$pe§ihiﬂg__ly__téglib i ,

at her oscl er ot i ydpixpsthige r upt ure), aortic aneurysm (i ncluding abg%mcnal acid
aortic aneurysmand brain aortic aneurysm, congestive heart failure,
nyocardi al infarction, stroke, cerebral ischem a, head trauma, spinal cord
i njury, neuro-degenerative disorders (acute and chronic), autoimune

di sorders, Huntington's disease, Parkinson's disease, mgraine, depression,
15 peri pheral neuropathy, pain, cerebral arnyloid angi opathy, nootropic or
cognition enhancenent, anyotrophic lateral sclerosis, nultiple sclerosis,



1 2 MAY 2003 WO 00/ 0948S -24 PCT/1B99/01388 di sorders that can be treated
or prevented by the inhibition of matrix metall oproteinases or th&2 MAY 2003
inhibition o lian reprolysin conprising adm ni stering pr f
conpounds aYI’PWgr mula |. Conpounds of fornula | having fr@gqg%?&

am do, hydroxy or carboxylic groups can be c_(p;]verted into prodrugs.
Prodrugs i nclude conpounds wherein an amno acid residue, or a 5

pol ypeptide chain of two or nore (e.g., two, three or four) amno acid
resi dues which are covalently joined through peptide bonds to free am no,

hydroxy or carboxyl i 8- %ug{o%léﬁéllo%g)-ge%mgm%ml Of ] Lrﬁet‘m&F@di%@-no aci d

resi dues include the na cur-rng a 0 acli ds co esi gnat ed
by three | ett er cahoyid acidihyiredygidencl ude, 4- hydroxyproline, hydroxyl ysine,
denosi ne, isodenosi Ng,r,3s. Hb &;4 i L4, 37y i e

ganmma- am nobut yric a?i[él,% E{@B@i)blter.ul I |)Slueetagehnc?grrggygtéé&r?é@ﬁ%?%h%@‘rp?ﬁdge’zom t hi ne
and et hi oni ne saPe¥hieaciPhsPy@Bidal so i ncl ude conpounds wherein carbonates,
carbamates, gni des aRCERhHYh-(ERloRS-SerthbgRbaizendsamcalieahldoBonsering-0-chibexylic
above substituents of fornula | through the carbonyl carbon prodrug

si dechai n. One 8%9BYUPHEMFASskill in the art will appreciate that the
conpounds of the i nvermthon-[a(Livdiseidnkyidxy)-béreatdsaiippna]-Bthydzo)sepigaridiay-2-arboxylic
di seases. One of _ordj nary. kKill in the art will also 15 appreciate that
when using the 8%??{%45??% g%’the invention in the treatment of a specific

di sease that the conpautdd-[of4-tuhe-henndonyi-benzemppulisaybdhysdremyd wi t h vripdriging-2-
exi sting therap o or that disease. For the treatnent of
b %@éx&.@%ﬁmﬁrﬁﬁﬂdé

rheurmat oi d arthri e ‘conpounds of the invention nmay be comnbined with
agents such as TNF- alilfrid-Breremsnzyiorn-beszangsyiomiie-he R PBREdINetEd BRNiICes &HY
20 TNF recept or pjgapeleobul i n ol ecul es (such as Enbrel ), COX-2 inhibitors,
| ow dose net hotrexate, |efunimde, ‘%% r oxychl oropﬂui ne d- Baeni ci | am ne) i
auranofin or par ent er &f-BERZYPUPEFERFUICAYB AW HBOURIRRIOBE-2( R Gent i on caf®
al so be used i nhywpddybmiej on with existing therapeutic agents for the

nerume st aifar o nont St PP PP P PRrlap b Refasasbue o8

NSAI D's) such asydgixyamgiei can i, dictofenac, pr opionic acids such as
naproxen, L1 ubi pr of R LLRARGL BLEoxHLARRL A A bUpL AR pheaRERL s _such
as mefenam c acid, indonethacin, “sulindac, apdZone, pyrazol'ones such as
phenyl but azone, casbaxylig/acid @iklox@Pdas aspirin, COX-2 inhibitors such as

cef ecoxi b and r of ecoxifh4-A0ehbBeTyRSy)dRHzdnBEIRBRIIAIdloRy-4 nttiyRpibeRinsizch as 30
corticostergids and hyal uroni c acids such as hyal gan and synvisc. The
conpounds o?oth‘éa”b?’%g%?ﬂd WYY may al so be used in conbination with
anticancer agents sucid-fsFiasrdositzyioky)-benzenasidfornddatydxp#-pbgrybpiparidoedr ugs
such as adri amyci aun i .¢] s-platinum etoposide, taxol, taxotere
and al kal oi ds, %aﬁg?{ygcsac\'ﬂo cholxgrEtn?'née}, and antinetabolites such as )
met hot r exat e. 35 The4ednpeidrigszyky-berzepesttenyd-4itwdentpiegiidingR-carosyiBe use®fid n
conbi nation w tﬁyo(;&?g,inmgscul ar agents such as cal ci um channel bl ockers,
lipid towering agents such as 1 2 MAY 2003 WO 001 09485 - 25 PC%/I _ )
BO9/ 01388 s®atins, f i tif-Beaaloxaenzetasyliqnup-4:hvdew+-RehpiARsFdine-Agranlisisi naes
rﬁcept or ant agopjdrdxgamiad, pl at el gt aggregation inhibitors. hThe conpounds of
the present invention al so,_be used i onbi nation.w t S.agents suc
as antidepressants (%ﬂgﬁg%’toﬁff’?rlzﬁ?efsﬁ'%"?’%%F?y?ﬁ?ﬁ{?’ﬁ'épdﬁngﬁe%@bg%'guch s
deprenyl, L-dopaydrexgamide, m ratex, MAOB inhibitors such as sel egi ne and

rasagiline, cone inhikitors sl : aea DL DIt ars d( ] ;
reupt ake i nhi bitors, 4%&25?%{)}%?& %;913 ] égl{c{g\ﬁlé 2@3%’?5{‘%'8'5%%%%’%W§g0n?%‘{ S
and inhi bit8Ps byfdroxyamigral nitric oxi de synthase), and anti-Al zheinmer's
drugs such as dO”epe%l(haBan%xil-B&)ze%&yl)—ﬂhhéﬁﬁ&x@b§eddﬂfe@&?&@{vw | 4dRe  RAydroxy-
metryfonate. 10 The conpounds” of the present invention may al so be used in
combi nati on wi t ReB¥r@BAPBr osi s agents such as rol oxi fene, drol oxifene or

f osomax and i MUNOsURRL-E6ERBlo-bREAIUXS)-snedheddfomf-bRaraxpgipefditeid-carboxyliet aadiced
Description of LQ;? I nv%nti on 15 The follow ng reaction Schenmes illustrate
the preparation"SO¥PA%%€onpounds of the present invention. Unless otherw se
i ndi cated AB5 and R <4R8/draxyiiHé(rmetbdiyerenSddxg Reszenesuifohy]-pipesidingRicerpoxtiiat acid

foll ow are defi R?o‘?o%m?c@?ve-
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~ 2 MAY 2003 V1'0 00109485 -27 SCHEME 1 ( CONTI NUED? SOzAr 72H Ra F&/ZMAR:ZOUR
R, ~O R S02 0}0' g.NC]—i H PCT/1 B99/01388 1 Z MAY 2003 WO 00/ 09485
PCT/ 1 B99/ o%gg V58S SCHEME 2 H2N-CCZt - Bu X PCT/IB99/01388
: -18-
4-Hydroxy-1-{4-(2-methyl-benzyloxy)-benzenesuifonyl]-piperidine-2-carboxylic  acid
hydroxyamide,
4-Hydroxy-1-[4-(4-methyl-benzyloxy)-benzenesulfonyl]-piperidine-2-carboxylic  acid
hydroxyamide,
5 4-Hydroxy-1-{[4-(3-methyl-benzyloxy)-benzenesulfonyl}-piperidine-2-carboxylic  acid
hydroxyamide,
1-[4-(2-Chloro-benzyloxy)-benzenesulfonyl}-4-hydroxy-piperidine-2-carboxyiic  acid
hydroxyamide,
1-[4-(2-Fluoro-benzyloxy)-benzenesulfonyl}-4-hydroxy-piperidine-2-carboxylic acid
10  hydroxyamide,
1-[4-(3-Fluoro-benzyloxy)-benzenesulfonyl]-4-hydroxy-piperidine-2-carboxylic acid
hydroxyamide,
4-Hydroxy-1-{4-(3-methoxy-benzyloxy)-benzenesulfonyl}-piperidine-2- carboxylic acid
hydroxyamide,
15 1-[4-(3-Chloro-benzyloxy)-benzenesulfonyl]-4-hydroxy-piperidine-2-carboxylic ~ acid
hydroxyamide,
1-(4-Benzyloxy-benzenesulfonyl}-4-methoxy-piperidine-2-carboxylic acid
hydroxyamide,
1-[4-(Benzo[1,3]dioxol-5-yImethoxy)-benzenesulfonyl]-4-hydroxy-piperidine-2-
20 carboxylic acid hydroxyamide,
1-[4-(3,5-Dimethyl-isoxazol-4-yimethoxy)}-benzenesuifonyl]-4-hydroxy-piperidine-2-
carboxylic acid hydroxyamide,
1-(4-Benzyloxy-benzenesulfonyl}-4-ethoxy-piperidine-2-carboxylic acid
hydroxyamide,
25 3-[4-(4-Hydroxy-2-hydroxycarbamoyl-piperidine-1-sulfony!}-phenoxymethyl}-benzoic
acid methyl ester,
1-[4-(2,5-Dimethyl-benzyioxy)-benzenesulfonylj-4-hydroxy-piperidine-2-carboxylic
acid hydroxyamide,
1-[4-(3-Cyano-benzyloxy)-benzenesulfonyl]-4-hydroxy-piperidine-2-carboxylic acid
30 hydroxyamide,
1-[4-(4-Cyano-benzyloxy)-benzenesulfonyl]-4-hydroxy-piperidine-2-carboxylic acid
hydroxyamide,
1-[4-(3,5-Difluoro-benzyloxy)-benzenesulfonyf}-4-hydroxy-piperidine-2-carboxylic acid
hydroxyamide,
35 4-Hydroxy-1-[4-(3,4,5-trifluoro-benzyloxy)-benzenesulfonyl}-piperidine-2-carboxylic

acid hydroxyamide,



HN~C02t-Bu VIII S O02A&r OR Rs R4 Rs R3 VI| N~COZt-Bu S02Ar VI 1 Z NAY
2003 WO 00/09485 -29 SCHEME 3 RaR4 RB R XIIl ORs Rs OOR Rs R ﬁa&MNaZUUZ

Xl RRs ~"Cardp-oBw4g3 R Rs Ra Rs Ra X1 R Rs N'COzt-Bu SOzAr %99 %138$
Vi 1 2 MAY 2003 WD 00/09485 -30 SCHEME 4 R ~. XXl o N~~~~~%—l@%

N2 ~R Np ~CO2CH3 o R xI X ~"'""CO2CH3 P Hf @92CH3 XVviIl PCT/1 B99/01388

1-[4-(3,4-Diﬂuoro-benzyloxy)-benzenesulfonyl]-4-hydroxy-piperidine-Z-carboxylic acid
hydroxyamide,
4-Hydroxy-1 -[4-(2-triﬂuoromethyl-benzyloxy)-benzenesulfonyl]-piperidine-2-carboxylic
acid hydroxyamide,
5 1-[4-(2,4-Bis-triﬂuoromethyl-benzyloxy)—benzenééulfonyl]-4-hydroxy-piperidine-2-
carboxylic acid hydroxyamide,
4-Hydroxy-1 -[4-(naphthalen-2—ylmethoxy)-benzenesulfonyl]-piperidine-z-carboxylic
acid hydroxyamide, .
4-Hydroxy-1-[4-(4-isopropyl-benzyloxy)-benzenesulfonyI}-piperidine-Z-carboxylic acid
10 hydroxyamide,
1-[4-(3,5-Dimethyl-benzyloxy)-benzenesulfonyl]-4-hydroxy—piperidine-2-carboxylic
acid hydroxyamide,

4-Hydroxy-1 -(4-phenethyloxy-benzenesulfonyl)-piperidine-2-carboxylic acid
hydroxyamide,
15 4-[4-(4-Hydroxy-2-hydroxycarbamoyl-piperidine-1 -sulfonyl)-phenoxymethyi}-benzoic

acid methyl ester,
1-[4-(2,6-Dichloro-benzyloxy)-benzenesulfony!]-4-hydroxy-piperidine-Z-carboxylic acid
hydroxyamide,
4-Hydroxy—4-methyl-1-[4-(2-methy|-benzyloxy)-benzenesulfonyl]—piperidine-z-
20  carboxylic acid hydroxyamide,
4-Hydroxy-4-methyl-1-[4-(2-methyl-benzyloxy)-benzenesulfonyl]-piperidine-2-
carboxylic acid hydroxyamide,
1-[4-(4-tert-Butyl-benzyloxy)-benzenesulfonyl]-4-hydroxy-piperidine-2-carboxylic acid
hydroxyamide,
25 4-Hydroxy-1-[4~(naphthalen-1-yimethoxy)-benzenesulfonyl}-piperid ine-2-carboxylic
acid hydroxyamide,
1-[4-(5-Fluoro-2-methyl-benzyloxy)—benzenesulfonyl]-4-hydroxy-piperidine-2-
carboxylic acid hydroxyamide,
1-[4-(4-Fluoro-2-methyl- benzyloxy)-benzenesulfonyl]-4 -hydroxy-piperidine-2-
30  carboxylic acid hydroxyamide,
1 -[4-(2-Fluoro-6-triﬂuoromethyl-benzyloxy)—benzenesulfonyl]-4-hydroxy-piperidine-z-
carboxylic acid hydroxyamide,
1 -[4-(3,5-Diﬂuoro-benzyloxy)-benzenesulfonyl]-4-hydroxy-4-methyl-piperidine-2-
carboxylic acid hydroxyamide,
35 1-[4-(3,5-Diﬂuoro-benzyloxy)—benzenesulfonyl]-4-hydroxy-4-methyl-piperidine—2-
carboxylic acid hydroxyamide,
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4-Hydroxy-1-[4-(2-methyl-naphthalen-1-ylmethoxy)-benzenesulfonyi}-piperidine-2-
carboxylic acid hydroxyamide,
4-Hydroxy-1-{4-(4-methyl-naphthalen-1-ylmethoxy)-benzenesulfonyl}-piperidine-2-
carboxylic acid hydroxyamide,
5 1-[4-(Biphenyl-2-ylimethoxy)-benzenesulfonyl}-4-hydroxy-piperidine-2-carboxylic acid
' hydroxyamide,
4-Hydroxy-1-{4-(2-methyl-pyridin-3-yimethoxy }-benzenesulfonyl]-piperidine-2-
carboxylic acid hydroxyamide,
4-Hydroxy—1-[4-(2-methyl-benzyloxy)—benzenesulfonyl]-piperidine-z-carboxylic acid
10  hydroxyamide,
1-[4-(5-Fluoro-2-methyl-benzyloxy)-benzenesulfonyl]4-hydroxy-piperidine-2-
carboxylic acid hydroxyamide,
1-{4-(5-Fluoro-2-trifluoromethyl-benzyloxy}-benzenesulifonyl]-5-hydroxy-3,3-dimethyi-
piperidine-2-carboxylic acid hydroxyamide,
15 5-[4-(5-Fluoro-2-trifluoromethyl-benzyloxy)-benzenesulfonyl}-7-hydroxy-5-aza-
spiro[2.5joctane-4-carboxylic acid hydroxyamide,
1-{4-(5-Fluoro-2-trifluoromethyi-benzyloxy)-benzenesuifonyl]-5-hydroxy-3,3-diethyl-
piperidine-2-carboxylic acid hydroxyamide,
7-{4-(5-Fluoro-2-trifluoromethyl-benzyloxy)-benzenesulfonyl]-9-hydroxy-7-aza-
20  spiro[4.5]decane-6-carboxylic acid hydroxyamide,
1-[4-(5-Fluoro-2-trifluoromethyl-benzyloxy)-benzenesulfonyl}-5-hydroxy-3-methyi-
piperidine-2-carboxylic acid hydroxyamide,
1-[5-(5-Fluoro-2-trifluoromethyl-benzyloxy)-pyridine-2-sulfonyi]-4-hydroxy-piperidine-
2-carboxylic acid hydroxyamide,
25 1-[6-(5-Fluoro-2-trifiuoromethyl-benzyloxy)-pyridine-3-sulfonyl]-4-hydroxy-piperidine-
2-carboxylic acid hydroxyamide,
1-[56-(5-Fluoro-2-trifluoromethyl-benzyloxy)-thiophene-2-sulfonyl}-4-hydroxy-
piperidine-2-carboxylic acid hydroxyamide,
4-Hydroxy-1-[3-methyl-4-(2-trifluoromethyl-benzyloxy)-benzenesulfonyi]-piperidine-2-
30 carboxylic acid hydroxyamide,
5-Hydroxy-3-trifluoromethyl-1-[4-(2-trifluoromethyl-benzyioxy)-benzenesulfonyl]-
piperidine-2-carboxylic acid hydroxyamide,
1-[4-(5-Fluoro-2-trifiuoromethyl-benzyloxy)-benzenesulfonyl}-5-hydroxy-3-
trifluoromethyi-piperidine-2-carboxylic acid hydroxyamide,
35 3,3-Difluoro-1-[4-(5-fluoro-2-trifiuoromethyl-benzyloxy)-benzenesulfonyl}-5-hydroxy-
piperidine-2-carboxylic acid hydroxyamide,
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5-Ethyi-1 -[4-(5-ﬂuoro-é-triﬂuoromethyl-benzyIoxy)-benzenesulfonyl]-s-hyd roxy-
piperidine-2-carboxylic acid hydroxyamide,

1-[4-(5-Fluoro-2-trifiuoromethyl-benzyloxy)-benzenesulfonyl]-5-hydroxy-5-isopropyi-
piperidine-2-carboxylic acid hydroxyamide,

4-Hydroxy-1-[4-(2-methyl-pyridin-3-ylmethoxy)-benzenesulfonyl]-piperidine-2-
carboxylic acid hydroxyamide, and

1-[4~(3,5-Difluoro-benzyloxy)-benzenesulfonyl}-4-hydroxy-piperidine-2-carboxylic acid
hydroxyamide.

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

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

The subject invention also inciudes isotopically-labelled compounds, which are
identical to those recited in Formula |, but for the fact that one or more atoms are replaced by
an atom having an atomic mass or mass number different from the atomic mass or mass
number usually found in nature. Examples of isotopes that can be incorporated into
compounds of the invention include isotopes of hydrogen, carbon, nitrogen, oxygen,
phosphorous, fluorine and chiorine, such as 2H, *H, '3C, C, N, 0, 770, 3P, ¥p, ¥g *F
and *Cl, respectively. Compounds of the present invention, prodrugs thereof, and
pharmaceutically acceptable salts of said compounds or of said prodrugs which contain the
aforementioned isotopes and/or other isotopes of other atoms are within the scope of this
invention. Certain isotopically-labelled compounds of the present invention, for example those

into which radioactive isotopes such as *H and ™C are incorporated, are useful in drug and/or
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t he prepar at ivai Pfoqgonpounds of the formula I. Referring to Scheme 1,
conmpounds of the formula | are prepared from conpounds of the PGF/BAIA1ISS

by reaction with a reducing agent, such as triethylamoniumformate in the
presence of a palladiumcatal yst, preferably 4 t he presence of a suitable
solvent. Suitable palladiumb5 catal ysts include palladium(0) salts,
preferably palladiumtetrakistriphenyl phosphine. Suitable solvents include

pol ar sol vents, nitrile-water mxtures. The aforesaid
reaction is perfggﬁﬁgezgsée ?’gﬁ]{:’)‘g’?'&?fﬁﬁé&f BHRiedbifut 230 ybembttiti-e7 0, (sotapes are
the boiling poi npamieuletyerreigirecsiat their éase of pparatish didQiRleBBBMY. kuhl%r',rstQﬁtatmgsith

6 hours, preferabglyicbesth rs. . conpoynd of fornula Il is prepare
from a conpound of f'orrruI%&I %UIEHba;%/ ?e-e['lia]tsg'{" ri%bgg'loﬂwc?% a&”‘écﬁ?ﬁ?'f‘n‘@efﬂpgélﬁtadvamages

fol | owed by the H3HHEg EAMGIreatsrapgiatefel siolity afvi exanipedinareddear hdaoanhi® BR%8uced
N unden ot Qﬁéhf"ggf@iﬁ“‘e'?ﬁ‘é?8?3?32%’%'2%@5ﬁp oo h B, rbimighcts. Sotopialy
O al iyl hydroxyl &RT'RE GAPAEE ShEasYaehet fhisisverton eedbroduige phéreds @gefinsrally be
oxal | tor ophos phat e et A hodh L ettt b Ui e Setils enclor i e Exampies
1- hydr oxybenzot ri az Orf@é?r prnég &P ‘5btfyy'5“85tﬁ3g9 @i 834y 2yailable isotopically labelled reagent for a
yl oxytri s(di met andsateridainebgled reagenthexaf | uor ophosphat e or

1- 3- (di net hykgm nopr o - ; Car Limde. Suitable bases include
tertiary anm ne bases E%éc%uregg 'H?/e%jgog'pgrpsgg%}ftgf ﬂoﬁ Rl Reedicalcomeesiipn dori thestregtment of

pyridi ne bases 4 fRdifian Wc;eg ifrare thegrayp eersisitiyg df laghritia iludBg osteoarthritis and rheumatoid

di i sopr opy! et hy | iR, infStHrlaRB) RwsiUistsdd &rdric! tet rahydrof yran, .
acetonitrile or me(}rp | ene Zgwchlwor i de, '%F_dg grdg %f/a R 5°'3ﬁl“i§P|r%f8r,Y digtrgss

af or esai d react 6N PEep&PTBRmed oHic Qostaiier puimensnf diseasab dleheiber's atisebey)t organ
40C, preferably tabspidnt RIiCty, Hrexaf il edctibRagid ' from about. 2
e g

hours to ab - ~pbreferably about for 2 hours
The conpoun S‘H.%)f %?I 8’? %OZ c?'f)cles fnglu?}llge FeFNERRIPES! CRIPBLIHMG asNcar eindHrestriele &ancer

reaction with agn@gngoitic nefigrangesatictiding Uelkeritas norar REBhahdss, %hgll.%eration,
a In

trifluoroacetic Indsi : Ll fluor etic acid), prefer
the presence of T%%@gglsl\él'(g%ﬁ é@&%ﬁa'éaéggegieé'h‘%%ro @%%?ﬂ@ﬁ%?stﬁ?i’@mé oPg%e&I“Q qféﬁ@g?iﬁ"dﬁw

i's perforned at "PRmadiesaseeresiy fashidan etherad@erotc plpetrupdBE), abos afeupRii Gkidihgm

about 1 hour t oatdomiial @ofie WhsurvsRr et ahR! bn oyrs. .The compound of
formula 1V iz DI ed from ?ycq : ounﬁ’poéf"“%héé‘g?ii"ﬂu?‘%%%ﬁwi‘e%fﬂgﬁaﬁdmvmmﬂf
a nucl eophi e of "THEM S SR SEEMRakiead fgemaossiial eard imithu deuceddgencrafe
nucl eophi | es, peiedrderabfagutanandr ¢ieoming,u pitainenuge NBidorderd HURBBtoe dRBNO i Srs
organo |ithium gge i ' al t

ward r and t he appropriate copper salt.
Preferably, the af or_esét; ﬁl?’ea?%?%;rlr"ips?”?rl?ﬁa?iq‘?g?% YrR&e rREEEDE AN \Asgiopatiug h
as t et rahydr of upRRHOPig op -cagniien reohepetrheat carayotrapnit laietal etiésis, RANIE sabbis, ocular
t et r ahydr of ur anangibgenedfsOE&R HiukeRGL | at _a tenperature from about
-78C to abo% 23n8;5fgo? ; per | odju?ronédéﬁgﬁé&f%ﬂ%hra Erfobmﬂﬁ"%f’d Eeah}%rbyrnss@aqq@,
conpound of “F or HIIP2 ™A, BiMop giowt. fumsrmetasisaipotamiaiodcatriog, naslesitisyIAIDS, sepsic bh@N

with a sul fonyl sentd srdbek ira radeinttl, #RYIEHE & HEma) cSrhiGisRg S SRSt Ha c%m?:gtkn\éeo?%dmula !

