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Applicants have found that, surprisingly, the spirocyclic compounds of the present invention are
potent metalloprotease inhibitors. '

OBJECTS OF THE INVENTION

Thus it is an object of the present invention to provide compounds useful for the treatment
of conditions and diseases which are characterized by unwanted MP activity.

It is also an object of the invention to provide potent inhibitors of metalloproteases.

It' is a further object of the invention to provide phanhaceutical combositions comprising
such inhibitors.

It is also an object of the invention to provide a method of treatment for metalloprotease
related maladies.

SUMMARY OF THE INVENTION



which are efvyoosisssoi n treating condj t“'@n%”tqia'l"‘é%t"éﬁ‘aed by exeCHusEnussy ty
of these enzynes. In particular. the preséﬁ?‘—m ntior relates to a
conpound having a structure according to Fornula (I) [err] wherein Ar is

al kyl, heteroal kyl, aryl or het eroaryl subsﬁitut ed or unsubstituted,

Rlerr] is H Rerr] i dro aIk or
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wher ei n R[err] and R err] are independently chosen from hydrogen, alkyl,
het er oal kyl, heteroaryl, aryl, ORlerr], SCIerdPJ rr] CORlerr], CSR[err] ,
and PQR[err])[err]; and R3 is hydrogen, taryl, or heteroaryl ; Rerr]
is alkyl, aryl, or heteroaryl; Rerr] 105 {rom al kyl, aryl,
_heteroaryl, heteroal kyl, am no, al kylam |&y+tW@hi no, aryl am no,

di aryl am no and al kyl arylam no; Rerr] i Bzch\ﬁ T )ar om hydr ogen, al koxy,
aryl oxy, heteroaryloxy, alkyl, aryl, heteroary het er oal kyl, am no,

al kyl am no, di al kyl am no, aryI am no and al kyl a yI amno; R er_r]' i s chosen
fromal kyl, aryl, heteroaryl, heteroal kyl, &R no, al kylam no, dial kyl am no,
aryl am no, di arw},@m}no and al kylarylamno; Rlerr] s alkyl, aryl,

heteroaryl, or heteroalk Z i i ro noi et is 1-3, This structure
al so includes an opt AES3 X‘V&B%?&Vgl g rdrErnRgh s “g?m"é’r‘fé?ﬁ‘f'\sww?or For mul a
(I'). or a pharnaceut Rqad}hy acceptabl e salt, or biohydrol yzabl e am de,
ester, or im'dether hese gpaqnds havethe ability to inhibit at

| east one mammal i an t'a'\y ase Y accor di ngly, in other -aspects, the
invention is directeW isaulmqanmmm ilayeer alkylmpairgies;, ionia 9n elbylensi aryleng artheteroarylene
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| hvention Lo a tar gebt eqﬁée%ﬂi%&eﬂ%%eﬂg% -,

PCT/ US97/ 14557 4 | i gRydb hydregenf alkyl, faoy, haema-ylker at that | ocati on such as an

anti body or fragment gt ceptor |igand. Conjugation nethods are -
known.in the art. R} 5850 bryR hetdodrsi |

Rg is alkyl, aryl, heteroaryl, heteroalky!, amino, alkylammo. dialkylamino, arylamino,
diarylamino and alkylarylammo,

Rg is hydrogen, alkoxy, aryloxy, heteroaryloxy, alkyl, aryl, heteroaryl, heteioalkyl. amino,
alkylamino, dialkylamino, arylamino and alkyiarylamino; o

Rjo is alkyl, aryl, heteroaryl, heteroalkyl, amino, alkylamino, dialkylamino, arylamino,
diarylamino and alkylarylaminoc;

R} is alkyl, aryl, heteroaryl, heteroalkyl

Z is a spiro moiety;

nis 1-3.

This structure also includes an optical isomer, diastereomer or enantiomer for Formula (I),
~ or a pharmaceutically-acceptable salt, or biohydrolyzable amide, ester, or imide thereof.

_ These compounds hafle the ability to inhibit at least one mammalian metalloprotease.
Accordingly, in other aspects, the invention is directed to pharmaceutical compositions containing
the compounds of Formula (I), and to methods of treating diseases characterized by unwanted
metalloprotease activity using these compounds or the pharmaceutical compositions containing them.

Metalloproteases which are active at a particularly undesired location (e.g.. an organ or

" certain types of cells) can be targeted by conjugating the compounds of the invention to a targeting

ThlS Sheet Has Been Reﬂll




The invention is also directed to various other processes which take '
advant age ayobigssspi que properties of these conpounds. Thus, PCT/EEIMVIAEST
aspect, the invention is directed to the conpounds of For mul a ()
conjugated to solid supports. These conjugates can be used as affinity
reagents for the purification of a desired $fretal | oprotease. In another
aspect, the |n | f I FE% )
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R C(=0-). Pr eﬁmboﬁdmmugmmmlﬂmmwdﬂu(ina:rmﬁugah@o@gemmhbmfsor nyl and
propi onyl . "Acyl oxy" is an oxy radi I dc | substituent (i.
-Oacyl); for exanmple,-O C(=0) - al X is an acyl rad|cal
(-C(=0-) having anTh¢ remppunss (of thetporsent ixfvention are. ighifijors ¢fdrlaf@n%inlpmeta"°w0wases~
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i
- NH C( =O) - al ky Pharmageytic ‘%Q@HMM%’G"&“&JB&W‘%M& hydr ocar bon
chai n radi cal havi nghidughoutlshis diz¢ibsae, p\ibﬁcmonsma%fpaémbixy référeite inl 4 Fdreae fkilyn
SUbet ! t tont s iR ekalele onet‘% %’F’l‘%ﬁegggoﬁ%?h"gar’g cg'é?rgeod & 'L%}F%e

substituents ha?e at’ Ieas

exanpl e, vi nyl| Defiitions anditisape of-Fephs: . WO 98/ 08850
PCT/ US97/ 145571113&)(»0;% ,slaq,s@g}-dgﬁﬁmgq-&,t,%gqsegrheégbst I tuted hydrocarbon
chain radi cal havin 15 carbon atons; preferably from2 to 10 carbon

atons; more prefer abﬁsylfqroﬁqﬂzonyb '%descé‘kﬁ‘bﬁl“ ragical which could be formed by removal of the
hydroxy from a carboxylic acid (i.e., R-C(=0)-). Preferred acyl groups include (for example)

acetyl, formyl, and propionyl.

"Acyloxy" is an oxy radical havmg an acyl subsmuem (i.e., -O-acyl) for example,-0O-
C(=0)-alkyl. '

"Alkoxyacyl"'is an acyl radical (-C(=0)-) having an alkoxy substituent (i.e., -O-R), for
example, -C(=0)-0-alkyl. This radical can be referred to as an ester.

“Acylamino” is an amino radical having an acy! substituent (i.e., -N-acyl); for
example, -NH-C(=0)-alkyl. _

"Alkenyl" is an unsubstituted or substituted hydrocarbon chain radical having 2 to 15
carbon atoms; preferably from 2 to 10 carbon atoms; more preferably from 2 to §; except where
indicated. Alkenyl substituents have at least one olefinic double bond (including, for example,

vinyl, allyl and butenyl).



I ndi cat ed. |0 has at | east one carbon-carbon triple bouﬁc.r" N
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10 carbon atons;  nor ‘{{)reje exceg}( wher e |n$|rcat ed. Preferred
al kyl groups i rfefeg g? @P'"é?(ﬂ‘rfd*/’é)’”gmﬂ(i‘fu't% ’Br”" ralkeny): (Peferged I?B‘PHX/&"WPS
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Al kyl ene refers or al kynyl which is diradical, rather
than a radical. th&ﬁl@?{}?' 'sw']l?wlene mr“s | i kewi se defined -as a (diradi cal)

al kyl ene having a heAsuetemredin licrein, {"spiroieutlel. or “shir wycliel’ refers tox eyplicamdiety shagidg e al

??w ng opﬁF g lsefceiwﬁrox aam,&erkngor s&cmyéﬁceﬁ.we@r.xayam @&b,ocycxﬁl &Iyﬁe:er agrt L
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“Am noacyl " i s naafogkn randi suffbr. hmel gmroaayowm Rey %dbaisubstimted 6 sﬂ:smuee@( @)eféwed

f | e, H.e f t
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| 'uore
Such groups rrayhmtesmsle F“PII g@@bﬁﬁutﬁmgl‘]ﬁﬂci’ Plﬁ“éd P fEfW?ISB.'FQGW“‘ ring sizep -aqlwf}ﬁ-
radi cal substi tyhdberddiriagan aryl gr oup Pr ef er red aryl al kyl groups include
\?@ngé} 0 88 ggnyl ethyl, Algﬂgneeg el[p{(L Erl; 81[()}/1 alkengfj] or a lf which 131 dlra%JCEIUbshelr Ehgltl ggad?cl;l
PCT/ US97/ 134557‘Hetero alkylene” is likewise defined as a (dlradlcal) alkylene havmg a heteroatom in its chain.

"Alkylammo” is an amino radical having one (secondary amine) or two (tertiary

t—,

amine) alkyl substituemts (i.e., -N-alkyl) For example, methylamino
(-NHCH3), dimethylamino (-N(CHQ)z). methylethylamino (-N(CH3)CH,;CH3).

"Aminoacyl" is acyl radical having an amino substituent (i.e., -C(=0)-N); for example,
-C(=0)-NH;. The amino group of the aminoacyl moiety may be unsubstituted (i.e., primary
amine) or may be substituted with one (secondary amine) or two (i.e., tertiary amine) alky!
groups. . '

"Aryl" is an aromatic carbocyclic ring radical. Preferred aryl groups include (for
example) phenyl, tolyl, xylyl, cuthenyl, naphthyl, bipheny! and ﬂubrenyl. Such groups may be
substituted or unsubstituted.

"Aryla'lkyl" is an alkyl rédica! substituted with an ary! group. Preferred arylalkyl
groups include benzyl, phenylethyl, and phenylpropyl. Such groups may be substituted or



6 unsubstituted. "Arylalkylamno" is an am ne radical substituted with an
aryl al kyl wireamssss 9., - NH-benzyl). Such groups may be subst PCwhrsg/04557
unsubstituted. "Arylamno" is an amne radical substituted with an
aryl group (i.e., -NHaryl). Such groups may be substituted or
unsubstituted. "Aryloxy" is an oxygen radi dal havi ng an aryl substituent

(i.e., -0O-aryl Such grg be .substituted aor btltu
" Car bocyclic r‘g"ﬁtj" titpted., |, Qfﬁ@&g%"%t"e‘lf "8}‘““5’6%&‘ F‘Ebd't“éﬂ é’gf‘ﬁ?‘ai’g‘éﬂ group (e.g.,
unsat.ur at ed or-NH:-l@aBfl). csuchmu;smymmutrsumgdroaﬁhsaahmteﬁar bocyclic rings are

nonocyclic or are.f

I\/bnocgcl : c car bocyc%ﬁglgml ngs gener’{q‘?gl (F:angP %S%Q‘ftécp w{upgaéy F BB pfig- 4

to 7 atons. PoNearyl).i Suchgraypeman becsubstwggimm;tmwd to 17 atons, preferably
f 7 12 " .
rom7 to 12 atons.«RLpkprig aﬁmgeéyﬁxﬁk ;ﬁvﬁ% susaimm GE, 4%.0.35 suéh rﬁuﬁn

7-menbered rings fused to rings. ycle a
i s an unsubst |'¥4¥tb66“'?ﬁm‘§9t9§t"?sﬂhﬂﬂéﬂedal kyl radl cal substituted with a

car Pocyg : ic ring. Ugafsydit h%rgm 8Carb Rﬁﬁlbitit?idd Jgrﬁbﬁﬁﬁtap%ﬁ}d:% rdns'ﬂurhtsd or

preferably an a or .c nor e prefera an ar referre

car bocycl e-al W’Xﬁ'F&Yﬂé‘}/F’h Uﬂ%’aﬁ‘éﬂzﬁ” °ﬁ¥f§ﬁ§ﬂ‘%‘t%"y1“°‘éﬂ‘i&){'ﬁI‘?éPFf/If‘b‘FGW‘FS"d or
" Car bocycl e- hapies pellybyelic ring sysremsn Mémtydic catloayelicstings tgertebmlydohemelr 3 tyhs,

radical substiitathy Wi ) o BRORKEL hnld Ol LS, PLAG HrtenSRERh 0y

t he carbocycl |p5°r| n era an ar or -cyc
an aryl. The hetlszeab kyrlefensd pvlmmamstfmzcmtspmpylﬁ- orzl-meberedtrhgs fused to S-,

2-thi a- propyl, 6- ;a,tg . "Carboxyal kyl" is an unsubstitut ed or
substituted al ky cal subst Jtuted with a carboxy C(=0 noi ety ,
For exanple, -CH er iCpcbegycioplip]” is @y unsphstinyed: o, %'bsé}“%%tﬂ!‘ffyét'\!‘!!“&aF‘HB@}Fél‘Y@ Ri ng

rad: cgl t IF’r ef ;Q:Ei‘be@cﬁ%(iﬂn@?hhyéss grmﬁﬂfe bpecified] Qhd E@Boc%ﬁrﬁﬂgﬁ% pgefﬁkl?pramwxlqr
CycCl obu an exyl . onet er oa at e eterocycl]c
g Prt er Gy ke eEeIr By B GG Pt SSpRae “aliry o S
pi peradi nyl, mhpwﬂqﬂm'l_gdphemdpmmhydr ofuryl and hydantoinyl. "Fused rings"
are rings t hat are it ?tise loﬂ%ﬁﬁsﬁnbs% &H of m&nhﬁ%e&hﬁ&ﬁa C}JsPtQted

atoms. A given rlng an one ot
are cont enpl atwith § ?FI’MY@WGH'Sy IUﬂlea# weréme smr@ﬂotay@ﬂr@cy% |"G&I'%Pfef|°'abhéﬂ |aj

"Het er ocycl e- g kybioalkyd; Moredprkictablyadhi &l PhDRirbality®ds Phetehabfy f‘-@i#%r@ﬁy\[ C3| bfa-
ring. The hetero %cl jc ri Shil ferably a heteroaryl or cycloheteroal kyl;
more prefer abIV‘yg HBPME?’I ; 'P’g)é‘ﬁér red heterocycle al kyl include
Clerr]-Cerr] aI kyI ~Cabekyalkyl) iscinamnsubslinivell o2 substitytéd aiyp eadickes subbtutedneith a duthogy (-
plr-lgI g; ggSc: Z h )&g?ﬁpeh ’Fogs)&?rlﬂﬁlngﬁ E%L%l?gg E)Pestlbl;tel tuted heteroal kyl
radi cal substitut ed‘C\MF[Ohlknl“ Hetaesatyeated carbocyelis. ringh cadisak e Prefegretl i cyclpalkyd greups
preferably an iafiyde (R efahipld) RIGHHARN, ¥ iobulR it EBRRY DI Yy an aryl.

"Cycloheteroalkyl" is a saturated heterocyclic ring. Preferred cycloheteroalkyl groups
include (for example) morpholinyl, piperadinyl, piperazinyl, tetrahydrofuryl and hydantoiny!.

"Fused rings" dre rings that are euperimposed together such that they share two ring
atoms. A given ring may be fused to more than one other ring. Fused rings are contemplated
in heteroaryl, aryl and heterocycle radicals or the like. -

"Heterocycle-alkyl” is an alkyl radical substituted with a heterocyclic ring. The
heterocyclic ring is preferably a heteroaryl or cycloheteroalkyl' more preferably a heteroaryl.
Preferred heterocycle alkyl include Cy-C4 alkyl having preferred heteroaryl appended to them.
More preferred is, for example, pyridyl alkyl, and the like.

"Heterocycle-heteroalkyl” is an unsubstituted or substituted heteroalky! radical substituted
with a heterocyclic ring. The heterocyclic ring is preferably an aryl or cycloheteroaikyl; more

preferably an aryl.
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PCT/ US97/ 14557 7 "Heteroatont is a nitrogen, sulfur or oxygen atom G oups
contai ning one or nore heteroatonms may contan different heteroatons.

"Het eroal kenyl ""is an unsubstituted or substituted unsaturated chain

radi cal having 3 to €icerésiai"Sis @Qiipdgen,i sAfurc@T dx9genadihits Gaoups eortaining oWdor more
het er oat ons. The chai n has att. |§'§S§t§er:]§- aQ‘?',‘rlbon-car bon doubl e bond.

"Het eroal kyl " | REtEIptamr Ay Sptein AHEterept RUIRUINS Ut ed saturated chain radi cal
having 2 to 8 neriber Hetpontienyl isgn casubstituted ayrsubstitted ansatugated chaintradical bavingisto
"Heterocyclic rd ng". i ' '

unsat urated or da'ggmn}r’alé[ [ %&%’ﬁﬁé EQE‘?HC’I&F‘;‘%%’#S%‘?E? %#&éggfﬂ%shsg%%&@;‘ g‘%sdatol?]aét ‘(,)nre
nmor e het er oat oreerbon-carhen ddqublg boadet er ocyclic rings are nonocyclic or are

fused, bridged or spiteferddyVC¥ &h nfisubltitded MSduSiRuted RRRRICINaM AGEANMGHE 2it6 8
rings contain 3 to 9 atons, preferablbxﬁ4 to 7 atons. Polycyclic rings

contain 7 to 17wembsrpEompHsingRachop gtoms god oneoptwoheleroaigms. » Lot oy pary| " i s an
ar o][rat i thﬁt erocycl Jl metdrmclice'ﬁhglreés ][imﬁnbﬁththﬁd lQ'fr hibﬁ;tﬂbd', l(lsafu]?éié&i’:\lnsaturated'lorl
Preferre et er oar roups.inclu or exanpl e) thienyl, fur py[ra ,
by 1 i gl oyt asrrae e B cGRPSSS of o SPE 474 At Prgbre heletpeionts B o
benzo t hi azol ylHetdredyelid rings are inmgioéyglic anaret fused, ibkidged Sircdpirg ipolypeyclineringbsystems.
substituted or ynsubst i . "Hal ot " hal ! ’ e LS . O
brono, fluoro ohlfi""l"ﬁ Zmél%tg'tr%@ﬂgﬁ f'E% cgn%'rnoyrr%,gogﬁfkér {)e?{gl?lbclfh ﬂolu-ggtgmka'r ‘e’aﬁ'yg#cg{"?%d
hal i des. Al so, castaingftol7 exgms.preferaly fromJ to[lHelems. hydr ocar bon noiety (e.g.,

“lower” alkyl) is a idQna’ RO &biRdtiR KeprdyilReGhed kitler IfdnSoycly 6 Bitydht YadidaMm
| to 4. carbon atonms. A "pharmaceutical | y-accept ahl alt” js a,cationic
salt formed at PEpfgrredhetireany! grayps inglude (for gxample ﬁ?yloﬁ’?"yiﬁ’yﬁfﬂ'i"{) RyRdinyly pyrazipyhe g
at any basi c ( &higzolylapriniiding] QuisblinMaayd etigdlyhdtetzd thiagolyiearofunyl, tilidlyd kid thas
described in (| d_Pat ent Pub{’i cetj an, 87/ Oﬁ 7td Johnston et al., published
Septenber 11, 1&87SpghEPHBPLPELHOBIPId Y PRI L i n). Preferred cationic
-salts include the alld", Teipgdn",on"kadid¢"Ss & bhloro, bronip. flnoronat iqsiotatooms fadiep!, Baeroo,

al kaline earth cgg;@;ndqﬂllo;osui( beRedtmg@oInesi um and cal ci un) and organic

salts. Preferred anionic salts include the halides (such as chloride .
salts). "Biohydrol yzAlsp-casapfemsto herein, anflones™ Bydreqaebop AIRSY, ffuls: dpwerhalkyD is a.
i nventi gn t hat hﬂ;@roeﬁﬁorj é%ig_rcfnﬂﬁrﬁed\bﬁ hotshﬁ_eremjymangr 46 4Q6drboni altaﬁ.soL “the
conpound, or that are J eadl .convert 1N, vl VvOo .a S ect..1o
yiel d an active inhi#fiPhjmas X“%ﬁ!ﬁh&?&f‘ﬁﬁijzﬂm B %Wﬁ)’%fgl?%gd #@L’éﬁc'ld‘r‘h' & of
a Formula (1) caspoyu)groift anlmtenia it formedrat evycbasict(tigt mreinokgrand. oMamt Sl ealts
| nhi bi tory actiyviiy of .t H':?Saﬁ &OF%MQ% Wond Eﬁ&m'ﬁ.bﬁ%ﬁ?ﬂ BY05295Y gﬁ:h&&l: ki al.,
vivo by a mammdl subject to yrel an active Formul'a (1) conpound. Such
hydroxy ini des publishediSetérahre 11,287 dincorperated by reiereacahersink h Brefarisy sgtienig salts
activity of thegyhodené 3ikhit Ine@PEERS (AEHS as sodium and potassium), and alkaline earth metal salts
(such as magnesium and calcium) and organic salts. Preferred anionic salts include the halides
. {such as chloride salts).

"Biohydrolyzable amides” are amides of the compounds of the invention that do not
interfere with the inhibitory activity of the compound, or that are readily converted in vivo by a
maminal subject to yield an active inhibitor.

A "biohydrolyzable hydroxy imide" is an imide of a Formula (I) compound that does
not interfere with the metalloprotease inhibitory activity of these compounds, or that is readily
converted in vivo by a mammal subject to yield an active Formula (1) compound. Such
hydroxy imides include those that do not interfere with the biological activity of the Formula

(I) compounds.
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PCT/ US97/ 14557 8 A "bi ohydrol yzable ester” refers to an ester of a Forrula *
(I') compound that does not interfere with the netall oprotease |nh| bito
activity of VORB®E8¥,mounds or that is readily converted by af ﬁ%
yield an active Fornula (1) conpound. A "solvate" is a conpl ex forrred by
the combination of a solute (e.g., a netalloprotease inhibitor) and a
solvent (e.g., water). See J. Honig et al., The Van Nostrand Chemi st's
Dictionary, p. 650 (A%&)xydro%tmmeutefmadolayfaeucam B&}h&lasa)lcéﬁp&tﬁ:dlﬁiaedoes not
according to t ha interfere
bi ol ogi cal act %‘F{fbﬂo‘?ﬁn hh%q"rr%?lgcip o%?%) gﬂgbgtg}yl ncﬁ]'vﬁ' for °fe cgrpon t"é\,&"’t dt FF&E'&M
acetic acid, NnogysredByps animalitp d’eldemdcw{eif@mulkﬁbvwmmnndr eadi | y determined by
the skilled artisan)p-» " r a

) A "sdWdrd G4 cdngﬂéari%rmed b3 i SRbRAMB of a solgl]eges% érﬁ%ﬁg Vate & .

referred to herein have the stan art fecognized neani
Condensed Cheni 'BRPO 8¢ Sntefyrnt (eig-nwetgr)) . Sepnb Honig, st Pbtlhammm:_

protected for nmeDiglishail HLre6s0e(DyD! i PREmaéeuticifly BePbla dolvintt QIR YRDirlgS o Bis
i ntended to bellmtln f

e a catjon_ of other useful protecting groups,
salt forms, etcd” §°W“?'i"ff"h rg'f”f'fetg‘ghf’:"l"l"f integfere; with g P1°f°§&“‘a?°E‘Y'§’aﬂf “‘%@ﬂg‘@l’
above and as usisidbiei(@g.nwater kthariol, weaic agidON PEdifRgy iidtMamRle ¥RBotikds ko lok FeddiRd-
Such substituti lq@ﬁ nore substituents. Such substituents
i ncl ude those I‘fgg"{q@}‘dﬁﬁ%ﬂﬁ—gnsc a@:’ld A. Leo, Substituent Constants for
Correl ati on Anal ysi s"Qpsicghispmerf.r JsteterisoBiet| ('dipstére@na’) ,asi refeoneh o olieesdn [hgve the

reference herelsm,aﬂaeﬁ%csﬁﬂzeam.hgsl{eﬁtﬁam 4 SfiQedst IBicHdna 'ﬂ’tL Ed,
al kenyl , al koxy, drox%'woxo itro, t’h |,

etc.), cyano, halo, Ther S?m'hPf(fBEﬁ'&Eé’W“f“é fgrms @ﬁr%bﬁétdmwveseﬁdhe) Fortnhladl)
aryl, ] fycl Ioal kwompllsl&ngemwtl )Hte;ndbetoafeqwmhgafrka/&ppﬁ,eeﬁm& of B!h?fﬁ(sbfldl aas{ectlmg groups,
mor phol i nyl, pyrgolidi C xg._hydroxyal kyl', “aryl'oxy,
aryl al kyl, and s?:l(;)r%mrfapcy sw'g‘f'htg% gla*uyo °Gé‘g6‘ﬂﬁgﬁaé1 n, "manmalian

met al | opr ot ease" neaks dafigednabayk - wnwlmemgmmzmtﬁmnmdmups [y Thkiseives be

sour ces Whi ch iggnHRRaP G ciPiun! rtﬁ'&tiunmyn:g Jl@%np Blelg'grq %ﬂnﬁents O%ucﬁgﬁagﬁmgl?sl mc!uxﬂ:

or proteoglycan under suitable assay con ons € ass
t v V\. f

condi tions can s flistedqin € oblansshy apd é\ Leg - S

references t he f58 uﬁdasrafo P fhcorBbraidh by re’fs?alce h&hxﬁc PRPrred J&Z:%ems inslude
99: 340- 345, of ticC subst rate i s described by Weingarten, H.,

al ., Bioc hem pﬁﬁfmp ’ﬁorﬁﬁ‘“( 1 99Xy Jydrpry, 049, g pitrop Aming, aﬁﬁl‘aﬁ”é“yﬂre@lfﬁod
for anal yzing tahmolmeelakchmh cgénoi haloecabaxyC hldoBlaceyl O£ BbRRMBxy, Gle. X GhSIS Gryl, be

used. The net a'&g?ﬁﬂheﬁ?tgro&nglﬁ?e%cgaLﬁﬁl (gfst OP'F"?{"%:%t '@"‘?J“Y L # S?OIéd"gllfpftg)'

zi nc- cont ai ni ng” prot'eases
human stromel ysﬁnﬁ"di'“%k-lMd@FW%IWQXYCWh&gb Adseombifatong tlietdof.y of candi dat e

conpounds to i nhi bi tAsrm&&Mr&pr"ﬂhﬁﬂaﬁnaxﬁém F%ﬁéas@'aﬂeanggn Giedi-S6ntai Jngﬁ&eefﬂudg

the assays described above. Isolated neta Brot ease ‘enzynmes can be use
to confirm t he i} Fmgelian, sousses which \js Gapablp of  catplyzips S breakeeym el collagen gelatin or
extracts whi ch prtsagiptdn dnder suRdblcassdy QREBERS AppRsbohte athy chridfiids £ aRKE@N f&ran

be used. Conpowa(kp-le, in U.S. Pat. No. 4,743,587, which references the procedure of Cawston, et al., Anal.
Biochem. (1979) 99:340-345, use of a synthetic substrate is described 'by Weingarten, H., et al,,
Biochem. Biophy. Res. Comm. (1984) 139:1184-1187. Any standard method for analyzing the
breakdown of these structural prt_)teim_ can, of course, be used. The metalloprotease enzymes

referred to herein are all zinc-containing proteases which are similar in structure to, for example,
human stromelysin or skin fibroblast coilagenase. The ability of candidate compounds to inhibit
metalloprotease activity can, of course, be tested in fhe assays described above. Isolated
metalloprotease enzymes can be used to confirm the inhibiting activity of the invention compounds,
or crude extracts which contain the range of enzymes capable of tissue breakdown can be used.
Compounds: _

Compounds of the invention are described in the Summary of the Invention. Preferred -

compounds of the invention are those in which Z is heterospiroalkylene, preferably having



y of the Invention.
h Zis

Conppunds_of the invention are descrihed. in the Su
Preferred conpounds of the invention S SHEETeHAS BEEN
het er ospi r o WQRPPEIED preferably havipg — f@ohetmy oat orfs adj acRETPFPHIES?
parent. ring structure, nore preferabty—stetr-spi+ oal kyl enes have 4 to
5 nmenbers. Preferred heteroatons are dival enj. The invention provides
conmpounds which are useful as inhibitors of et al | opr ot eases, preferably a

matrix netal | Opnewx@amsdjaamow,ﬁmm@ seich6; iriokpriferably Qdh kl’ﬂgh%%feﬁeg Have 4
characterized b exc%é @m;%gdl % of the enzyrres In particular,

present inventi fte 5 'B’ﬁ‘BB’EI?f& WMng a structure accordi ng to |
Formula (1) [err] wh@heinmenfion provigéskgompounds whicla hre \ssfuloas)ihhibitorshaft efeﬁlkrp)dteases,
substituted or 0 al k oy

acyl; Wis nil %’m (ﬁaﬂ%&gﬂ%@é&%ﬁ%h:ml e?ilm %gm%" %?;ﬂ?m& %/'B?Fémd by
aryl ene-or heteqxeasgdlabeofmmyme\t mnmwhwymmnt@nmmm«mmumdgans

(thus: formng asn{,mgcc[,,ld }opo}gnﬁﬁa ndependently one or nore of hydrogen,
hydr oxy, SR err], err? err?R[err] al koxy&r am no, wherein amno is
of formula NR[err] R[err] whereln Rl err] (02 err] are independently

chosen'fromhydrogen, aIkyI heteroak¢ ete aryI aryI OR[err],

SJerr]Rerr], CORerr], CSR[err] andl and R err] is
hydr ogen, al kyl, aryl, or heteroaryl R aryI or heteroaryl;
Rlerr] is chosen fromal kyl, aryl, het ero ryI er oal kyI am no,

al kyl am no, di al kyl am no, aryI am no, diaryl am210 and al kyl aryI am no; R err]
i's chosen from hydrogen, alkoxy, aryloxy, h%t)eroaryl oxy al kyl, aryl,

het eroaryl , heteroal kyl, am no, al kylam no, "di al kyl am no, arylam no and

al kyl aryl anmi no;"W&® r] is chosen fromalkyl, aryl, heteroaryl, heteroalkyl,
ami no, al kyl ami no, dAﬁkhwn,a:aiemucyia&ylloamzeasuymmﬁmkamuaamamdedal kyl aryl am no;
Rlerr] is alkyl, ary, .g,l?teroaryl, or heteroalkyl; Zis a spiro nmoiety; n
is 1-3. This struct We®&rso.i nci udes an-optical isoner. -diastereonmer or
enanti omer for For miRspis bydrogemalksd gp@id;maceuti cal | y-acceptabl e salt, or

bi ohydr ol yzabl ¢ oSt oy, b ioddlf BT RSBl SUBOUNAE! FEE S, bl TS

hydr oxam ¢ conpounds 0 repared us
procedures. General Widghebreen ?\Y?IWM!GOMWMH@S (thus fommsaﬁlsed ring);

Y is independently one or more of hydrogen, hydroxy, SR3, SOR4, SO3Rs, alkoxy, amino, .
wherein amino is of formula NRg,R9, wherein Rg and R are independently chosen from
hydrogen, alky}, heteroalkyl, heteroaryl, aryl, OR3, SOsRg. CORg, CSR}g, PO(R}})2; and
Rj is hydrogen, alkyl aryl, heteroaryl;
R4 is alkyl, aryi, heteroaryl
Rg is alkyl, aryl, heteroaryl, heteroalkyl amino, alkylamino, dnalkylammo. arylamino,
diarylamino and alkylarylamino;
Rg is hydrogep, alkoxy, aryloxy, heteroaryloxy, alkyl, aryl, heteroaryl, heteroalkyl, amino,
alkylamino, dialkylamino, arylamino and alkylarylamino;
Rig is alkyl, aryl, heteroaryl, heteroalkyl, amino, alkylamino, dlalkylammo, arylamino,
diarylamino and alkylarylamino;
R} is alkyl, aryl, hetercaryl, heteroalky];
Z is a spiro moiety;
nis1-3.
This structure also includes an optical isomer, diastereomer or enantiomer for Formula (I),
or a pharmaceutically-acceptable salt, or biohydrolyzable ester, amide. or imide thereof.
Compound Preparation: '
The hydroxamic compounds of Formula (I) can be prepared using a variety of procedures.

General schemes include the following,

This Sheet Has Been R laced
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PCT/ US97/ 14557 10 PREPARATION OF THE Y MO ETY For the manipulation of"Y it
I s under st gﬁw?the skilled artisan may choose to prepareyg fes7
after or cg‘r?l'gurren with the preparation of Z, the spiro noiety. o}rf1
clarity, the Wand Z noiety are not shown below. Mre than one Y and Z may
be present in the conpounds of fornula (I).10For conpounds where Y i s not

adjacent to the ring nitrogen, a preferred nethod of” maki ng the conpounds

is; [err] SCI—IEMEQ@-Q&MW ati zabl e group or can be nmani pul at ed

or substituted, suclFormematigaifioRsy it ROMerbodakatthp KIGI R HaraydhONE 10 FripRe s -
avail a

F | e, RJis CH d s 1 . i all bl e.
yclr oxypr of | ne ST H16° BOTIRPPR AR e FrPaRG Ul TR 1raiorhsr Sy o and 2
hydroxyl is thewicysane mkinive delbe. More thaf Bie Yl and Zig)ay bei (sesent irathe cinspoanés bf fomindD .