Sui tabl e sul fonyl _halides .
¥ a a:Jt-;armaceutxcally acceptable salt thereof effective in such treatments and a

pharmaceutically acceptable carrier,
The present invention also relates to a pharmaceutical composition for the treatment of
30 diseases characterized by metalloproteinase activity and other diseases characterized by
mammalian reprolysin activity (preferably TACE activity) in a mammal, including a human,
comprising an amount of a compound of formula | or a pharmaceutically acceptable salt thereof
effective in such treatments and a pharmaceutically acceptable carrier.
The present invention also relates to a pharmaceutical composition for the inhibition of
35  (a) matrix metalioproteinases or other metalioproteinases involved in matrix degradation, or (b) a
mammalian reprolysin (such as aggrecanase or ADAM's TS-1, 10, 12, 15 and 17, most
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chloride or p-tol uenesul fonyl chloride, preferably nethanesul f onyiZ MAY 2003

chloride. v eé/gy4gbl y, the aforesaid reaction is performed mpthapRRS nce of
a base such as triaikylam ne or pyridine base. Suitable solvents inc

t etrahydrofuran, nethylene chloride, preferably tetrahydrofuran. The
aforesaid reaction is run at a tenperature fromabout OC to 5 the boiling
poi nt of the solvent, preferably at about 0C, for a period from abouf 30
m nutes to about 6 hours. Conpounds of the fornula VI are prepared

accordi ng to thermihRsle-97) isehagRmal m@lﬂ&h?a h%n ch,onﬁﬁgr'ldqéﬁ ¥isdild bmbdhe bhe

art will appreciate that the conpounds of Tornula may 10 possess hydroxy

substituents afPTRVIHY farnulgdor %@H”?%%"C?'H@é‘feﬁ?aﬁeéﬁ%@e@ﬁ for mula I'1-XV

possess a hydroxy suohspredaneintentdn dstyrelafes @ DrigtBodYor E@atxh@@)ﬁorﬁft@n §@lEdtddafbm the
t hrough the reaction step

Suitabl e prot e%rP%%'atfngfizl’rg‘P%sts(mg‘ngqr ?r?ées%]é 'gég%rr‘qc%ﬁﬁ"? %éjfﬁg'l‘éé%g%’%’?ﬂ“%fgowe'

" Prot ecti ngd G disgzse, Grol@isgisease, Bynhysesa,saclite (réspliratowy distyesS.syBaironty, @sthina 2 iebtorkiel ) .
These protecti v | t hods
described in sgiggg@ygn an@ %%& Q&ggﬁgp ﬁga%%&:g érrg %piagt {oggtyn?acn%{(r'aafa '%é’nc of
conpounds of teactions. @ildrgic &antashhypRrseraitivine cancenvisrereas $afid tumm rq:pmmd&“ludfhg thien
formul a | accoééilnb&gbr%%t %Qﬁce?elﬁrrﬁ)%nc‘éﬁ a§§3 laf%g?até caﬁ@éreén ﬁkg?arté?:o@:i? r%nmvl |

conmpounds of the formila are prepared from co oun S the
by reaction wi 'f‘?i“%\“% Lﬁ“ﬂ‘ﬁb‘ﬁ% %ﬂs'émﬁm\asétst'sau%d'éﬁetﬁwbrfeﬁé'ﬂ%ﬁ‘sﬂ?ﬁ?@ﬂ!@bﬁiséﬁs'eor

a |'ithium 1 odégiermaslysar b@@&éis&téb?bt@b:@-' lovtenim dey, aRti@al ejBiﬂb'lMpleQ& aﬁﬁéﬂdgeleross
Pert - but oxi de. mg@gfer oresabjd reaction js run in ggesence of

2 sol vent  sucH™54ang gerp r°“8P'ﬁ%‘r‘e ruptyie) gpic af@ue/aweuq'%qﬁbﬁora@a&ae gneurysm
correspondi ng and traie adhticoxedgpsiaseangestve Heert failyed mtybtdreial, mfﬁfo&cﬁrers&blkey cerebral

t et rahydrof ur e I r at
to the boi |1 ngbsTar n YRR ST REk hy kit oBlerfil BEBRHR (iR gl renk
for a period faupmawudisgdens myolington’s ditrsse, Parkihean'ss dlSQa}eThmgleoerpdemehsnrﬂ

formul a VIi{s myerifrf heRad=af SB(n tcér%@rta%ond)éng;&b@ﬂgqgg rQ:égr]: %%Q}g%/rjnér{t

with the appropri ate gamma- hydr ox ket'one 0O ~= ~
IX R6 RS Oin %W@%?f@s*étﬁ@bswosaﬁw rw@m @&f%xw%ﬂreana'ﬁepn&s'fwr&g}ﬂai Wisryy eweant

in a suitabl e dgerpdibn, (RsHE \s@naalebnag Briss Hiasdes, Q@ﬁbﬂ'lr‘i\feg&s)tum&%révﬁﬁﬂtﬁ}nor
azodi car boxyl at%s I ncl ude di al kyl azodi I‘bOXé| at es

di et hyl azodi cdPBERAaFE"S scﬁﬂ”% Btﬁyf\ otfiPe FBS)??W“&ISW&N %F@mﬂﬂ' weluding a
di et hyl azodi cawbmrydoatpdsingSadntiradiéring pd ezigd mamear aragracuns ofi ancdmpdend of fammula Ior 2

trialkyl ' ; | t

ol ude erior SapRERpuBAF LEeBRY s A0S He RIS PG RRYHANGE, 50) 05 hes - 37
PCT/ | B9S/ 01388 TheTemeaseridivanion ispirdiates to thecirdamensaf diseases dagseterzedte matism
about OC to abpaihiopBtefrady %tr@fy%lﬂ%ﬁ?é?%@as%@ charadtB&ed it rn?a?tﬁhéjiaﬁ @é’ﬁély‘s?':nacrt&ltp‘s

ranges from about 12 hours to about 24 hours The conpound of fornula
may be prepar dBeIROY EkEMER METEh (PEIRs 3 Bypan, Gemprisiag EMINisier e ot rBATYERY
salt (X) withaa amvmwﬂﬂdorﬁfiouhdﬂ&fférﬁfl’u[ﬁlbﬁabﬁﬁ@%euu&ﬁﬂﬁé@jeﬂathe b8t Beldar difekdive in
sel ected fgsomtr(%3 or(a oarconrg and a base in the presence of a sol vent.
Suitabl e Bases rHeSUdEe EnHH9y) kyl ami ne or a pyridine base. Suitable

sol vents incl ude N,Nedprasanhydv{amlorraa‘rsqjeelms to a method for the inhibition of (a) matrix

metalloproteinases or other metalloproteinases involved in matrix degradation, or (b) a

mammalian reprolysin (such as aggrecanase or ADAM's TS-1, 10, 12, 15 and 17, preferably

ADAM-17) in a mammal, including a human, comprising administering to said mammal an
30 effective amount of a compound of formula | or a pharmaceutically acceptable salt thereof.

The term “treating”, as used herein, refers to reversing, alleviating, inhibiting the
progress of, or preventing the disorder or condition to which such term appiies, or one or more
symptoms of such disorder or condition. The term “treatment”, as used herein, refers to the act
of treating, as “treating” is defined immediately above.

35 This invention also encompasses pharmaceutical compositions containing prodrugs of

compounds of the formula [. This invention also encompasses methods of treating or preventing




d~chl oronet hane. The aforesaid reaction is run for a period of time from
about 0.5 to about 20 hours, preferably fromabout 1 to about 3 hourmw &
t enper at ure Wooa@lmsut 0C to 50C. 10 G ycine tert butyl ester hydroc‘,| i
salt (X) is commercially avail able. The conpound of fornula | XP@EIBMBI1388
prepared by the procedures described in J. Qg. Chem, 1984, pl248-57. The
conpounds of formula ArSOzL are commercially available or can be nade by
nmet hods well known to those of ordinary skill in the art. One nethod for
preparing the conpounds of Fornula ArSQ2L is described in PCT publication
WO 981 07697, pubfisbisibredhal sarFsdiraddyor 2foy : refers to an
al ternate preparati.on gf corr])ounds %%fﬁggﬁﬁh%%%%f E%L%Jﬁ%ﬂgpfatﬁmf%éorme
formula VI can B&PEShOEFEEGRE: (POl FORAESIHF admiaisteronpriodrubs @t canstiungs b0the
the methods of Swheab Qompeefdaraf ioRgulh PhRFISEE adinoCaHT f.ormul a Vi
are prepared frg%?gggegwgl rer& t he foraﬁﬁlga Xl by %Pﬁggg%%él%%gﬁgcgﬁuﬁsﬁﬁge
of the conversion 0 coérpo A21s" 8 UsH N Rvdecomppunds whgieoemersinofcid msicud, ar /1
in Scheme 2. SCoRgipaplisle weintdidwé or mora (89., BYoE 16 PATRS éﬁi%%@i%@é?%?%% the
2L, er el

fornmula X1 by t&aat i f the formila ArSO vk
is a |eaving grou stg?ﬂﬁeg\ém%ﬂlgfgp %&g? 8 r or}g)ﬁeﬁﬁﬂ"% BELRXY; 9 $arRoxylie esidroraipeof a

sol vent. Sui t abPEPEYI%EHPE e Tieleming apidiiesisudsyindLaie trarBodatursll sblurhg BRI A6
or etheral sol vemnimongidesigriitestoy ti@se ek - yater . dj oxane-water or
DVE-water), preferably. l\j:el\l- dib?reaég%/l f Ql‘s wng%fsd%% %trji'rtl aL%F'eJ"BVa?g‘B%prPlﬁ’éi Rydexyysioal i
metal hydroxi de sartg, “trratky | ERFReBAngy perdiinebiteslesing ugdmmesaminobutyric acid,

triethyl am he osituling, Sopoaysiginet tyroaering Comibte ZhE Sl Juﬁ%e}iﬂg%ri_js run for a

period of tinme . ours tq about 20 hours, et er apI'S® F5°gRglude
about 1 hour to&g’génd‘ta?%%%ﬁr%,&é’?‘eﬁ ‘F&ﬁﬁ@fe&t #rides peshalisy crpter9 @Bhich afd @valdAly

Corpounds of t HRenqeg o abox sutstiicents effiametd | tvaugh eRLRIbAY c&BEPS sidkndine
formula X1l wth 9|%idﬁﬁrdR%FytskmliH¥.h 2Bl peydro$hl oride salt ,In The
presence of a deh%/d,r ating agént such as  nolrecitaladieeuerquadseides inwmjiorare
with the azeot rplc rE&RtEap diersrearey, of diseasesol Cantaf dratharpWRH iPMhd 826K 98,

Wi th a suitebl eporegtatieat Whag 8hg e £ (R ~Culli . ui t abl e sol vents
for dehydrationincl ?J‘dtet benzene. or t%ﬁggﬁiﬁﬁg 'ﬁg%gr'gttn? geﬁtf“e%“@ grRecifipe
boi I i ng 35 poi §E°5F TRk NS0 frmpatngsy pf depéveien ohantbeucordined wilh egridue dxdsting
hours. Suit abl éheppbutisrmpents asedtitrehat digesslee coupl i ng i ncl ude tetrahydrof uran

or diethyl ether, pg hydrof uran. The 1 2 MAY 2003 WO

0DY 09485 -38 PCT/ | ng@ég@g%aeﬁ’gye@ﬁ’ﬂa‘B‘ﬂpﬁ"gf"é*f REABITRINNES; Of 1A inmention may be

t enper at ur e fr 6PMRANSENIth 298 suchas TINF-2 BEbitdrosudh F3eintiats eBcRRS ShisdBies an

mi nutes {0 2ab0UkE Fedupier SrmbARIBAMPRIRLuE ohm B ArRCEL and gl yei he ter
butyl ester hydrochloride can be prepared 5" s EB%{E' QX% ridiitons o lavh dese of
ordinary ski | | "PHotS¥ategpiunimidechyaseerieroafing bieehiotamine adtahbinCabaRfteR 6PGLED
from conpoundsgad. the formula I X, from Schene 2, according to the foll ow ng
procedure. The co und of formula I X is protected with an appropriate
protecting group for it HERH? oﬂfy1heg?‘(?ﬁf3f?“ S Risasheaustidainkgdmbiretiar wth eRigigal
or a cyclic kethekpstic ageitalfor trel resvnedl sihestadfthidsOnN sRftaife aggﬁrﬂgq‘l) Qr diol,

preferablysgeth gl i resence of a solvent su as° B&nS¥feNor
tol uene and a ﬁ‘?@?ﬁ'f?‘i '08% %%%%Ef" of S%{ﬁﬁalc?'ﬁ"'gw}ﬁn%y [ROEOE (egteinafief DISAD's)

aci d. The react-Fbds iPéoXiEas sibidfenaabmrapionit eciboislings Pab-Bkerdfaubibteres Oie}{%{?'&?.{ or
a period of tiKRpRANVERN ibdpldfAl 4 urs t ive the ketal ‘or cetal .
This ketal or acetal can'tﬂe%dbzen%%gt&gzse"@ﬁ)b%? 5‘88333'?1& eigyt indomgibaging spindawds
such as the SWERG%i WEZPIBRES Tehre Peasvibatazarke, sdiieylateesuh aaraskinh, BOXIS inABiGE

appropri ate aciuch sascheiasoxiby &h@ C bk, aagg,gegfgsl 'ap&” %L %jrﬁ “%«S 8\%??8 ound

o
formula Xl 44. epe 4 .refers to the preparation 0 S ofudh@s
fornul a XI%?1 (%ﬁ%%ﬁegﬂgsﬁh?%@m?ﬁ?ﬁﬂﬁ $okey/hygieaneodpowyisds of the fornula |,

wherein R2, R ) R, TR copowads dReheaps& GhveANsH /R i .ned above
and R6 is hydra‘ﬁﬁ@éhce‘?égémeéu%h s B8 &% R, R and?%ogr).% ug%délﬁ' ﬁ%ﬁn@ﬁ%‘hyﬁ'ﬂ?
and RS are as defined” above And s apd, iRsiAtin GF cxiptaxie drugReuUChRES adRETYCR,
and R are eacHeHpaveRcis-piainuan stomSider exals tlebranatl akMies, a06h ES vihGisihedLRxY:
or wher ei n RZ)enfhetabBlite PQchSs Aaflofexafl € €ach hydrogen, R and RB are as
defined ahgve and is h droxy. Referring to Schenme 4, a conpound of the
formula XIV is pre ?éﬁf“‘f"%i‘ﬁﬁ? & &8npretand inventicnemépmisul e ¥edoyt dRBFkiidNWI t N
hydr oxyl am ne cardioeaspiidraggef’] #RAtas & ' e prepared via the
addition of sodium al koxi de to a solﬁ{r?g;ﬁgrg@ E@ﬁ%y’ﬁ%ﬁ?’égﬁﬁ%‘@nFWi e in
a solvent, preferably nmethanol. Suitable solvents for the aforenentioned
reaction include | ow 25 boiling al cohols such as ethanol or nethanol,
preferably the solvent is nmethanol. The aforesaid reaction is run at a
tenperature of about 0 Cto about 80 C, preferably about 60 C, for a period
of about 10 m nutes to about 6 hours, preferably about 1 hour. The conpound

Y r o o o o Y r



1 2 MAV 2003 WD 00/09485 -39 PCT/I B99/01388 The conpound of fornula XVI is
prepared froma conpound of formula XVII by reaction with the appropiMiye)g;
aryl sul f ony, i and a tertiary am ne base in a suitable

Sui tabl e so \(/)}e})ﬁ)f)és“g?ncl ude N, N-di net hyl f or mram de. The af or esaiﬁ)?dlgg%%?’% IS
run at a tenperature of about O C to about 23. C, preferably about 0 C for
a period of about 10 5 m nutes to about 4 holUrs, preferably about 2 hours.
The conpound of fornula XVII is prepared froma conpound of the fornula
XVII1 by reaction with an acid in a suitable solvent. Suitable acids
include trifluoroacetic aci r.met hanesul fonic aci.d referably.

et dor oacet | coBErar el Bl boudE, AR ERPIA Ando Rtz BB e gt andpitee

af or esai d react aggnedagon inhibigdrs.a t enper at ure of about OC to about 30C,

preferably 10 at abowf, Z%n#unés%f t%@%&érﬂ%v@ﬁtgﬁwai@b{h&%fﬁrﬁb%ﬁ&%ﬁh érlﬂ_)s

hours, preferably about ours. onpoun formul a XVIT erein
is 2-tert-but ox§aeatshe¥sy as RntideREessaiel (RFhazse serlalinehy antogrskinsenan [rugss(syeh as

defined above, prdiyERMRE, refiiidPhirate: MMALE thnftork Rich @K NYdleginbrl RisagifRC Edre
with a reducing agent in an_inert solvent. Suitable reduclng agents include

i t hi um bor ohydPhibtors s 3] 35816 HY & FRiiRitorsp FRPRRINgHTEYPakR IR phtggenists,
Sui tabl e sol ventigoting Glgdaists 1Dopafifealiythisf sHdARNMBELE! MBUXArAl Rific oREE 8)tMhase), and

met hanol preferably nmethanol. The aforesaid reacti is.ryn at a .

t enperat ure of %{giféﬁhel"ﬁ%d?r{"%s 55@11@5360"@?6% é?CEP%bg@)%f 'ré{ﬂ’glﬁff' grogentpfylfine; or
peri od of aboutmé&nyoratd es to about 4 hours, preferably about 30 m nutes.

Al ternatively, conp d e i I :
above, R ah% RB ar ce)ﬂgea(%:ﬁﬂé&uh?%gew%%gwg\}ﬁhﬁoﬂ\é%ggeé!%sg)%g ?dﬁ@d%ﬂbéngﬁa g{}he,
can be prepar edosteop@ioais xpepts riyetumd ofoxifane. froloniang K iRsepax axcimngmoguppressant
Gignard reagenigepfs stftad mK-58H ahdR@Mibycinvherein L is a hal ogen, in the
presence of an organol anthanide salt in an inert solvent. Suitable

or ganol ant hani de salts include cerium (IlIl) chloride. Suitable solvents

i nclude tetrahydrofuran. The af orpstaildd Dedaitibrosr ths Inkvertioat a tenperat ure of

about -50 C ,to about..0 f or about m nute t \bout 6_hours. 25

Al ternatively, corrpomf’dgu?ﬂ'”g( WgchBr%%‘FQeWFTtﬁa% %ﬁe‘?rg‘i’aﬁatlgni" %ﬁst@PFW(?oOf the

above) R5 and Rresest iewankiorhydmiesgethepmice Rdicateti AlRandiRE-Rdn the fréantizd Stheruas ardahe

be prepared frocgcﬁss%q‘rﬁpé?%gwﬁg‘e_dgl JfQuBea XI X by reaction with a conpound
, S

of the fornula wherern alo and R are as defined above, and a
base in a solvent. Suitable bases include Iithiumdiisopropylamde, lithium
hexanet hyl di si | azane, potassi um hexanet hyl di si |l azane, or sodi um 30
hexanet hyl di si | azane preferably lithiumdiisopropyl am de. Suitable solvents
i ncl ude tetrahydrofuran, ether or dinethoxyethane, preferably
tetrahydrofuran. The aforesaid reaction is run at a tenperature of about
-78 Cto about 0 C, preferably -78 C, for about 30 mnutes to about 24
hours. Alternatively, conmpounds of the fornula XVIII, wherein Pis as
defined above, R3 and 35 R~ are each hydrogen and R and R are as defined
above, can be prepared froma conpound of the formula XI X by reaction wth
a conmpound of the fornmula RBL, wherein L is 12 MAY 2003 WO 001 09485 -40
PCT/1B99/ 01388 hal o and RB are as defined above, and a base in a solvent.
Sui t abl e bases include |ithiumdiisopropylamde, lithium
hexanet hyl di si |l azane, potassi um hexanet hyl di sil azane, or sodi um
hexanet hyl di si |l azane preferably lithiumdiisopropyl am de. Suitable solvents
i ncl ude tetrahydrofuran, ether or dinethoxyethane, preferably
tetrahydrofuran. The aforesaid reaction 5 is run at a tenperature of about
-78 Cto about 0 C, preferably -78 C, for about 30 m nutes to about 24
hours. The conpound of formula Xl X, wherein P is as defined above, is
prepared froma conpound of the fornmula XX by reaction with a catalyst in
an inert solvent in a manner anal ogous to that described by Ko, K-Y.; Lee,
K-1; Kim WJ Tetrahedron Lett., 1992, 33, 10 6651. Suitable catal ysts

i ncl ude rhodi um acetate d~mer or rhodiumtrifluoroacetate diner, preferably
rhodi um acetate diner. Suitable solvents include benzene, tol uene or

cycl ohexane, preferably benzene. The aforesaid reaction is run at a
tenperature of about 20 C to about 100 C, preferably at about 80 C, for a
period of about 30 mnutes to about 4 hours, preferably about 2 hours. 15
The conmpound of formula XX, wherein P is as defined above) is prepared from
a conmpound of the fornmula XXI by reaction with a di azonet hane reagent and a
base in an inert solvent in a manner anal ogous to that described by Coutts,
l. G C; Saint, R E Tetrahedron Lett., 1998, 39, 3243. Suitable

di azonet hane reagents include trinethylsilyldi azomet hane, preferably
trimethyl silyldi azonet hane. Suitabl e bases include n-butyllithium
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30 Referring to Schene 5, conmpounds of the formula XXI|I are prepared from
conpounds of the formula XXIIl by reaction with a reducing agent andg RAY 2003
cat al yst inhguﬁ??ction inert solvent. Suitable reducing agents include

t net hyl ammoNCtK 8P mat e. Suitabl e catal ysts incl ude added PdF&T/1B&4YaRt s

i ncludi ng tetrakistriphenyl phosphi ne pal |l adiym preferably

t et raki stri phenyl phosphi ne pal | adi um Sui t abl®®” sol vent's i ncl ude
acetonitrile, acetonitrile-water 35 or tetrahydrofuran-water, preferably
acetonitrile-water. The aforesaid reaction is run at a 1 2 MAY Z003 WO
00/ 09485 PCT/1B99/01388 -41 tenperature of_ about 0 Cto about 100 C,
preferably at about 80 C, for a period of EY5 ninutes to about 2
hours, preferably about 1 hour. The conpouanof formula XXI'l1l, wherein R
R and RS are each hydrogen, are prgpaRed f onuﬁanounds of the fornula
XXI'V by reaction with a reduci ng agegt i n inert 5 solvent. Suitable
reduci ng agents include Iithium borohydri odi um bor ohydride, [ithium

i de, pré€ y |ithium borohydride.
, dime hoxyethaVb or di et hyl

id reaction is run at a

Sui tabl e sol vents include tetrahyi
ether, preferably tetrahydrofuran,
tenperature of about -10 C to abBuf 3 ; ‘é about 0 C, for a
period of about 5 minutes to about 4 heur prefera%??'gbout 30 mnutes. 10
Al ternatively, conpounds of the formul Xxﬁll, wherein, R and RS are each
hydrogen and R is as defined as above, caPOpe prepared froma conpound of
the formula XXIV by reaction with a Gignard reagent of the forrmul a RIMJL,
wherein L is a halogen, in the presence of an organol anthanide salt in an
inert solvent. Suitable organol ant hanide yalts include cerium(l11)
chloride. Suitable solvents include tetrahydfofuran. The aforesaid 15
reaction is run at a tenperature of about -0 C to about 0 C for about 1

m nute to about 6 hours. Alternatdsvel copfpounds of the fornmula XXIII
wherein R and R5 are each hydroé% i 'i ned above, can be
prepared froma conpound of the for eaction with a conpound of
the formula R L, wherein L is haI% ng RS is ﬁ defi ned gbove) 20 and a
base in a solvent. Suitable baseRinclude lithiiumdiisopropylamde, |ithium
hexanet hyl di si | azane, potassium he | di ane, or sodium

hexanet hyl di si | azane preferably Rithi g sopropylGihi-Be. Suitabl e sol vents

i ncl ude tetrahydrofuran, ether or dinkthoxyet hane, preferably
tetrahydrofuran. The aforesaid reaction i $g. at a tenperature of about
-78 Cto about 0 C, preferably -78 C, forn about 30 m nutes to about 24
hours. 25 Alfematively, conpounds of the|fornula XXIlI, wherein R and R
are each hydrogen and R$ is as defined aljove, can be prepared froma
conmpound of the formula XXIV by reaction mﬁg@ a conmpound of the fornula
RSL, wherein L is halo and R5 is as fined/above, and a base in a solvent.
Sui t abl e bases include |ithiumdikgsop 'de,Rfithium
hexanet hyl di si |l azane, potassi um hex i | d&zane, or sodi um
hexanet hyl di si |l azane 30 preferably Ii 1 ami de. Suitable

sol vents include tetrahydrofuran, g r or di met hoxyet hae, preferably
tetrahydrofuran. The aforesaid reBctign is run jat a tenperature of about
-78 Cto about 0 C, preferably -78 a m nutes to about 24
hours. Conpounds of the fornula XX re pWepared b§Ods8udat i on from
conpounds of the formula XXV by reactifn with a suitable Swern reagent or a
chrom um (VI') reagent such as 35 pyridi um sblaerochronate, in the presence
of a solvent. Suitable solvents include tetrahydrofuran or dichforonethane,
preferably dichl oronmet hane. The aforesaidf reaction is run 1 2 MAY 2003 WO
00/ 09485 PCT/1B99/01388 -42at a tenperature of about 0 C to about 40 C
preferably at about anbient tenperature, Tor a period of about 10 m nutes
to about 2 hours. Conpounds of the fornula XXV are prepared from conpounds
of the formula XXVI by reaction with O allyl hydroxyl am ne hydrochl ori de and
a base, preferably in the presence of a 5 solvent. One of ordinary skill in
the art will understand that other hydroxyl am nes can be substituted for

O al | yl hydroxyl am ne in anal ogous reactions. Suitable bases include
tral kyl am ne bases such as diisopropyl ethylam ne or triethylam ne or
pyri di ne bases such as pyridine, preferably the base is

di i sopropyl et hyl am ne. Suitable sol vents include tetrahydrofuran or

nmet hyl ene chl oride, preferably nethylene chloride. The aforesaid reaction
10 is pertornmed at a tenperature from about OC to about 40 C, preferably
about 23 C. The aforesaid reaction tinme ranges from about 2 hours to about
48 hours) preferably for about 2 to 4 hours. Conpounds of the fornula XXV
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WO 00/094S5 -43 1 2 MAY z003 PCT/1B99/01388 Conmpounds of the fornmula XXVII
are conmercial ly available or can be made by methods well known to fijagg i3
ordi nary sKiyd odhge art. Scheme 7 refers to a process of introducing

di fferent Q groups 1nto conpounds of the formula XXXl . ConpouRH¥1B¥/¢d%8ul a
XXXl and XX1X are anal ogous conpounds to thgge of 5 fornula |Ii in Scheme 1,
wherein P is a suitable protecting group anal ogous to those described for
protecting hydroxyl groups as described in G eene and Wits, "Protecting

G oups in Organic Synthesis,” (John Wley 8~ Son Press, 2nd Ed.). Conpounds
of the forrmula XXI X can be converte%xﬁféﬁgﬂgg#gﬂigﬂgéthe formul a

according to the nethods of Schene i heme 7, conpounds of
the formula XX1X can be prepared by tR°eatnment 10 of a conpound of the
formula XXX with an optional |l y_s&bsti/turRdd (C6-C, a)aryl (C, -C6)al kyl halide
or (CZ-CS)heteroaryI(C,-Cﬁ)alk§ e/ (preferably a brom de or chloride)
in the presence of a base in a veht . Suitabl e bg es include cesium
carbonat e or potassi um car bonaR rably cesium carbohate. Suitable

sol vents include dinethyl for i ﬁyI-ZpyrroIidinone, preferably
di met hyl formami de. The reaction gi Xgfure is?stirred at a tenperature 15
from about OC to about 60C, preferaldegyapt about 40C for a period from about
30 mnutes to about 24 hours, preferably about 1 hour. The conpound of
formul a XXX can be prepared froma conpound of formula XXXI by reaction
with a reducing agent in a polar solyent. Suitable reducing agents include
hydrogen in the presence of a catal yst) such as pall adi um on car bon,