Y and Z can be . éﬂ% . t \d hydroxyl.am ne
under basic co lglqﬁfgon ??g?%?(séo?k ergo%xpégﬁgféggrﬁr%%gt%eé’ogfﬁéakmsﬂe
ni trogen, a pr eérepopedsisret-hod of preparing conpounds of fornula | foll ows.
For clarity, the WandoZ noi eties are notozghbvvn; [err] SCHEME LJ|..& course,
this route is also ap ef«ﬁrred for prep rlrhlig conmpounds wi th aé?
het er oal kyl ene wi t h Hoadgalen—teo—+he g1 ¢ | t Feger—Phe Horg tions to
make the spiro noiety, Z A-ahe known in thejqjt. O course, Wor %kl)s schene
and others, the skilled agtisan will appregiate that the order ¢gf the steps
may be altered. Where amde D is known or commercially available, or nade
by known nethods from kn®n materials, andBl's converted to thel® -
correspondi ng sul tanester E using known $egEMEgues, nuch as described in

schenme | above, wth _appropraite ni pulation to prepare Y, .then
el aborating the R er‘Y’]‘P’& "S%’B’ﬁ%‘gﬁ&” orcaf} b fagip ,'i&fo‘b\?f"ﬁ“f‘?"'ﬁ."‘g@meﬁ‘ﬂw.
the steps nay ksownao ke erepatedly kabwremi@blods.OFdp exashipld cwima ®Sp OHDAd nyis &|actommekcially
desi red produc s T FT .
PCT/ US97/ 145572‘%;1?@555’&8}!6@%. %@s‘g ) _Jggveéf‘{\/?s'gnm%°§°ﬁgé‘%§ég’%?§gp¥"ﬁ UL SR
appl i cabl e to wmanipatedso give (B)durisig this orcasubsequentstem| Y pdl Z ¢ae bp pddedprealteren fodlowdd o
noted above. Opp@lamknfhitl Hy@dxyHtihimder Bhsic BhdRIh8 Give &), t he reader.

Where Y is adjacent to the ring niti'bgen, a preferred method of preparing compounds of

formula 1 follows. For clarity, the W and Z moieties are not shown;

Ar A
o n 0 02|S' 0 05
SN T Oy e ¢
On (n | Cn
©® (E) | )
SCHEME 11

of course, this route is also a preferred for preparing compounds with Z as heteroalkylene
with Z adjacent 10 the ring nitrogen. The transformations to make the spiro moiety, Z, are known in
the art. Of course, for this scheme and others, the skilled artisan will appreciate that the order of the
steps may be altered. .

Where amide D is known or.comme'rcially available, or made by known methods from
known materials, and is converted to the corresponding sultamester E using known techniques, much
as described in scheme I above, with appr'qpraite manipulation to prepare Y, then elaborating the
R)d, a compound of formula 1, shown in F. Of course, the steps may be reordered or aliered to
provide acceptable yield and desired products.

- PREPARATION OF THE Z MOIETY



VWere Z i,s a ketal or thioketal the conmpounds of the invention may be
prepared by gé owi ng method. Again Wand Y are not shown g@fm&dflakds:
[err] Where R is hydroxy, am no, imno, alkoxy, oxo or any other group that
may -be mani pul ated into a carbonyl conpound. and R' is hydrogen or any

ot her group that can be di spl aces in formngithe sultanester. The order of
el aborating the ketal err] .or. the sultanmester may be changed. A
preferred nmethod for® %ﬁa@;ﬁ SUsRRvifl recpgnize that, schernes apnfipable torthg greparation of Y
car bocgycl e or andye»befeﬁﬂymﬂxepmbn bEZ #(ote BRE OlerPrefdeRl mlethbdd aFerdviidd Ko¥ the
shown bel ow. Thee iro noiety, Z, shown below is depicted as a carbocycle,
but heteroatons May occur interspersed anywhere in the spirocycle. In the
schene bel ow Z | s deWhare &ds aketal arakiticwl/ he icomppads@f Yiel itventivn tmayrte prepardd by the

het er ot ons nay g wh{&m_e[\ aﬂd{'% B@SP O Eei the spirocyclic ring. The

om ssi on of hetero 'S ant to e rea It is not meant to
limt the claims. Again Wand Y are not shown for clarlty: [err] Ris any
group that may give rise to Wor o. 8 is a group tr@rozgeéh be mani pul at ed

into Rlerr] (or in the case of alko is Rl errgdo, gpur se el aborating
Rlerr], the sultamester, and th® o groups proﬁ!e Bs previously
illustrated. In any of these net ho (W may be pregent T‘i(h the starting

material or a known starting materi®l my have one orgnore Wnoieties added
usi ng known met hodol ogies. It is regognized that it hg preferable to use a
protecting group for any reactive nctionality such™as a carboxyl,

hydroxyl and the like, during the fornatSCHEMEII he sul famester. This is

standard practice, Wehdre {sthidrbnyt hﬁnaﬁﬁ,ﬂalawfyawo@ﬁwmmpm Inby6k rniphERA -

A preferred nmethod of naki n‘(?glethe spiro corrpoun s of the invention Is via a

car bonyl conpodiitty3 ca5any Fomp Pé’t‘”‘nﬁ oF I HiEH BGUR thit sanpe displapssdn forming

such as a thi oktfetsﬂtamesterkafhedrder af‘alhbb:hﬁ;gldidﬂetal K@bﬁhésultﬁ&&hraﬁa? battingede | i ke

are prepared fromc

PCT/ US97/ 14557 12 tﬂ{e Q‘g‘gﬂé ‘f°“‘88‘?¥'8%&fn§% '“8%(‘8"%8"%&&“&?’”%?@

hydr oXy al kyl eheerawche@xchusnogmepmm byrketabfonnakient lSI!linwnChell)Wf Thamm;etw\,z; stlbwn

provi de for 2 8bia; Bl hi'BChkonRt! b neférokhl Hat Qb CHIRMRE AR
anc ene’ above

generated in a sSim t he qui
t he above scheﬁm@cycmelﬂethwsch@eahemx isodepigferdyas tah pagbocycfie spirgeycles p@mﬁemg more

h%/dr gxydo(r]I t Ihlk ﬁf:er?@ﬁpomd& gi@spﬁiﬁglh Cdle be?:Bbrfeh&‘ {ma rbaimcs)a Nd$hd ¥missibd) Bf &
St andar ea atl n roce UE e a e e o
Synt hesi s 1983‘4 “"%48 ‘ﬁ‘ﬁé\?@"a iR "%ﬁ’fia“b@ Bt e g‘f’ ?rﬂf‘r‘gég‘gyy"feépﬂ

of desired pr OGthOt'EhﬂtySkl I I ed artisan will also recognize the judicious
choi ce of reactants, solvents, and terrperatures I's an inportant c‘orrponent

R is any group that may give riseto Wor Y. B is a group that can be manipulated into R
(or in the case of alkoxy is Rj). Of course elaborating R, the sultamester, and the other groups
proceeds as previously illustrated.

In any of these ‘methods W may be present in the starting material or a known starting
material may have one or more W moieties added using known methodologies.

It is recognized that it is preferable to use a protecting group for any reactive functionality
such as a carboxyl, hydroxyl and the like, during the formation of the sulfamester. This is standard
practice, well within the normal practice of the skilled artisan. '

A preferred method of making the spiro compounds of the invention is via a carbonyl
compound, using "protecting group” technology known in the art, such as a thioketol or ketal, and
the like. Ketals, acetals and the like are prepared from carbonyl compounds by methods known in



successful synthesis. \Wile the determ nation of optinal conditions, etc.

Is routine, it will be understood that to nake a variety of corrpounds can
be gener at ewoiog0885%i i | ar fashi on, using the guidance of the Bclroseragsve.
The starting materials used in 'prepari ng the conpounds of the invention are
known, nmade by known nmethods, or are commercially available as a starting
materlal It is recogni zed that t he ski IIed|?art|san in the art of organic
chemi stry can r, i out st.and Iatlon f organi,.c conpounds
wi t hout furtherthe%g'r e}(g‘thl on ??Wugs“f’?e W(E,f’F’ Wyfit?f%%'f’ﬁ'é'eg'eg via oyigation to a
practd ce of t héetghs, bﬂté'ttctam.Mb&hpmvdt:&rz-ynmmsmreﬁmhmﬁm pul ations. These

I ncl ude, but are not C stoth r
correspondi ng al coholl\ g*%ﬂ%‘t‘%i‘%%%ﬁ?’é‘%I"s"a%ﬁgg%s"ﬁmﬂg (,gy\d?ﬂcf 8ﬁ‘bf
aromati c subst |s'Eb&'E‘FBt??§° both el ectrophilic and nucl eophilic,

etherifications, eSt!ﬂ‘iHefamestlﬁﬂesaﬁﬂer&ﬁﬂ@ﬂk&y%ﬁiﬂcﬁﬂnoaﬂ\g c P&#n 2@&.&?
of these mani puI atlo‘ﬁ1 aqrg ? ﬁ?"d'(f&n st ard texts suc

Advanced O ganic@PRIyadsatsdetived fip gﬁ “S%ﬂ%@ﬁ’ da&vhwmcau@mm
Chemi stry ( Vol mﬂ)”maﬁgKemmm,Mmy@anmm stry (all 17 vol unes).

Th killed t t t best .
carried out when' o MAFerefeaRd b YRR R FateR Bl o ooy bt o e il sk

mol ecul e, thus mmulﬂn’guw dmtegfxemw. aolvw& macrhpemusesandrlnpomﬂwmpmeng:
the yield of tRgcd@RClh@Bsis, %ﬁ@mtft%.eﬁtq.igt,?@f intaP gst,.t' 'éea Gl S Wal'Ge

groups to acconplish such increased S or e un S|red
reactions. Thedpderstogd thabiednake a varishihof Fompopnss cant bergeperates in acireilap fastiiono using] the

within the scogﬁdmeamsa{emhhmeartlsan Exanpl es of many of these
mani pul ati ons can béhf ound for le in T. Geene, Protecting Goups in

Organi ¢ Synt hesi s. “ﬁ %H‘H@"ﬁgﬁﬂ‘a@“ﬂ%ﬂfm‘rtﬁ“méﬁ'@P’é“-\mat"h
reactive side bhhimmﬂsdqouafmnhbmawﬁﬁﬂ@ﬂai&mmalundem red side
reactions. The conp 8{ ! Ve one nore c

centers. As a resul ?Hggcﬁ% i) aﬁe‘l}&xﬁm li " %ﬁoﬁ?‘é" 'cc 'ﬂlcaq ?@Hﬁfwm
i ncl udi ng di asﬁmlpah@%n%wvmwwﬂhmmdmﬂm.tbatas;rpllsevdﬂywx&hu thea

starting mater b&b@and%ﬂde)b?ﬁl@ siffied SRl }AB bsiry Al su@ﬁiﬁ‘xaxﬁﬁu%@rfse TRAE bhelude, but are not
st er eoi soner s both optical .isaoners, including diastereoners and

enantionmers at ?'Bﬁidew’(’éd“f’%?ee agbopyl cprpouyds togheircomespending aisehelscexidations pEhydroxyls
i nvention may ead wé hlas aém&m i‘rorﬁitiﬂslﬂsﬁﬁnonﬁnb‘éml—hlldaﬁopﬁfhc [eT h&ﬁbphilﬁomhﬁcauons

i ncl udi ng di ast nt|o or.. st oners ted
usi ng known met %g.‘o m'é ﬁ'c’: | N {'kg F‘é‘ﬁﬂﬁ%{l ° Pr‘ﬁ'f'?)'{ﬁ'é aﬁg'“t’%
i ke. WO 98 ﬁtggig@()exts such as March Advanced O_rgamc Chemisry (lecy) Carey and Sundberg, Advanced

PCT US97/ 14557 ofginit néiflih(vol'2) ahd Kdefing, AEERAI ARG 1R} (aﬁ@?v&ﬂ{l}ésfal i somer,
|nclud|ng di ast'ereoner and enanti oner, Of StEreol somner ave favorable
properties over the The filed “Hﬁﬂ’s“’%‘?“’d?%'é%l% cori "Eﬁc'éﬁnﬁtaﬁdﬁ‘ [saTied\Qua whenon
when one r acerrbmernﬁm&idmzyl B nitisied| @ pPolocteli tin itk MblIGGAle] Yhus QVYiENEP At @desiritad sidROt h

optical isonmers, jncl Lé{j d| as er eqmers and enanti o oy Stereoisoners

substantial |y fPEE 'a?" g’?é‘?l’&?@?ﬂ‘ g‘“é“ﬁ‘l‘éﬂ ﬁ'Fes PRRLECHRR] S

of use groups to accompllsh such mcreased yields or to avoid the undesired reactions. These reactions are
found in the literature and are also well within the scope of the skilled artisan. Examples of many of -

these manipulations can be found for example in T. Greene, Protecting Groups in Organic Synthesis.

Of course, amino acids used as starting materials with reactive side chains are preferably blocked to
prevent undesired side reactions.

The compounds of the invention may have one or more chiral centers. As a result, one may
selectively prepare one optical isomer, including diastercomer and enantiomer, over another, for
examp!e.by chiral starting materials, catalysts or solvents, or may prepare both .stereoisomers or both
optical isomers, including diastereomers and enantiomers at once (a racemic mixture). Since the
compounds of the invention may exist as racemic mixtures, mixtures of optical isomers. including
diastercomers and epantiomers, or stereoisomers may be separated using known methods, such as

chiral salts, chiral chromatography and the like.



Met al | oprot eases (MPs) found in the body operate, in pért, by breaki ng down

the extracellul ar matrix, which conprises extracellular protei I%ng
gl ycoprot ei NYO 9§50 proteins and gl ycoproteins play an i nportg%f h
mai ntai ni ng the size, shape, structure and stability of tissue in the body.
I nhibitors of netalloproteases are useful instreating diseases caused, at
|l east in part, by breakdown of such proteins. It is known that MPs are

intimately invol ved umhemudsmﬁmddmngneoﬁﬂca&sdmuhdudﬁfg diabterdonie? brid\ehdnviorth&1€ Y
have beon’sald Woeleidblonls i SRALISALAPLR MOUALY A Shi ok ELEL,

br eakdown of tlssues I Nc I've dlseases suc
mul ti ple scl erothe dnvamtion When |on¢<ecememrasa disclpsedniv i ¢!1=a!‘ly coftentpilatesivsias both optival

body: [err]  t hso.ﬁmﬁhmmu@mme&w&mawa&go.iohms%usﬁmghfﬁ&%‘? the other are

scarring, benlgn hyperpIaS|a and the |ike he conmpounds 0 e present
i nvention treat 'Eﬁ%ﬁﬁﬂéFEmeﬂFMses and/ or unwant ed conditions which are
characteri zed byesi nised or el evated activity by that class of proteases.

st 1oy ot ruct ar ol SRR BT ettt e, R s B (trelk dovn the
stability and smmwe)zm{ slhfc]l compﬁs&récﬁicelhﬂdﬂ prottins land md‘oaﬁﬁhkmrﬁd’se proteins and
cyLoki ne’pr ocestrpyoiaRayan iBerbiRbR m bl te i, o SRR and vy e n
mal adi es [ Mohl ethe ley elnhibitors Natlmlmme( ﬂ:@&ﬁﬂ Dma@@@;se&anaumg aNmt ingtart,cHly,
Nature 370 (199w aumni of Such Mhoteiish %n%ﬁlll’salyﬁﬁdﬁﬁtﬁémlv‘rﬁﬂ% las

and/or [err] facilitate processes which are undesire e su g‘!ﬁ%:;l ng

treated, for extmpiltef hisgetivily hewhayebeepsaidtp be sefivecdp mmdlserﬂmegglvmeﬂmwez ation
and the like. As m&exhobﬁ oPtistuesPinclifing &ham@ve%ssaésd Sich a®knhrids, MoiipR! seak.%ﬂs and

di sease"” is one t I nvol ves un evated MP activity in the

bi ol ogi cal manife °a{‘ﬂ‘Fc5‘?f'a6'?s'st%8‘ gﬁ@'@i&’é"“ﬁf’“&@g’f‘der in the biol ogical
cascade | eadi ng- tmetrhmochlhngomlma;, imxluding ﬁnroﬁgldmm,mcaﬁng‘. bonigd ihgperpthein, and the Hke.
"involvenent” | EFQ ) ”
activity as a cause ?&' l‘%@%f"&%ﬁ%ﬁﬂ gi ca rrg'{n ?W‘“ﬁ‘g%“m Te hr'ﬁ'a‘r
the activity wease ehaea&md by awwaritedoer] a}qvatbq/aqtmmmt thatnclash pf proteadesfior ¢xgmple the

trauma, Dbi omc%&w&&gw&awmimmg obesity] or by sone ot her
cause; [err] The art of the observable manifestation of the disease

or disorder. THat dFs§'°Yi‘ﬂ@“ﬁ\@%ﬁ%ﬁé‘ﬁ@emﬁﬁmﬁ‘%‘“ﬁﬁﬁgﬁﬁ“&WF FrucErels of the
i ncreased MP act i ‘itdriére i lintérfiMiicliulal sighatifg, u&luaﬁgimbdlﬁnphw%ﬂfcﬁdklﬂf uperk@mrbﬁd

'C\i/:DS leg\s/ g | 3 r | gfjls graé gxl;cfl e d eﬁ%ﬁﬁ%wggd/&em i O;[ionbt(?ssue d%gra@a?‘on oh\er maladt ies ?Mohler
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t he biochemcal o QR 8¢ ﬁs% relates to the di sease
or disorder. Int cgﬁ%hé'g%g{a ﬁﬁtﬂﬂb?t{]g&rpgf t?u %Factlva interrupts the
P

cascade, and tHus %M@mssisﬁﬂﬂ% aseyndesiredin phersukiess bring eate X3pHRde. the progesses
di stributed evenl yrdpbikifich, g RrthiRaion anbiiheikt.ne

As used herein, a "MP related disorder” or "a MP related disease” is one that involves
unwanted or elevated MP activity in the biological manifestation of the disease or disorder; in the
biological cascade leading to the disorder; or as a symptom of the disorder. This "involvement" of
the MP includes; o
» The unwanted or elevated MP activity as a "cause” of the disorder or biological manifestation,
whether - the activity was elevated genetically, by infection, by autoimmunity, trauma,
biomechanical causes, lifestyle [e.g. obesiiy] or by some other cause;

»  The MP as part of the observable manifestation of the disease or disorder. That is, the disease or
disorder is measurable in terms of the increased MP activity, or from a clinical standpoint,
unwanted or elevated MP levels indicate the disease. MPs need not be the "hallmark” of the

disease or disorder;



di stribution of MPs expressed in various tissues are often specific to .
t hose tissues. For exanple, the distribution of netall oproteases inplicated

in the breaj@osnssdo tissues in the joints, is not the sane aspd§Bseri4sst
di stribution of netall oproteases found in other tissues. Thus, though not

essential for activity or efficacy, certain disorders preferably are
treated with conpounds that act on specificl4Ps found in the affected -
tissues or regiong of the body. exanpl e, a caonpoynd whi ch displays a

hi gher degree of APgYHEpisA ?iﬁgxﬂ"?ﬁ%f"i"i"&hng?ﬂf °féhﬂ\h”’r$?5'ﬂ??ﬁ°“l callulas sascade thatresults .
chondr ocytes) woubrckelates rtief disesse dr igvrdet.r mabisrEgectpinhibitiGresTaiR NP Binf RFaptd HAN

ot her conpounds ' ecific. In addition, certain inhibitors
are nore bioavai }Aggé ee't%{;)&'é‘kesr%?n}loﬁs eidLssués than others, and this judicious

choi ce of i nhi bitor, Adyantageohsly. ey dFs are; not distsibutedomrehhnthomghopr tav ibotss fThiis the
speci {1 ¢ {1 ealt uBBluftln df Mps Siphed B varils SRS YneH UL 6 oAl | 0 ox b e
V 10 penerrate . -

exanpl e, conmpounds of this invention vary in their abili

into the cent r &itibutiopsf metaliaprateases implicated jp the brraksdoywn of tistessia|thegointy, is notthesame e

ef f ect s nedi at aghht Biseitigion VPaetiiRpRitagdRGEd ih Gﬁumsueytﬁi.%iﬁ?%gbr]%ggégéhziﬁotrgﬁ{ﬁ us

system Determ'nar%ion of.t.esec'hf'-city of a MP inhi ) WP

is within the SkFTFCHFRMR apdens ptg By apeiiogpted with compoupdsthatact en specificiMBs found in

condi ti ons can tieafféaednidsubsor tdgiznd oftirrbady IFor exSREE, ia ol dyiviich Sy Rysad lﬂ%‘W&@e N
7

for stromelysi . collagepace ample,. U S Pat. No. 4 743, 58
rof er ences. 1 he ohPRASF e ARG, o MY B e Ton (5. chefiatie e e it

ferred for

99: 340- 345. 'Thé&easment of disass fayndytbere thamethes coregounds whigharelss apecifis. descri bed by

Wingarten, H, et ahaddieRBhQSRENMRIbREL ¥re BoRe Mkﬁl%%)mﬁlﬁs?ﬁé%&?aﬂ.‘o mgmd@gy
S by MPs

standard net hod for anal yz) n,g_ t he breakdown of structural protein
can, of cour seJudisipus ehoipe ofigibizas; withthe ssjectiviy, escribad above Rravides {as specifia treagment of

i nhi bit metal | eeabres Giscakior uiwalited dnditi. FoPaBBle, cBBpduRB oEMisiitVehtdR vas SAMs
i ations thereo | sol ated netal | opr ot ease

found in the I%Erature oy V‘Eﬁr i f :
enzymes can be XIE¥C PHEBHPIO RS FoR%al AEKeusiSYSfemy Thus Fomppypds may broselertod for Rresuce
conpounds, or effestianediated thedugh MRS folmdspetifizally outside thecegeal drvaaisiyems capabl e of
ti ssue breakdown ca : : : fo b Lnhi i y.eff

the conpounds of, therbe Pﬁv}eiﬁtﬁ?gﬁlﬁ%%éﬁ%g%%ﬁ%d@ lﬁ‘? ] %gkﬁwv@hgs%ﬁ'mar%&y %@I‘e
useful in treafftifag it Hhat fiekh |APRRCPRiptcAssey conditignstogn be founddn ¢ literatrer Specifically assays

met al | opr ot eas ereadbwn for YromElysin GRIEMbERALRe. OF ort Sdamplk, VY€ Hhi. RO, 4943 587 Rferdhs&itht
for the prophylactic ogr acute freat ment. They are_adm nistered in an

[ y way
the skilled arPiOSSHAriof Cavtens 5t al. fAnal Biochem (1S7HI9340-343; Theause p)synthesis subsee inr ¢
It is inmediat ed swsaydpdeseibed iyoWeihgarter HL, leexd, Bibéhie BiophIRds Camey (@984% 139: A B4-e87.0f
adm ni strati on,w i state bei tr ed nd t he
dosage form chgé\%%#ndg?%% (Ea]’(rgtri gogg%%z@ggg fbgergéiosgt&é%"&mrgeﬁ?q %’l’sstfyﬁg iy °?ﬁ%'1'ﬁdlé°
adni ni st rat i onujsér Greaability of pompaunds ptheinyeptionttp inhibie metatiopeotease a¢tivityican dficamse. bei | |
readily appr ecicat®intthCas@gy SAPE heQlterate] &? iviriaBbds Mirebf GsoMied! cibpliBprbtse B4 GGL | Y
to the affected area for nmany disqrders. For exanple, 1t may be
advant ageous t &® used te gontirm s inhibiting activity of the invention compounds, of crude extracts which

PCT/ US97/ 14557 cobtaintiéangeDF enzymds capable bf tisshe Breslidovardah Ye dséd. t he area of the
0 sease O $1 L O\ Ry e B R o e e
skin), the invention are also useful in treating the following disorders by virtue of their metalloprotease
activity. _ _ _
The compounds of this invention are also useful for the prophylactic or acute treatment.
They are administered in any way the skilled artisan in the fields of medicine or pharmacology would
desire. It is immediately apparent to the skilled artisan that preferred routes of administration will
depend upon the disease state being treated, and the dosage form chosen. Preferred routes for
systemic administration include administration perorally or parenterally. -
However, the skilled artisan will readily appreciate the advantage of administering the MP

inhibitor directly to the affected area for many disorders. For example, it may be advantageous to



Becayse the renodeling of bone involves MPs, the conpounds of the invention
are useful i#ﬁﬂ%ﬁaﬁﬁuing prosthesis |loosening. It is known in ?@

over time prostheses | oosen, beconme painful, and nay result in urt%er one
injury, thus demandi ng replacenent. The need for replacenent of such

prost heses includes those such as in, joint iseplacenents (for exanple hip,

knee and shoul der replacenents), dental prosthesis, including dentures,
bri dges and pr oaintieistrMBiakibiorerireeslyite e praafithelisgaseiprspndition @ injarea affgoted by mrghiak o

active in remddglimage. f adgBlaGR StairRe Yy dbaning %;rm fgQ bopRYIASTRE &kin)] N
congestlve heart fa| | ure %;15 been su s@g at o e of the reasons
angi opl asty has a hi W‘l"ﬁéﬂ“ ine ot hege ny 1 compopngs of the dnvention prs aseful in
over tine) is tpreentids ]ﬁ&thesis toysenmg nntns Reoovinrie theqiit that oeéraingt peckthiests IR OhtSsind O
the vestel . Th Ay 14, by b R ben il s i GBI Th ot
car di onyopat hy, repimgwtoi‘ ngh heahqsesfmlddw those aich s ins pmereplacm;ntp{facpxmplejmp ke,
reperfusion inj h GostlRs Y.

angi opl asty res e)r%osulhdgpnﬁlga&or'%l ‘(i:eggi eurys%“#g'&&%cr case E%naﬁg er rﬁ"gﬁé’&%

of any ot her trtéamweﬂaand/etm#é?lebe atreatnment in itself. In skin care, MPs

are inplicated in thgmpg mﬂe&mwm%mo&mm?meeam%&m @smmfo%ﬁﬁxuhﬁ con"gé}ﬁve
regul ation of MPs inproves treatnent of skin conditions includihg but “not

linmited to, wrileRE Erilpte) it hes been sypeesied fhat opg of SheroasnAs;apgionlasty hatg)higher han expected
ul traviol et i ndoggemsisihie ARFRElosureIverime) iﬂmhmhtyl iidt UEtBEd op isQRVES }ehp‘onse

treat nent . or trea rrent bef Qre t I 0l,0 ni f est ations e obyi

For exanple, tH& ri’!gp o\ ?"g"% i T SEmBERAT © 6'5 éﬁ
ultraviol et. dm@omnﬂmacduwlmgndmnoai ttsh aedmLmehotnyom.ventesm lmmfamr:.e
post - exposur e daggpog . | ng:MﬁE I, A nd
di seases rel ate ;OQEBJH%P%? n%dlnggs]u S g lﬁu m}‘&ﬁ?trcg'%"gg?%ﬁéﬁg g{"ﬁr ﬁ%\%‘s?“g
whi ch i ncl udes a#gioplpstysRencEyand a%iwsyemmmomévm 9EaAny other) tregament, or

psoriasis, scl ghgdrniRamed natani c der rrat itis. The corrpounds of the
I nvention are also useful for _treatin gbfconse uences of “nagrmal" @L%‘ry

to the skin includi nf SkiB£pe; MEs ¥ mplh of | wmpyer” qfé‘fmeﬁéi‘rﬁs
foll ow ng bur nseguldtion 66NIBs improvesin@atmemi ot‘skme:imdmonninaum@ twahot fimbedxe,Uvrinkle repair,

invol ving the skin for prevention of [0 and, .pr I @n,. of rmal :
tissue.growth i n%“l"‘"a" iy p"ﬁ'e"s e rffaf'l gg or#rslqmmc SII(T"E dfg'g%%'t g‘f:‘;ﬁ%e"rﬁ and. chudes
refractory sur gmpjwlemhet%menbyf treatment dxformtl,tp sihysiglogiqah marifswtians are\Phviens.cFor

related to di S%Qﬂlé zﬁmﬁmyag ﬂpflé@ﬁ'dlp?é:ex pre deldnb z@;re@mﬁhvfoles%ﬁﬁ&e afdigrh
as bone, for exanple, in otosclerosis . and/ or osteoporosis, or for specific

organs, such asMuifg PF gRAT eXPOsYR AR Prevenh, g minipize pest-PXPAYre famass ¢ In $‘fd|‘H°P'aW§/ agep
di seases such amphitet i biin TisdroerOaidS disbdses ld R atinoi@l MQcks it k3t ﬁbﬁeﬂtﬂrﬁ{l

R TN A g T T T AT N
preventi ng, anc&clemdtnno hod a@xmmhands SBesenpould@f the dnvartion atehisol géeful fay teming the
invol ved in ma ‘gu el 'o&m A;ngl,‘u?w&. Aﬁnomq&.iﬁgwa&ug ‘or ["EOMMcuibBL belidhleS For
H'V, and the resu 8850
PCT/ US97/ 14557 example, fo lowmg bums MP inhibition is also useful in surgical procedures involving the skin for
. prevention of scarring, and promotion of normal tissue growth including in such applications as limb
reattachment and refractory surgery (wixether by laser or incision).

In addition, MPs are related to disorders involving irregular remodeling of other tissues,
such as bone, for example, in otosclerosis and/or osteoporosis; or for specific organs, such as in liver
cirthosis and fibrotic lung disease. Simﬁarly in diseases such as multiple sclerosis, MPs may be
involved in the irregular modeling of blood brain barrier and/or myelin sheaths of nervous tissue.
Thus regulating MP activity may be used as a strategy in treating, preventing, and controllirig such
diseases. '

MPs are also thought to be involved in many infections, including cytomegalovirus; [CMV]
retinitis; HIV, and the resulting syndrome, AIDS.
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MP inhibitors are aiso thought to be useful in treating Alzheimer’s disease, amyotrophic
lateral sclerosis (ALS), muscular dystrophy, complications resulting from or arising out of diabetes,
especially those involving loss of tissue viability, coagulation, Graft vs. Host disease, leukemia,
cachexia, anorexia, proteixmria, and pérhaps regulation of hair growth.

For some diseases, conditions or disorders MP inhibition is contemplated to be a preferred
method of treatment. Such diseases, conditions or disorders include, arthritis (including osteoarthritis
and rheumitoid arthritis), cancer (especially the prevention or arrest of tumor growth and metastasis),
ocular disorders (especially coméal ulceration, iack of comeal healing, macular degeneration, and

pterygium), and gum disease (especially periodontal disease, and gingivitis)
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suitable for administration to a2 mammal. The term “"compatible”, as used herein, means that the
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contain from about 5 mg (milligrams) to about 1000 mg, more preferably from about 10 mg to

about 500 mg, more 'preferably from about 10 mg to about 300 mg, of a Formula (I) compound.

The compositions of this invention may be in any of a variety of forms, suitable (for

example) for oral, rectal, topical, nasal, ocular or parenteral administration. Depending upon

the particular route of administration desired, a variety of pharmaceutically-acceptable carriers

well-known in the ant may be used. These include solid or liquid fillers, di_luents, hydrotropes.

surface-active agents, and encapsulating substances. Optional pharmaceutically-active
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subject compound is basically determined by the way the compound is to be administered.

If the subject compound is to be injected, the preferred pharmaceutically-acceptable carrier
is sterile, physiological saline, with blood-compatible suspending agent, the pH of which has been
adjusted to about 74 _

Various oral dosage forms can be used, including such solid forms as tablets, capsules,
granules and bulk powders. These oral forms comprise a safe and effectfve amount, usually at
least about 5%, and preferably from about 25% to about 50%, of the Formula (I) compound.
Tablets can be compressed, tablet triturates, enteric-coated, sugar-coated, film-coated, or

multiple-compressed, containing suitable binders, lubricants, diluents, disintegrating agents,
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vicinity of the desired topical application, or at various times to extend the desired action. Such

dosage forms typically include, but are not limited to, one or more of cellulose acetate phthalate,
polyvinylacetate phthalate, hydroxypropyl methyl cellulose phthalate, ethyl cellulose, Eudragit
coatings, waxes and shellac.

Compositions of the subject invention may optionally include other drug actives.

Other compositions useful for attaining systemic delivery of the subject compounds include
sublingual, buccal and nasal dosage forms. Such compositions typically comprise one or more of
soluble filler substances such as sucrose, sorbitol and mannitol; and binders such as acacia,

microcrystalline cellulose, carboxymethyl cellulose and hydroxypropyl methy! cellulose. Glidants.
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compounds of the present invention are preferably administered orally.

The specific dosage of inhibitor to be administered, as well as the duration of
treatment, and whether the treatment is topical or systemic are interdependent. The dosage and
treatment regimen will also depend ﬁpon such factors as the specific Formula (I) compound
used, the treatment indication, the ability of the Formula (I) compound to reach minimum
inhibitory concentrations at the site of the metalloprotease to be inhibited, the personal
attributes of the subject (such as weight), compliance with the treatment regimen, and the |
presence and severity of any side effects of the treatment.