Pear| man's catal yst, preferably 20 p¥lladi umon carbon. The aforesaid
reaction is run at a tenperature of about OC to about 30C, preferably about
20C to about 25C, for a period frgm &oyt 4 hours to about 24 hours) '
preferably about 12 hours undegs a en at nosphere (35 psi). The

conmpound of forrmula XXXI is anal tlo the conmpound of forrmula Il from
Schenme 1, wherein the ally) pr ot ted hydroxamate is replqced with a stable
to reduction 25 protected hydridxa cally wherei'n Pis a suitable

protecting group anal ogous togh0
groups as described in Geene andr rotecting oups in Organic

Synt hesis,” (John Wley & Son Press,s .). Optiomally substituted

(C6C, 0)aryl (C,-C6)al kyl. halide or (C2-C9)heteroaryl (C, -C6)al kyl halide
(preferably a brom de or chloride) are comercially avail able or can be
made by methods well known to those ¢of ordinary 30 skill in the art. The
ability of the conpounds of formula 1 or their pharnmaceutically acceptable
salts (hereinafter also referred to as the conpounds of the present
invention) to inhibit netall oprotei nases or manmal i an reprol ysin and,
consequently, denonstrate their effegtiveness for treating diseases
characterized by netal |l oprotei nase of the production of tunor necrosis 35
factor is shown by the following in vigro assay tests. WO 00/ 09485

Bi ol ogi cal Assay |nhibition of Solubl & TNF-a Production 1 2 MAY 2UU3 PCT/!
B99/ 01388 The ability of the cong ds t he pharnaceutically acceptable
salts thereof to inhibit the c& | egse of TNF-a andy, consequently,
denonstrate their effectiveness f tredting 5 diseases involving the

di sregul ati on of soluble TNF-a Rs ghown jpby the following in vitro assay:
Human Monocyte Assay Human non@miaC ceNcpnay e | sol ated from

anti - coagul at ed human bl ood using @ ope stepHFicol | -hypaque separation
techni que. (2) The nononuGear cells v@&@@arwashed three tines in Hanks

bal anced salt solution (HBSS) with divalent rations and resuspended to a
density of 2 10 x 1 O6 /m in HBSS containing 1 % BSA. Differential counts
determ ned using the Abbott Cell Dyn 3500 anal yzer indicated that nonocytes
ranged from 17 to 24%of the total cells in these preparations. 180m of the
cell suspension was aliquoted into flat bottom 96 well plates (Costar).
Addi ti ons of conpounds and LPS (100 nglm final concentration) gave a final
vol ume of 200 ~I

~fgr” pretecting hydroxyl

o




15 All conditions were performed in triplicate. After a four hour
incubation at 37C in an humdified COZ incubator, plates were renovegd pmlpzm
centrifuged (10 m nutes at approximately 250 x g) and the supernatants
renoved and A993YUESfor TNF-a using the R&D ELISA Kit. MVP AsPaysiB99/013ss

Col | agenase-3 (matrix netal |l oprotei nase-13) selective inhibitors as used
herein refer to 20 agents which exhibit at | st a 100 fol d selectivity for
the inhibition of collagenase-3 enryne activity over collagenase-1 enzyne
activity and a potency of less than 100 nM as defined by the ICS results
fromthe MW-13l MWP-1 fl uorescence assays descri bed bel ow. Col |l agenase-3
sel ective inhibitors can be identified by §Eﬂ§&ﬁ§2ng the inhibitors of the
present invention through the MW-131MW-1 fl uorescence assays descri bed
bel ow and sel ecting those agehit,dNw t R0 ,MBul3l MVP-1 inhi bitiyn 1 CS ratios
of 100 or greater and potency of less than 100 nM Non-sel ective

col | agenase inhibitors as used herein refer to agents which exhibit |ess
than a 100 fold selectivity for the inhibition of collagenase-3 enzyne
activity over coll agenase-1 enzynelactivity or a potency of nore than 100nM
as defined by the ICS results from|{the MW 131MWP-1 fl uorescence assays
descri bed below. 30 The ability of |collagenase inhibitors to inhibit

col | agenase activity is well knowngin the art. Many suitable proctols are
known in the art for identifying inhibitiors. The foll ow ng assays nmay
be used to identify matrix netall oproteinase inhibitors. 1 2 MAY 2003 WO
00/ 09485 -45 PCT/1B99/01388 inhibition of Human Col | agenase (MVP-1 ) Human
reconbi nant col | agenase is aqqmyaféﬂcwpt94§bypsin using the foll ow ng
ratio: 10 p.g trypsin per 100 pg of col Ragenase. The trypsi nVahd

col | agenase are incubated at r&o@tAenperature for 10 nminutes then a five
fold excess (50 pg/ 10 pg trypsin) of soybean trypsin 5 inhibitor is added.
10 mM stock solutions of inhibitorg are made up in dinethyl sulfoxide and
then diluted using the follow ng Sghene: | OrM >120pM >12pM >1. 2PM >0. 12pM
Twenty-five mcroliters of each copcentration is then added in triplicate
to appropriate 10 wells of a 96 we|l mcrofluor plate. The final
concentration of inhibitor will befa 1:4 dilution after addition of enzyne
and substrate. Positive controls (pnzynme, no inhibitor) are set up mwells
D1- D6 and bl anks (no enrynme, no inhibitors) are set in wells D7-D12.

Col | agenase is diluted to 400 ng/ and 25 ~|I is then added to appropriate
wel l's of the mcrofluor plate. Final concentration of collagenase in the
assay is 100 nglm . 15 Substrate

(DNP-Pro-Cha-d y-Cys(Me)-Hi s-Al a-Lys(NWMA~NHZ) is made as a 5 mM stock in

di met hyl sul foxi de and then dil 4t B 20 mMin assay buffer. The assay is
initiated by the addition of RQ pl |syhétrate per well of the microfluor
plate to give a final conc rayi og 10 ~M Fluorescence\fzadings (360 nM
excitation, 460 rim em ssi re tBRen at time 0 and 20 tHdn at 20 minute
intervals. The assay is conduct at_roomtenperature with a typical assay
time of 3 hours. Fluorescence vs tlNme i<COhgrBplotted for both the bl ank
and col | agenase contai ni ng sanpleq%@pq&p fromtriplicate determ nations is
averaged). A tine point that provides?2’'a good signal (the blank) and that is
on a linear part of the curve (usually around 120 mnutes) is chosen 25 to
determ ne I CS values. The zero ti is used as a blank for each conpound at
each concentration and these valuep are subtracted fromthe 120 m nute
data. Data is plotted as

Vi



i nhi bitor concentration vs % control (inhibitor fluorescence divided by
fluorescence of collagenase alone x 100). !C- s are deternined fromitheyy 2003
concentrat i onwafooiopdzsbi t or that gives a signal that is 50% of the control:
30 If ICSs are reported to be <0.03 pMthen the inhibitors arePQEHREESL
concentrations of 0.3 ~-M 0.03 pM 0.03 pM and 9- 003 pM I nhi bition of

Cel atinase (MVWP-2) Inhibition of gelatinase acF| vity is assayed using the
Dnp- Pro- Cha-d y- Cys(Me~Hi s- Al aLys(NMA) - NHz substrate (10 pM under the sane
conditions as inhibition of human col | agenase 35 (MWP-1 ). 1 2 MAY 2003
WO 001 09485 -46 PCTII B991 A 388 72kD gel até_ﬁéﬁiigs activated with 1 mM
APMA (p-am nophenyl nercuric acetate) for 1 at 4C and is diluted to
give a final concentration in the assay?“ﬂi 109 ng/ M. Inhibitors are
diluted as for inhibition of human col fiage seR(MVP-ldg to give final
concentrations in the assay of 30 pM©P3, sg-3 ~Man .03 ~M Each
concentration is done in triplicate. 57 Fl udrescence readi ngs (360 nm
excitation, 460 em ssion) are taken at tine zero and then at 20 m nutes
intervals for 4 hours. ICS's are determindgd as per inhibition of human

col | agenase (MW-1 ). If ICS s are reportgd to be less than 0.03 pM then
the inhibitors are assayed at final concegtrations of 0.3 ~~M 0.03 pM
0.003 pM and 0.003 pM 10 Inhibition of Stronmelysin Activity (MwP-3)

I nhibition of stronelysin activity is based on a nodified
spectrophotonetric assay described by & ten and Feder (Weingarten, H.
and Feder, J., Spectrophotonetric AssaffqrRVertebrate Col | agenase) Anal .
Bi ochem 147, 437-4.40 (1985)). Hydr @>s+sS t he thi gﬂgeptol i de substrate
[ Ac-Pro-Leu-d y- SCH CH2CH( CH3) ~j CO- L y- H-] yiel a nercaptan 15
fragment that can be nonitored in thegsfé €r%©o2(tl‘iauE| | man' s reagent. Human
reconbi nant prostronelysin is activated th trypsin using a ratio of 1 pl
of a 10 nglm trypsin stock per 26 ng of stronelysin. The trypsin and
stronel ysin are incubated at 37C for 15 njnutes foll owed by 10 ~I of 10
pg/ M soybean trypsin inhibitor for 10 mjutes at 37C for 10 m nutes at 37C
to quench trypsin activity. 20 Assays are¢ conducted in a total volune of
250 m of assay buffer (200 mM sodi um chljoride, 50 nM MES, and 10 nmM
calciumchloride, pH6.0) in 96-well mcrjoliter plates. Activated
stroneiysin is diluted in assay buffer tq 25 ~glml. Ellnman's reagent
(3-Carboxy~ nitrophenyl disulfide) is made as a 1 M stock in dinethyl
formam de and diluted to 5 mMin assay duffer with 50 m per well yielding
at 1 mMfinal concentration. 25 10 nmMst «sSolutions of inhibitors are
made in di methyl sulfoxide and diluted\s |1y in assay buffer such that

addition of 50 ~L to the appropriat ﬁ | sRyields fin&l concentrations of 3

~M 0.3 pM 0.003 ~M and 0.0003 pMR&AZN itions are conpleted in
triplicate. A 300 mM di net hyl sul foxi%g su'[ocgbstiﬂ”uti on of the peptide

substrate is diluted to 15 nMin assay b# AT and the assay is initiated by
addition of 50 ~I to each well to give a final

|
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30 concentration of 3 mM substrate. Bl anks consist of the peptidedbestrate
and Ell man's reagent w thout the enzyne. Product fornation was mond M8 83 at
405 nmw th ﬁnwﬁJgiular Devi ces Wmax plate reader. |1CS val ues_were

det er mi ned ¥ d%3ame manner as for col | agenase. 1 2 MAY %ﬂﬁ?ﬁﬁ%ﬁ”

00/ 09485 -47 PCTI|I B99/01388 I nhibition of - 13 Human reconbi nant MWP-13
is activated with 2 nM APMA ( p-am nophenyl ™frércuric acetate) for 1.5 hours,
at 37C and is diluted to 400 nglmM in assay buffer (50 MM Tris, pH 7.5, 200
nmM sodi um chl oride, 5 nmM cal ciumchloride, 20 pMzinc chloride, 0.02%
brij). Twenty-five 5 mcroliters of diluégg Egryne is added per well of a
96 well mcrofluor plate. The enzyne is luted in a 1:4 ratio in the
assay by the addition of inhibitor andggubstrate to give a final
concentration in the assay of 100-+% . 10 mM stock sol utions of
inhibitors are nmade up in dineth foxide and theg diluted in assay

buf fer as per the inhibitor gt Ch@ﬂfcﬁpr i nhibition of human

col | agenase (MWP-1 ): 10 Twenty-five microldtérs of each concentration is
added in triplicate to the mcroflyor plate. The final concentrations in
the assay are 30 fiM 3 ~-M 0.3 pM and 0.03 p.M Substrate

(Dnp-Pro-Cha-d y-Cys(Me}-His-Al a- Ly%( NVA~NHZ) is prepared as for inhibition

of human col | agenase (MW-1 ) and 50 ml is added to each well to give a
final assay concentration of 10 pM yFl uorescence readi ngs (360 nM
excitation; 450 em ssion) are tagen at 15 tinme O and every 5 mnutes for 1
hour. Positive controls consist o zynme and substrate with no inhibitor
and bl anks consi st of substrate _only. Ig§'s are det ek ned as per

i nhibition of human col |l agenase (MW-A ) If ICS's are reported to be |ess
than 0.03 pM inhibitors are then ayed at final concentrations of 0.3
pM 20 0.03 pM 0.003 ~M and 0. 00 p®IO,CHl | agen film MWP-13 Assay Rat type
1 collagen is radiolabeled with '~C acetic anhydride (T.E Cawston and A J.
Ban-ett, Anal. Biochem, 99, 340-34§ﬁ(1979)) and used to prepare 96 well

pl ates containing radi ol abel ed coll agen filnms (Barbara Johnson-Wnt, Anal.
Bi ochem, 104, 175-181 {1980)). 25 en a solution containing coll agenase
is added to the well, the enryne cleaves the insoluble collagen which
unwi nds and is thus sol ubilizeds e activity is directly
proportional to the amount of col ol ubilized, deXerm ned by the
proportion of radioactivity released i ntg the supernatant as neasured in a
standard scintillation counter. Col $gena§§CEﬁH§bitors are, therefore,

A

conpounds whi ch reduce the radi oactiye counts 30 released with respect to
the controls with no inhibitor present. One specific enbodinent of this
assay is described in detail below Fkor determning the selectivity of
conmpounds for MWP-13 versus MWP-1 using collagen as a substrate, the
foll owi ng procedure is used. Reconbi pant human proMVP-13 or proMwP-1 is
activated according to the procedures outlined above. The activated MWP-13
or 35 MWP-1 is diluted to 0.6 uglm ptith buffer ( 50 MM Tris pH 7.5, 150 nmM
NaCl, 10 mMMCaCl2 , 1 uMZnC 2, P.05%Brij-35, 0.02% sodi um azi de). 12
MAY 2G3 WD 00/ 0948S -48 PCT/h@Q@ 01388 Stgck solutions of test conpound
(10mV) in di methyl sul f oxi de are” . Dilutions of the test conpounds
inthe Tris buffer, above, are .2, 2.0, 20, 200%V%®000 and 20000

M RSN 0 0,CH,




900 pl of appropriate drug dilution and 900 p! of diluted enzyne are

pi petted into wells 5 of a 96 well plate containing collagen filns Iﬁﬁg%ﬁd
with "G col | aggeedipe final enzyme concentration is 0.3 Pglnm while t' 2003
final drug concentration is 0.1, 1.0, 10, 100, 1000 nM Each dP4§1B99/01388
concentration and control is analyzed in triplicate. Triplicate controls
are also run for the conditions in which no é'FynE is present and for
enzyme in the absence of any compound. 10 The plates are incubated at 37C
for a tinme period such that around 30 - 50% of the available collagen is
sol ubiliZed - determ ned by counting addit] rol wells at various
time points. in nost cases around 9 houggﬁg$ﬁﬁkggﬁg%hon are requi red. Wen
t he assay has progressed sufficiently| the supernatant fromeach well is
renoved and counted in a scintillatiopn counter. The background counts
(determ ned by the counts in the wellg wwth no 15 enryne) are subtracted
fromeach sanple and the %rel ea culated in relation to the wells with
enzyme only and no inhibitor. Abe\triplicgale values for each point are
averaged and the data graphed as i rel ease versus drugXeloncentration.
ICS's are determined fromthe point at ich 50%inhibition of rel ease of
radi ol abel ed col |l agen is obtai ~~Jo t,ermne the identity of the active
col | agenases in cartil age condﬁtioneﬂ med Chp assays were carried out
usi ng collagen as a substrate, cartil|age conditioned nmedi um contai ni ng

col | agenase activity and inhibitors pf varying selectivity. The cartil age
condi ti oned nediumwas collected durjng the time at which coll agen
degradati on was occurring and thus i5 representative of the coll agenases
responsi bl e for the collagen breakd®n. Assays were carried out as outlined
above except that instead of usng conmbi,nant MWP-13 or 25 reconbi nant
MWP-9, cartilage conditioned ﬁ@di s fhe enzyne source. IL-1 Induced
Cartil age Col (a~gen Degradati on vine Hasal Cartilage This assay uses
bovi ne nasal cartilage explants ar e %Sﬁggnly used to tegf the
efficacy of various conpoundsr it ed I'L-1 i nduced proteoglycan
degradation or IL-1 induced collagery degffadati on. Bovine nasal cartilage is
atissue that is very simlar to arBPgul@r 30 cartilage, i.e. chondrocytes
surrounded by a matrix that is primarily type Il collagen and aggrecan. The
tissue is used because it: (1) is ry simlar to articular cartilage) (2)
is readily available, (3) is relatiyely honogeneous, and (4) degrades with
predi ctable kinetics after IL-1 stigulation. Two variations of this assay
have been used to assay conpounds. Both variations 35 give simlar data.
The two variations are descri bé% wW. _ol 2 MAY 2003 WO 00/ 09485

PCT/ TB99/ 01388 -49 Vari ati oR gs of bovine nasal cartil age
(approximately 2 mmdi ameter x [1.5 Jdeng) are placed into each well of a
24 well tissue culture plate. “of* serum ess nediumis then added to
each, wel | . Conpounds are pr N 10 mM stock sol utions XN DVSO and 5
then diluted appropriately in serymess nediumto final concentrations,

e~c. ., 50, 500 and 5000 nM EachSOgmcentration is assayed in triplicate.
Human reconbinant IL-1 a (Snglnm) (IL-1 ) is added to triplicate contro
wells and to each well containing drug. Triplicate control wells are al so
set up in which neither drug nor |Ilyl are added. The nmedwmis renoved and
fresh medi um containing IL-1 and the appropriate 10 drug concentrations is
added on days 6, 12, 18 and 24 ,or Bvery 3 - 4 days if necessary. The nedia
renmoved at each tine point i ored at.+20C for later analysis. Wen the
cartilage in the IL-1 al one wel. nost conpl etely resorbed (about day
21 ), the experinent is term nafed. The ium is renoved and stored.
Aliquots (100 ul) from each at _gach Jre poi nt are pool ed, digested

Wi th papain and then anal yz fordrydr’ ypr obHne cont ent . % Backgr ound
hydr oxyprol i ne (average of wells th I L-1 and no drug) “lI's subtracted
from each data point and the averéﬂéﬁbé?culated for each triplicate. The
data is then expressed as a percent of the IL-1 al one average val ue and
plotted. The IC~ is determned fromthis plot. Variation 2 The experi nental
set-up is the sane as outlined above in Variation 1) until day 12. 20 On
day 12, the conditioned nmediumfromeach well is renoved and frozen. Then
one m of phosphate buffered saline (PBS) containing 0.5 ~glm trypsinis
added to each well and incubation continued for a further 48 hours at 37C
After 48 hours incubation in trypsin, the PBS solution is renoved. Aliquots
(50 pl) of the PBSItrypsin solution and the previous two tinme points (days
6 and 12) are pool ed, hydrol yzed and hydroxyproline content determ ned. 25
Background hydroxyproline (average of wells with no IL-1 and no drug) is
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trypsin for 48 hours after 12 days of IL-1 stinmulation likely rel eases an
type Il collagen that 30 has been damaged by col | agenase activityIﬁhMthﬂy
yet releasegm%@&g]the cartilage matrix. In the absence of IL-1 stinulation,
trypsin tredt 83r oduces only | ow background | evel s of col IP&J&R99/01388
degradation in the cartilage explants, Inhibition of Human 92 kD Cel ati nase
(MWP-9) Inhibition of 92 kD gel ati nase (NNP—é?'activity i s assayed using
the Mca-Pro-Leu-A@y 35 Leu-Dpa-Al a- Arg- NH2 substrate (10 pM under simlar
conditions as described above for the inhibition of human col | agenase
(MWP-1 ). 1 2 MAY 2003 WO 00/ 09485 PCT/IgE é01388 -50 Human reconbi nant
92 kD gel ati nase (MW-9, gelatnmase B) is for 2 hours with 1 mM

p- am nophenyl -nercuric acetate (fram®& freshly prepared 100 nM stock in 0.2
N NaCH) at 37 C. 10 nmM di net hy idﬁ stock solutions of inhibitors are
diluted serially in assay 5 buffer (50.® S, pH 7.5, @380 mM NaCl, 5 nM
CaCl 2, 20 pM Znd 2, 0.02% BRI J-3§\v0l ./vol.)) using the foll owi ng schene:
10 mv#--~ 120 pM-r 12 pM--~ 1.2IpM--> 0.12 ~M Further dilutions are nade
as necessary~follow ng this sane §5 me. A mnimum of four inhibitor
concentrations for each conpound aie performed in each assay. 25 ~L of each
10 concentration is then added to ¥riplicate wells of a black 96 well
U bottoned m crofluor plate. As tﬁ%*final assay volune is 100 ~L, final
concentrations of inhibitor are the result of a further 1:4 dilution (i.e.
30 ~M--~ 3 pM---a 0.3 ~M--~[0.03 pjM etg,). A blank (no enryme, no
inhibitor) and a positive enzy contt.pnl ( '.n\enryne, no inhibitor) are
al so prepared in triplicate. 15 A&tivat€etf enry is dilutedXXw 100 nglniL in
assay buffer, 25 pL per well is asded tooapproptiate wells of the
m cropl ate. Final enzyne concentri}ijnirIthe assay is 25 nglnL (0.27 nM.

I

A five mM di net hyl sul f oxi de stock soljuti on of substirate

(Mca- Pro-Leu-3 y-Leu-DpaAl a- Arg-NHY) is diluted in assay buffer to 20 ~M
The assay is initiated by additig 50 ~.L of 20 diluted substrate
yielding a final assay concentrption of 10 ~M substrate. A O tine

fl uorescence readi ng (320 excitation. 390 eniNssion) is i mediately taken
and subsequent readings are takenuigery ffffteen @i nutes at room tenperature

with a PerSeptive Biosystenms CytoBRior ti-Wel L Plate Readeavwi th the
gain at 90 units. The average val of fluorescencejof the enzyne and bl ank
are plotted versus tine. 25 An early tinme point on lhe linear part of this
curve is chosen for |1CSp deterninati%gs. The 0 tine point for each conpound
at each dilution is subtracted fgon1t e latter time point and the data then
expressed as percent of enz%ge Bont r OH(i nhi bitor fluorescence divided by
fl uorescence of positive en I RI00). Data is plotted as
i nhi bitor concentration versus percent {of enzynme control. 1Cop's are
defined as the concentration of “fib+ter, t ~3Q gives a sig@&h'that IS
50% of the positive enzyne control.;Aggred nase say Primary porcine
chohdrocytes fromarticular joint ;ilage are i'sqlated by sequentia
trypsin and col | agenase di gestion fl | owed by collaq nase di gestion
overnight and are plated at 2 X 105 3ells per welt i'nto 48 well plates with
I

5pCG | m 35S (1000 G| mmol) sul phung in type 1 2 MAY 2003 WO 00/ 09485
PCT/1 B99/01388 -51 | collagen coatedq plates. Cells are allowed to
incorporate |abel into their protgogl'ycgn matrix (approxinmately 1 week) at
37C) under an atnosphere of &8 COz. e night before initiating the assay,
chondr ocyte nonol ayers are washethtwo Ties in DVMEM 1 % PSFI G and t hen
allowed to incubate in fresh DVEM_11 % HEBS oveﬂnight. 5 The folXXéw ng
nor ni ng chondrocytes are washed onceNi'n DV 1 %BHG The final wash is
allowed to sit on the plates in the é@cubat r while making dilutions. Media

and dilutions can be nade as describ¢d2in the Tabl e bel ow.
Ar




Control Medi aDVEM al one (control media)lL-1 MediaDMEM + IL-1 (5 nglm) -
___DLung IutionsNhkedaI( conpounds storrs ?t 10 MMin DNFCZNhke gz%@gzmw
stock of ea nd in DVEMin 96 we plate. Store in free

over ni ght. Tﬁib g@%gc;ay performserial dilutions in DVEM w t h F?f‘/{B')&/)O]%SS

uM 500 nM and 50 nM Aspirate final wash frogmwells and add 50 ul of
conpound fromabove dilutions to 450 ul of IL-1 nedia in appropriate wells
of thed48 well plates.Final conpound concentrations equal 500 nM 50 nM and
5 nMAI| sanples conpleted in triplicate with Control and IL-1

al onet sanpl es on each plate. Plates are hgﬂiaﬁggand only the interior 24
wells of the plate are used. On one of t ates, several colums are
designated as IL-1 (no drug) and Contm3l (no IL-1, no drug). These control
colums are periodically countegfto nitor 35S-proteoglycan rel ease.
Control and IL-1 nmedia are adde B50 ul) followed by conpound (50
ul) so as to initiate the assay. Pl e incubated B37C, with a 5% C02
at nrosphere. At 40-50 % rel ease (whe fromlIL-1 nedia Is 4-5 tinmes
control nedia) as 15 assessed b%{ i intidkation counting (LSC) of
medi a sanples, the assay is ter 'nate&‘(g 1| hours). Media is renoved from
all wells and placed in scintillation tubesg Scintillate is added and

radi oactive counts are acquired (LSC)| To solubilize cell |ayers, 500 ul of
papai n digestion buffer (0.2 MTris, pH 7.0, 5 nM EDTA, 5 nM DIT, and 1
ngl M papain) is added to each well. ylates with digestion solution are
i ncubated at 60C overnight. The cell layer is 20 renoved fromthe pl ates

the next day and placed in scintillagion tubes. Scintillate is then added,
and sanpl es counted (LSC). 1,2 2003, W0 00/ 09485 PCT/1B99101388 -52
The percent of rel eased count he Fotal present in each well is
det ermi ned. Averages of the tR% made with co | background
subtracted fromeach well. The pgrcent|of compound i nhibi'ti’on is based on
IL-1 sanples as 0% i nhibition ( ot alprcounts). 5 The conpounds of
the present invention that weRe esged hg3 I CS of less than 1 pM

asgt on

preferably less than 50nMin at | of the assays described above.
Most preferred conmpounds of the invention are at |east 100 fold | ess potent
agai nst r-MW-1 than against TACE in,the above assay. For adm nistration to
manmal s, including humans, for the iphibition of matrix 10

net al | opr ot ei nases or manmal i an reproplysin, a variety of conventional
routes nmay be used including orally, {parenterally buccally, rectally and
topically. In general) the active cogpound will be adm nistered orally or
parenterally at dosages between about 0,1 and 25 ny/ kg body wei ght of the
subject to be treated per day, prefera fy fromabout 0.3 to 5 nyl kg.
However, sone variation in dosa i necgdsarily occur depending on the
condition of the subject being g5  _Rhe person responsible for
admnistration will, in any event, i ne the approptiate dose for the

i ndi'vi dual subject. The conpounds resent invention can be

adm nistered in a wide variety af~di ren forms, in general, the
therapeutically effective conpound§foﬂ thidlinvention are present in such
dosage forns at concentration |evels ﬁﬁngina from about 5.0%to about 70%
by 20 weight. For oral adm nistration, tablets containing various
exci pi ents such as microcrystalline céflulose, sodiumcitrate, calcium

car bonat e, dical cium phosphate and gl ycine nay be enpl oyed along with
various disintegrants such as starch (and preferably com potato or tapioca
starch), alginic acid and certain conplex silicates, together with
granul ati on binders |like 25 pol yvinyl pyrrolidone, sucrose, gelation and
acacia. Additionally, lubricating agents such as nmagnesi um stearate, sodi um
| auryl sulfate and talc are often very useful for tabletting purposes.
Solid conpositions of a simlar type may al so be enployed as fillers in
gelatin capsules; preferred materials in this connection al so include

| actose or mi |k sugar as well as high nol ecul ar wei ght pol yet hyl ene

gl ycol s. Wen aqueous suspensions andlor elixirs are desired 30 for oral
adm nistration, the active ingredient may be conbined with various
sweetening or flavoring agents, coloring matter or dyes, and, if so
desired, enul sifying andl or suspending agents as well, together with such
di luents as water, ethanol, propylene glycol, glycerin and various |ike
conbi nations thereof. For parenteral adm nistration (intramuscular,

i ntraperitoneal, subcutaneous and 35 intravenous use) a sterile injectable
solution of the active ingredient is usually prepared. Solutions of a

t herapeuti c conpound of the present invention in either sesame or peanut
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such as suppositories or retention enemas, e.~c ., containing conventional
suppository bases such as cocoa butter or other glycerides. 10 Forq AY 2003
i ntranasal adm nistration or admi nistration by inhalation, the act]ggd
conmpounds ofY® A¥0%4BYention are conveniently delivered in the fPaTBes01a88
solution or suspension froma punp spray container that is squeezed or
punped by the patient or as an aerosol spray-3gresentation froma

pressuri zed container or a nebulizer, with the use of a suitable

propel lant, e.~c ., dichlorodifluoronethane, trichlorofl uoronethane,

di chl orot etrafl uoroet hane, carbon 15 di oxide or other suitable gas. In the
case of a pressurized aerosol, the dosage S@H&MEAy be determ ned by
providing a valve to deliver a ngtered anount. The pressurized container or
nehul i zer may contain a solutR orrmuspensi on of the active conpound.
Capsul es and cartridges ( xanple, fromgelatin) for use in an

i nhaler or insuffiator may b Rd containing a powder mx of a
conpound of the invention g¥fd|/a sui owder 20 base such as | actose or
starch. The foll ow ng Exagp L the-Ppr epar at i onXX¥KI t he ‘conpounds
of tl-ie present invention. nts e uncorrected. NVR data are
reported in parts per mllion (8&pandpare referenced to the deuteriumlock
signal fromthe sanpl e sol vent (héhteriodinethylsulfoxide unl ess ot herw se
speci fied). Commercial reagents Awere utilized 25 without further
purification. THF refers to tetrbhydrofuran. DMF refers to