Typically, for a human adult (weighing approximately 70 kilograms), from about 5 mg
to about 3000 mg, more preferably from about 5 mg to about 1000 mg, moré preferably from

about 10 mg to about 100 mg, of Formula (I) compound are administered per day for systemic
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I nvent i on corrpound
comnea, direct application to the affected eye may employ a formulation as eyedrops or aerosol. For

corneal treatment, the compounds of the invention can also be formulated as gels, drops or ointments,
or can be incorporated into collagen or a hydrophilic polymer shield. The materials can also be
inserted as a contact lens or reservoir or as a subconjunctival formulation. For treatment of skin
inflammation, the compound is applied locally and topically, in a gel, paste, salve or ointment. The
mode of treatment thus reflects the nature of the condition and suitable formulations for any selected
route are avaijlable in the art. '

In all of the foregoing, of course, the compounds of the invention can be administered alone
or as mixtures, and the compositions may further include additional drugs' or excipients as
appropriate for the indication.

Some of the compounds of the invention also inhibit bacterial metalloproteases although

generally at a lower level than that exhibited with respect to mammalian metalloproteases. Some
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antibodies in the Sﬂ’eugglyc-lmg 3ri lgzgl[oglm?;l preparations are then useful in monitoring therapy or
prophylaxis regimens involving the compounds of the invention. Suitable samples such as those
derived from blood, serum, urine, or saliva can be tested for the presence of the administered
inhibitor at various times during the treatment protocol using standard immunoassay techniques
which employ the antibody preparatidns of the invention. '

The invention compounds can aiso be coupled to labels such as scintigraphic labels, e.g.,
technetium 99 or I-131, using standard coupling methods. The labeled compounds are administered
to subjects to determine the locations of excess amounts of one or more metalloproteases in vivo.
The ability of the inhibitors to selectively bind metalloprotease is thus taken advantage of to map the
distribution of these enzymes in situ. The techniques can also be employed in histological -

procedures and the labeled invention compounds can be used in competitive inmunoassays.



the i Mmune serum can readily be nmeasured using inmunoassay procedures, now
standard in the art, enploying the invention conpounds as antigens. THe '
anti sera olweissedsssan be used directly or nonocl onal anti bodi peTaByriagsy
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nmesh; Baker) and \gesdegl i zed | r SEppRsghonol yb%lgzs in EtOH

FﬁA?/ZLEetlhgi;[)]heWI/s\lﬂ Pon;;l%l-)ﬁfgg hydr oxREMSE i di %oéﬁit(\_th car boxyl at e:
ci s- Hydroxy-D-proline (50 g, O-° le) is dissolved I'n wa;Za di oxane
(1:1, 300 nL) with triethylam n&135 nlL, 0.96 nole). TheSA
4- et hoxyphenyl sul fonyl chlorl®e (87 g, 0.42 nole) is added along with
2, 6- di et hyl aké.nopMethjil ne \V(4anethoxPpi@sBsulfohyd)4(R)lydtdxg-ppirelidiiec2(Rscasboxylared 14
hr. at cis-Hydroxy-D-proline (50 g, 0.38 mole) is dissolved in water : dioxane (1:1, 300 mL) with
triethylamine (135 mL, 0.96 mole). The 4-methoxyphenylsulfonyl chioride (87 g, 0.42 mole) is
added along with 2,6-dimethylaminopyridine (4.6 g, 0.038 mole) and the mixture is stirred 14 hr. at
room temperature. The mixwre is then concentrated and diluted with EtOAc. The layers are
separated and the organic layer is washed twice with 1IN HCI, once with brine, dried over MgSO4,
filtered and evaporafed to give 83 g of solid material which is dissolved in MeOH (500 mL). Thionyl
chloride (50 mL) is added dropwise and the resuiting mixture fs stirr.c.d for 14 hr. The mixture is then
evaporated to dryness and triturated with CHCI3 to give a white solid which is sufficiently pure to
carry forward without purification. o . '
1b. Intermediate A Methyl 1N-(4-methoxyphenylsulfonyl)-4-oxo-pyrrolidine-2(R)-
carboxylate: A 8 M batch of Jones reagent is prepared. The alcohol 1a (10.0 g, 31.7 mmol) is
dissolved in 175 mL of acetone and cooled to 0° C. Jones reagent is added until the solution remains
an orange color and the mixture is stirred at room temperature for 14 hr. Isopropanol is added to the
solution to quench the excess chromium reagent and the resulting solid is filtered through celite. The

filtrate is concentrated under reduced pressure and the rasidue is dissolve 'n methylene chloride and



roomtenperature. The m xture is then concentrated and diluted wth EtQOAc.
The ‘| ayer's @'&ﬁgﬁ ated and the organic layer is washed tw ce@cugss7adestiCl ,
once with brine, dried over MgSO err], filtered and evaporated to give 83 g
of solid material which is dissolved in MeOH (500 nmi.). Thionyl chloride
(50 mL) is added dropwi se and the resultin@Sm xture is stirred for 14 hr.
The m xture is then evaporated to drypess, and trlturate vm't CHC [ e

gi ve a white cwashed Withivwager. 'E‘°§EFPF‘P%F‘§‘¥?{°N’ %ﬁ’@"‘fﬁ‘a@ﬁ?'ws P& '\Xﬂ'lﬁ‘ﬁ oker ©

purification. :Hhced L,ﬂ; epuiiRébtiad 6F tfe product byRhromhtography on silica gel using EtOAc : hexane

1N- (4- met hoxyphe é fﬁ*g\é 4- oxo p“ﬁ{%g%"&ﬁﬁﬁ)ﬂ carboxylate: A8 M

bat ch of Joned 1a"(10.0 g, 31.7 mmol) is
di ssol ved in 1115 n.Methyhcet oneywdmmmnylmtonm-l.&gma-vmyeommmem

until the sol ution rﬁm"lﬁé k@ﬁa é)r‘gn@gngohlqé ﬁﬁg)t he dﬁEkdﬁeUriﬁ 105 mil bf Eﬁ-@dﬁﬁs

room t enper at UPE bor g to the solution to quench

the excess chrdickiommethangyendthenie? %‘Weﬂ dighiol (809 anlg §130 spmol) and poraie dxifluor Fpte
celite. The fi (556 ﬂﬁ.ei Gﬁﬁaﬁﬁ@m&@t'ﬁﬂ miRere s sfxﬁéﬁ%?ﬁdm%ﬁiﬁﬂfe%v&ﬁiﬁut imee sotidndue

is dissolved in y ene chl ori de and WO 98/ 0
PCT/ US97/ 14557s gsdmﬁbﬂﬂmﬂq'f op2f AN ”dFH%hl‘dé‘g‘EﬂetaF‘h\ﬂ“’s‘B? FRis i ptragted thege Hes
magnesi um sul fgiegioard mnergmcr Ry@sl athed @ithioadr pidcamnonium Enloride] drirtliaver of

th duct b h t I
pr oVt ded  he. RPRE RUED e 0 et v HE B empal: MEESH g ot o0
TN (4- et hoxymwf’slm{mnyl) 1, 4- d|th| a- 7-azaspirof 4. 4] nonane 8(R)-

L 0 B S Sttt

anhydr ous di chl bronet ane an ol m_, . 8. 30 nmo
and borane tr i darhoyaimide: At IiMasoltiomof Fptassium hydesylamige in ol dfpeepared: the ;i 7g "'ure

s stirred at [\f; Ic;f]él%ﬂ:‘i‘fﬁ&mﬂom&%&d}h%&nyEhﬁ‘e:ﬁ&wu&dz&uhmamdasbaﬁbnmhyhet he
addi tion of droxide and then the mxlwﬁw\’@lgmé{ teﬁﬁmhree
times with Et GRF‘“"‘THE‘“{B? i§cHTed pvatRight; g?’es%%&f‘:w ¥ t h o'
chloride, dri e&umarmrea@mwu @byl acétme, Airied ivith magnesivanshifare,ffitened andcvaporatgidy Thet he
title conpound. ESI 7 I

N- Hydr oxy- 7N (Bf° éﬁie %s“lgﬁ'l\%o&m p+ o‘lHﬂwﬁF% m&é\%ﬁgz%%ﬁlero %ﬁél% )rf%nr?ﬁ?%( R
)- carboxam de(i:lA. mommwmmmm h&)(%@sﬁ&mmpﬁﬁb%%%h@ #n met hanol is
prepared. The 1.76M solution (1.46 nm., 2.57 mmol) is added directly to the
nethyl ester 1c (0.100 g, 0.257 nmml) and the reaction mixture is stirred

overnight. The sol ution |s acidified w " then the m xture is OMe
extracted three ti rres A%t hyl acet at e@w(m' W t h magnesi um suI e,

filtered and evap(gii%S Theggegduct i % ed «Bi, Mebr OMat ograpis

silica gel using Jtf ace'r'a'rE'—T\E ,ék,ormcm'l@o glvethe

title conpound" + s408 (Merr] + NH[Ptarr“J_)z. EXAVPLE
2 [err] 2a. Met hy s
1' N (4- rrethoxyphenybsulfonyl iro[1,3- be hi ol e-2, 4 -pyrrol g @ 2 (R)
- carboxyl ate: The ketone |Ib (0 5 0, 1. 38 '- ) S d| ssolved in 10%nL of
anhydr ous 2a. Methyl  I'N-(4-methoxyphenylsulfonyl)-spiro[1,3-benzothiole-2,4'-pyrrolidine]-2'(R)-
carboxylate: The ketone 1b (0.5 g, 1.59 mmol) is dissolved in 10 mL of anhydrous
dichloromethane and then 1,2 benzenedithiol { 0.450 g, 3.19 mmol) and borane trifluoride etherate (
0.07mL, 0.63 mmol) are added. The mixture is stirred at room temperature overnight. The solution
is made basic by the addition of 1N sodium hydroxide and then the mixture is extracted three times
with ethyl acetate. The organic layers are washed with water and ammonium chloride, dried over
magnesium suifate and evaporated under reduced pressure to provide a solid. MS (ESI): 438 (M* +
H). _ '
2b. N-hydroxy-1'N-(4-methoxyphenylsulfonyl)-spirof1 J3-benzothiole-2,4'-pyrrolidine]-
2'(R)-carboxamide: A 1.76M solution of potassium hydroxylamine in methanol is prepared. The
1.76M solution (7.3 mL, 13.0 mmol) is added directly to the methyl ester 2a (0.590 g, 1.3 mmol) and

the reaction mixture is stirred overnight. IN HCI is added to the solution to acidify it, and then the



di chl oronet hane and then 1,2 benzenedithiol ( 0.450 g, 3.19 nmol) and
borane trifluoride etherate ( 0.07 nL, 0.63 mmvl) are added. The nmixtiire is
stirred atwoossmosgsnperature overnight. The solution is nmade PEIVUSIY4ssShe
addi ti on of 1N sodium hydroxide and then the m xture is extracted three
times with ethyl acetate. The organic Iaye§$ are washed wth water and
anmoni um chl orii de, dried over magnesi um suftate and evaporated under

reduced pressygigidnQs BitRvkd]thred timfdl 'wﬂh &Eﬁk)dnedlsﬁh deRGilh sififd) and%ba rated
N- hydroxy-1' N- (4- net hg@ghen%’sul fon i ro enzot hi ol e-2 yrrolid
‘1

ine]- 2' (R - c 3PY5B5EaTR" BiEAtion Pt ? “6 is %fﬁ?'%@‘éh‘ﬂm F\‘VWWWWM gel
met hanol is phusifpend aceitehekanébiutnsiohdid (1017 017 toFivekhe phr2.cOmpouRA. )MS ESRI oS! (M+
directly to thi(i’nethyl ester 2a (0.590 g, 1.3 mmol) and the reaction
mxture is stiPPed overni ght. INHCl is added to the solution to aC|d|fy
it, and then the =~ WD 98/ 08850 :

PCT/ US97/ 14557 26 solution is extract ecg{%nes with ethyl acet ate
dried with magnesi um syl fopee and evapor r reduced pressure. - ome
Purification of the drofiuct is acconpli sh?@/wy chromat ogr aphy on ca gel
using ethyl acet @@f” NExanePrPE N c acd &9 1/ #dHlyedHo gi ve bhms
compound. MBS NY439 (Merr] =+ Hiso LE 3 y@ogamnga. HO- ik

8N- (4- net hoxyphenyF | f ony )/1\’§-D|th| a* aspiro[ 4, 5] nonan'é e} 4=/ 1
carboxyl ate: The kgt®e Ib (1.5 g, 4.79 ) is dissolved in 30 of
anhydr ous di chl oronet hane and then the 3, propanedi t hi ol ( 1a2 , 11.9

ol ) and bor agpe trméthﬂorl de &‘l@ﬁ:&h@xyﬁh&yﬂﬂfoﬂ%}l,&-bﬂihmﬁ é]&qﬂfed)(m]_ he
mxture is stirred at ’?hel terrpﬁhg‘w:re over ni solution is
0

basi c by the SUYGPPMSE W d Verb gae nd‘stﬂ’é‘ﬁ"’?%é‘ AP bk rof a,ngydrous
extracted t hr dighibiomethansi anlt tieh Ity 1,hcromhalithidlhe].20 6aNI L9 mfioh! ad dod@ne/@ifligide

i th t I | f at d .
et oty o SBREY AR IR bl wf W] PRI SHAT St B0 Riemiepy
H, 420 (Mer frpe sphﬂp;[ gma]it) basig ly the addmon of IN sodmm hydroxide and then the mixture is exwracted

N- Hydr oxy- 8N- éﬁeemegwemwmﬁul mug&..c%ﬁs%tma %mﬂaaapud%%oﬁmomaﬁ (R

) - car boxam de: 76M sol uti on of potassi um hydroxyl am ne I n nethano
prepared. The dmedmm magpesiumHifate and °Y?E°"a'2d wnder Frdyrad Pregsuzselaiye #isolid M (EI) 4P?1e
methyl ester @' ¢®)u2004* +8H¥8 mol ) and the reaction nixture is stirred
overnight. IN CI ded SQ It n th
resulting mx ur e |N§H Xt ’r‘yé?:'%'g“dm?ﬁ?xggkﬁ% 'ﬁ@ﬂ"%f f%‘ﬂ'tﬂ s%/azas&iarf’ é‘i‘{} E",""?]"re'legé@'vm th
magnesi um sul terbexasyide: e‘V&ﬂ@Ma@lmnuﬁ@mxmdmwlapmssmﬂwpl iPprepafedc Ahe LTEMOf
t he product i [ mﬂ'h
acet at e/ hexasloe“/%’ Sm"’ési;c. %‘i% Q&&%ﬁj& Q?T/%@tl ﬁH bﬁ@elggg 0 Hﬂlosk?@%e
(ESI): 404 (Mreastop mixtygy is stiped qvemighty |INHGigadded]tg the mmcmfx ér‘h‘f‘ the resulting

: mixture is extracted three times with ethyl acetate, dried with magnesium sulfate and evaporated

under reduced pressure.. Purification of the product is accomplished by chromatography on silica gel

using ethy} acetate/ hexane/ formic acid (17 1/ 0.1) to give the pure compound. MS (ESI): 404 (M*

+H), 421 (M* + NH,).
| EXAMPLE 4 -
jon i o o™
0 0% p-TSOH 0 0 KOH / MeOH 0 08
MQOJ\_/‘NK Ho/\/OH Meo)k._/‘“; Hydroxylamine Ho*ﬁ/lki”% )
> Y O E o
o
1b “ o J w O
4a. Methyl 7N-(4-methoxyphenylsulfonyl)-l +4-Dioxa-7-azaspiro|4.4]nonane-8(R)-

carboxylate; The ketone 1b (0. 5 g 1. 59 mmol) is dissolved in 50 mL of benzene, and then 1,2
ethanediol (0.108 g, 1.75 mmol) and p-toluenesulfonic acid (0.006 g, 0.0160 mmol) are added. The

reaction mixture is heated to reflux for 184h. The mixture is diluted with ether and neutralized with



4a. Met hyl

7N (4- et hq&%ﬁul fonyl)-1, 4- Di oxa- 7- azaspi r o[ 4. 4] nonane- icbruser/14557
car boxyl at e: etone 1b (0.5 g, 1.59 muol) is dissolved in 50 nL of
benzene, and then 1,2 ethanediol (0.108 g, 1.75 mml) and p-tol uenesul fonic
acid (0.006 g, 0. 0160 mmol ) are added. The 2%action mxture is heated to
reflux for 18h. fl'he_m'xtureis dilute &“er and nutr eeglwgll