N, N- di net hyl f or mam de. Chronatod? phy,refers to colum chronat ography
pertommed using 32-63 mmsilica gel and executed under nitrogen pressure
(flash chromat ography) conditions. Room or anbient tenperature refers to
20-25C. Al non-aqueous reactions were run under a nitrogen atnosphere for
conveni ence and to nmaxi m ze yielyds. Concentration at reduced 30 pressure
nmeans that a rotary evaporator was used. EXAVPLE 1

(ZR, 5R)-1-[4- (2, 5- DI FLUORO BENZYLOXYr BENZENESULFONYL~- 5- HYDROXYPI PERI DI NE- 2
- CARBOXYLI C ACI D HYDROXYAM Dk« R® ,
2-tert-Butoxycar bonyl am ngs 5- dhg@zd¥’4- oxo- pent anoi ¢ acid nmethyl ester 35 To
a solution of trinethylsilyNdj thane (1.24 nL of a 2Msolution in
hexane, 2.5 mml) in 12 nL_ef tetrphydrofuran at -100 C was ddded
n-butyllithium(1.01 mL of al2.5 W ¢ 001 09485 1 2 MAY 2003
PCT/ 1 B99/ 01388 sol uti on iri“hex , 2yp mmdlg” After stirring for 30 min,

t he sol uti on was transferredR%ih an ijphsul ated cannula to a -100 C sol ution
of N-BOC (D)-pyroglutamc acid ?%ﬁhylo ester (Q50 g, 2.1 mol) in 21 nL of
tetrahydrofuran. After stirringAjor 20 mn, the mxture was poured into
saturated aqueous NH4Cl, extracfed twce with ethyl acetate, and the

conbi ned organic |ayers 5 mere<&qied over NazZSO,, filtered and
concentrated, affording 0.62 g of 2-tert

but oxycar bonyl am no- 5- di azo- 4- pxo- pentanoi ¢ acid nethyl ester as a yell ow
oi |l ./ 4-Oxo-pi peridine-1,2-dicatboxylic acid 1-tert-butyl ester 2-nethyl
ester To a retluxing m xture oy rhodi um acetate dinmer (0.0093 g, 0.02 mmol)
and 40 nL of benzene was added dropw se a sol ution of
2-tent-butoxycarbony|anino-S%piaRb-4-oxo 10 pentanoic acid nethyl ester
(0.60 g, 2.2 nmmol) in 4.5 0 eR%Zene. After stirring for 2 h at reflux,
the m xture was cooled to r erature, concentrated in vacuo, and
filtered through a small pag/of si ca gel eluting with 1:1 ethyl

acet at e- hexane. Concentrati op of the fiIHratefgfforded 0.53 g of

4- oxo- pi peridine-1,2-di cag NE~ act -Tept-butyl ester 2-§3&§yl ester as
a yellowoil. 15
5- (4-Benzyl oxy- benzenesul f onyl ) 2, 0x& 5- aza- bi cycl o[ 2. 2. 2j oct an- 3-one To a
sol ution of 4-oxo-piperidne-l,ZJdicarboxy(ic acid 1l-tent-butyl ester
2-methyl ester (1.1 g) 3.9 nnnlf’in 20 mL of methanol was added sodi um
borohydride (0.14 g, 3.9 nmol) at 0 C. After stirring for 2 h at 0 C, the
m xture was diluted with ethyl acetate, washed with 1 MHCI, 1 M NaCH and
brine, dried over NazSO,, filtered and concentrated. The residue was 20
taken up in 10 nL of 6M aqueous HCI and was refluxed for 4 h. After cooling
to roomtenperature, the m xture was concentrated in vacuo, and the residue
was dissolved in 5.5 nL of anhydrous DWF. The solution was cooled to 0 C
and was treated with triethylamne (4.8 n., 34 nmmol) and

4- benzyl oxy- benzenesul fonyl chloride (2.5 g, 8.8 mmvol). After stirring for
2 h, the mxture was diluted with 1 MHCI, extracted 3x with ethyl acetate,
and the organic Layers 25 were dried over NazS04, filtered and concentrated
in vacuo. The residue was filtered through a small pad of silica gel
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1 2 MAY 2003 WO 00/09485 -55 1'CT/1 B99/01388 A m xture of

5 (4- hydroxy-benzenesul f onyl } - 2- oxa- 5- aza- bi cycl o[ 2. 2. 2] oct an- 3- 6rZeM/§YOLu§LJO
g, 0.35 W&) ngg appropriate alkyl halide (0.72 mol ), potassium

car bonat e fo? 0.72 nrnol) and DW (0.6 nL) was shaken ACBHOREY 18
h. The m xture was diluted with water, extrgéted 3x into ethyl acetate,a nd
the conbi ned organic |ayers were dri ed over Na2S04, filtered and
concentrated. Purification by radial chromatography (1:1 ethyl

acet at ehexane, 2 mmsilica gel plate) afforded the |actone internedi ate as
:I E;’: g:: grslsofsog' ((j 40L8c§€ajne 1Fr% ér?% ) &rggarﬁlgﬁ %Boen.lrnﬁls d? rﬂg)ec o(rj'r%trjlg If OFEeferrmg to
benzenesul fonylf}ch@n@iacmmadmfdp@ fQUPQlaZ @E] pepanrd Fromneommiinds of the formula Ii by
3, 5-di fl uorobe d I 0
5.[4-(2,5-difl Eéér%mﬁgvg'ﬁna %daanigﬁi@nﬁh %9&5%;'%%%&& ihebresence o a
aza- bi cycl o[ 2. Paladiet ﬁﬁ@'ﬁtoﬁ@f%%blya'%ﬁ‘leow?@@ 64 guitable solvent. Suitable palladium

1-[ 4- (2, 5- Disf | @@@stbenaw@wadmmmmﬁw f;S?&}érlabry5ﬁel¥§g@>r<rgetrll§(l§nﬁtﬁﬁﬂqu hﬁpg;ﬁé bo

xylic acid hydrox ?ﬁ (PI ﬁg al. Pr cedure or t
Pi pecol ate Hydﬁ&ﬁ%@ Noa/- (3 df’f%d?ﬁ%'ar eB P ifgEably aceignitisawaiar mixiyres. The a@r%alﬂ/l
hydr oxyl am ne |reactmtnhaermlrméqbatep:amﬁefam5e fﬁc;m bt 230G td bEdUt Qb"d»(l 6Cth'é Moiling fpoint of

hydr oxyl am ne Lo u odj nmet h e i n nethanol),
and the resul tll%gs @ggk)g s?ldpgﬁo froé" %bgbéﬂmﬁtm%ﬁ’ H’JF] S, ?f? FHERY 3094t 2P0l i ng
to room tenper at ur e The kempiurt of formls lids ipctipbriee dromi 4 bordpduntiGF forraa Bt REctRX

into ethyl .gce t] th 50‘V
saturat od dueanh Eiqopla e BERETEY o SBGE of RYA B SEDTRIRS g ap 5
over Na2S04, fPP%@P@W%‘Vd“@@rﬂf@%ﬂ?@@faﬁowﬁm t @napf adinal skl tze art@dl wruersfanmm
met hyf ene chl okag@teexsaRxabhines edn the sbyﬁfu@ﬂa%rcog‘aﬁ?ﬁ&mﬁ aﬁ‘g}' eOf gﬁé?ﬁous

solid. The lactone fromthe r% evi ous step was conver hyd
aci d fol | owi ng"™ ¥ "general prPBEEure FPHRBY abFAEMS af f olElHdRy O. @EELZOQ"&‘W -1-

1-[4-(2, 5I Di f | vioxytristuirnetiylamis)phosphonium hexaﬂuoroph?sphate or c;rbodumtde reagents in
penzenesul Lonykd el Ox bl Peri di gy o CRLRNlde 2C Rk Oy Bt ieds-12
(2R, 5R) - 1- (4- Bﬂm@mtmw&snmmﬁaﬂmw@ NE'HI-—NLdi?h&E;H&ﬂcN&p%—@ARB

OXYLI C ACI D HY, Li |ne 2

acid 1-tert-but i est er S%Mﬂép es?ﬁﬂ%%er |'au '% or| %‘baﬁ%s pr°@'?%lam'"e
mol )was dri ed°r| nirigtademingt °90Pmdfn6r bEs¢fousucht haén pandulelo PCefénably 1 te hisases .is
After cooling Hlﬁoﬁr@@l@tﬁm aBUifa@ie s%i\l%nmﬂn@udeT@Ea%f%ﬂﬁgd%etoﬁlnﬂje Slhr%et’ﬁgene

suspensi on irred peri dine-1, 2-di carbox
1-tert-but §¥\Be§'§°é\de ﬂ%%ft-"ﬁ?lf ”&éﬁy&?f‘e EU"‘”ﬂ? 5”6‘0 ?f°@9mﬁfﬁ§f=*)°wmemw at aampﬁrﬁtyre
m xture was st from ebouat 0C G dbont °tiopreferdulyt dvplit PRQITER srBreR5I0 Tedtor( fnd fangbs Of

a 3M sol ution dropvvl ure was

i medi ately vva*r&" gﬁotU% %%Uggn(%tagg% JPUS PR @bﬁtap?‘ﬁgcﬁgﬁ’(?wsgﬁa?ﬁ”ﬁg%é"é‘

Addi ti onal nethyl n’ﬂm’@mmmmfme Hides prepitted fréro lal cowipngnd dfdorpiude eoglireegtion
rocedure unti I . NW R, of

B ol 1 uot - wor L e B8 SroRD el sufif 3R i Gorfln Lt B MllEfhefitc okl e

sat urat ed &ueliHoraaeetio acidyyarefai@blydn thetRrasescevpt # Selvanysuch as dichxsmetias. \iDe

00109485 - 50 PHGkaiPRALRAISBarRAREALS (cAR-alie rSABBMARI ¥ S5 SxahPLDHES ©

dried over NazSO,, filtered and concentrated, affording ca. 0.08 g of crude
5- hydr oxy- 5- mef 9§20yt b%‘t“i’ "?"P@“tle hougs, prefasehly ] focd howisd 1-tert - butyI est er

2- et hyl elst er as a'ImOcloﬂ’lfpfber&SodeJrhwulﬁ IV is prepared frorr? a compound of the fozrmula \i)vna trlle
heta ey oK vadiRE SRR el oP pft SESs R "Bl Pileopiles ndiide "cardon ©
5- hydr oxy- 3 nemwgﬁbpfmeqmrefdawsa& ofjadocuprato ysteratedaftanal thke- dpprdpribietoydane Sithim or
2-met hyl esterg(aQ8e9 e f 12 M
aqueous HOl . A t%? SteI rep?ﬂ‘@ll? rcgbfnat'g‘%togg?!ﬁgglt V\ﬁ%fe%%g g‘le ag%'%scagcﬁrt%?cgl?ré 1§ Tunyin
vacuo, and t hethe @ssanre e 5@"’%’% SHgheds |t¢tramymfu@h. Jmelmwetfwmobn digthyloetiter C,
the m xture wWasrefelaB@tt@nydrdttiah.; T QUr'e?éTa Fb%ct{oq |§|14:m g‘-a teJrPel%‘tuﬁ? erﬂTBL%ut a3k (o

4- benzyl oxy- benzenesul fonyl chloride (O ter stirring
for 2 h at roo?ﬁ°t’%§p%f°é?8?@d f"toﬁbabﬁi'txkhm“émﬁé@m(ﬁﬂoutsed W|th ethyl acetate,

washed 2x ggth 1 I\/I'N@corr{é&ﬂﬁll dei‘rhulN&Z§9re aife'cilfrto%r@gon%wﬂgg ér']W 6 réa@tl

vacuo. The resi radi al chromat ogra exa

acetate, 2 mm ‘g'g E’ar@(é%‘l'ﬁ? ﬁrtae?)d a&%?"?ﬂ“ﬁl‘%@e eresance gl %Fm"e“‘ “'tab‘e SU”OHY' ha"des

1- (4benzyl oxy- benzenesul f onyl ) - 5- hydr oxy- 5- met hyl - pi peri di ne- 2-car boxylic
acid nethyl ester as 15 a coioriess solid.

5- (4- Benzyl oxy- benzenesul f onyl ) - 1- net hyl - 2- oxa- 5- aza- bi cycl o[ 2. 2. 2] oct an- 3-
one A m xture of

1 (4 benzyloxy benzenesulfonyl) 5- hydroxy 5 nethyl plperldlne 2 carboxyllc
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1 2 MAY 2003 WO 00/09485 -57 EXAMPLE 3 PCT/1B99/ 01388

1- (4- BENZYLOXY- BENZENES ULFONYL) - 5- METHOXY- Pl PERI D | NE- 2 CARBOXK/Z "WA@&D
HYDROXYAMLDE

1- (4- BenzyMsx§p:09¢85zenesul f onyl ) - 5- hydr oxy- pi peri di ne- 2- car boRGT/IB994E388 5 To i
a m xture of ‘
5- (4- benzyl oxy- benzenesul f onyl ) - 2- oxa- 5- az =i cycl o[ 2. 2. 2] octan-3 one (0.10 ‘
g, 0.26 nmol) and 2 nL of THF was added 0.2 nL of 1 M aqueous HCl. After ‘
stirring for 10 mn, 0.15 nL of 12M aqueous HCL was added. After stirring

for 30 mn, TLC indicated no detectable reaction. The m xtur

treated with 2neldeomedaneriarycuelite RisP19/HeResxiienyh chipridsy pﬁ%?rﬁtghmeﬁ’aﬂ?stug?“y'
stirring for 2Qdmké. tﬁ’s’éfeFéwmhb%lfBD@iaﬁi teb&ion idgerfbEndd dtthe erema ata dbdsk @dchnagt h

1 MHC, extracted 3x into eth dth 0 S

were dried ovefalkgsaia or P¥”I‘"t"§rbéﬁe }Hgab? (ﬂv@ﬂ{; '%‘@%d%* @ﬁ’gan an @g‘ @e i

1- (4- benzyi oxyhempzpyastdnyoroftan: Shiethresejd- paqtien rsdumetatmemyfrpro aaeultd) ¢® 10 ‘
g) as a colorles o |
1- (4- Benzyl xyht)é?tﬁ'zgn%dgftﬁ i tgﬁy? Xe”é pref‘frﬁ Xat ?obloﬁte(r Fdfoﬁg pgnocdafrr%mo?(tvjlml %0 rglgm s,tb? i
m xture of about 6 hours.
1- (4- benzyl oxy- benz Y, Gy ReKYds! ks b
(0.10 g, 0.26 mol )SQr%gAUfEQ& b%:TOI?FPr%%?? Filrgdr o%%?yﬁﬂg‘ggﬂe Ji%Qtrrt_sd\f\/asgﬁét resat ed
with NaH (0.03nd@; 0.78 nmol, 60% di spersion in mneral orI) After

stirring for 10 m ngnpd B?orﬂhér&lém VB ér@wmgprb@atéqmtmcewmwe,forﬁtular| Ry
for 20 mn and treated wth i odonet hane

stirring f#b Possesshydrxksihsitugats &t rgé‘%;t’tpédQ \ﬁ t SN%&P Q&dptﬁ%eﬁjé?fe)sd’f(scirﬁm[f &M
and 0.015 nL ﬁgosgég@mtdkapeubsﬂmentraesauy of @gudﬁ] R'tRPrtBeyars catried trecligh oire 2dackion
acidified wt 20 e a 3 e

conmbi ned or garfii®Ps| 'ay&r%f%frpé ?éléydgelx(gl:éte,\%é@é tsﬁ?’éw a‘grrgéeg& M'ﬁgegﬁr? e%d

i n vacuo. Pur iddserittedomGadend ared Wetsi tRugtediing Caatips g ethesifs Hyohp Wiy doSap: 1
S]E tt“cl)lr dggel(:)agg rgs a%g Gt %hggenrgrotlect@goéro@pg%h %ls%cﬂedren%vm&otdin%% @) mlhadse)
1-(4- benzyﬁ)xydebewb)_edrmm$r(9ﬁlyﬁﬂdswﬁi§tﬁoxy pi peri di ne-2-carboxylic acid as a

col orl ess syrup: 25Scheme 2 refers to the preparatron of compounds of the formuta VI which can be

;ﬂ |( 3| E)e(gzglmoégcog\?%%ﬂr?tg gﬂ'n ng of therr%rmulé Yaé%on%%rglto Ithrcleeme hods ch)‘}xame aF?eferrmg

1- (4-benzyl oxyo tﬁéﬁérﬁé\eswnfp@mds)of Ehenfeiriutx Y pé pepaet iemPeapmobiuis \of the feroiu VI
(0.077 g, 0.19 ) \/

hydr ochi or i d e yd'eacz%h &rth gyl &%le%délé? gu%x a_slzag%oqrgt dr po%ﬁgtl.r{:g r#ll%xr % thé’ lttﬁmfrm_n&dgm38
mml ) and ﬂb—iZGferC(tassrdn) distkglamidea prefer 3y \PP*?WLED@H-P@O{)% d’refgagg ﬁﬁtﬂfgresard
After stin-i ngregcgfo run rfth E@%%%@%BI%M Eifh arstﬁedlmﬁblﬁéﬁtd(@ﬁe @!cbhﬁl@(iuw 5sh

et hyl acetate, sat ur at ed %tl,teous b q el o
NazS04, fil ter‘é@ﬁ%ﬂ@ﬂ'%é@f@@ﬁttpéﬁ%@‘@ﬁd%ﬁ'}é% oratetraMaraigan: preterably Setafyardian.

1- (4- benzyl oxyri{eszRe8s Wab@nys hmdiret Bessraicitin disn 1 the doliaxydiit of tei sdivent,
al I yl oxy-am de (0.090

001 09485 -58 p@qu[q%tgé_%gc/?o about%3°cofo?2|pgr?osrj f?an 'éhpout 30 mrnuteg to%gutag(?r%uryvo
1- (4- Benr yboxy- benzeﬁ@&bmpﬁdaﬁeylo) idsmuomt\NDgy pe peedatidniey Reatmetiof he coramsudd of
hydr oxyam de To a_s

1- (4- benzyl oxy°5%‘ﬂ§§h {']%t Wrﬁor'%teﬁgtnwaxhydrﬁfyﬁ)‘é?t?cf A e orénéjraboxyl ic acid

al 'yl oxy-anmide (0.090 g, 0.20 mmol a4 tri R? hyl ammoni umforrrate (0.28 nL of a
3Msolution 5 in water, 0.83 nmmol) an cet&:rtrrle (1.1 nL) was added

t etraki stri phenyl phosphi ne p@H tirring for l)é mn at 80 C,
the m xture was cooled to roomt e%tsur and

O

in the presence of an azodicarboxylate and a phosphine reagent in a suitable solvent (under

so called Mitsunobu conditions). Suitable azodicarboxylates include dialkylazodicarboxylates
30 such as diethylazodicarboxylate or diisopropytazodicarboxylate, preferably
diethylazodicarboxylate. Suitable phosphine reagents include triaryl or trialkyl phosphines,
preferably triphenylphosphine. Suitable solvents include ethereal solvents, preferably THF.




concentrated in vacuo. The residue was diluted wth ether and extrzoztﬁﬂ ﬁﬁ%
into 1 M NaOH The conbi ned aqueous | ayers were washed 2x with et herf,
acidified w twiodobdekiC! and extracted 3x with ethyl acetate. The conbi ned
organic |ayers were dried over Na2S0,, 10 filtered and concent PQl/Ef9/01388
Purification of the residue by silica gel chrg;,mt ography eluting with ethyl
acetate afforded 0.025 g of

1- (4- benzyl oxy- benzenesul f onyl ) - 5- met hoxy- pi peri di ne-2car boxylic acid

hydr oxyam de as a yeI |l ow solid after trituration from CHZCI 2- hexane:

EXAMPLE 4 1-[ 4- %@ ESULF L} - 3- HYDROXY- 3- METHYL 15
Pl PERI DI NE- 2[ CARBOXYT. A%E%%M%meél\{ empe Cr]a\mre} from about 0°C to about 50 °C
[ 4- (4- Fl uor o- benZ?yeferably abeirt 2611 sThef aforgdaitiviencipn simetratged @i dbsuitt 2R to%ézﬁ%
To a m xture of glygine terf butyl ester hydrochloride salt (5.9 g, 18

mmol) and DMF (20 nL) at 0 C was added triethylamne (6.5 nL, 45 mmol ) and
4- (4-f1 uor o- benr yl oxy)THeRYBRE of i9rmuia \WH ey ibel erepafeddy trastinentiongly&ing tek bbtyl dshe

m xture was War Mhgdrbéhidriae Bt &YRR @ 8o 0 dditional
hour. The m xtur E’Sid'ﬂrla% l-| I uhled Wt htcgrtr:h ﬁ‘;‘/ﬁ@g@??@“‘%mﬁg% ‘;’heql'%]ﬁﬁis ﬁ/}’?—'IEF selected

saturated aqueou 8P 0L RPN 1% @ bass Bcthe peasengesior solvdnt. tSuitable dmsks include a

concentrated i n watkveminér ot ar pyridine Im‘set hguifzgiel sbhen tnRiuEd "I@N‘d’lﬁ ﬁ)ﬁi%rmamlde or
IC

af forded 10.8 g 0-benz benzenesul f onyl am no| -acet
acid tert-buty g’fgt["lgr%mgfg'aft'c%%ﬂ fQresaid c[térggrun or a period of tirhe from about 0.5 to about 20

2-[4- (4-Fl uoro bécm.rrgupcgigr;ambémehesultdabnyﬂmm}at-éiteﬁ%é}aﬂﬁdﬁoarﬂéﬂo@t @e!td 50°c.

tert-butyl 2%3ester T 1 XU o) panol
[ 4- (4- flﬁorog?%enz onfé re]gztéheé If%)s}lezétl g&% ? celQ I(:X)a'él ‘Ef”’t"é?"?'alﬂula‘gﬂ"até%%eThe

(1.0 g, 2.53 mmFC)mP&H pleformamy dif @faurbarpréﬁram)y tha pradderds tedcabenyl Johoy pbhfnﬁ

1.0 g, 3.8 I h
gtl rrlgng for ngmh;?;nggd %%veyﬂhafcg%%ﬁpg?%}ﬁ}lgﬁé}%ﬁoar ?mr%ef{?'g%a%tqple or can be

addi ti onal 30 ac bydPBtB%ﬁ‘f ell oy totgse of pidsiaansiil ip tesashi Gree 116tha0fog prepathg

di et hyl azodi car biba yéragcandorbmilih Ard,L @ desbrivel llmgcfr?[xbléguoﬂ‘vﬁb 95)8?6&' Xﬁb‘dshed
was concentrﬁéed,:é }r[?' Qgr?and t he resi due was puri by silica
chromat ography elu ? 4:1 to 2:1 hexane-ethyl acetate, givi ng 0 70 ¢

of 2-(4-(4-fl uoro- berﬁcpbmya -rbfersze:nasultéramylpﬁéﬂdﬁﬁionﬁsf@&ﬁmb%%a&oihﬁ f@ﬁv%d?a VI

tent-butyl ester I /0 12
PCT/ | B9 gy 01388 Ccﬁﬁpo@ncfs%f %el B c!aﬁj be converteoO mto compoundsvf the formula | according to

1- [ 4- (4- Fi uor o- d@%&@%@mfssmhewemmIslchﬁnmohoomwrﬂs pEhéformh Pesre @reperedC

arboxylic acid tieft combaihdLst 86 Eonu ROb
2-] 4-{4-f1 uoyp- bemgiéﬁé benzenesul fony%lgdr%ﬁ]ﬁg agalgdous o, tqoaﬁ(ﬁféheag?'dersm of

tert-butyl &t er® formulasViliacpyrqurdsofiermy VFHFSQNG@eadded pot assi um
f en-but oxi de 5 (0.7 rionpburdslofMhe kil ®NaieMprdidred QorﬁQoHHRInlis of \ire8brmidd i 'bgg

for 24 h at roo r he ut ed wat er, acl d|

wth 1 v o andeRERBLY Sreble Sl Byt &t Mhftendoiin Ireunaanisscn as
| ayers were dr| Ehlowvasrbrop Sod baSIetuetIeobrmdca:omaeawnat Sditdble S6AEHR- include N,N-
Filtration of t m%e&m&qﬁﬁu&hr&morﬁetmg S)rf e§1' J Ivg -wa‘ta’eruﬁwllxtﬁes (leh T:IL-IF:-Lwater

et hyl acet at e- hexane afford

1-j 4- (4-f 1 udo- HE’HQ'S?IVI‘BW)QFb%MEéWéBﬁJIPWﬁﬁM Nv-Hignthylgrmaminet hSuitaple rasédinaRde

10 car boxyl i c aaikeli trestdl dedee§élt§r trRRyl8mivk t
Separati on of tlae di a%?tgﬂrwggner ra Ilal c)I(Icls'ro {dg{;er g%@ ?‘%ﬁééga{”ethy'amme or

acet one- CHzCl Z, “FORBPAFLYTINGs 13'5? é@@s‘ﬂd fesction 4¥ rup erie reriedsef dime domyabast G5 hours
col orl ess oil. (ordboyl(2DROBIR) preferably from about 1 hour to about 3 hours. at a temperature from about
(+/-) (2R 3RS) - L1oidg(sged | uor o- benzyl oxy) - benzenesul fonyl | - 3- hydr oxy3- net uI
pi peridine-2-carboxylic acid 15 A sol ution of

1-j4-(4-fl udPo- benzyCoxpunge afiba dsmils Xiyard prspdrydfr&mto&nma&dmﬂounds of the formula

di 2-
PP .2, A B O, gy i o
t enper at ure. Cofit8rRE MAGCHIFr sipves 4t Anostiphberdd te azbolrdbid demovad of water, in a solvent,
benzyl oxy) - benz &iged 5)0 Féél:ﬁan3wiﬂ$’ d ré&%ébTech'fH?étQ%ag%P & ind Bl %LBS&‘ A

asacolorlesssru 4 (+IY§£§‘
(+1-)(2R 39)-1-} "e(‘ %I g2 rIPSILId&W’)‘zeB%ﬁE@W@QQIPI‘@Iﬁmp}?taswmyrdz(b?@#oahebbiyﬁg p
i peri di ne- 23%ar bantydf ihe soovedt fat hxbbrﬁvd}bf abdul 80 Mg ol R hoRfs. Suitable solvents for the

11-[4-{4-fl uorog f - 3- hydr oxy- 3- et ne-2-
car boxyl i c acid ‘%’gﬁg%h‘g’)ﬂ% &}Eﬁ M ‘}'Cfl3 ?1BY ﬁherop@@faﬁh’oIé)fahydfofuran The
QGal | yl hydr oxyl am ne hydrochl ori de (0 057 g, 0.39 mmol),

di -i sopropylethylamne (0.091 nL, 25 0.52 mmol) and CHZCI Z (2.7 nlL) was
treated with EDCl (0.075 g, 0.39 mmi). After stirring for 24 h at room
tenperature, the mxture was diluted with ethyl acetate, washed with 1 M
HCI satur at ed agueous NaHCI)S dr| ed over NaZSO,, filter ed and concentrat ed

Y b1 N 1 [ .