WO 98/ 08850 sodium bicarbonate (10 mL), extracted e times and e com er layers are

PCT/ US97/ 1455 7wQsie$ﬂith md&immﬂmﬂetdﬁec[ dver mtgngsnmiutfae mthvapotakede Pirificatioh bffie

t dth d I

dlrlrrgz g\r/]er ngg‘sr:fo e sulé '?émke%y eva;il'(%i‘?oﬁ%@h gﬁi’s‘l\%fgg % 3‘%%&5 Sfl i*h
oil is acconplafsin@dtebgreedmm é@r(&&}y“fﬁn(mfﬂbasﬁw’wiﬂﬁ hexane/ et hyl

?K/[ete fhe ( 1{\| H[l)erﬁr'i) af g;&omman&ggmmmm S Bxa-7-asspirbefohdne-B(RY)

N- Hydr oxy- 7N- (whwhwylpﬂé%sglmmmfmwmoamm inmethenol iy prepatedo AbbI6M R)
- carboxyl at e: goftidn &Qi%ﬁqlsatmm 9hdde@l wmm&ryoeaelrmones gmmmel)qhu.@
prepared. The 1.76M sol ution cqt’Iy to the

methyl ester 4%aqon PAGTYS s'd"ﬂ&é“ﬂﬁ% N "t’ﬁe‘dr‘éﬁﬁ f‘il‘ﬁ‘ﬁ“ Fﬂ 3‘(’1"31‘ & theothnresuiting -
overni ght. 1N idition isexfuite thréeQinich aith ethyl dcevite, {dfiedwitttinigresiim sdlfae and dvéporated to

resul ting solutiaq h
magnesi um sul fﬂ%pa#r’f fceaé‘é“%r atrg%’}"?éggﬁs ad%pl ﬁé P’? 3 céﬁéllo f sﬁm éhsufg[émr’ﬁ
oil is acconpl acethemebgnelcﬂqmomw |9+ teogivesthé puracogpbunds MIYESD:hYI8 @det m,dﬁs
hexane/ formc ?K;é)Z/ 1/ 0.1) to give the pure compound. M5 (ESI): 438
(Merr] + H, err] + NHerr]). EXAWPLE 5 [err] b5a. Met hyl

8N- (4- met hoxyphenyl sul fonyl ) - 1, 5- di oxo- 3, 3- di net hyl - 8- azaspi ro[5, 4] decane-
9(R) - carboxyl ate: The ketone Ib (2 g, SEKAMPEBS is dissolved in 50 nL of

benzene, and then 2, 2- ~diowd hyl -1, 3- propane_sdi{ame(0.4 g, 3.83 nmol CMe
p-tol uenesul foni c_aci nohydrate (57 ,I) are added T xture
i s refluxed using]&2Pean- St a# %% pnar at ’ngver ni r? s made -
basi ¢ by the aseb of agaEd(SoNa and t"h@?’i"’é‘)@frac e tines
with Et[err]Q The= anic layers are was w t h anmoni um ch dried
over nagnesi um sult at filtered and evap ed. Purification of

product is acconpli shed by chromat ograpfy on silica gel with héRanel/ Et OAc

(7:3) to afforg t henﬂ r Qﬁ{ﬂﬁﬂ%f}ﬂeﬁﬂﬂlf&ﬁi%mﬁ&nﬂﬁ&k&w{ds 4jdecane-
NH err]), 440

N Lt k- o (&%rmmem Reker18,(3 £ 19 mymel) is dissolyechin 50 o, ppnegne, and then 2.2
ﬁz gSpi r |0[ 5, 4] damenpr xﬁiﬁbpaﬁambmarg :;:1 mhobdaﬁa/bsa%:;m.om‘cmpmmam7 mg, 0.3

ydr oxyl am ne in ) s des in bieser Hel G5 fdn is
Vol 1, p 478. 'T‘H‘g ggﬂ?‘m ‘?‘% umus'gzn% an ?‘ h
rrgt hyl gst er 5mac(e(ha§2 by me&dﬁnmmﬂe?;umd NaHeOosy adgenmxmedttbmeﬂm& \Giﬂnyﬁtz‘gd The
overni ght. The,sol U&ge%aﬂemeg@{.é, aﬁﬂnam.,s,hcﬂ Jﬁdt'gdm fobmnggne.um SHiFME, eflicéd and

extracted threg acet at e, r| e gnesi um sul f

filtered and ewmat Purificptinn oﬁrhemélect is@cqomplishedy cbfym?mhg an filica el ‘ﬁ?‘é‘ﬁﬂpﬂc

(60A40B, A, 95}’/@:5[\65 7:3) 8 affePdtRCAREIRA piodiidt.Clon SprayP1S: /511407 @at @ NHP, 4QAM* + H).
acetonitrile, 20%

give the title’ ‘t:orrpB‘?ﬂwlg @ﬂ%ﬁ?@*}/ﬂ@g W%d% o $8afdGlyks. colum) to

azaspiro[S,4]decane-9(R)-carboxamide: A 1.5M solution of potassium hydroxylamine in methanol
is prepared as described in Fieser and Fieser, Vol 1, p 478. The 1.5M solution (5.7 mL, 8 mmol) is
added directly to the methyl ester Sa (0.32 g, 0.8 mmol) and the reaction mixture is stirred overnight.
The solution is acidified with 1N HC], then the mixture is extracted three times with ethyl acetate,
dried with magnesium sulfate, filtered and evaporated. The product is purified by reverse phase prep
HPLC (60A40B, A, 95% H30, 5% acetonitrile, 0.1% formic acid; B, 80% acetonitrile, 20% H>O; 19
x 300 mm waters SymmetryPrep Cjg column) to give the title compdund as a white foaming solid.
Ion spray MS: m/z 418 (M* + NHy), 401 (M* + H).



lon spray M5: mz 418 (Merr] + NH4), 401 (Merr] + H). WO 98/ 08850

PCT/ US97/ 14557 28 EXAMPLE 6 [err] 6a. Met hyl '
7N- ( 4- met hewy psreszgo sul f onyl ) - 1, 4- di oxo- (29), (39) - t r ans- cy dcanesoyi14557
azaspiro[ 4, 4] nonane- 8(R) - car boxyl ate: The ketone 1b (1 g, 3.19 nmol) is

di ssolved in 50 nL of benzene, and then (1S,2S)-trans-1, 2-cycl ohexane di ol
(0.45 g, 3.82 mml) and p-tol uenesul fonic &%ld m)nohydrate (57 ng, 0.3
mol ) are added. The mi xture is refl uxe&ﬂga Dean- St ar k appar at us
overni ght. The sol uti g |c§,,rrade basi c by e ogldli tion of aqueous NaH err]
and t-hen extracted th times with Et[err Teorganlc | ayers 8 washed
"W th anmoni um chlgooistes dr| | eds@ver nagoe i sullicanﬂ.og‘l | tered 680

evapor at ed. PLmebfji\c« i on of thewpre t heHpr o éaecombytﬂ; i Nt ogr aphy

o

on silica gel wth*hgxane / c (1:3) fford the desiretl pk ct. lon
spray Ms: mz 429 fLM%err] + Nd)), 412 (Meer + H). 6b. N- Hyda o .
7N- (4- met hoxyphenyl sul fonyl ) -1, 4- di oxo%( 2 (3S)-trans-cyclahe; 7-
azaspiro[ 4, 4] nonane-8( R) - carboxam de: A IY5M solution of potasstMim

hydr oxyl ami ne 6an neViethylol 7A-(dmethoxyplienyisulinpsi-l i4iskinto4(28),Fi € (38)-tramckytlolRsygh7,
Vol 1, 478. mmi d tl.vio.the
nmet hyI gster tS‘aB;?“J“jM Il’)Q:Qrb(:?leteth he reac{ |é6r§1'eg’q}%§r e&'{sglgegt'#ée °? .
over ni ght. Thé’%’&?‘cﬂ“ﬁ&?“ﬂsg @bmflﬁﬁd"%%ﬁeﬂw (PiéF ¢ 3183 evmodiaad priojueneswifonis acxd

fexlt { 2(r:te§datnrdw gﬂ:;t;Hyail;& (58 ind (E:thﬁbl)afgt&tmue:mdihixaﬁle by rever sg ha%gk re HPLC

i v u v o

(60A40B, A oSUEESY trgﬁﬁé‘l‘c?%'{ ‘8%1‘?‘?‘??‘8"’3’ Biionohiaweale f NEHCQy and thop exradted tree |
acetonitrile, t@@%ﬂﬂﬁ B10] (The dQanic BP@s awashtdwith Syrmmhﬁﬂ siifsridy, dokd bvet me@um)
t the t

(MoreT o N Sy “”3“13%? e ApioEacD AT lodi8l & Secomidfncil YopFogriph on
7N- ( 4- et hoxyr:’ai‘l‘efmql ith hexase| /\EtQAa (1¢B) o affofdtiRy desired(p@ddpctt doumprag MS: ol #39 V- +

azaspiro[ 4, 4] mgaez Hparboxylate: The ketone 1lb (1 g, 3.19 mmol ) is
di ssolved in 35 benzene, and then (1R 2R)-trans- cl ohexane di ol

(0.45 g, 3.82 H‘nDI )N'er%! t G{Vef&methoryRbeRY “Mﬂ-lmﬁ;&%ﬁ)at @S{mnwelolmmﬂ-
mmol ) are addeﬁspﬁ&]@tlﬁ‘bﬁnﬂ-ﬂﬂ)-lcﬁrbbﬁﬂlwedAUB.BMgsdhnaeadl’- Suditim APARdkALMIRe in

over ni ght .

and then extr g‘é@%cfﬁsﬁ?%mle Bres W t ﬁef reéi'a‘?‘fié R 973 tﬁ' ?ﬂgﬁ‘e?’témg?#%ihed
wi t h anmmoni ummetelds added dirgetiyctol thg ymethy! estet/!? (933 £.3B0mol) and the reaction mixture is stirred
PCT/ US97/ 1455%\;%%@! The solution is acidified with IN HCI, then the mixture is extracted three times with ethyl

acetate, dried with magnesium sulfate, filtered and evaporated. The product is purified by reverse

" phase prep HPLC (60A40B, A, 95%_H20, 5% acetonitrile, 0.1% formic acid; B, 80% acetonitrile,
20% H20; 19 x 300 mm waters SymmetryPrep C;g column) to give the title compound as a white
foaming solid. Ion spray MS: m/z 430 (M* + NHy), 413 (M* + H).

EXAMPLE 7

/@,OMB _
O 05 p-TsOH O O

—_—

S H H ) : H & Q
1® [o} .o : 0, z
: 7a O T8 O

7a. Methyl 7N-(4-methoxyphenylsuifonyl)-1,4-dioxo-(2R), (3R)-trans-cyclohexyl-7-
azaspiro{4,4|nonane-8(R)-carboxylate: The ketone 1b (1 g, 3.19 mmol} is dissolved in 35 mL of
benzene, and then (1R,2R)-trans-1,2-cyclohexane diol (0.45 g, 3.82 mmol) and p-toluenesulfonic
acid monohydrate (29 mg, 0.15 mmol) are added. The mixture is refluxed using a Dean-Stark

g
z
§
:
3

apparatus overnight. The solution is made basic by the addition of aqueous NaHCO, and then

extracted three times with Et;0. The organic layers are washed with ammonium chloride, dried over



magnesi um sul fate, filtered and evaporated. Purification of the product is

acconpl i shedwiyegrdagsprat ogr aphy on silica gel with hexane / Et Odc¥ndse?ieisdr
afford the desired product. lon spray M5 mz 429 (Merr] + NH err]), 412

(Merr] + H. 7b. N- Hydr oxy
7N- (4- met hoxyphenyl sul fonyl ) - 1, 4- di oxo-.( 2R) 29(3R) trans-cycl ohexyl -

4,4 8 | ut f t
Py dr oyl arm ne. | FIREEHS 1 SR o g BHTS A" Fqs'tﬁﬁ”a%evc?;ﬁéié}nﬁé‘?@w by
Vol 1,.p 478. TMzﬁandiMmeénﬂliwgel (WitR hdamd / EtQA:. (2:3)moeffyrd the desttekbghodlict. a6 spiay MS:
the met hyl esw&v;ﬁﬁﬁ*ghﬁh)ﬁ!?ﬁ?‘mﬂi) and the reaction mxture is stirred

overni ght. The solution is acid with 1IN HCl, then the mxture is
extracted threelj rreQ"W‘kf?HetW*%EQ‘&P@"Y'&*?@G)-MHh!Wes@BMrstMs;yl-'I-

filtered and ey, AhES(RY-ff boxamide: PUL i 13 RLC
(60A40B, A N NOn0t acAtonitriTe, 0.1 n@dsgtr%ﬁﬁ:%gg,féﬁs.m liiad b i

acetonitrile, 20ophaplis preparedpy dsscribed inFiesaand Fieser, Yalhin 478r dhe L5M solutiono(iZrmy..
to give the titis aRBYHHIGedamaMyith G m&pbipsgo@zwo@ymmem:mmm is

430 + NH 3
S (4 et hoxy pHERGA Qﬂéﬁ% aon 5 5t Wi, DY PG oo e BB i PRl s s
9(R) - car boxyl atwith eﬂiyeadeeteodmd leixh(nﬁgrﬁszgn sl BteOffiteradand evaporakdds Thé ptedxct in plrified by

of benzene, an - = Pk O [ 1 de e
p-t ol uenesul fo%‘%‘psg& %‘Eﬁ%ﬁ%‘ﬁ?e‘ﬁoﬁ' wﬁa.&lg%rﬁ%? gfglg zl'ﬁag 80%
m xture is ref|agstoaitriles 299 HaO:DO1300 men waterp Hmmgmmﬁmmwmmmmmmd S
made basic by tf3g waAHEichhBPsdif. A yaapsNEECidotrt b sif@f £f racted three
times with EtO The oroganlg?: | ayers ‘are vvasheslw N?lﬂgnnonl umichl oride, dri ed
over magnesium sul fate, filtered and evaporated. Purification of the

product is acconplished by chromat ographgxasmeskEls ca gel w th hexane / Et OAc

(3:7) to afford the dess roduct | on spr bs mz 495 (Merr] £ _OoMe
NH err]), 478 (l\/[err] ) N- Hydr ox O
8N- (4- net hoxyphen fonylg_ﬂ.,ﬂidwxo-i%%nzyl oxJOR MM Spi 1 [5°/?}s
decane- 9(R) - car A &O’BNI"QHU pot as§Y"ﬁ'ﬂ1‘ﬁWrox§‘l

nmet hanol is prepare s descril®®o in Fies nd Fieser, Vol 1, p The
1.5M sol ution (9.3®n,°13 nmml) is added (ﬂ_zctlyto'the met hyl e& 8a

(0.78 g, 1.63 mmol ) and the reaction m# uredes Stirred overni gt .

sol ution is acigifi e h 4_1;4.9&,.0, &ﬁh&ymnﬁﬂsﬁi&n@i&xﬁf%ﬂﬁ ffficane

tinmes with et hyI acetate r|e magnesi um sul
evapor at ed. ThPPramhayiates ElﬁrkF‘Pﬁ"’e’d’ @ 2 10,98rrpolhis dissolvsd i s of Reptsngi oml then
95% H err] G S%aﬁ@u&putsnpr&me &ion(ﬁfcgf mrsm | imalFind ;p-16uen8oric fidmbriohydrate aao%g

compound as & bBBRPS R Mibof o, orspiEH s S Al Capiae Sy | oo

(Merr] + H). EWJEdee basid/fy tB8dddRiSh Of aqueous NaHCO, and then extracted three times with Et,0.

o (4. mot noxy priESg Rt g ook mopin oo icd v magmesiny iy, Shred ot
evaporated. Purification of the product is accomplished by chromatography on silica gel with hexane
/ EtOAc (3:7) to afford the desired product. lon spray MS: m/z 495 (M* + NHy), 478 (M* + H),
8b. N-Hydroxy 8N—(4-metbexyphenylsulfonyl)-l,S-diaxo-J-benzyloxy-a-azaspirol5,4}—
decane-9%(R)-carboxamide: A 1.5M solution of poiaésium hydroxylamine in methanol is prepared
as described in Fieser and Fieser, Vol 1, p 478. The 1.5M solution (9.3 mL, 13 mmol) is added
directly to the methyl ester 8a (0.78 g, 1.63 mmol) and the reaction mixture is stirred overnight. The
solution is acidified with 1N HC}, then the mixture is exu-acted three times with ethyl acetate, dried
with magnesium sulfate, filtered and evaporated. The product is purified by reverse phase prep
HPLC (60A40B, A, 95% H,0, 5% acetonitrile, 0.1% formic acid; B, 80% acetonitrile, 20% H2O; 19
x 300 mm waters SymmetryPrep Cig column) to give the title compound as a white foaming solid.
Ion spray MS: m/z 510 (M™* + Na), 479 (M* + H).

EXAMPLE 9



9(R)-carboxyl ate: The ketone 1b (2.0 g, 6.39 mmol) was dissolved in .

net hyl ene chloride (40 nL) foll owed by the addition of

bi s(tri netWwe@osioBesey) - 2, 2-di et hyl - 1, 3- propanedi ol (8.8 g, 31. BCRRISPIN455he
reaction mxture was cooled to -78 [err]Cin a dry ice/acetone bath, and
trinmethylsilyl trifluoronethanesul fonate (0.075 g, 0.31 mmol, 0.048 equi V)
was added. The reaction mixture was then witmed to roomtenperature and
stirred overnight. ﬁﬁ[ﬁ'@d sodi um bi car bon OMas added to neutral ixgomhe
m xture, and the na wag, Lhgn extract ed h wat er and net hyI en

chlori de. The or a PC | ayers—werewdr i ed r sodi LIAHEMI¥a; e e%porat ed
under reduced"p‘?es‘gz WW?Wn ma rrpl i STHERYIRPeS; | | CH

chr omat ogr aphy usi ng8an el uemt isyst em of thyl acetate: hexane77-

(ESI): 428(|\/[err'f'+H) 445 (Merr] +NH[ ob. .

N- Hydr oxy- 8N- ( 4- met hoxyphenyl sul f onyl ) - 18%5- dj oxo 3, 3-di et hyl - 8-a¥®aspjro[ 5, 4
] - decane-9(R)-carboxam de: The ketal 9a (4.0 g, 9. 68 mml) |s added to a
1.5 Msolution of potassium hydroxyl am ne sol ution , equi v,
prepared as d&cri Mgty W‘é%‘&"“&?ﬂhﬂye‘gE‘P“Y“‘\?él"“""f'-”’sﬂ"“h#ﬁ"f“l’

was quenched a(m).esrbéxymexr ‘The\lefohie 16N210(@, 659 mihol) Waddissoivé mﬁhthykﬁaemohmntmp ure

Mayers were rvEnRdr Bl beurrubdiontaddant] Hrundafnlh f sol diee’ e ©

pressure to ardagiamny mixpire d!VastHdl e@mt-7Hn°Creis @ cdrp njot/acsions] Hath, sind i wimetyplkilyl

h t h 20,
50 oy b s 510 3 B8y SRl il |
8N- ( 4- met hoxy Bl Wgmsd fofreemy fempdrature andstiyedovenight xSaugited sediym bicqrivonale waspadded to
9(R) - car boxy! gderalizé R nR%Eieddnd AR rhikture vehs thén SxtrabiBdPvith WaiterlafK REthylthe %ﬂome The

Et OH and the nixture is char ged with 10% pal | adi um on carbon (120 and

stirred under “SRUc BYSFHEHR Q’F’(Q Qyer q9dium sulkae FSF""B?’“‘H? un#md"(cﬁ’( Rrpgsurg. %‘F&“
1: 1) i ndi cat ecrad &econiptisted bpsilidagelchrgilaigRphy kiding BA dbent §stbrh of 3:1 bifiyl Qckedtd) hexagh

(o) 2 RS S g Bt on spra) 1 400
PCT/-US97/ 1455%b.31 ydroxmg;hgxyphenylsulfonyl)-l,5-dzoxo-3,3-dlethyl-8-azasplrol5,4l-
8N- (4- met hoxy QMM§(WLJrQMHJe1 'Fhed*e% CH %4 33&9 1758 Ynnﬁﬂ)aﬁ 3adh N LISI Eay: ﬁﬁ\%@ of .

9(R) - carboxam de:. A 1. 5M sol ution of ot assl um hydroxyl am ne in pethanol is
prepared as d8¥essiumbydrprylamine seltion (77 ml.cldequiv, WP“"&"“HCS&'P‘B" i iiigger andSijesero Vel | on
(11I ;rL é6 ﬁ nw14y8.). snﬁdrdesv}donol\lvfsEt:fi.&.{cumtawtméI §RoureWidy IN ﬂetT fla ;leafw 8hereactiod) 6
mmol ) and the reactio g s stirre r solution is

DTG e wi ¢ ASRE 1 ery e i e st Bt o e e B 8P e 4 )
acetate, dri edvmsedmmmgfaesmvswitdtmderfmmcet pesswrcb 2 Voaamy rsalide dPurifiosiop masiuct
is purified b gﬁm‘

acetonitrile, ¥cc£.§%i§§ an;égf J%ﬁ/:/ g?%ﬁﬁ‘? le,gg%%ﬁ;omrgfo{eﬂ}r ﬁgs%fst Ms300
mm wat ers Sy ky‘??@ﬁ*tﬁe-r“t‘?('ﬁ to give the title conpound as a white
foam ng solid. lon spray Ms: nmz 406 (Merr] + NH err]), 389 (Merr] + H).
EXAMPLE 11 .

EXAMPLE 10
OOMO /@,OMO QOM&
0 0,8 Pd/IC 1M, 0 0,8 KOH / MeOH O 0.8
L Y Y ; ! —— e e J
M‘o’lk/ h" : EtOH Mﬁo)k/ N Hydroxylamine HO. N)k/N

t /o _ t /o Ho& /o
) L 0,
1b 10a 10b
0B OH OH

10a.  Methyl 8N-(4-methoxyphenylsulfonyl)-1,5-dioxo-3-hydroxy-8-azaspiro[5,4]decane-
9(R)-carboxylate: The acetal 9a (1.2 g, 2.51 mmol) is taken in 20 mL of EtOH and the mixture is
charged with 10% palladium on carbon (120 mg) and stirred under one atmosphere of hydrogen for
32 hr. TLC (EtOAc / hexane 1:1) indicated the reaction is complete. The mixture is filtered through
celite and concentrated to give the desired product. fon spray MS: m/z 405 (M* + NHy), 388 (M* +
H).



[err] 11la. Met hyl

N (4- rret'hog,)(.pm ul fonyl) -1, 4-di oxo- (2R) - net hyl - (3R) - net hy

azaspiro[ 4, ]nonangeo-s8( R) - car boxyl ate: The ketone 1b (2 g, - g&mwiusm
di ssolved in 40 nmL of benzene, and then (2R 3R)-(-)-2, 3- but aned| ol (0.67 g,
7.66 mml) and p-tol uenesul fonic acid nonolsgdrate (120 ng, 0.63 nml) are
added. The m xture is refluxed using a Dean-Stark ap:garat us overnight. The

sol ution is met¥® paltHydsexySi+-methoxyRhsnyisuliopyibfrdioxey EX!I"WMIW&M ed
three _tines wi g(h).&ijmmlda AhesMIsgiaidnCof! ﬁbjﬁﬁﬁ‘m 3y EroRfaR0inVVndthinSNE)

hl d d f d t ed t d
Che desi 1 ed prftiRd n aacap HPevor # 8 TR forsoRfiopls oo gg@» et |
+ H. 11b. Mubt;tls}rtmhy methyl ester 10a (0.8 g, 2.06 mmol) and the reaction mixture is stirred ovemnight. The
1 e g G Tl o e
hydr oxyl ami ne With magnesiymp bulfats, fiiterqdoand vaporateds he Ipeodudt ris pririfiekby eonetseFphaaprep
Vol 1,"p 478. ghie éoﬁ&hsnlgsm% éa%%céiammféf?o 199 Roobic afia, 3186 alloh L, 2o o 13°

nmet hyl ester 1la (2 , he reaction m xture Is
over ni ght. The 308mm W.W&W&m%a cwnw tq gjvethe title ppmpoynideas m“%mfoemms solid.
extracted thr qen dprayMs: W/ bo&(MMNRg,ejsgtmwh)l ed with magnesi um sul f at e,

filtered and evaporated. The product is purified by flash chronatography
(CHerr]CJ[err] /| EtOAc / hexane, 5:3:2 to'5:4:1) on silica gel to give of
the title conpound as a white foam ng EXAMPLEON spray Ms: mz 404 (Merr]

+ NH err]), 387 (Iv[er Mﬁl) EXAMPLE 12 B8/ 08850 Ome
PCT/ US97/ 14557 32 T OJ\/Et yl ,O :
7N- (4- net hoxyphej&g 2ul fon oxo h.?i';r'_’(ﬂanem 0

azaspi r o[ 4, 4] sRan _2( R) - car'po; Y1 at er éeton PS g, W _GZTD is

di ssolved in 45 nL benze *and t hen 3S5)-(+)-2, 3-but anedl 0.52 g,
5.74 mml) and p- % ol fenesul foni ¢ aci d m)n%gg)’drate (89 ng, O0.47 -~ ar e
added. The mixture is refluxed using #&n d Stark apparat us Bverni ght

The sol ution iisa.maddethgdsi ¢ by m&ﬁddoiypmwﬁ!foaﬂﬂewmNﬁﬁ)‘-‘iﬁeﬂ@l—bk@-ﬁdtﬁyh‘ﬁn

t ted th h T | h h
armont um chi onrerorsabbladebo Eithee, 1 G P8 Th G o B8 adl S iPROER s (o
afford the dedrnzens. p#d)duet(mﬁm-)s%ﬁ-mol 67 20B6K n{ﬂ@i)r 4nd p-tolueresuifphic a8W6

(Merr] + H . mbgéh dratelblt L Q8 mmol)areadded The mixture is refluxed usmga Dean-Stark apparatus
7N- (4- met hoxyphenyl sulforl%lgﬁ,5 -di oxo (28 nmet hyl - (3S

azaspi r o[ 4, 4] R6TY Fiadepazls by the additiogygf a%‘ﬁ?‘lﬁt"{agﬁobf"dﬁ'éﬂ‘éé‘ﬁ'ﬁ‘?ﬁme
hydr oxyl am ne timas with h@ﬂp IThé ergaiciapedreate dashed Stk kiMohiini ciitbrifs Sdried Bekr Magieesiim

methyl st er TOME Beges 8 el dshorme s ol o P o 04 ot Relll®

over ni ght . Thé863((M*u*tan is acidified with 1IN HCl, then the m xture is

extracted thrqg,ti ri@ﬁegfowrhet hrW %ﬁ.ﬁg@ﬁﬁﬂ)ﬂ%wﬁé&ﬁ?ﬁﬁﬁgﬂmﬂm@& 7.

filtered and evapor at e pro togra
(CH err]d[er Pf"r-rwmﬂnaﬂlmwsyﬂw si P ééMgemmm ofi petassinm bxdrqumwmund
as a white methanol is prepared as described in Fieser and Fieser, Vol 1, p478. The 1.5M solution (32 mL, 48

mmol) is added directly to the methyl ester 11a (2.5 g, 6.7 mmol) and the reaction mixture is stirred
overnight. The solution is acidified with 1N HCI, then the mixture is extracted three times with ethyl
acetate, dried with magnesium sulfate, filtered and evaporated. The product is purified by flash
chromatography (CH,Cl, / EtOAc / hexane, 5:3:2 to 5:4:1) on silica gel to give of the title compound
as a white foaming solid. lon spray MS: m/z 404 (M* + NHy), 387 (M* + H).

EXAMPLE 12



foam ng solid. lon spray Ms: nmiz 409 (Merr] + Na), 387 (Merr] + H)..
EXAMPLE 13 [err] 13b 13a. Met hyl,

8N- (4- et ivoowsisssyl sul fonyl ) - 1, 5- di oxo- 3- net hyl ene- 8- azaspi rBCHUS)E85Me- -
9(R) - carboxyl ate: The ketone Ib (3 g, 9.58 mml) is dissolved in 45 nL of
benzene, and then 2- nethylene-1, 3-propang_diol (1.04 g, 11.8 mol) and
p-tol uenesul foni c acid nonohydrate (182 mjz 0.95 mmol ) are added. The

m xture is refluxed NpEMe Dean- Stark ap % overni ght. The i@m’@n S
made basic by the. on gueous rr ng:ﬁ-hen extrac t hree
times with Et[er The PQLO& ayefs ar e was-kg'g—w-t-h- 2

a n chl ori de,
dried over naM¥esiiu sulfata___i"llt d an evap&?dé?”é’ﬂ'.'" Pu?%)c\ajl n of the
product is accorrgll ed by €hrematograph n silica gel with he>8 '/ Et OAc
(3:7 to 4:6) toBfford the desired produc¥” Yon spray Ms: mlz (ref :
intensity) 401 (Merr] + NH4), 384 (NPerrf + H). WO 98/ 084%0 ¢ .
PCT/ US97/ 1455R2a33 Methyl  N- Hy diNofdymethoxyphenylsulfonyi)-1,4-dioxo~(2S)-methyl-(3S)-methyl-7-

8N( 4- met hox ' - - A -

decane: o( Ry OSBRI ARGk ctspbdy B Th: R fb PP RTREREA W il 5 mi, o

met hanol is pheagsas.cthdathend @8S5)-(1)a.3rbmtapediot £9.52, 80 57 awyeql) andop-toluengsulfppg. ackhe

1.5M sol ut i Onm&goﬂivcﬁ‘he (@mﬁmlﬁ ninfoy2ale Qghedli 19€ thi¥urleOis rdiRixedBhsihg! DR laRd shAdd
e

(1.25 g, 3.26 nmol) and t reactiqQn mxture is stirred overnjght. The
solution is atPPAPRE BYsmight-, Thasolition is made bagje by,the, addition of agpequs NaHGO3 prd then
times with et&yrhcraiamedtimes with EeOD. Whé Srgiiin@siartWaslied With hftmoriinh thdride deiedover
evaporated. The produyct i urtfied by f chr.onat aqr aph . :
(CHerr]d] er?'fg”fg'ﬂ-lf“g{r%tﬁ W@g& g‘ﬁap‘gﬁeaé/?lahgé%ee ?"f‘g%'gﬁg@‘é E’H)eép'?!f Ms'em{:zo‘r‘r%ound
as a white fo@Mi+tyHOI6AM HdD. spray M5: miz 407 (Mefr] + Na), 385 (Merr]

+ H). EXAMPLE;,}14 . - | " -
N T4 ot hoxy Shany (ST | | B Altadphenyiutonyh 16 gloxe G5y methyt Sy metih 7,
The ket one | bazasrir ’geoneee-éﬂlrmmnweai 5 oM Fofuonyof HRprssiie dpidraxylagine &0
) 2f2 (il IgowedI E&g&gﬂs a«dgﬂrsdia@Taese;ih bebi.ﬂgi;s&iarrmbs&. Yol RIS 1mgum&$gdaéo mL( leag-
, . Mol , equl v.) . e reactl on e cooled, Lo - Jn a dar
igce acet one b3PAY "aﬂ’g°4 %@‘ﬁ‘b& LVindeaithidd Qf’ﬁ@f%ﬁ’e%’%a’ﬂ@g'h F‘fdo‘hﬁfeéaf’g e 5 0%
nmol , 0. 048 esimed pvermight.d Wixdsolufibve isracidified with N Ol tienits hivere ivextasted thize timesm

temperature afgh Shh b, Gl With Himesitid bifal! Afl-A UMM HBA THODGE: i PuribEfiRA 1O

neutralize the mxture, xture 15 then extracted wat er and
met hyl ene chl Bash derop@ographp (CHaC)2 / GHaOHs P88 ncsilica gl tasgiyg e Hilq comperpd 2s 3 ylitum

sul fate and epgR@p adiRd10368Y MESHAL Y (T fRASE.(MPUH)f i cation is acconpl i shed
by silica gel chronmatography using an eluent systemof 1:1 ethyl acetate:

hexane to afford the product as.a colorless oil. M5 (ESI): 372 (Merr] +
H, 389 (Merr] + NHerr]). 14b. " EXAMPLE 13
N- Hydr oxy- IN-[ (4- met/)@bphenyl )sul fonyl ] - MMexa- azaspi ro[ 4. 5] rl@n@hz_
| 0 08 p-TsOH 0 058 © KOH/MeOH 0 058
walogty W on weo oy

B ———
_ Hydroxylamine ﬂ -
:i ’720 : ‘ﬁZo
w» © o] i c—_ ) i
13 LL N

13a.  Methyl 8N-(4-methoxyphenylsulfony|)—l,5-6ioxo-3-methylene-%-auspiro[S,ﬂdecane—
9(R)-carboxylate: The ketone 1b (3 g, 9.58 mmol) is dissolved in 45 mL of benzene, and then 2-
methylehe-l,.’»-propane diol (1.04 g, 11.8 mmbl) and p-toluenesuifonic acid monohydrate (182 mg,
0.95 mmol) are added. The mixture is refluxed using a Dean-Stark apparatus overnight. The
solution is made basic by the addition of aqueous NaHCOj3 and then extracted three times with Et20.
The organic layers are washed with ammonium chloride, dried over magnesium sulfate, filtered and
evaporated. Purification of the product is accomplished by chromatography on silica gel with hexane
! EtOAc (3:7 to 4:6) to afford the desired product. lon spray _MS: m/z (rel intensity) 401 (M* +
NHg), 384 (M* + H).