5 EXAMPLE 5 114-(4- FLUORO BENZYLOXY} - BENZENESULFONYL] - 3- HYDROXY- 34 QTMM_ZU[B
Pl PER1DLNE- 2- CARBOXYLI C ACI D HYDROXYAM DE

1-[4-(4-Fl o4 gd/@gﬁyl oxy) - benzenesul f onyl ] - 3- hydr oxy- 3- et hyl - pi peri di ne-2-c
ar boxylic aci -butyl ester 10 To a solution of diisoproB§T/ABaoHa3g80. 35
m., 2.5 mol) in 10 nL of THF at -78 C was added n-butytlithium The

m xture was warmed to roomtenperature and SBirred for 20 min. After
cooling to -78 C, a solution of

2-[4-(4-fluoro-benryl oxy) - benzenesul f onyl am no] - 6- oxooct anoi ¢ aci d
tert-butyl ester (1.0 g, 2.1 mmol) in 2.5 nL of THF was added dropw se. The
mxture was waris afdoc‘?p(‘}%tﬁl"ﬁ?é’f’%}sa’i"&raéaa‘ﬁ@lp%@ﬁufq &amf ahou3-78°C 1f et 23°C, for a
aci di fyi ng wi t lpedod\rdriChbout BEmihbteBtodbalie M&ss. ext ract ed 2x into et hyl

acetate, and the corllft%i ned o%rggjar;i c | éyerg were dried over NazSO, filtered
and concentrated i n VACEEPOBHrS O EAE AR Cet anchlyGing fegt Rt psterdedeschioride can be
chr omat ogr aphy p(ebaszd &y etatimes @elPKtoRn t@thowe ¢ilordirty aitif |trdash. ca. 0.37 g of the
(2R, 3S) di ast er eoner, (2R,,3R) di astereoner of

1-[4- (4-f1 u?r 0- benzﬁ%@%ﬁ%ﬁ@é’%&%@%ﬁ{}| inpe 8?%?@5%‘1’&9%'9?%”6? plethe farmeladXc a
rboxylic acid freptSiemgl 2.eaccerdingdo dog Hlibeing pPetesyreupIhe Eohpub@ Bf ISR IX is

St hyl < pi par di P el A PpREAY bR GRAEOE b Pl alio HEh 8% do keta
t =xanpl e 4, or acetal or a cyclic ketal or aceéi. following the addition of a alkano! or diol, preferably
1- [ 4- (4-f | uor oethgerey b9l -H &rzeaasdd boaYddves ; LRer i dine- 2-car
boxylic aci1 tgngu- gu{gl e tegﬁwazq convertgdh%%ﬁﬁ%z%(gﬁégwu%%g%akcda cata%ytlc
benzyl oxy) - benZ8nEs rbzmqsch 2hPiviusagsuiopic Aif- Bhe eaactinnrie beateskie Bbout ttiecbaiing d
? ggr Zé)yarf geARg(' meﬁm!géﬁeﬁt (OQR’pémdLmtzneHgfe RORYPl DL D) S EARSS IS Kol
HYDROXYAM DE 4-4ﬁy9§?§'8§~..p. %E%%F%é\’lj{'}-”cbaer%‘b‘ F}S 288 Qictanggidmesppds such as the
2- (i - Phenyl - et %W -gidglien. 2 Dgpratepficnyaf| the Re@alldprokdtainusingDae apfbRRE 86d d8ch as
described in ngd"o%ﬁldﬁic deid &l proailie the‘l:om% doqaﬁ'%la%ﬁ?& 61, 2226-2231 ) (83.5
ve L) and d W

g) is di ssg)% i n pet hanol Ilute ‘pal | adi um hydr oxi de (20%
on carbon, 10.5 g) JHEMesEtersdn thesrrenrsation of grmrnounds ¢fdiie faymliangen Cootpodis of

hours. The m xthelfoemiia XV latesorotidt o gl f@:%ldat;,ewﬁegintﬁzjmqi@?' lRe?,roaﬁe renpved
under vacuum The cr lﬂﬁe %)rdr%guct phS diluyted with 6 N HC and 're uxed 1%
hours. 35 Fol I'8Wi Ag "t hé FFRIPLI208Ye & iiivgapsy: or wherein R?, R®, R*

. R" and R® are each
4- Hydr oxy- pi pewddgere-R-aodRbane gk definad bisbvid@hd Ralsthyarsy;ap kR k239, RS, WL & Re
solid (67 g). 109485 - 61 PCTI|B99/01388 ' "' "' "~ 7"
2- (4- Benzy] oxya-rs %n%ﬁ@?ﬁ%’?%ﬁ?%(%@G%ggg-gﬁg%SQ‘M‘:’@@F 3 Bydroxy; og hgrein. Bh &R,
4- Hydr oxy-$ pd¥ iead Reare-aesh huskagen.dR' 208 B® piGlas siefited(abbveésghdR id tydmsged
triethyfam ne (35 ReidningidbchiVe 4, ] | d to 0C an
t he sul fonyl COHK%” de (‘% g ) ,ei' s]ﬂ%gggh?dngpﬁy@%%g?(ﬁ/o'%lgfeg%%ég?rgé’&of’@ﬁ”?
stirred for 4 Fymya ﬁY:béFFgC‘t%échNd@?‘Y'W'@@ in®? pRlassalygnie rHydredylanng Imay be
acetate. The agpemdsid thyeddiios onesiedakdide 15 BYLLGCE LB far %Hlﬁ[ﬁéé“ﬁ%
organi c layerg,gLe ;%#e? Wi tth mpogesi ym ul fate and concentr at ecf.. e
resul ting soli gsrt pariTred by si Ll"éé\engﬁ%er% %bHa% BgreReRtioned reactian include low
2- { 4- Benzyd%ox poilinen glephatsiséaingd pthenaaa- Betaarabi myfefanly3ihd. stvest 8 Mmethaiet (- 8
g). 2-(4-Hydrg - =8 = 2- - bl gxGl of 3. ] oct ap- 7-one 10
Benzyl oxy- benzﬁ)ﬁiasgﬁlr}fé ﬁﬁﬂg—%’?gz%fegﬁ-pgezgg{r Pf:%b% g{) 3&3‘.’ f}’%“é?%%g'ﬂﬁfﬁ’éb@?bw* 60
di ssol ved in net ?‘?éﬁBP”C(%IﬁaPﬁ_“)1Qa’ﬁ'tﬂiuiestqal@atﬁdubuvd.tprefé%l?dmt(6bu7.30 g) and is
subj ected to a hydragembifas S| i haki ng far hour .. The
reaction is diluted wit ﬁﬁlmf gﬁwiéﬁt Ep‘%’%%aﬁ%ézg’r?é‘ gnwl"%olﬂdl ?%P'é’ﬂ"ﬁlﬁ ﬁWld’ejh
celite. The s8FRYERIOR & 3 sol¥§tle Fuitairdeny dralinasandgitienssnaiusie amebtropic ramesalhi svaites

purified 89 sinl the pragehceCt MrearidogtanRNYudhOasGhMBarres(ifonidy L Yp- o
benzenesul f onyl }- a3 ¥uchOas a s(ﬂ%n@’éym(()é pzéﬁ.g?e_sulfonlc acid,

-oxa-2-aza:-bi cycl o[ 3. 2. 1] oct an- 7- one
1- (4- Aryl oxy- Shaned 3?%8??)5@5 9'8-%324&- Aligrnatiahe y BPigFYars sieves oeana ACt 7a% ree water
(Met hod A Gemcavengelet Suiteblé soivérie ifoudeetigroboilfg aprotic solvents such as benzene or
1- (4- Aryl oxy- QgRze Oéf?!agﬁ%ﬂe)né.f il'ﬁé)éf%?e' clo[3.2. 1] octan-7-ones) To a
T

. . sgié?éa%{igry i$ run at a femperature of abo °
di met hyl f or mam de sol ut1 on © ut 60 °C to
2- (4- Hydr oxy- BN &1 ol Arefasebly -250x89- 22 Goraez perioid cof cAbo 1131 mibies @ Bbolit @NKours,
(101. 1 ngpsangreferiblydboted pRate (331.3 ng) is added the aryl halide (2.5
equiv). The reaction is heated to 50C with shaking for 12-24 hours. The
sanple is cooled, diluted with water and ethyl acetate, and extracted two
times with ethyl acetate. The organic | ayers are conbi ned, dried over
sodium sul fate and concentrated. The product is precipitated from di et hyl
ether to give the Aryl oxy-benzenesul fonyl) - 6-oxa-2-aza25
bi cycl o[ 3. 2. 1] oct an- 7- one.
1-1 4- Arvl oxv- benzenesul f onvl ~- 4- hvdr oxv- pi peri di ne- 2- car boxylic acid

o ~ o AR A 2+ 1.




bi carbonate. The organic |ayer is dried over sodiumsul fate and
concentrated. The product 1 1.2 MAY 2003
(4- Aryl oxy | f onyl } - 4- hydr oxy- pi peri di ne- 2- car boxylic i

hydr oxyam dwg@%ﬁil ned 35 after silica gel chronmatography. Péﬁh[g”(\%QSZOOB
WO 00/09485 -62 ~Yen~pi G ~ PCT/|1 B99! 01388 3R, 4R) or

(2R, 4S} - 1- (4- ARYLOXY- BENZENESULFONYL) - 4- HYDROXY- Pl PERI DI NE- 2 CARBOXYLI C

ACl D HYDROXYAM DES

1- (4- Aryl oxy- benzenesul fonyl ) - 4- hydr oxy- pi peri di ne- 2- car boxylic acid

al l'yl oxy5 ami des (Mahtf%)? oug\@@?fﬁ%ulwqg pté%%retdhﬁ"onl\:)r em{p%[:hd)@f Q;rm%}a XVil by
1- (4- Aryl oxy- benzenes onyl) dr oxy- pi peri di ne-2-carboxylic aci

al | yl oxy- ani desfﬁa?ﬂPPy”'thh\f‘élratﬁRSQP”aé‘PnafVésutf@Y haligs| 3nd 3 t%ﬁ‘%%cﬁ”?}@d base iHen Atitable 5
nm) and cool ed sIoQ/thCSwta-ElUHéthM!; maduuéwmarh{e& ﬁorﬁfmd)e IThe aRFREidFERAW 89un dE

reaction is stirred at (19 ta
Aryl oxy- benzene€tP§aiiAa Pf6ab85{ta° ZC éf‘zﬁb%'f 39c of'8 e?biy ?H?t“t% re7o0A@enor af #hel 10
in benzene (5 rhihutes toxbdetcs mursqkbwab?faeomnzﬁourse is heated to retlux for 20

m nutes, cooled to C and et hyl et at e. 1s ad and
t he aqueous | ayer i s%ﬁ’wa%c’ﬂ’é’au Qtfnfor@f’ 'ﬁf{\ﬂ a{%grt'eé?réag%?ﬁ'e %°|“Z;°§H”dc§qé§/t§fr§833@ﬂ' by

- conbi ned, dri edeantien vstbcinuanicsinl  atiablensblcoh c Svitai¢ eddd mclyily ¢riflibreacetic acid or
;l I(3I é;g;llgxg bﬁﬂ@t%%%\ bohRMl) pikrdr Al OMYorBLdRBE iadianes e BREMS 'ir&lﬁg'rgethylene
1- (4- Aryl oxy- beahipede JiE RisrApRIT reactinnds pingé B iteipeseatore ohattogkQ/Cite abaut @0°C, preferably
al I yl oxy-amgle. 5 GiRmes &, de%tp@% df @bodt BE mifuRRAE abdPR h&lrs, preferably about 4 hours.

1- (4- Aryl oxy- benzenesul fong ).- 4- oxopj peri di ne-2-car boxylic acld
al | yl oxy- am des) Thelhe comp und of formula XVIll, wherein P is 2-tert-butcxycarbonyl, R, R®, and R® are

1- (4- Aryl oxy- besazengstdeneny R) istshigticargpopd, mansreﬁhra@fr&n GaoMPEYAdI o tHkClofinula XIX

I 1yl 20 h
G chl o omet hand (AR T sbigRidast Beh Bt e SuRHE Fulkhe pded Rotnd iy
di | uted with etbogdhydriiet sctdemamﬂorfydtldeep@@arathy sedim $lohyizide) e Suitableesabehts émdlude s
removed undgy r&ﬂa‘ﬂg@rgfuparn‘%?a?éﬂrrﬁlxtmg bR dI & | cMRarioP Rl RIS rhe drodkkid

chr omat ogr aphy
1- (4- Aryl oxy- bé?@cé%ﬁmwf@rwwpenat@fﬁ@f fhaver1QfiCrie 2o 3P fopyaferebly i apout 0 °C, for a

al | yl oxy-am de.ped® of about 5 mlnutes to about 4 hours, preferably about 30 minutes.

L Ay oy e e oo E 2 BRI, 250 o
1- (4- Aryl oxy- beRizeaeat hainydeh -afd R/ ciina X parp edsi @hﬁhed 2s absviep sl be phepafkd from a
T (e AryT ooy bERDRATE, 5 17 XX BY egtien With & STRNar,5RgRT of 8 s R,
al | yl oxy- am de wherelbL risrgl Haldgen.dodhe dresend®@ @ amongenalanthadide fsalt am a(l Tligerivegivent.
Li t hi um bor Ohy%rultéiﬁ'e Qﬂgaﬁolm&de's%n?%&lﬂge@eﬁ&m O(ng cﬁ[&ﬁ?]et h%u Qﬁ&fsbl%"hté $nclu e

ft
stirred at 0OC for reaction is hyl acet a
wat er. The aqué%@gvcﬁrafy@n |T§e ﬁfﬁ@ﬁ@@l regctian 'éf‘-fMt adempgratare Qfﬁ@%r@aﬁﬁt&apa’iﬁ@f@
are ‘conbi ned, QgriaB88utaviRiRuts RHHEE Skt € and concentrated to give a m xture

of al cohol s vvhlcha di | uted W|thb zene r eat ed \Nlth
p-tol uene < fonic tleEi‘ t'“?b(e"%"ﬂ”ﬁﬂs p"f*ﬂ@&‘%’%ko WREESI P #5,3 df'ﬂ%‘ﬁ‘?%"’eﬁ 1%8%ed
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poqu of 'thé formula by reactlon with a catalyst m an inert solvent in a manner

419.1 HO, , ~~
analogous to that described by Ko, K-Y.: Lee, K-; Kim, W-J Tetrahedron Lett.,, 1992, 33,

10  8651. Suitable catalysts include rhodium acetate dimer or rhodium trifluoroacetate dimer,
preferably rhodium acetate dimer. Suitable solvents include benzene, toluene or
cyclohexane, preferably benzene. The aforesaid reaction is run at a temperature of about 20
°C to about 100 °C, preferably at about 80 °C, for a period of about 30 minutes to about 4
hours, preferably about 2 hours.

15 The compound of formula XX, wherein P is as defined above, is prepared from a
compound of the formula XX by reaction with a diazomethane reagent and a base in an inert
solvent in a manner analogous to that described by Coutts, I. G. C.; Saint, R. E. Tetrahedron
Lett, 1998, 39, 3243. Suitable diazomethane reagents include trimethylsilyldiazomethane,
preferably trimethyisilyldiazomethane. Suitable bases include n-butyliithium, preferably n-

20  butyllithium. Suitable solvents include tetrahydrofuran or ether preferably ether. The aforesaid
reaction is run at a temperature of about -100 °C for a period of 30 minutes to about 2 hours.

The compound of formula XXI, wherein P is 2-tert-butoxycarbonyl, is commercially
available or can be made by methods well known to those of ordinary skill in the art.
Scheme 5 refers to a process for preparing compounds of the formula XXil.

25  Compounds of the formula XXil are compounds of formula | wherein R', R?, R% R%, R, R” and
R® are each hydrogen and R is hydroxy, or wherein R, R?, RY R°% R% R’ and R® are
hydrogen, R? is as defined above and R* is hydroxy, or wherein R?, R®, RS, R®, R’ and R® are
each hydrogen, R' is as defined above and R* is hydroxy, or wherein R', R?, R?, R®%, R" and R®
are each hydrogen, R® is as defined above and R is hydroxy.

30 Referring to Scheme 5, compounds of the formula XXIi are prepared from compounds
of the formuta XXIil by reaction with a reducing agent and a catalyst in a reaction inert solvent,
Suitable reducing agents include triethylammonium formate. Suitable catalysts include added
Pd(0) reagents including tetrakistriphenylphosphine palladium, preferably '
tetrakistriphenylphosphine palladium. Suitable solvents include acetonitrile, acetonitrile-water

35  or tetrahydrofuran-water, preferably acetonitrile-water. The aforesaid reaction is run at a
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temperature of about 0 °C to about 100 °C, preferably at about 80 °C, for a period of about 15
minutes to about 2 hours, preferably about 1 hour.

The compound of formula XX, wherein R!, R® and R® are each hydrogen, are
prepared from compounds of the formula XXIV by reaction with a reducing agent in an inert

5 solvent. Suitable reducing agents include lithium borohydride, sodium borohydride, lithium
aluminum hydride or soium cyanoborohydride, preferably lithium borohydride. Suitable
solvents include tetrahydrofuran, dimethoxyethane or diethy! ether, preferably tetrahydrofuran.
The aforesaid reaction is run at a temperature of about -10 °C to about 30 °C, preferably at
about 0 °C, for a period of about 5§ minutes to about 4 hours, preferably about 30 minutes.

10 Alternatively, compounds of the formula XXIII, wherein, R' and RS are each hydrogen
and R® is as defined as above, can be prepared from a compound of the formula XXIV by
reaction with a Grignard reagent of the formula R®MgL, wherein L is a halogen, in the
presence of an organolanthanide salt in an inert solvent. Suitable organolanthanide salts
include cerium (lil) chloride. Suitable solvents include tetrahydrofuran. The aforesaid

15 reaction is run at a temperature of about -50 °C to about 0 °C for about 1 minute to about 6
hours.

Alternatively, compounds of the formula XXIiI, wherein R® and R°® are each hydrogen
and R' is as defined above, can be prepared from a compound of the formula XXIV by
reaction with a compound of the formula R'L, wherein L is halo and R is as defined above,

20 and a base in a solvent. Suitable bases include lithium diisopropylamide, lithium
hexamethyldisilazane, potassium hexamethyldisilazane, or sodium hexamethyldisilazane
preferably lithi!um diisopropylamide.  Suitable solvents include tetrahydrofuran, ether or
dimethoxyethane, preferably tetrahydrofuran. The aforesaid reaction is run at a temperature of
about -78 °C to about 0 °C, preferably -78 °C, for about 30 minutes to about 24 hours.

25 Alternatively, compounds of the formula XXIII, wherein R' and R® are each hydrogen
and R® is as defined above, can be prepared from a compound of the formuia XXIV by
reaction with a compound of the formula RSL, wherein L is halo and R® is as defined above,
and a base in a solvent. Suitable bases include lithium diisopropylamide, lithium
hexamethyldisilazane, potassium hexamethyldisilazane, or sodium hexamethyldisilazane

30 preferably lithium diisopropylamide. Suitable solvents include tetrahydrofuran, ether or
dimethoxyethane, preferably tetrahydrofuran. The aforesaid reaction is run at a temperature of
about -78 °C to about 0 °C, preferably -78 °C, for about 30 minutes to about 24 hours.

Compounds of the formula XXIV are prepared by oxidation from compounds of the
formula XXV by reaction with a suitable Swern reagent or a chromium (V1) reagent such as

35  pyridium chiorochromate, in the presence of a solvent. Suitable solvents include

tetrahydrofuran or dichloromethane, preferably dichloromethane. The aforesaid reaction is run
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period of about 10 minutes to about 2 hours.

Compounds of the formula XXV are prepared from compounds of the formula XXVI by

reaction with O-allylhydroxylamine hydrochloride and a base, preferably in the presence of a

5 solvent. One of ordinary skill in the art will understand that other hydroxylamines can be
substituted for O-allylnydroxyl amine in analogous reactions. Suitable bases include
trialkylamine bases such as diisopropylethylamine or triethylamine or pyridine bases such as
pyridine, preferably the base is diisopropylethylamine. Suitable solvents include
tetrahydrofuran or methylene chloride, preferably methylene chioride. The aforesaid reaction

10 s performed at a temperature from about 0°C to about 40 °C, preferably about 23 °C. The
aforesaid reaction time ranges from about 2 hours to about 48 hours, preferably for about 2 to
4 hours.

Compounds of the formula XXV can be prepared according to methods well known to
those of ordinary skill in the art.

15 Scheme 6 refers to the preparation of compounds of the formula |. Compounds of the
formula | can be prepared from compounds of the formula XXVIi by methods analogous to
those for the conversion of compounds of the formula XVII to formula XV! in Scheme 4
followed by the methods for the conversion of compounds of formula IV to formula | in
Scheme 1.

20 Compounds of the formula XXVII, wherein one of R?, R*, R®, and R? or R?, R?, R® and
R’ are hydrogen and the other of R?, R*, R® and R® or R', R® R® and R’ are as defined above
can be prepared from compounds of the formula XXVIil, by reaction with a reducing agent in a
solvent. Suitable reducing agents include hydrogen in the presence of a catalyst such as
palladium on carbon, rhodium on carbon, platinum oxide or palladium biack, preferably

25 rhodium on carbon. Suitable solvents include methanol, ethanol or water in the presence of
either acid or base. The aforesaid reaction is performed at a temperature from about 0°C to
about 80 °C, preferably about 23 °C under an atmosphere of hydrogen gas at a pressure
ranging from atmospheric to 2000 psi. The aforesaid reaction time ranges from about 2 hours
to about 48 hours.

30 Compounds of the formula XXVII, wherein R ', R R®, R* R® R%, R” and R® are as
defined above, can be prepared from compounds of the formula XXV!i, wherein R?, R*, RS,
and R® are hydrogen and R', R®, R® and R’ are as defined above, by methods well known to
those of ordinary skill in the art. One example of such a preparation is the conversion of a
compound of formula XXVII, wherein R® or R® is hydroxy to the corresponding keto derivative

35 (e.g. Swem oxidation) followed by reaction of a Grignard reagent of the formula R* or R® MgL,

wherein L is a halogen.
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5 formula Il in Scheme 1, wherein P is a suitable protecting group analogous to those described
for protecting hydroxyl groups as described in Greene and Wuts, “Protecting Groups in Organic

Synthesis,” (John Wiley & Son Press, 2nd Ed.). Compounds of the formula XXIX can be
converted to compounds of the formula | according to the methods of Scheme 1.
Referring to Scheme 7, compounds of the formula XXIX can be prepared by treatment
10 of a compound of the formula XXX with an optionally substituted (C¢-C,o)aryl(C,-Cq)alky! halide
or (C,-Cy)heteroaryl(C,-Ce)alkyl halide (preferably a bromide or chloride) in the presence of a
base in a polar solvent. Suitable bases include cesium carbonate or potassium carbonate,
preferably cesium carbonate. Suitable solvents include dimethyl formamide or N-methyl-2-
pyrrolidinone, preferably dimethyl formamide. The reaction mixture is stirred at a temperature
15 from about O°C to about 60°C, preferably at about 40°C for a period from about 30 minutes to
about 24 hours, preferably about 1 hour.

The compound of formula XXX can be prepared from a compound of formula XXX| by
reaction with a reducing agent in a polar solvent. Suitable reducing agents include hydrogen in
the presence of a catalyst, such as palladium on carbon, Peariman’s catalyst, preferably

20 palladium on carbon. The aforesaid reaction is run at a temperature of about 0°C to about
30°C, preferably about 20°C to about 25°C, for a period from about 4 hours to about 24 hours,
preferably about 12 hours under a hydrogen atmosphere (35 psi).

The compound of formula XXXI is analogous to the compound of formula Il from
Scheme 1, wherein the allyl protected hydroxamate is replaced with a stabie to reduction

25 protected hydroxamate, specifically wherein P is a suitable protecting group analogous to those
described for protecting hydroxyl groups as described in Greene and Wuts, “Protecting Groups
in_Organic Synthesis,” (John Wiley & Son Press, 2nd Ed.). Optionally substituted (C-
Cio)aryl(C-Celalkyl halide or (C,-Co)heteroaryl(C,-Cg)alkyl halide (preferably a bromide or
chioride) are commercially available or can be made by methods well known to those of ordinary

30 skillin the art.

The ability of the compounds of formula | or their pharmaceutically acceptable salts

(hereinafter also refemed to as the compounds of the present invention) to inhibit
metalloproteinases or mammalian reprolysin and, consequently, demonstrate their effectiveness
for treating diseases characterized by metalloproteinase or the production of tumor necrosis

35 factor is shown by the foliowing in vitro assay tests.
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Inhibition of Solubie TNF-a Production
The ability of the compounds or the pharmaceutically acceptable salts thereof to inhibit

the cellular release of TNF-a and, consequently, demonstrate their effectiveness for treating
diseases involving the disregulation of soluble TNF - is shown by the following in vitro assay:

Human Monocyte Assay

Human mononuclear cells were isolated from anti-coagulated human blood using a one-
step Ficoll-hypaque separation technique. (2) The mononuclear cells were washed three times
in Hanks balanced salt solution (HBSS) with divalent cations and resuspended to a density of 2
x 10% /ml in HBSS containing 1% BSA. Differential counts determined using the Abbott Cell Dyn
3500 analyzer indicated that monocytes ranged from 17 to 24% of the total cells in these
preparations.

180m of the cell suspension was aliquoted into fiat bottom 96 well plates (Costar).
Additions of compounds and LPS (100 ng/ml final concentration) gave a final volume of 200 pl.
All conditions were performed in triplicate. After a four hour incubation at 37°C in an humidified
CO; incubator, plates were removed and centrifuged (10 minutes at approximately 250 x g) and
the supematants removed and assayed for TNF-o using the R&D ELISA Kit.

MMP Assays

Collagenase-3 (matrix metalloproteinase-13) selective inhibitors as used herein refer to
agents which exhibit at least a 100 fold selectivity for the inhibition of collagenase-3 enzyme
activity over collagenase-1 enzyme activity and a potency of iess than 100 nM as defined by the
ICs results from the MMP-13/MMP-1 flucrescence assays described below. Collagenase-3
selective inhibitors can be identified by screening the inhibitors of the present invention through
the MMP-13/MMP-1 fluorescence assays described below and selecting those agents with
MMP-13/MMP-1 inhibition IC, ratios of 100 or greater and potency of less than 100 nM.

Non-selective collagenase inhibitors as used herein refer to agents which exhibit less
than a 100 fold selectivity for the inhibition of collagenase-3 enzyme activity over collagenase-1
enzyme activity or a potency of more than 100nM as defined by the ICs, results from the MMP-
13/MMP-1 fluorescence assays described below.

The ability of collagenase inhibitors to inhibit collagenase activity is well known in the
art. Many suitable proctols are known in the art for identifying MMP inhibitiors. The following
assays may be used to identify matrix metalioproteinase inhibitors.
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HPLC Ret Time (mn) Inhibition of Human Coliagenase (MMP-1)

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

5 inhibitor is added.

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

10 MM ——> 120 pM ——> 12 uyM —> 1.2 yM ——> 0.12 uM

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

10 wells of a 96 well microfluor plate. The final concentration of inhibitor will be a 1:4 dilution after
! addition of enzyme and substrate. Positive controls (enzyme, no inhibitor) are set up in wells
D1-D6 and blanks (no enzyme, no inhibitors) are set in wells D7-D12.

Collagenase is diluted to 400 ng/ml and 25 ul is then added to appropriate wells of the
microfiuor plate. Final concentration of collagenase in the assay is 100 ng/ml.

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

Fluorescence readings (360 nM excitation, 460 nm emission) were taken at time 0 and

20 then at 20 minute intervals. The assay is conducted at room temperature with a typical assay
time of 3 hours.

Fluorescence vs time is then plotted for both the blahk and collagenase containing
samples (data from triplicate determinations is averaged). A time point that provides a good
signal (the blank) and that is on a linear part of the curve (usually around 120 minutes) is chosen

25 1o determine IC4 values. The zero time is used as a blank for each compound at each
concentration and these values are subtracted from the 120 minute data. Data is plotted as
inhibitor concentration vs % control (inhibitor fluorescence divided by fiuorescence of
collagenase alone x 100). ICq's are determined from the concentration of inhibitor that gives a
signal that is 50% of the control,

30 If ICg,'s are reported to be <0.03 uM then the inhibitors are assayed at concentrations of
0.3 uM, 0.03 M, 0.03 uM and 0.003 pM.

inhibition of Gelatinase (MMP-2)
Inhibition of gelatinase activity is assayed using the Dnp-Pro-Cha-Gly-Cys(Me)-His-Ala-

Lys(NMA)-NH, substrate (10 uM) under the same conditions as inhibition of human collagenase
35  (MMP-1).
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hours at 4°C and is diluted to give a final concentration in the assay of 100 mg/ml. Inhibitors are
diluted as for inhibition of human coltagenase (MMP-1) to give final concentrations in the assay
of 30 pM, 3 uM, 0.3 uM and 0.03 uM. Each concentration is done in triplicate.

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

ICs,'s are determined as per inhibition of human collagenase (MMP-1). If IC's are
reported to be less than 0.03 uM, then the inhibitors are assayed at final concentrations of 0.3
1M, 0.03 uM, 0.003 uM and 0.003 uM.
10 inhibition of Stromelysin Activity (MMP-3)

Inhibition of stromelysin activity is based on a modified spectrophotometric assay

described by Weingarten and Feder (Weingarten, H. and Feder, J., Spectrophotometric Assay
for Vertebrate Collagenase, Anal. Biochem. 147, 437-440 (1985)). Hydrolysis of the thio
peptolide substrate [Ac-Pro-Leu-Gly-SCH[CH ,CH(CH,),]JCO-Leu-Gly-OC,H] yields a mercaptan

15  fragment that can be monitored in the presence of Eliman's reagent.

Human recombinant prostromelysin is activated with trypsin using a ratio of 1l of a 10
mg/ml trypsin stock per 26 mg of stromelysin. The trypsin and stromelysin are incubated at
37°C for 15 minutes followed by 10 pl of 10 pg/ml soybean trypsin inhibitor for 10 minutes at
37°C for 10 minutes at 37°C to quench trypsin activity.

20 Assays are conducted in a total volume of 250 ml of assay buffer (200 mM sodium
chioride, 50 mM MES, and 10 mM calcium chioride, pH 6.0) in 96-well microliter plates.
Activated stromelysin is diluted in assay buffer to 25 pg/ml. Eliman's reagent (3-Carboxy-4-
nitropheny! disulfide) is made as a 1M stock in dimethyl formamide and diluted to 5 mM in assay
buffer with 50 mi per well yielding at 1 mM final concentration.

25 10 mM stock solutions of inhibitors are made in dimethyl sulfoxide and diluted serially in
assay buffer such that addition of 50 uL to the appropriate wells yields final concentrations of 3
1M, 0.3 uM, 0.003 uM, and 0.0003 uM. All conditions are completed in triplicate.

A 300 mM dimethyl sulfoxide stock solution of the peptide substrate is diluted to 15 mM
in assay buffer and the assay is initiated by addition of 50 pl to each well to give a final

30 concentration of 3 mM substrate. Blanks consist of the peptide substrate and Eliman's reagent
without the enzyme. Product formation was monitored at 405 nm with a Molecular Devices
UVmax plate reader.

1C, values were determined in the same manner as for collagenase.
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3.45 (, ~N~OH ~MtHj . Human recombinant MMP-13 is activated with 2 mM APMA (p-aminopheny! mercuric
acetate) for 1.5 hours, at 37°C and is diluted to 400 mg/ml in assay buffer (50 mM Tris, pH 7.5,
200 mM sodium chioride, 5 mM calcium chloride, 20 uM zinc chloride, 0.02% brij). Twenty-five
S  microliters of diluted enzyme is added per well of a 96 well microfiuor piate. The enzyme is then
diuted in a 1:4 ratio in the assay by the addition of inhibitor and substrate to give a final

concentration in the assay of 100 mg/ml.

10 mM stock solutions of inhibitors are made up in dimethy! sulfoxide and then diluted in
assay buffer as per the inhibitor dilution scheme for inhibition of human collagenase (MMP-1):

10 Twenty-five microliters of each concentration is added in triplicate to the microfiuor plate. The
| final concentrations in the assay are 30 pM, 3 uM, 0.3 uM, and 0.03 pM.

Substrate (Dnp-Pro-Cha-Gly-Cys(Me)-His-Ala-Lys(NMA)-NH,) is prepared as for
inhibition of human coilagenase (MMP-1) and 50 ml is added to each weli to give a final assay
concentration of 10 uM. Fluorescence readings (360 nM excitation; 450 emission) are taken at

165  time 0 and every 5 minutes for 1 hour,

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

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

20  0.03 uM, 0.003 pM and 0.0003 uM.
Collagen film MMP-13 Assay
Rat type | collagen is radiolabeled with "C acetic anhydride (T.E. Cawston and A.J.

Barrett, Anal. Biochem., 99, 340-345 (1979)) and used to prepare 96 well plates containing
radiolabeled collagen films (Barbara Johnson-Wint, Anal. Biochem., 104, 175-181 (1980)).

25 When a solution containing collagenase is added to the well, the enzyme cleaves the
insoluble collagen which unwinds and is thus solubiized. Collagenase activity is directiy
proportional to the amount of collagen solubilized, determined by the proportion of
radioactivity released into the supernatant as measured in a standard scintillation counter.
Collagenase inhibitors are, therefore, compounds which reduce the radioactive counts

30 reieased with respect to the controls with no inhibitor present. One specific embodiment of
this assay is described in detail below.

For determining the selectivity of compounds for MMP-13 versus MMP-1 using
collagen as a substrate, the following procedure is used. Recombinant human proMMP-13 or
proMMP-1 is activated according to the procedures outlined above. The activated MMP-13 or

35 MMP-1is diluted to 0.6 ug/ml with buffer ( 50 mM Tris pH 7.5, 160 mM NaCl, 10 mM CaCl, , 1
uM ZnCl,, 0.05% Brij-35, 0.02% sodium azide).
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Dilutions of the test compounds in the Tris buffer, above, are made to 0.2, 2.0, 20, 200, 2000
and 20000 nM.

100 p! of appropriate drug dilution and 100 ul of diluted enzyme are pipetted into wells

5 of a 96 well plate containing coliagen films labeled with “C-collagen. The final enzyme

concentration is 0.3 pg/ml while the final drug concentration is 0.1, 1.0, 10, 100, 1000 nM.

Each drug concentration and control is analyzed in triplicate. Triplicate controls are also run

for the conditions in which no enzyme is present and for enzyme in the absence of any
compound.

10 The plates are incubated at 37°C for a time period such that around 30 - 50% of the
available collagen is solubilized - determined by counting additional control wells at various
time points. In most cases around 8 hours of incubation are required. When the assay has
progressed sufficiently, the supemnatant from each well is removed and counted in a
scintillation counter. The background counts (determined by the counts in the wells with no .

15 enzyme) are subtracted from each sample and the % release calculated in relation to the
wells with enzyme only and no inhibitor. The triplicate values for each point are averaged and
the data graphed as percent release versus drug concentration. ICg,'s are determined from
the point at which 50% inhibition of release of radiolabeled collagen is obtained.

To determine the identity of the active collagenases in cartilage conditioned medium,

20 assays were carried out using collagen as & substrate, cartilage conditioned medium
containihg collagenase activity and inhibitors of varying selectivity. The cartifage conditioned
medium was collected during the time at which collagen degradation was occurring and thus
is representative of the collagenases responsible for the collagen breakdown. Assays were
camied out as outlined above except that instead of using recombinant MMP-13 or

25  recombinant MMP-1, cartilage conditioned medium was the enzyme source.

IL-1 Induced Cartilage Coliagen Degradation From Bovine Nasal Cartilage

This assay uses bovine nasal cartilage explants which are commonly used to test the

efficacy of various compounds to inhibit either IL-1 induced proteoglycan degradation or IL-1

induced collagen degradation. Bovine nasal cartilage is a tissue that is very similar to articular

30 cartilage, i.e. chondrocytes surrounded by a matrix that is primarily type 1l collagen and

aggrecan. The tissue is used because it: (1) is very similar to articular cartilage, (2) is readily

available, (3) is relatively homogeneous, and (4) degrades with predictable kinetics after IL-1
stimulation.

Two variations of this assay have been used to assay compounds. Both variations

35 give similar data. The two variations are described below:
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the IL-1 alone wells has almost completely resorbed (about day 21), the experiment is
terminated. The medium, is removed and stored. Aliquots (100 ul) from each well at each
time point are pooled, digested with papain and then analyzed for hydroxyproline content.
15 Background hydroxyproline (average of wells with no IL-1 and no drug) is subtracted from
each data point and the average calculated for each triplicate. The data is then expressed as
a percent of the IL-1 alone average value and piotted. The ICs is determined from this plot.
Variation 2
The experimental set-up is the same as outlined above in Variation 1, until day 12.
20  On day 12, the conditioned medium from each well is removed and frozen. Then one ml of
phosphate buffered saline (PBS) containing 0.5 pg/ml trypsin is added to each well and
incubation continued for a further 48 hours at 37°C. After 48 hours incubation in trypsin, the
PBS solution is removed. Aliquots (50 ul) of the PBS/trypsin solution and the previous two
time points (days 6 and 12) are pooled, hydrolyzed and hydroxyproline content determined.
25  Background hydroxyproline (average of wells with no IL-1 and no drug) is subtracted from
each data point and the average calculated for each triplicate. The data is then expressed as
a percent of the IL-1 alone average value and plotted. The ICq, is determined from this plot.
In this variation, the time course of the experiment is shortened considerably. The addition of
trypsin for 48 hours after 12 days of IL-1 stimulation likely releases any type Il collagen that
30 has been damaged by collagenase activity but not yet released from the cartitage matrix. In
the absence of IL-1 stimulation, trypsin treatment produces only low background levels of
collagen degradation in the cartilage explants.
Inhibition of Human 92 kD Gelatinase (MMP-9)
Inhibition of 92 kD gelatinase (MMP-9) activity is assayed using the Mca-Pro-Leu-Gly-

35 Leu-Dpa-Ala-Arg-NHy substrate (10 #M) under similar conditions as described above for the
inhibition of human collagenase (MMP-1).
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conpound acc¢rding to claim1 4%@'?‘&?‘?15% i s hydroxy and each of R - R8}is
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All samples completed in triplicate with Control and IL-1 alone

samples on each plate.

Piates are labeled and only the interior 24 wells of the plate are used. On one of the

10 plates, several columns are designated as IL-1 (no drug) and Control (no IL-1, no drug).

These control columns are periodically counted to monitor 35S-proteoglycan release. Control

and IL-1 media are added to wells (450 ul) followed by compound (50 ul) so as to initiate the
assay. Plates are incubated at 37°C, with a 5% CO, atmosphere.

At 40-50 % release (when CPM from IL-1 media is 4-5 times contro! media) as

15 assessed by liquid scintillation counting (LSC) of media samples, the assay is terminated (9-

12 hours). Media is removed from all wells and placed in scintillation tubes. Scintillate is

added and radioactive counts are acquired (LSC). To solubilize cell layers, 500 ul of papain

digestion buffer (0.2 M Tris, pH 7.0, 5 mM EDTA, 5 mM DTT, and 1 mg/mi papain) is added to

each well. Plates with digestion solution are incubated at 60°C overnight. The cell layer is

20 removed from the plates the next day and placed in scintillation tubes. Scintillate is then

added, and samples counted (LSC).




substituted (C, -0C6)alkyl. 27. A conpound according to claim1, wherein R3
is hydroxy. 28. A conpound according to claiml, wherein R3 is hydrioMi HoH
each of the other of R - R2 and R4 - RB is hydrogen. 29. A conpound
according tov@PEINBSL, wherein R3 is hydroxy and at | east one BETABRI/OdIHer
of R - Rz and R4 - Re is optionally substituted (C, -C6)al kyl. 30. A
conpound according to claim1, wherein R3 i sS8ydroxy and each of R - Re is
hydrogen. 31. A conpound according to claiml, wherein R3 is hydroxy and
each of R - RBis optionally substituted (C~ -C6)al kyl. 32. A conpound
according to claim1l1l, wherein R4 is hy drox?/ 33. A conpound according to
claim1, wherein R4 i Shehpefeenkpf salepsed chunts franh dheptotab prasntfn eactRyvel igd dgBrmineRe

i's hydrogen. 34. Av%réb%%?iﬁ@@fpﬁ&?&réﬂé Radé Qntr%oﬁ{rénb]ackdm&%b&ra@ed'ﬂ% h QY. fnd
at | east one of the other o R5 - Re i's optionall stituted

(C~ -Cfi)al kyl . %CGHAO&S%@H%%JP&GM? Hgsewr'c'ka% ?ﬁﬂwem%uﬁh'gmoq 10R%dpfoIRY
and each of R -cdoRs).s hydrogen. 36. A corrpound according to cl al m1l, R' is

hydr oxy and each of - RBis o ona bst ute kyl . 37
conpound acco‘\s‘a‘dl ng to %W?Pﬂqu\ﬁg&'?@rﬁe '°ﬂ YREF. es%%d h%ﬁ? 6‘%/?ﬁdha” 1 “G'
according to cl airéfbaablyv!bssrteiamsw iirs atigakt mng/ofam ®eDi3 dekcribbe acbxkber Mokt freferred
R4 and Rfi 1 2 MAY 0 39. (A cO ordin
to claim1, wher®im° t'??yg?‘e&o'ﬁgre '{gf@ggﬁgdﬁséc’ RS en ﬁ%a ot her ﬁrﬁ?n agay!
and R6 - Reis opTAQmaltmg/absuﬂo@tsay uted (C, -Cs)al kyl. 40. A corrpound
according {o claim L eheshillafih iis RUAhaKYindldnedemaA!, | Rﬁraﬂnt?on of matx

hydr ogen. 41. A conpound according to claim1l erern I oX
each of R -1RB mgal Medﬂﬁéﬁsl‘gf @%@@'iaou@@aysqrca V%%’aﬂfl@wvenﬁpzla’ Mt@emuh@ used

according to cl ahcmdlngdm ieﬁte}%ﬁy b@ccéwdeaaﬂyan&l@pgcéhycwgéﬁ&adme%sf%@brﬂ%dnewm
claim1, whereln ot her

i s hydrogen. 44. e@ Ew'fﬁ')?f ’Hc"éB?r&f‘tﬁ@ X%deslaﬁ?srﬁ‘?fwe%?éf"éloﬂ R %5@94%?95&9“’35%
at | east FEGI of df e aibhaer toke tF€ated pab d@ndreﬂrabm‘y rerh &b@.p'fOISOtﬁf?d Ing/kgybﬁ:Weh zlut Stthe
C- -Co)a . 45, Q [ erei.n [,0X
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wherei n R6 i & hyeatedy Tamdermchsp@ﬁsﬂﬂe for amnust@tl@rpwﬂlonahy gvesth, Beterimingt thel apr@ppriate
-C6) al kyl . 47. i toclaiml vvhereinAris(CG
-C~2)) argl (C~ -CGOQ'J?%%%'VE?QQU c[lg C-o)ary E;C - C6) al koxy
-C9) heteroaryl, (C2 '@“@) W@H‘@&r‘&ﬂ"@"cp@%)“&?ﬂ@%fé dmysiared "b? V’('@Zva"@y) of
het eroaryl ( Cf Q&aeaébl dﬁ@é’s)éé@i&msc&) deater ?@[mdmpe@twbnm@bdvy c&u;kzﬁ.hust srtuqsl mb%rl\ti@ﬁl Gre
or nore, prefer one to ree supsti er rin efera
20 thr e Bubsti HASETUN SYCteS STE ALROFGon JavB Grnang dbm oo St berps oy
i ndependent |30 sedeigit.ed from hal o, (C, -C6) aI kyl, (C, -C6)al koxy or
erfluoro(C, -C3)alk LM, .2 r ej L
periworo(C < 09l oty AP AR P EE RO S I L o
- Ca) het eroar yl , %@%@Fh@wﬁﬁ@aﬁqimm@@?&lw mspt@e@ygggypin@ma( b emptoyed
heteroaryl (C - GhglwiRXyfide< drs%bﬂﬁis%rué}ﬁés\’étamtpfé% SRAADY SHD phiatddrashidty k),

or nore, preferably one to S -90 three substituents per. rlnt)
nost pref er abl y e 8¢ nibe cETRR t PRTRISK SligAtes ndPopBrhi Wil FaiftionnRindars, “Tike
sai d subst i t2entmwiydingpynoitRps nderosd, ygetdresidestatiao nadiioneally, (IGbricatis) adekis! such @s

- C6) al koxy or perrl;gglngg&rr? gteérate sozilumlﬁguryl sulfate and talc are often very useful for tabletting purposes.

Solid compositions of a similar type may aiso be employed as fillers in gelatin capsules;

preferred materials in this connection also include lactose or milk sugar as well as high

molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are desired

30 for oral administration, the active ingredient may be combined with various sweetening or

flavoring agents, coloring matter or dyes, and, if so desired, emulsifying and/or suspending

agents as well, together with such diluents as water, ethanol, propylene glycol, glycerin and
various like combinations thereof.

For parenteral administration (intramuscular, intraperitoneal, subcutaneous and

35 intravenous use) a sterile injectable solution of the active ingredient is usually prepared.

Solutions of a therapeutic compound of the present invention in either sesame or peanut oil or in



49. A conpound according to claim3, wherein Ar is (C6 -C 0)aryl (C,

-C6) al koxy(CB -C,o0)aryl, (C6 C,o)aryl (C, -0C6)al koxy(C2 -C9) heteroarM MA\(%
-CQ)heteran:§/l(C CG)aI koxy(C6 -C,o)aryl or (C2 -C9) heteroaryl (C" §
- Cs) al koxy( #fst eroaryl, optionally substituted by one orPGRRS9/01388
preferably one to three substltuents per ring, nost preferably one to three
substituents on the termnal ring, wherein sa§3d substituents are

i ndependently selected fromhalo, (C~ -C6)al kyl, (C, -0C6)al koxy or
perfluoro(C, -C3)al kyl. 50. A conpound according to claim4, wherein Ar is
(C6 -C~o0)aryl (C, -CB)al koxy éCG -C~0 %;r yl, Cs C~o)aryl (C~ -C6)a| koxy(CZ
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or nore, preferapenx e _su stl?hﬂents per “'gfgﬁ nost_ preferably one
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i ndependent | y sel ect €R.IR)dA#(25-0)FLUORO-EBYZYUOXY)-BENZENEBLBF BRYY-50YDROXY-

perfluoro(C, -Cg) e RSO to claim1, wherern Ar (CZ
- C9) het eroaryl rtriie A rab BT ALR ﬁ'&hﬁl—ggted by one or nore,
preferably one to th iexyearponylaminorfediazordyexo-pentanoip eeif @redtiyl gsteone to t hree
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optionally substituted by one or nore, preferably one to three substituents
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wherein said substituents are independently selected fromhalo) (C,

- C6) al kyl (C, Cﬁ)alkoxy or perfluoro(C C3)a|ky| 61 A conpound

o o - o M.
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109& () -! &m 10%hromatography (2:1 hexane-ethyl acetate, 2 mm silica gel plate) affording 0.047 g of 1-(4-
benzyloxy-benzenesulfonyl)-5-hydroxy-5-methyl-piperidine-2-carboxylic acid methyl ester as

15  acolorless solid.

5-(4-Benzyloxy-benzenesulfonyl)-1-methyl-2-oxa-5-aza-bicyclo[2.2.2]octan-3-one

A mixture of 1-(4-benzyloxy-benzenesulfonyl)-5-hydroxy-5-methyl-piperidine-2-
carboxylic acid methyl ester (0.047 g, 0.11 mmol), p-toluenesulfonic acid (0.010 g, 0.05 mmot)
and toluene (2.0 mL) was heated to 80 °C for 2 h. After cooling to room temperature, the

20 mixture was diluted with ethyl acetate, washed with saturated aqueous NaHCO,, dried over
Na,SO,, filtered and concentrated in vacuo, giving 0.035 g of 5-(4-Benzyloxy-
benzenesulfonyl)-1-methyl-2-oxa-5-aza-bicyclof2.2.2]Joctan-3-one as a colorless oil:

1-(4-Benzyloxy-benzenesulfonyl)-5-hydroxy-5-methyl-piperidine-2-carboxylic acid
hydroxyamide

-25 5-(4-Benzyloxy-benzenesulfonyl)-1-methyl-2-oxa-5-aza-bicyclo[2.2.2]octan-3-one

(0.035 g, 0.09 mmol) was dissolved in 0.80 mL of 2 0.81 M solution of hydroxylamine in
methanol (prepared by treating 7.25 mL of a 0.81 M solution of sodium methoxide in methanol
with 0.52 g of hydroxylamine hydrochioride). The resulting mixture was shaken at 60 °C for
10 minutes. After cooling to room temperature, the mixture was diluted with 1M HCI,

30 extracted twice with ethyl acetate, and the combined organic layers were washed twice with
50% saturated aqueous NaHCO,, once with 1M pH 7.0 phosphate buffer, dried over Na,SO,,
filtered and concentrated in vacuo. Trituration of the residue with CH,Cl,-hexane afforded
0.027 g of 1-(4-benzyloxy-benzenesulfonyl)-5-hydroxy-5-methyl-piperidine-2-carboxylic acid
hydroxyamide as a colorless solid:
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% 10% 0" 0&'5( ) - S$10% P& r(u)cture of 5-(4- benzyloxy-benzenesulfonyl)-2-oxa-5-aza-b|cyclo[2 2.2]octan-3-
one (0.10 g, 0.26 mmol) and 2 mL of THF was added 0.2 mL of 1M aqueous HCI. After

stirring for 10 min, 0.15 mL of 12M aqueous HCL was added. After stirring for 30 min, TLC
indicated no detectable reaction. The mixture was‘then treated with 2 mL of saturated
aqueous LiOH and 2 mL of methanol. After stirring'for 20 min at room temperature, the
10  mixture was acidified with 1M HCI, extracted 3x into ethyl acetate, and the combined organic
layers were dried over Na,SQ,, filtered and concentrated in vacuo, affording 1-(4-benzyloxy-
benzenesulfonyl)-5-hydroxy-piperidine-2-carboxylic acid (0.10 g) as a coloriess syrup:
1-(4-Benzyloxy-benzenesulfonyl)-6-methoxy-piperidine-2-carboxylic acid

A mixture of 1-(4-benzyloxy-benzenesulfony!)-5-hydroxy-piperidine-2-carboxylic acid

15  (0.10 g, 0.26 mmol) and 1:1 THF-N-methylpyrrolidin-2-one (1 mL) was treated with NaH

(0.031 g, 0.78 mmol, 60% dispersion in mineral oil). After stirring for 10 min, the mixture was

warmed to room temperature, stirred for 20 min and treated with jodomethane (0.016 mL, 0.26

mmol). After stirring fro 3 h, the mixture was treated with an additional 0.010 g of NaH and

0.015 mL of iodomethane. The resulting mixture was stirred for 24 h, acidified with 1M HCI,

20 extracted 3x with ethyl acetate, and the combined organic layers were dried over Na,SO,,

filtered and concentrated in vacuo. Purification of the residue by radial chromatography (1:1

to 2:1 ethyl acetate hexane containing 1% of acetic acid, 2 mm silica ge! plate) afforded 0.077

g (75%) of 1-(4-benzyloxy—benzenesulfonyl)-s-methoxy-piperidine-2-carboxylic acid as a
coloriess syrup:

25 1-(4—Benzyloxy-benzenesulfonyl)~5-methoxy-pg>eridine-2-carboxylic acid _ allyloxy-

amide
A solution of 1-(4—benzy|oxy-benzenesuIfonyl)-5-methoxy-piperidine-2-carboxylic acid
(0.077 g, 0.19 mmol), HOBT (0.044 g, 0.29 mmol), O-allylhydroxylamine hydrochloride (0.043
g, 0.29 mmol), di-isopropylethylamine (0.066 mL, 0.38 mmol) and CH,Cl, (2 mL) was treated
30 with EDCI (0.056 g, 0.29 mmol). After stirring for 24 h at room temperature, the mixture was
diluted with ethyl acetate, washed with 1M HCI, saturated aqueous NaHCO,, dried over
Na,SO,, fitered and concentrated in vacuo, affording 1-(4-benzyloxy-benzenesulfonyl)-5-
methoxy-piperidine-2-carboxylic acid allyloxy-amide (0.080 g, 100%) as a colorless syrup:



'()- 1&10% o0& () -
igf%/c')oooﬁ)&s)((&) ( )Sy: 10% o‘éf’( ) ( )AKBBBBFCCdEr S419!/10% o0& () - 1-2 MAY 2003

Y. 10% 0& () - - 10% 8%'15()-+#10% 0& ()- 9*310% 0& () -

(10% 0& () -

f5109% 0& ()-! (2#10%000& ()-S 3110% 0& () - UEVEWEEEEEE Fri |

l ' 0910% 0&' () - @10% o0& () - 6S10% r/(Bps/01388
EuEaB74! 10' 0910% o0& () st

L' 10% U& ()-#10% U& () -yy10% U& ()-10% U& () -58-10% U& ()- 10' o0 10' o

FFFOGG/4HaBmV |

109 &10% U& ()-Y 310% U& ()-F &10% U& ()-Y Y10%

U ()-"10% U& ()-!l & 10% U U&' ()-S%isH M | | MIdENV |

10

15

20

25

30

1-(4-Benzyloxy-benzenesulfonyl)-s-methoxy-piperidine-Z-carboxylic acid
hydrogv amide | | | |

To a solution of 1-(4-benzyloxy-benzenesulfonyl)-5-methoxy-piperidine-2-carboxylic
acid allyloxy-amide (0.090 g, 0.20 mmol), triethylammonium formate (0.28 mL of a 3M solution
in water, 0.83 mmol) and acetonitrile (1.1 mL) was added tetrakistriphenylphosphine
paliadium. After stirring for 15 min at 80 °C, the mixture was cooled to room temperature and
concentrated in vacuo. The residue was diluted with ether and extracted 2x into 1M NaOH.
The combined aqueous layers were washed 2x with ether, acidified with 1M HC! and
extracted 3x with ethyl acetate. The combined organic layers were dried over Na,SQ,,
filtered and concentrated. Purification of the residue by silica gel chromatography eluting with
ethyl acetate afforded 0.025 g of 1-(4-benzyloxy-benzenesuIfonyl)-5-methoxy-piperidine-2-
carboxylic acid hydroxyamide as a yellow solid after trituration from CH,Cl,-hexane:

EXAMPLE 4

1-[4-(4-FLUORO-BENZYLOXY)-BENZEN ESULFONYL]-3-HYDROXY-3-METHYL-
PIPERIDINE-2-CARBOXYLIC ACID HYDROXYAMIDE

Ii-(4-Fluoro—benzyloxy)-benzenesulfonylamino]-acetic acid tert-butyl ester

To a mixture of glycine tert butyl ester hydrochloride salt (5.9 g, 18 mmol) and DMF
(20 mL) at 0 °C was added triethylamine (6.5 mL, 45 mmol) and 4-(4-fluoro-benzyioxy)-
benzenesulfonyl chioride. After stirring for 1 h, the mixture was warmed to room temperature

and stirred for an additional hour. The mixture was diluted with ethyl acetate; washed with 1M
HCl, saturated aqueous NaHCO, and brine, dried over Na,SO,, filtered and concentrated in
vacuo. Trituration of the residue with ether-hexane afforded 10.8 g of [4-(4-fluoro-benzyloxy)-
benzenesulfonylamino)-acetic acid tert-butyl ester as colorless crystals.
2-[4-(4-Fluoro-benzyloxy)-benzenesulfonylaminoJ-G-oxo-heptanoic acid tert-butyl

ester

To a mixture of acetyl propanol (0.39 mL, 3.8 mmol), {4-(4-fluoro-benzyloxy)-
benzenesulfonylamino]-acetic acid tert-butyl ester (1.0 g, 2.53 mmol) and tetrahydrofuran (8
mL) was added triphenylphosphine (1.0 g, 3.8 mmol) and diethylazodicarboxylate (0.60 mL,
3.8 mmol). After stirring for 6 h at room temperature, the mixture was treated with additional
acetyl propanol (0.15 mL), triphenyl phosphine (0.30 g) and diethylazodicarboxylate (0.20
mL). After stirring for 30 min, the mixture was concentrated in vacuo, and the residue was
purified by silica gel chromatography eluting with 4:1 to 2:1 hexane-ethyl acetate, giving 0.70
g of 2-[4—(4-ﬂuoro-benzyloxy)—benzenesulfonytamino]-6-oxo-heptanoic acid tert-buty! ester as

a colorless solid:
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H4-(4-Fluoro-benzyloxy)-benzenesulfonyl]-s-hydroxy-3-methyl-piperidine-z-

carboxylic acid tert-buty! ester
To a solution of 2-[4-(4-ﬁuoro-benzyloxy)-benzenesulfonylamino]-6-0x0~heptanoic

acid tert-butyl ester (0.70 g, 1.5 mmol) in 6 mL of THF was added potassium teri-butoxide
S (0.7 mL of a 1M solution in THF, 0.70 mmol). After stirring for 24 h at room temperature, the
mixture was diluted with water, acidified with 1M HCI and extracted 3x into ethyl acetate. The
combined organic layers were dried over Na,SO,, fitered and concentrated in vacuo.
Filtration of the residue through a pad of silica ge! eluting with 1:1 ethyl acetate-hexane
afforded 1-[4-(4-ﬂuoro—benzyloxy)—benzenesulfonyl]—S-hydroxy-3-methyl-piperidine-2-
10  carboxylic acid tert-butyl ester as a mixture of diastereomers.  Separation of the
diastereomers by radial chromatography (1-4% acetone-CH,Cl,, 4 mm plate) afforded 0.12 g

of each diastereomer as a coloriess oil.
(+/-)(2R,3R) or (+/-)(2R,3RS)-1-[4-(4-Fluoro-benzyloxy)—benzenesulfonyl]-3-hydroxy-

3-methyi-piperidine-2-carboxylic acid
15 A solution of 1-{4-(4-ﬂuoro-benzyloxy)—benzenesulfonyl]-3-hydroxy-3-methyl-

piperidine-2-carboxylic acid tert-buty! ester in 2 mL of 1:1 trifluoroacetic acid-CH,Cl, was

stirred for 15 min - 2 h at room temperature. Concentration in vacuo afforded 1-[4-(4-fluoro-

benzyloxy)-benzenesulfonyl]-3—hydroxy-3-methyl-piperidine-z-carboxylic acid as a colorless

syrup:

20 (+-)(2R,3R) or (+/-)(2R,38)-1-[4~(4-Fluoro-benzyloxy)-benzenesulfony!]-3-hydroxy~3-
methyi-piperidine-2-carboxylic acid allyloxy-amide

A  solution of 11 -[4-(4-ﬂuoro-benzyloxy)-benzenesulfonyl]-3-hydroxy-3-methyl-

piperidine-2-carboxylic acid (0.11 g, 0.26 mmol), HOBT (0.060 g, 0.39 mmol), ©-

’ ~ allylhydroxylamine hydrochioride (0.057 g, 0.39 mmol), di-isopropylethylamine (0.091 mL,

25  0.52 mmol) and CH,Cl, (2.7 mL) was treated with EDCI (0.075 g. 0.39 mmol). After stirring for

24 h at room temperature, the mixture was diluted with ethyl acetate, washed with 1M HCI,

saturated aqueous NaHCO,, dried over Na,SO,, fitered and concentrated in vacuo.
Purification of the residue by radial chromatography (1:1 ethyl acetate-hexane, 2 mm plate) 1-
[4-(4-ﬂuoro-benzyloxy)-benzenesulfonyl]-3-hydroxy—3-methyl-piperidine-2-carboxylic acid
30  allyloxy-amide (0.14 g) as a colorless syrup:
(+-)(2R,3R) or (+/-)(2R.38)—1-[4-(4-FIuoro-benzyloxy)-benzenesu!fonyl}-3—hydroxy-3-
methyl-piperidine-2-carboxylic acid hydroxyamide

To a solution 1-[4-(4—ﬂuoro-benzyloxy)—benzenesulfonyl]-3-hydroxy-3-methyl-
piperidine-2-carboxylic acid allyloxy-amide (0.14 g, 0.29 mmol), triethylammonium formate

35 (0.35 mL of a 3M solution in water, 1.0 mmol) and acetonitrile (1.5 mL) was added
tetrakistriphenylphosphine palladium (0.033 g, 0.029 mmol). After stirring for 30 min at 90-
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1-[4-(4-FLUORO-BENZYLOXY)- BENZENESULFONYL} -3-HYDROXY-3-E HYL-
PIPERIDINE-2-CARBOXYLIC ACID HYDROXYAMIDE
1-[4-(4-Fluoro-benzyloxy)-benzenesulfonyl}-3-hydroxy-3-ethyl-piperidine-2-carboxylic
acid tert-butyl ester
10 To a solution of diisopropylamine {0.35 mL, 2.5 mmol) in 10 mL of THF at -78 °C was

added n-butyllithium. The mixture was warmed to room temperature and stirred for 20 min.
After cooling to -78 °C, a solution of 2-[4-(4-fluoro-benzyloxy)-benzenesulfonylamino}-6-oxo-
octanoic acid tert-butyl ester (1.0 g, 2.1 mmol) in 2.5 mL of THF was added dropwise. The
mixture was warmed to room temperature and stirred for 3 h. After acidifying with 1M HC, the
15  mixture was extracted 2x into ethyl acetate, and the combined organic layers were dried over
Na,S0O,, filtered and concentrated in vacuo. Purification of the residue by radial
chromatography (1% acetone-CH,Cl,, 2 mm plate) afforded ca. 0.37 g of the (2R,3S)
diastereomer and 0.09 g of the (2R,3R) diastereomer of 1-[4-(4-fluoro-benzyloxy)-
benzenesulfonyl]-3-hydroxy-3-ethyl-piperidine-2-carboxylic acid tert-butyl ester as colorless
20  syrups: .
(+/-)(2R,38) or (+/-)(2R,3R)-1-[4-(4-Fluoro-benzyloxy)-benzenesulfonyl]-3-hydroxy-3-

ethyl-piperidine-2-carboxylic acid hydroxyamide
Using the methods of Example 4, 1-[4-(4-fluoro-benzyloxy)-benzenesulfonyi}-3-
hydroxy-3-ethyl-piperidine-2-carboxylic acid tert-butyl ester was converted to 1-[4-(4-Fiuoro-
25  benzyloxy)-benzenesulfonyl}-3-hydroxy-3-ethyl-piperidine-2-carboxylic acid hydroxyamide.
EXAMPLE 6
{2R,4R) or (2R,45)~-1-(4-ARYLOXY-BENZENESULFONYL)4-HYDROXY-
PIPERIDINE-2-CARBOXYLIC ACID HYDROXYAMIDE
4-Hydroxy-piperidine-2-carboxylic acid HCI salt
30 2-(1-Phenyl-ethyl}-6-oxa-2-aza-bicyclo[3.2.1Joctan-7-one (prepared as described in
Gillard, J. et. al., J. Org. Chem.,1996,61, 2226-2231) (83.5 g) is dissolved in methano! (1 L)
and diluted with palladium hydroxide (20% on carbon, 10.5 g) The reaction is shaken under

50 psi hydrogen for 18 hours. The mixture is filtered through celite and the volatiies are
removed under vacuum. The crude product is diluted with 6 N HC! and refluxed 18 hours.
35 Following the removal of the solvent 4-Hydroxy-piperidine-2-carboxylic acid HC| salt was

obtained as a white solid (67 g).



AMT10%& ()-!109& ()-!109%& ()-' ~!bdddddd|[:2C f f$#10%& ()-! f$10f<gm@2003

f$109%t& ()- f3=10%& ()- fy; 10%& ()-) f f*:110%& ()- dde eeeeee| 0
f Ss10% X#: é&déopb%a%w 10h" 10h" f>nL0% " & ()- f!1=10%%& ()- 1;%{% )

f $* 1096t& ()- €
f @10% X#: & () -
10% X#: & () -

gggh|[: bW f f,210% X#: & ()- f@ 10% X#: &
f@10% X#: & ()- fSL10% X#.e8 ()-@ S

h- hhhhhhh}al ) GLO%E' ' E&' () - ~FfGLO%E 'E& ()- GLO%E 'E& ()- gF

109 'E& () - 10%0r& ()-@ f10% X#: & ()-hhhi+i,iG]isWGLGLO%E ! E& () -
GlO%Et ' E& () ~FlGIO%E' ! E&' () GlO%E 'E& ()- ~F)GLOY%E ! E& () -
L:::\: ;5: ' JI I-JI ' JX)IEJ@'[B%<21 4 nzgf‘;'eglfﬁn | &O((Q-Z azf%@%ﬁ 2. ﬁ&ctér)-?-o@-()%? lE& () -

~FGLOY%E | E& () -
~FGLO%E | E& ()
GLOY%E' ! E& () -

5

10

15

20

25

30

35

GL OV HERT Xy PIpRGec- ﬁfP?ﬁY\m{ aqis to 1 1‘E§?(9 '5(%?}96%'&*@@? e

(355 Ynd BRI 100 mEﬁhﬁ%‘éﬁuhE& i{ Joolekijt¢ DIC) A HETHElory) EHIONGE (BEE&of ) -
~FGlO /&' | E& S‘
is added in five portions.

he reactlon is ztxrred for 4 hours at 0°C and then is diluted with
water and ethyl acetate. The aqueous layer is washed with ethyl acetate and the combined
organic layers are dried with magnesium sulfate and concentrated. The resuiting solid is
purified by silica gel chromatography to give 2-(4-Benzyloxy-benzenesuifonyl)-6-oxa-2-aza-
bicycio[3.2.1]octan-7-one (14.8 g).
2-(4-Hydroxy-benzenesulfonyl)-6-oxa-2-aza-bicycio[3.2. 1Joctan-7-one

Benzyloxy-benzenesulfonyl)-6-oxa-2-aza-bicyclo[3.2.1Joctan-7-one is dissolved in
methanol (50 mL) and is treated with 5% Pd/C (0.730 g) and is subjected to a hydrogen
atmosphere (50 psi) with shaking for 1 hour. The reaction is diuted with 1:1 ethyl
acetate:benzene an is filtered through celite. The solvent is removed under reduced pressure
and the residue is purified by silica gel chromatography to give 2-(4-Hydroxy-
benzenesulfonyl)-6-oxa-2-aza-bicyclo[3.2.1]octan-7-one (3.25 g).

1-(4-Aryloxy-benzenesulfonyl)-6-oxa-2-aza-bicyclo[3.2. 1]octan-7-one:

(Method A: General Method for the formation of 1-(4-Aryloxy-benzenesulfonyl)-6-oxa-
2-aza-bicyclo[3.2.1]octan-7-ones)

To a dimethylformamide (0.6 mL) solution of 2-(4-Hydroxy-benzenesulfonyl)-6-oxa-2-
aza-bicyclo[3.2.1]octan-7-one (101.1 mg) and cesium carbonate (331.3 mg) is added the aryl
halide (2.5 equiv). The reaction is heated to 50°C with shaking for 12-24 hours. The sample
is cooled, diluted with water and ethyl acetate, and extracted two times with ethyl acetate.
The organic layers are combined, dried over sodium sulfate and concentrated. The product is
precipitated from diethyl ether to give the Aryloxy-benzenesulfonyl)-6-oxa-2-aza-
bicyclo[3.2.1]octan-7-one.

1-(4-Aryloxy-benzenesulfonyl)-4-hydroxy-piperidine-2-carboxylic acid hydroxyamide

(General Method for the formation of 1-(4-Aryloxy-benzenesulfonyl)-4-hydroxy-
piperidine-2-carboxylic acid hydroxyamides)

The Aryloxy-benzenesulfonyl)-6-oxa-2-aza-bicyclo[3.2.1Joctan-7-one is diluted with

hydroxyl amine in methano! (prepared via the addition of sodium metal to a solution of
hydroxyl amine hydrochloride in methanol). The sample is heated to 60 °C for 1 hour then is
cooled, and extracted from 1 N HCI into ethyl acetate and washed with saturated sodium
bicarbonate. The organic layer is dried over sodium sulfate and concentrated. The product 1-
(4-Aryloxy-benzenesulfonyl}-4-hydroxy-piperidine-2-carboxylic acid hydroxyamide is obtained

after silica gel chromatography.
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(Method D: General Method for the Preparation of 1-(4-Aryloxy-benzenesulfonyl)-4-

hydroxy-piperidine-2-carboxylic acid allyloxy-amides)
Ally! hydroxyl amine (8.2 mmol) is dissolved in benzene (5 mL) and cooled to 0°C .
Trimethyl aluminum (8.2 mmol) is added dropwise. The reaction 1s stirred at 23°C for 0.75
10 hours and the Aryloxy-benzenesuIfonyl)~6-oxa-2-aza-blcycl0[3 2. 1}octan 7-one (4.1 mmol) in
benzene (5 mL) is added quickly. The mixture is heated to reflux for 20 minutes, cooled to
23°C and diluted with ethy! acetate. 1N HCl is added and the aqueous layer is washed with
ethyl acetate. The organic layers are combined, dried over sodium sulfate and concentrated
to give the 1 -(4-Aryloxy-benzenesulfonyl)-4-hydroxy-piperidine-Z-carboxylic acid allyloxy- -
16 amide.
1-(4-Aryloxy-benzenesulfonyl)-4-oxo-piperidine-2-carboxylic acid allyloxy-amide.

(General Method for the Preparation of 1-(4-Aryloxy-benzenesulfonyl)-4-oxo-
piperidine-2-carboxylic acid allyloxy-amides)
The 1- -(4-Aryloxy-benzenesulfony!)-4- -hydroxy-piperidine-2-carboxylic acid allyloxy-
20  amide (4.08 mmol), pyridinium chlorochromate (8.12 mmol) and dichloromethane (30 mL) are
stired at 23 °C for 18 hours. The reaction is diluted with ethyl acetate and filtered through
silica gel. The solvent is removed under reduced pressure and the residue is purified by silica
gel chromatography to give the 1-(4-Aryloxy-benzenesulfonyl)—4 -0oxo-piperidine-2-carboxylic
3 acid allyloxy-amide.
25 1_14-Aryloxy—benzenesuIfonyl)—4-hydroxy-piperidine-z-carboxylic acid allyloxy-amides
(General Method for the Preparation of 1-(4-Aryloxy-benzenesulfonyl)-4-hydroxy-

piperidine-2-carboxylic acid allyloxy-amides)
The 1-(4-Aryloxy- benzenesulfonyl)—4-oxo-prpendme-2-carboxyhc acid allyloxy-amide
(1.15 mmol) is cooled to 0 °C in tetrahydrofuran (10 mL). Lithium borohydride (1.8 mmol) is
30 added at 0 °C and the reaction is stirred at 0°C for 15 min. The reaction is diluted with ethyl
acetate and water. The aqueous layer is washed with ethyl acetate, the organic layers are
combined, dried over sodium sulfate and concentrated to give a mixture of alcohols which are
diluted with benzene and treated with catalytic p-toluene sulfonic acid. The mixture is heated
to 85 °C for 2 hours, allowed to cool to 23 °C and diluted with ethyl acetate and saturated

35 sodium bicarbonate. The aqueous layer is washed with ethyl acetate, dried over sodium
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amide (1.1 mmol) is diluted with acetonitrile and palladium tetrakistriphenylphosphine (0.11
mmol) and triethylammonium formate (excess) is added. The mixture is heated for 1 hour to
80°C then is cooled to 23°C , diluted with ethy! acetate and 1 N HCl. The organic layer is
10  dried over sodium sulfate and concentrated. °C hromatography on silica gel gave the 1-(4-
Aryloxy-benzenesulfonyl)-4-hydroxy-piperidine-2-carboxylic acid hydroxyamide.
EXAMPLE 8
(2R, 4R) or (2R, 4S)-1-(4-ARYLOXY-BENZENESULFONYL )}-4-HYDROXY-4-(ALKYL
OR ARYL)-PIPERIDINE-2-CARBOXYLIC ACID HYDROXYAMIDE
15 1-(4-Aryloxy-benzenesulfonyl)-4-hydroxy-4-(alkyl or aryl)-piperidine-2-carboxylic_acid
allyloxy-amides
(Method E: General Method for the preparation of 1-(4-Aryloxy-benzenesulfonyl)-4-
hydroxy-4-(alkyl or aryl)-piperidine-2-carboxyiic acid allyloxy-amides)
The 1-(4-Aryloxy-benzenesulfonyl)-4-oxo-piperidine-2-carboxylic acid allyloxy-amide

20 (1.16 mmol) is diluted with tetrahydrofuran (10 mL) and cooled to 0 °C. The appropriate
Grignard reagent is added (2.5 eq) and the reaction is allowed to warm to room temperature.
The mixture is diluted with ethyl acetate and 1 N HCI, washed with ethyl acetate and the
organic layers are combined, dried over sodium sulfate and concentrated. The diastereomers
are separated via silica gel chromatography to give the 1-(4-Aryloxy-benzenesulfonyl)-4-
25  hydroxy-4-(alky! or aryl)-piperidine-2-carboxylic acid aflyloxy-amide which is converted to the
hydroxamic acid using the same procedures that were used in method D.
1-(4-Aryloxy-benzenesulfonyl)-4-hydroxy-4-(alkyl or aryl)-piperidine-2-carboxylic acid
hydroxyamide
Using similar procedures to those described in Example 8, 1-(4-Aryloxy-
30 benzenesulfonyl)-4-hydroxy-4-(alkyl or aryl)-piperidine-2-carboxylic acid allyloxy-amide was
converted to 1-(4-Aryloxy-benzenesulfony!)-4-hydroxy-4-(alkyl or aryl)-piperidine-2-carboxylic

acid hydroxyamide.
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The compounds of Table 1 were prepared according to the methods of Example 8,

substituting the appropriate benzyl halide.
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The compounds of Table 2 were prepared according to the methods of Example 8,
substituting the appropriate Grignard reagent and benzyl halide.
Example STRUCTURE Method Yield, XI | MS data, Xl
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PREPARATION 1
4-Benzyloxy-benzenesulfonate, sodium salt
5 (Method F)
4-Hydroxybenenesulfonate, sodium salt (100.69 g) is diluted with water (225 mL) and
heated to 50°C . Solid NaOH (17.74 g) is added and when it has completely dissolved benzyl
bromide (51.1 mL in 180 mL ethano!) is added over 20 minutes. The reaction is heated to
reflux for 18 hours and then is cooled to 0°C and filtered. The resulting precipitate is washed

10  with cold water, then diethyl ether and dried under vacuum to give 4-Benzyloxy-

benzenesulfonate, sodium salt (107.38 g).
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4-Benzyloxy-benzenesulfony! chioride

To a flask containing 4-Benzyloxy-benzenesulfonate, sodium salt (42.07 g) is added
thionyl chloride (170 mL). This solution is treated with dimethyl formamide (0.5 mL) and is
heated to 70°C for 4 hours. The reaction is allowed to cool and is concentrated under

S reduced pressure then is diluted with ethyi acetate and washed with water (3 times) foliowed
by three washes with saturated sodium bicarbonate and brine. The organic layer is dried over
sodium sulfate and concentrated to give 4-Benzyloxy-benzenesulfonyl chioride as white solid
(39.18 g).
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hat is claimed is:

1. A compound of the formula

| -
soAr [NTOH

wheréin R —R® are selected from the group consisting of hydroxy, hydrogen, NH,, halogen, -CN,
(C1-Ce)alkyl, (Co-Ce)alkenyl, (C4-Cao)aryl(C, -Ce)alkenyl, (C, -Co)heteroaryl(C, -Cg)alkenyl, (C, -
Ce)alkynyl, (Cg -C1o)aryl(Co-Ce)alkynyl, (C; -Co)heteroaryl(C, -Ce)alkynyl, (C4-Ce)alkylamino, [(Cy-
Ce)alkyll;amino, (C4-Ce)alkylthio, (Cs-Ce)alkoxy, perfluoro(C,-Ce)alkyl, perfluoro(C,-Cg)alkoxy, (Cg -
Cio)aryl, (Cz -Co)heteroaryl, (Ce -C4o)arylamino, (Ce -Cio)arylthio, (Ce -Co)aryloxy, (C; -
Co)heteroarylamino, (C; -Cg)heteroarylthio, (C, -Cg)heteroaryloxy, (Cs -Cg)cycloalkyl, (C,-
Ce)alkyl(hydroxymethylene), piperidyl, (C;-Ce)alkylpiperidyl, (C,-Ce)acyl, (C4-Ce)acylamino, (C4-
Ce)acylthio, (C,-Ce)acyloxy, (C4-Cs)alkoxy-(C=0)-, -CO,H, (C+-Ce)alkyl-NH-(C=0)-, and [(C,-
Ce)alky]o-N-(C=0)-;

wherein said (C4-Ce)alky! is optionally substituted by one or two groups selected from (Cs-
Ce)alkylthio, (C,-Ce)alkoxy, trifluoromethyl, halo, -CN, (Cg -C1g)aryl, (C, -Co)heteroaryl, (Cg -
Cio)arylamino, (Ce -Csp)arylthio, (Ce -Cio)aryloxy, (C. -Co)heteroarylamino, (C, -Cg)heteroarylthio, (C,
-Co)heteroaryloxy, (Ce -Cio)aryl(Cs -Cio)aryl, (Cs -Cs)cycloalkyl, hydroxy, piperazinyl, (Ce -Cyg)aryl(C,-
Ce)alkoxy, (C, -Cp)heteroaryl(C,-Cg)alkoxy, (C;-Ce)acylamino, (C4-Ce)acylthio, (C4-Cg)acyloxy, (C,-
Ce)alkylsulfinyl, (Ce -Cg)arylsulfinyl, (C4-Cg)alkylsulfonyl, (Ce -Cqp)arylsulfonyl, amino, (Cy-
Ce)alkylamino or ((C4-Ce)alkyl),amino;

or R' and R? or R® and R*, or R® and R® may be taken together to form a carbonyl;
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SN 109 '@n@)R®, or B and R*, or R® and R®, or R and R® may be taken together to form a (Cj -

Ce)cycloalkyl, oxacyclohexyl, thiocyclohexyl, indanyl or tetralinyl ring or a group of the formula

8

|

RE’E

Ar is (Ce -C1o)aryl(C, -Ce)alkoxy(Cs -Cro)aryl, (Ce -Co)aryl(C, -Ce)alkoxy(C, -Cg)heteroaryl, (C, -
Ce)heteroaryl(C, ~Ce)alkoxy(Cs -C1o)aryl, (C, -Co)heteroaryl(C, -Ce)alkoxy(C; -Cg)heteroaryl optionally
substituted by one or more substituents, independently selected from halo, -CN, (C, -Ce¢)alkyl
optionally substituted with one or more fluorine atoms, hydroxy, hydroxy-(C, -Ce)alkyl, (C, -Cs)alkoxy
optionally substituted with one or more fluorine atoms, (C, -Cg)alkoxy(C, -Cg)alkyl, HO-(C=0)-, (C, -
Cs)élkyI-O-(C=O)-, HO-(C=0)-(C, -Cq¢)alkyl, (C, -Cg)alkyl-O-(C=0)-(C, -Ce)alkyl, (C, -Ce)alkyl-(C=0)-
O-, (C4 -Ce)alkyl-(C=0)-0-(C, -Ce)alkyl, H(O-C)-, H(O=C)-(C, -C)alkyl, (C; -Cg)alkyl(O=C)-, (C, -
Ce)alkyl(O=C)- (C, -Cqg)alkyl, NO,, amino, (C, -Ce)alkylamino, [(C4 -Ce)alkyl]zamino, amino(C, -
Ce)alkyl, (C, -Ce)alkylamino(C, -Cg)alkyl, [(C4 -Cs)alkyl);amino(C, -Ce)alkyl, H;N-(C=0)-, (C, -
Ce)alkyl-NH-(C=0)-, [(C, -C¢)alkyl].N-(C=0)-, H,N(C=0)- (C, -C¢)alkyl, (C, -Ce)alkyl-HN(C=0)-(C, -
Ce)alkyl, [(C1 -Ce)alkyl],N-(C=0)-(C, -Cg)alkyl, H(=C)-NH-, (C1 -Cg)alkyl(C=0)-NH-, (C, -
Ce)alkyl(C=0)-[NH}(C, -Ce)alkyl, (C4 -Ce)alkyl(C=0)-[N(C, -Cg)alkyl)(C, -Ce)alkyl, (C4 -Cg)alkyl)-S-, (C,
-Ce)alkyl-(S=0)-, (C4 -Ce)alkyl-SO,-, (C, -Cg)alkyl-SO,-NH-, H,N-SO,-, HoN-8SO,-(C, -Cg)alkyl, (C, -
Ce)alkylHN-SO,-(C, -Cg)alkyl, [(C1 -Ce)alkyl}oN-SO,(C, -Cg)alkyl, CF3SOs-, (Cq -Ce)alkyl-SO3, -phenyl,
phenyl(C, -Ce)alkyl, (Cs -Cqo)cycloalkyl, (C, -Ce)heterocycloalkyl, and (C2 -Co)heteroary!;

with the proviso that at least one of R'-R® is hydroxy;

with the additional proviso that the compounds of formula | can not be (2R,48)-1-[4-(4-
FIuorobenzyloxy)-benzenesul_fonyl]-4-hydroxy—piperidine-2-carboxy|ic acid hydroxyamide; (2R,3S)-1-
[4-(2-Chloro-thiazol-5-ylmethoxy)-benzenesulfonyl]—3-hydroxy-piperidine-z-carboxylic acid
hydroxyamide; (2R,3S)—3—Hydroxy-1-[4-(thiazol-5-yir_nethoxy)—benzenesulfonyi]—piperidine—z-
carboxylic acid hydroxyamide; (2R,38)-3-Hydroxy-1-[4-(pyridin-4-yImethoxy)-benzenesulfonyl]-
piperidine-2-carboxylic acid hydroxyamide; (2R, 38)-1-[4-(4-Fluorobenzyloxy-benzenesulfonyl]-3-
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hydroxy-piperidine-2-carboxylic acid hydroxyamide; (2R, 38)-1-{4-[2-(4-Fluorophenyl)-ethoxy]-
benzenesulfonyl}-3-hydroxy-piperidine-2-carboxylic acid hydroxyamide; (2R,38S)-3-Hydroxy-1-[4-(2-
pyridind-yl-ethoxy)-benzenesulfonyl]-piperidine-2-carboxylic acid hydroxyamide; (2R,3S)-1-[4-
(Benzothiazol-z—ylmethoxy)—benzenesulfonyl]—B-hydroxy-piperidine-2-carboxy|ic acid hydroxyamide;
(2R,38)-3-Hydroxy—1-[4-(5-triﬂuoromethyl-benzothiazol-2-ylmethoxy)—benzenesuIfonyl]-piperidine—Z-
carboxylic acid hydroxyamide; (2R,3S)-3-Hydroxy-1-[4-(1H-tetrazol-5-yImethoxy)-benzenesulfonyl]-
piperidine-2carboxylic acid hydroxyamide; (2R,38)-1-[4-(2-Chioro-thiazol-5-yimethoxy)-
benzenesulfonyl]-3-hydroxy-3-methyl-piperidine carboxylic acid hydroxyamide; (2R,3S)-3-Hydroxy-3-
methyl-1-[4-(thiazol-5-ylmethoxy)-benzenesulfonyl]-piperidine-2-carboxylic acid hydroxyamide:
(2R,38)-3-Hydroxy-3-methyl-1-[4-(pyridin-4-ylmethoxy)-benzenesulfonyl]-piperidine-2-carboxylic acid
hydroxyamide; (2R,3S)-1-[4-(4-Fluorobenzyloxy)-benzenesulfonyl]-B-hydroxy-3-methyl-piperidine-z-
carboxylic acid hydroxyamide; (2R,3S)—1-{4-[2-(4-FIuoropheny!)-ethoxy]-benzenesulfonyl}-S-hydroxy-
3-methyl -piperidine-2-carboxylic acid hydroxyamide; (2R,38)-3-Hydroxy-3-methyl-1-[4-(2-pyridin-4-
yl-ethoxy)-benzenesulfonyl}-piperidine-2-carboxylic acid hydroxyamide; (2R,3S)-1-[4-(Benzothiazoi-
2-ylmethoxy)-benzenesulfonyl]-3-hydroxy-3-methy I-piperidine-2-carboxylic acid hydroxyamide;
(2R,3S)-3-Hydroxy-3-methyl-1-[4-(5-trif|uoromethyl-benzothiazoI-Z-ylmethoxy)-benzenesulfonyl]-
piperidine-2-carboxylic acid hydroxyamide: (2R,38)-3-Hydroxy-3-methyl-1-[4-(1H-tetrazol-5-
ylmethoxy)-benzenesulfonyl]-piperidine-2-carboxylic acid hydroxyamide; (2R, 4S)-1-(4-Benzyloxy-
benzenesulfonyl)-4-butylaminomethyl-4-hydroxy-piperidine-z-carboxylic acid hydroxyamide; (2R,4S)-
4-Buty|aminomethyl-1-[4-(4-ﬂuorobenzyloxy)-benzenesuIfonyl]-4-hydroxy-piperidine-z-carboxylic
acid hydroxyamide; (2R,4R)—1-(4-Benzyloxy-benzenesulfonyl)-4-hydroxy-piperidine-z-carboxylic acid
hydroxyamide; (2R,4R)-1 -[4-(4-Fluorobenzyloxy)-benzenesuIfonyl]4-hydroxy-piperidine-2-carboxylic
acid hydroxyamide; (2R,SS)-1-[4-(4-FIuorobenzyloxy)-benzenesulfonyl]-s-hydroxy-piperidine-2-
carboxylic acid hydroxyamide; (2R,5)-1-(4-Benzyloxy-benzenesulfonyl)-5-hydroxy-piperidine-2-
carboxylic acid hydroxyamide; (2R,5R)-1-(4-Benzyloxy-benzenesulfonyl)-5-hydroxy-piperidine-2-
carboxylic acid hydroxyamide; (2R,5R)-1-[4-(4-Fluorobenzyloxy)-benzenesulfonyl]-5-hydroxy-
piperidine-2-carboxylic acid hydroxyamide:; (2R,3S)-1-(4-Benzyloxy-benzenesulfonyl)-3-hydroxy-
piperidine-2-carboxylic acid hydroxyamide: (2R,48)-1-(4-Benzyloxy-benzenesulfonyl)-4-hydroxy-
piperidine-2-carboxylic acid hydroxyamide; and (2R,48)-1-[4-(4-Fluorobenzyloxy)-benzenesulfonyl}4-
hydroxy-piperidine-2-carboxylic acid hydroxyamide;

or a pharmaceutically acceptable salt thereof.
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2. A compound according to claim 1, wherein at least one of R'-R® is (C; =Cg)alkyl.

3. A compound according to claim 1, wherein at least one of R'-R° is hydroxy and each of the other
of R'-R®is hydrogen.

4. A compound according to claim 1, wherein at least one of R'-R°® is hydroxy and at least one of the
other of R'-R® is optionally substituted (C; —Cg)alkyl.

5. A compound according to claim 1, wherein at least one of R'-R® is hydroxy and each of R’-R% is

hydrogen.

6. A compound according to claim 1, wherein at least one of R'-R® is hydroxy and each of R’-R? is

optionally substituted (C, —Cg)alkyl.
7. A compound according to claim 1, wherein R is hydroxy.

8. A compound according to claim 1, wherein R'is hydroxy and each of the other of R%-R%is
hydrogen.

9. A compound according to claim 1, wherein R is hydroxy and at least one of the other of R%-R?%is
optionally substituted (C, —Cg)alkyl.

10. A compound according to claim 1, wherein R'is hydroxy and each of R’-R®is hydrogen.

11. A compound according to claim 1, wherein R'is hydroxy and each of R’-R®is optionally
substituted (C, ~Cg)alkyl.

12. A compound according to claim 1, wherein R'is hydroxy and R?is (C, ~Cg)alkyl.
13. A compound according to claim 1, wherein R'is hydroxy and R?is (C, —Cg)alkyl and each of the
other of R®~ R%is hydrogen.



P & ()- GFY X2109& ()-SJ]JJJIIIxWvU3 | S=#10% B% & ()-- S=s10% X'
& ()-11"FY X210%& ()-!0FY X210% & ()- ']FY X2109%8& ()-!FY X210% 7.7 MAY 2003
2& ()-JJJJJIIIIvUS 1. h 210984 %&' ()- S<10984 %&' ()- Y- 10x' 10x' 10x' $
=#10%"' & ()-- 3 =H#10%' & ()-- S =#10% x' & ()--JJIIIKKIDvU5 !.h 21.h
210986 %' ()- .h 21096 % ()- .h 21096 % ()- .h 210986 9% ()- .h
210986 %& ()- .h 210986 %& ()- K)K*K- K2K8K<KmM vU5. h 210986 %& ()- . h
210986 %& () -

-87-

14. A compound according to claim 1, wherein R'is hydroxy and R?is (C, ~Cg)alkyl and at least one
of the other of R®*~ R®is optionally substituted (C, —Ce)alkyl.

15. A compound according to claim 1, wherein R" is hydroxy and R? is (C, —Ce)alkyl and each of R” -

R® is hydrogen.

16. A compound according to claim 1, wherein R* is hydroxy and R? is (C, —~Ce)alkyl and each of R -

R® is optionally substituted (C, —Cg)alkyl.
17. A compound according to claim 1, wherein R' is hydroxy and R? is methyl.

18. A compound according to claim 1, wherein R' is hydroxy and R? is methyl and each of the other

of R* - R%is hydrogen.

19. A compound according to claim 1, wherein R' is hydroxy and R? is methyl and at least one of the
other of R* = R® is optionally substituted (C; —Ce)alkyl.

20. A compound according to claim 1., wherein R is hydroxy and R? is methyl and each of R” = R%is

hydrogen.

21. A compound according to claim 1, wherein R is hydroxy and R? is methyl and each of R’ -R%is

optionally substituted (C, —Cg)alkyl.
22. A compound according to claim 1, wherein R? is hydroxy.

23. A compound according to claim 1, wherein R? is hydroxy and each of the other of R' and R® -~ R®

is hydrogen.

24. A compound according to claim 1, wherein R? is hydroxy and at least one of the other of R' and
R R® - R?is optionally substituted (C1 —Cg)alkyl.

25. A compound according to claim 1, wherein R? is hydroxy and each of R’ - R%is hydrogen.
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26. A compound according to claim 1, wherein R? is hydroxy and each of R” — R® is optionally
substituted (C, —Cg)alkyl.

27. A compound according to claim 1, wherein R® is hydroxy.

28. A compound according to claim 1, wherein R® is hydroxy and each of the other of R' - R? and R*
- R%is hydrogen.

29. A compound according to claim 1, wherein R® is hydroxy and at least one of the other of R' - R?
and R* - R® is optionally substituted (C, —Cg)alkyl.

30. A compound according to claim 1, wherein R® is hydroxy and each of R” — R® is hydrogen.

31. A compound according to claim 1, wherein R® is hydroxy and each of R” — R is optionally
substituted (C, —Cg)alkyl.

32. A compound according to claim 1, wherein R* is hydroxy.

33. A compound according to claim 1, wherein R* is hydroxy and each of the other of R' - R® and R®
- R% is hydrogen.

34. A compound according to claim 1, wherein R* is hydroxy and at least one of the other of R' - R®
and R® - R® is optionally substituted (C, —Cg)alkyl.

35. A compound according to claim 1, wherein R* is hydroxy and each of R” — R® is hydrogen.
36. A compound according to claim 1, R* is hydroxy and each of R” — R® is optionally substituted (C,
—Ce)alkyl.

37. A compound according to claim 1, wherein R® is hydroxy.

38. A compound according to claim 1, wherein R® is hydroxy and each of the other of R' = R* and R®
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- R%is hydrogen.

39. A compound according to claim 1, wherein R® is hydroxy and at least one of the other of R' - R*
and R® - R®is optionally substituted (C, —Cg)alky!.

40. A compound according to claim 1, wherein R® is hydroxy and each of R’ — R® is hydrogen.

41. A compound according to claim 1, wherein R® is hydroxy and each of R” — R® is optionally
substituted (C1 —Ce)alkyl.

42, A compound according to claim 1, wherein R®is hydroxy.

43. A compound according to claim 1, wherein R® is hydroxy and each of the other of R' — R® and R’
— R®is hydrogen.

44. A compound according to claim 1, wherein R%is hydroxy and at least one of the other of R' - R®
and R” - RPs optionally substituted (C; —Cq)alkyl.

45. A compound according to claim 1, wherein R®is hydroxy and each of R” — R®is hydrogen.

46. A compound according to claim 1, wherein R®is hydroxy and each of R” — R%is optionally
substituted (C, —Cs)alkyl.

47. A compound according to claim 1, wherein Ar is (Cg -Cyg)aryl(C, ~Ceg)alkoxy(Cs -C1o)aryl, (Cg -
Cio)aryl(C4 ~Ce)alkoxy(C, —Cg)heteroaryl, (C, —Cg)heteroaryl(C, —Cg)alkoxy(Cg -Cyg)aryl or (C, —Cs)
heteroaryl(C, —Ce)alkoxy(C, —Cg)heteroaryl, optionally substituted by one or more, preferably one to
three substituents per ring, most preferably one to three substituents on the terminal ring, wherein
said substituents are independently selected from halo, (C4 —=Ce)alkyl, (C; —Cg)alkoxy or perfluoro(C,
—-Cs)alkyl.

48. A compound according to claim 2, wherein Aris (Cg -Cyp)aryl(C, —Cg)alkoxy(Cs -Cg)aryl, (Ce -
Cio)aryl(C4 —Cg)alkoxy(C, —Cg)heteroaryl, (C, —Cg)heteroaryl(C, —Cg)alkoxy(Cg -C4g)aryl or (C; —Cy)

heteroaryl(C, —C¢)alkoxy(C, —Cg)heteroaryl, optionally substituted by one or more, preferably one to
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three substituents per ring, most preferably one to three substituents on the terminal ring, wherein

said substituents are independently selected from halo, (C; —Cg)alkyl, (C, —Cg)alkoxy or perfluoro(C,

—Cj)alkyl.

49. A compound according to claim 3, wherein Ar is (Cg -C1p)aryl(C, —Cg)alkoxy(Cg -C1o)aryl, (Ce -
Cio)aryl(C1 —Ce)alkoxy(C. —Cq)heteroaryl, (C, —Cg)heteroaryl(C, —Cg)alkoxy(Cg -C1g)ary! or (C, —=Cy)
heteroaryl(C, —Cg)alkoxy(C. ~Cg)heteroaryl, optionally substituted by one or more, preferably one to
three substituents per ring, most preferably one to three substituents on the terminal ring, wherein
said substituents are independently selected from halo, (C4 —Cg)alkyl, (C4 —Cg)alkoxy or perfluoro(C,
—C;)alkyl.

50. A compound according to claim 4, wherein Ar is (Cg -C1g)aryl(C4 —Cg)alkoxy(Cs -C1p)aryl, (Cs -

Cio)aryl(Cy —Cg)alkoxy(C, —Cg)heteroaryl, (C, —Cq)heteroaryl(C; —~Cg)alkoxy(Cs -Cyo)aryl or (C, —Cs)
heteroaryl(C, —Csg)alkoxy(C, —Cg)heteroaryl, optionally substituted by one or more, preferably one to

three substituents per ring, most preferably one to three substituents on the terminal ring, wherein

said substituents are independently selected from halo, (C; —Cg)alkyl, (C; —Cs)alkoxy or perfluoro(C, |
—Cj)alkyl.

51. A compound according to claim 1, wherein Ar is (Cs —C1o)arylmethoxy(Cg —Cyg)aryl, (Cs —
Cio)arylmethoxy(C, —Cg)heteroaryl, (C, —Cg)heteroarylmethoxy(Ce —C4q)aryl or (C, -
Co)heteroarylmethoxy(C, ~Cg)heteroaryl, optionally substituted by one or more, preferably one to
three substituents per ring, most preferably one to three substituents on the terminal ring, wherein
said substituents are independently selected from halo, (C, —=Cg)alkyl, (C1 —Cg)alkoxy or perfluoro(C,
—Caj)alkyl.

52. A compound according to claim 1, wherein Ar is optionally substituted (C¢ —
Cio)arylmethoxyphenyl, pyridylmethoxyphenyl, thienylmethoxyphenyl, pyrazinylmethoxyphenyl,
pyrimidylmethoxyphenyl, pyridazinylmethoxyphenyl, thiazolylmethoxyphenyl, or
oxazolylmethoxyphenyl.

53. A compound according to claim 1, wherein Ar is (Cs —C4o)arylmethoxy(Ce)aryl optionally
substituted by one or more, preferably one to three substituents per ring, most preferably one to
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halo, (C4 —Cs)alkyl, (C4 —Cg)alkoxy or perfluoro(C; —-C3)alkyl.

57. A compound according to claim 5, wherein Ar is (C¢ —Co)arylmethoxy(Cg)aryl optionally
substituted by one or more, preferably one to three substituents per ring, most preferably one to
three substituents on the terminal ring, wherein said substituents are independently selected from
halo, (C, -Cs)alkyl, (C; —Ce)alkoxy or perfluoro(C, —Cs)alkyl.

58. A compound according to claim 6, wherein Ar is (Cg —C1q)arylmethoxy(C, —Cg)heteroaryl
optionally substituted by one or more, preferably one to three substituents per ring, most preferably
one to three substituents on the terminal ring, wherein said substituents are independently selected
from halo, (C4 —Cg)alkyl, (C4 —Cg)alkoxy or perfluoro(C, —Cj)alkyl.

59. A compound according to claim 1, wherein Ar (C» —Cg)heteroarylmethoxy(Cs)éryI optionally
substituted by one or more, preferably one to three substituents per ring, most preferably one to
three substituents on the terminal ring, wherein said substituents are indepéndently selected from
halo, (C4 —Ce)alkyl, (C1 —Ce)alkoxy or perfluoro(C; —Cj)alkyl.
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(2R,5R)-1-[4-(2-Ethyl-benzyloxy)-benzenesulfonyl]-5-hydroxy-piperidine-2-carboxylic acid
hydroxyamide,
(2R,4R)-1-4-(5-Fluoro-2-methyl-1-benzyloxy)-benzenesulfonyl}-4-hydroxy-piperidine-2-carboxylic
acid hydroxyamide,
(2R,4R)-1-[4-(2,5-Dimethyl-benzyloxy)-benzenesulfonyl]4-hydroxy-piperidine-2-carboxylic acid
hydroxyamide,
(2R,5R)-1-[4-(5-Fluoro-2-methyl-benzyloxy)-benzenesulfonyl]-5-hydroxy-5-methyl-piperidine-2-
carboxylic acid hydroxyamide,
(2R,5R)-1-[4-(5-Fluoro-2-trifluoromethyl-benzyloxy)-benzenesulfonyl]-5-hydroxy-5-methyl-piperidine-
2-carboxylic acid hydroxyamide,
(2R,5R)-5-Hydroxy-1-[4-(2-isopropyl-benzyloxy)-benzenesulfonyl]-5-methyl-piperidine-2-carboxylic
acid hydroxyamide,
(2R,5R)-5-Hydroxy-5-methyl-1-[4-(2-methyl-benzyloxy)-benzenesulfonyl]-piperidine-2-carboxylic acid
hydroxyamide,
(2R,3R,5R)-5-Hydroxy-3-methyl-1-[4-(2-methyl-benzyloxy)-benzenesulfonyl]-piperidine-2-carboxylic
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human, comprising an amount of a compound of claim 1 or a pharmaceutically acceptable salt

T
0

thereof, effective in such treatments or inhibition and a pharmaceutically acceptable carrier.

65. The use of an effective amount of a compound of claim 1 or a pharmaceutically acceptable salt
thereof for the preparation of a medicament for the inhibition of matrix metalloproteinases in a

mammal, including a human.
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66. The use of an effective amount of a compound of claim 1 or a pharmaceutically acceptable salt
thereof for the preparation of a medicament for the inhibition of a mammalian reprolysin in a

mammal, including a human.

67. The use of an effective amount of a compound of claim 1 or a pharmaceutically acceptable salt
thereof for the preparation of a medicament for the inhibition of TACE in a mammal, including a

human.

68. The use of an effective amount of a compound of claim 1 or a pharmaceutically acceptable salt
thereof for the preparation of a medicament for the treatment of a condition selected from the group
consisting of arthritis, inflammatory bowel disease, Crohn's disease, emphysema, acute respiratory
distress syndrome, asthma, chronic obstructive pulmonary disease, Alzheimer's disease, organ
transplant toxicity, cachexia, allergic reactions, allergic contact hypersensitivity, cancer, tissue
ulceration, restenosis, periodontal disease, epidermolysis bullosa, osteoporosis, loosening of
artificial joint implants, atherosclerosis, aortic aneurysm, congestive heart failure, myocardial-
infarction, stroke, cerebral ischemia, head trauma, spinal cord injury, neuro-degenerative disorders,
autoimmune disorders, Huntington's disease, Parkinson's disease, migraine, depression, peripheral
neuropathy, pain, cerebral amyloid angiopathy, nootropic or cognition enhancement, amyotrophic
lateral sclerosis, multiple sclerosis, ocular angiogenesis, corneal injury, macular degeneration,
abnormal wound healing, burns, diabetes, tumor invasion, tumor growth, tumor metastasis, corneal
scarring, scleritis, AIDS, sepsis and septic shock in a mammal, including a human.