carhoxam de (C) The ketal 14a (14.0 g, 37.7 nmmol) is added to a 1.5 M

sol ution of yw@bassdsym hydroxyl am ne solution (300 ni, 14 equi vPCPUSPARI4ST as
described in Fieser and Fieser. Vol. 1, p. 478.). The reaction is quenched
after 1 hour with INHC to a pHof 4.5. The reaction mxture is then
diluted with water and extracted with ethyl 33cetate. The organic |l ayers are
dried (Na[err] er ggp ev ]
solid. Purificatron rJ|')élya onpl I's %L&E@gx#ﬂ&?[wﬁ&gﬁq%kr'%#%stﬁaéy}p%&'?“F?(gm‘l
3% met.hanol : O&epeNRbearbexamjde: Thé-Sh wintion ofmm@m#mylmmalmmﬂmolmd '
glgl ((35352) 372 (MeSiribkd i Fibser shdGridsd] br 1, praRHTRE filsM solettoViluEnil 26 mmoffGs added
PCT/ US97/ 145 576@&“{ @r‘PT methy] ester }\?étcﬁfp g, 3.26 mmol) and the reaction mixture is stirred ovemnight.
1IN- [ (4- met hoxyp by Blkitifiey jth INHA, thér the nixtox B-eltacRd Bekeirics Witk eyl acetde,

pent adecane- 2- ¢ar bo | at e The 3 be e (6
m) is stirred rﬂ'ﬂ?ﬁ%\' zi#lﬁi ér}gﬁﬁg %\’é evfgdﬁatecfi g@ﬁep é“?f i Mﬁi&& AR
(0.56g, 3.83 msmmamhpemacuemsomasri) on silida gel(t®giGeltheniplei coppanndasackhirel foanting
reaction is then.e + and a refl ux condenser
under a nltrogenda mﬁ’%ﬁg’ il(l\rgggc f%?\sr(lkds +h®gt ed to reflux overnight The

reaction mxture is quenched and basified with saturated sodi um
bi carbonate. The resulting mxture is egkhaigdiqM th ethyl acetate and

-wat er and the organic | are dried over sul fate and con Q at ed
under reduced pressure urlflcatlon IS ag% i shed by chromato y on
silica gel usmgh%e thy¥seleefate ( ). 4 (M P«%

461 (M [err] + Meex IIESW.’\/‘oms Mooi’ Hydroxylamine ol ’E'

11IN-[ (4- et hoxyphen t;sul fonyll-2,4,8,14- tptPaoxa- 11- azadi spi ro['ivZ 5. 2] pen
t adecane- 2-car boxyPi c® aci d:  The ket aI 152 0. 90 g, 2. 03 Mol ) I'ssol ved

et hanol ) (L0 iy ol A S oo fhnsBiS 25 Bl
hour. The reacThedsetons 1b 26163 -Sopmeldés disselved lermeéwlellq\shmne {580 mb3 &qlioyeq by the
The reaction niqghidh &f Ibﬁ(ntuhgf(.}nmw)agtﬁdpamdw L= E,Yiz&@emﬁbﬂ @rsléd,av)anﬁlhmmﬁn

The organic |layers are Qver sodium sul fate and concentrate 3?
reduced pressuRBGisGeeled onE T BRAY | icoasetpredath. a’ﬁ‘éﬁ”’(‘ﬂ[‘%‘?’ 'r‘f‘ orgiethapcstatonate

(Merr] + NH e(3r6]g). 3 0'3- 5ﬁlol 0.048 equiv) i 1s added. The reaction mixture is then warmed to room temperature

N- Hyd 1IN | fo 4. 8 .14-1et di 4.
> 5 9 Dent atiAEeD SIHPEN SFHES SSAm bickniot f add e, RORER e Rl Rl Bt
mol ) i s di ssomixegk isthenektngied mwish cdateoanddeeﬂ(yleﬁe dlilgride {30k POwel). [Fhe ptsetmatdnhrsamn
of oxalyl chl O&ﬁeg%vérgﬂgﬁn Qulfate- 42 ema)ed mr ;ebﬁ:gd EM: GOPQ'VF cﬂlonlsgcdmh%d by

under nitrogen atnosphere. In a separate dr oxyl am ne y dr ochl orlde

(0.28 g, 4.0 nsiisgelc °@P@§en*véanswmwstvfs°fn'w eth i’iﬂaﬁvﬁfiﬂ“ﬁfﬁm hepmdurtah
of THF (10 ) a cold#Rssdil] Rﬁ(ﬁﬂb@ﬁ@ﬂ*#&)@kﬂﬂ+m hn ice bath and

AR LN ARG DI G R e N

war ned to r o0omarbdXpMidRt(C) GI'lnarkdaBIGal’(Iled gf IN.7 immhY s addeBoro pels Modolutien bfipetassium

sol ut iﬁgphyl N il RaRfld ShhudcR ARMEVE Qb prg,mm allkathd foCribser M HRsEXVa2E ed
478.). The reaction is quenched after 1 hour wnth IN HCl to a pH of 4.5. The reaction mixture is
then diluted with water and extracted with ethyl acetate. The organic layers are dried (Na;SOy), and
evaporated under reduced preSsure to a foamy solid. Purification is accomplished by silica gel
chromatography (eluent: 3% methanol : 97% chloroform). The product is obtained as a white

powder. MS (ESI) : 372 (M* + H), 390 (M* + NH,).

EXAMPLE 15



| ayers are dried over sodium sul fate and concentrated under reduced
pressure. Purification is WO 98/ 08850 '
PCT/ US97/ 1/86P8888%4cconpl i shed by reverse phase chronmat ogr aphRCT&8R14857
Symmetry Clerr]) using a solvent systemof 40% A (95% water, 5%
acetonitrile, 0.1%formc acid) and 60% B ( 20%water 80% water). M
(ESI'): 445 (Merr] + H), 462 (I\/[err] + NH e 3rr]) EXAI\/PLE 16 [err] 16a.
Met hyl

IN- (4- met hoxyphenysul fonyd bz's -dlm@; azaspi, r(% qR@ane- 2S, 4S- di net hyl -

2-carboxyl ate: The ket g W |s d'r'ss!rrved i n benzene (60
m.) and then 2S, 4S- (+) Pe ned| ol a4° mml) and p-tol uene
sul fonic acid (0.01 equi vy ame add®«° The rea

¥n is equi pped with a
Dean-Stark trap and a refl ux condenser under"'a rogen at nosphere. The
reaction is then heated to reflux over night. T eaction mxture i's
quenched and basified with saturated sodi um bi carbonate sol ution. The

m xture is then extracted with ethyl a and water, the fic | ayers
are dried over sodiumsulfate and b n@myroa&ad und@Q, ced pressure.
Purification is acconplished by g t ogr ,sMoLNok,gi usi ng hexane:

ethyl acetate (7:3). 16b.
N- Hydr oxy- 1N- ( 4- net hoxyphenyl sul fonylo -}, 5-di oxa- azaspl ro ] nonane- 2S, 4S-
_.099,225mm ib\széddedtoa15
ution (10.2 ni, 18omml pr epar ed

di et hyl - 2- car boxam de: The ket al “Poa
M sol uti on of potassium hydroxyl am ne

as described i fsafi epfinypnd res 1
mxture is stirred overyﬁgl_g’l.hIihe e er“}eég%‘{mé"n)ﬂﬂfoﬁﬁﬁf}'ﬁé #’gr"f’@%ﬂo
pH = 5 with 1NPqntadecampr-caxhpxplate nTheketgnd Lh dep WJUH maikein iumnee(ﬁﬂ md tiedimed ah-

ethyl acet at e. rodiiQerfijefhtiiné Sndl tRHET,S didkdRe-9)5| dithkriiad &1 1(0.562]5. h'ﬂnﬁm‘&l)faﬁ‘& S—t«ﬁ&kqesulfomc
Purification is perforned reverse

phase  HPLC. (Wl QObFHME fro SRR HhS eaciom s emgsvpmdowiticn Bre-Sook, Eapetnd e o,
0.1 fornmic aci cb)xdmml udd?/® nitrogddumapbite. TH YeadioRliORdaied td Rflux &Vﬁn(gEzS' e redfion

[1(3211 ;e'lt_?mxsg eny u‘*}ll_%ﬁq}') 1@%)% 1y 'gf k’ﬂ4b'?fWBﬁ§négéﬁsﬂﬁ‘%Pm)ﬂ -

2-'car boxyl at e: exméedkwwbyl(azm gnd BatrQandnthe| Irganis lalies ed drizd oiver sodind enifate &
nm) and then %n%éa)lmdp %@éﬂ%sﬁh (PQnﬂlQﬁon iSaca¢mpliRl by @lﬂ&n ggpgh}lﬁ'ﬂﬂllca gel
sul fonic acid (0. qu are e _gctlonlse ul ppe

Dean- Stark trap"§ H‘aﬁe F'b?lla&?'%@r*bem%@?sqfﬁﬂ@f' Ly (MgerNB nosphere. The

reaction is 1580 OBINORSaidthoxyphenyl)sulfonyl]-2,4,8,14-tetraoxa-11-azadispiro{4.2.5.2}pentadecane-

PCT/ US97/ 145572 g’a@boxyhc acid: The ketal 15a (0. 90 g, 2.03 mmol) is dissolved in methanol (10 mL) and THF (S

mL). Lithium hydroxide (1.0 g, excess) in water (5 mL) is next added, and the resulting mixture is

stirred for 1 hour. The reaction is quenched by the addition of IN HCl to reach pH = 2. The reaction
mixture is then extracted with methylene chloride and water. The organic layers are dried over
sodium sulfate and concentrated under reduéed pressure to give the product. MS (ESI): 430 (M* +
H), 447 (M* + NHy).

15¢c, N-Hydroxy-1N-|(4-methoxyphenyl)sulfonyl)-2,4, 8 14-tetraoxa-1 l-andlspnrou 2.5.2)-
pentadecane-2-carboxamide: The carboxylic acid 15b (0.43 g, 1.0 mmol) is dissolved in
methylene chloride (15 mL), followed by the addition of oxalyl gl;loﬁde {0.26 g, 2.05 mmol) and
then DMF (0.07 g, 1.0 mmol) under nitrogen atmosphere. In a separate flask, hydroxylamine
hydrochloride (0.28 g, 4.0 mmol) is dissolved in water (3 mL), followed by the addition of THF (10
mL). The amine solution is cooled in an ice bath and triethylamine (0.61 mL, 6.0 mmol) is added.
The acid mixture is then added to the hydroxylamine solution at 0 °C. The reaction mixture is then
warmed to room temperature and stirred for 1 hour. To neutralize the solution, IN HCl is added to
achieve pH ~ 5. The mixture is then extracted with methylene chloride and water. The organic

layers are dried over sodium sulfate and concentrated under reduced pressure. Purification is



heat.ed to reflux at overnight. The reaction m xture i s quenched and

basi fi ed w wo ssusssmt ed sodi um bi carbonate and then extract ed RET/USITIIAYS7
acetate and water. The organic |ayers are dried over sodium sulfate and
concentrated under reduced pressure. Purlflcatlon is acconplished by
chromat ography on silica gel using hexane: 3t hyl acetate (7:3) as the

el uent. MS (E?hgo mgg}%gd Q}\/{e%{e]phﬁ[;%m g;éﬂhg (Wy{cérdy]nm&w ij.&l% s&\ms

N- Hydr oxy- 1N oxy I'sul f onyl di oxa-azas nonan 4R—
di net hyl - 2- caﬂemm%wat%%‘fy mwmlw 6 formis asid) 3 §0% ﬁp G206 water B0%6 water)5 M)
sol ution of pqgg;awwhymmxtmm&ol ution (10.2 nlL, 18 mml, prepared as
described in Fieser and Fieser, Vol. 1, p. 478.) and the resultl ng m xture
is stirred overnight. The reaction is guenched and neutralized to pH =5
with IN HCl. The solution is.diluted WEXAMBLEL6 and extracted with ethyl

acetate. The organic | PMe are dried over 9% sul fate and con oMat ed
under reduced pregs @ePurl.lj& cation i t hr ough

crystallizat | on WI acet }\/ 401-%4;%%&3» "&2@8 (Merr]
+ NH err]). [err

IN-[ ( 4- et hoxypheny, ul fo?’fl/ 1T~ 19%- d| oxa |ro[4 6] decane- 2- yl ate:
The ketone Ib (1.0 g, 3.19 mmol ) is di ssol i n methyl ene chheer | (25 n)

foll owed by the addition of his(trimeth 1Silo 1, 4-butanedi ol (3.73 g,

15.9 mmol . 5. esasqu.Mythyl%—&ea@mﬁewifw&lﬁJ mma-rﬂ&sma-f@wﬁmwi

ilr gsi ce Ftc et OnGakikylates The lﬁetdna'e?j de% |3|.U|mxﬁ<f[l] i hmrmbh&a&qﬂ] MDY dhd eheh gs,f@ g,
mo iV e ac | S en med to

room t enper at 8%'3"’ ‘g'(fd‘gi Mﬁ%é%%@l“@%’“ "SRt ﬁ'ﬁgﬂ’%ﬁ'dts‘gérfﬂ’ﬂvbf’ﬁ%%°m" _

added t o neut lissquipgediwith aiDean-Stark trappand atréflax nondénser@ndes a bilregen etrtosphere.cThergattion

water and met @/&, ateld tPhehfiCo a/cﬁ 5%@#)acn g%xc%q&‘ lefichbd Y Gasifibcwitl Aa&iiaeqvﬂ -

sodiumsul fate a evapor at e reduce pressu Purification
acconpl i shed Bgdium bicarbonate solutien. oﬁmwgvxmwewwdawheﬂmbﬁms ?&W-d‘!e °I$3131°

et hyl acet at e jaybyg ¥R ied veriddRinsulfils ald ReH/édnecentrddd nbe?! réducedGifestud. Spurikication s,
403 (Merr] + NH err

N- Hydr oxy- 1N- PeRmplish %beﬂ@ﬁ?ﬂ%ﬂ g achusine hexgaes ethy) acepte(ZPl 6] decane- 2-
car boxam de: The km-nbaﬂ:ﬁmr@-id-ﬁelgoxﬁhﬁnymn)l)-ﬂS-cﬁuidaﬁhspneomsnmﬁnWS,cs-ut i on

f t [ I d
'n Freoor and iaateiannde’ thl hu'ses dib e 32300l PLBRIGRE ) S R
hour with 1N bl@hssmm *ad!pw@im&lsosmm' 618.2rmla 38 immpl.rprepangd es q‘escr'lbﬂbm Fiis¢r.and Hieser.t h

water and extRggtied wmﬂtmkesaﬁ@t Rbure TJ"ﬁm@é Qadmhight] e MrBacAdnCis YubrRRked and
(Na[err]Serr]), and evaporated under reduced mssure to a foany solid.

Purification Peualizd tpPH s-rﬁeﬁ‘“by“ Gl dge g@?""e Ay Yhied Sythattey apd pyasied withgthyl
net hanol ' 97%getdky. OMme fofgadid layel e BricdCHver solliim Gifafl dié dondéntrated\iidecrefyiiREssurdyS

I(:,CE:-SI-} {JSQ:;?K 4(5?&&1'?*]!!?;/5‘%@ b% gqyer r]lhase I-NEE (Walezs Symmet\l/'y\o C ?3(19"%8&9/& (95% water,

" §% acetonitrile, 0.1 formic acid) and 40%B ( 20% water, 80% acetonitrile). MS (ESI): 386 (M™ +

H), 403 (M + NH,).
: EXAMPLE 17 .
o™ o™ o™
0 08 £-TsOH 0 0.8 KOH / MeOH 0 0;8
MoOJ\.,"N ;\/L : Mgo’u\__/N Hydroxylamine Ho‘nk‘/::z
h HO OH —Lo : Lo

17a.  Methy] 1N-(4-methoxyphenylsulfonyl)-1,5-dioxa-azaspiro|4.5]nonane-2R,4R-dimethyl-
2-carboxylate: The ketone (1.0 g, 3.19 mmol) is dissolved in benzene (60 mL) and then 2R, 4R-(+)-
Pentanediol (0.40g, 3.82 mmol) and p-toluene sulfonic acid (0.01 equiv) are added. The reaction is

equipped with a Dean-Stark trap and a reflux condenser under a nitrogen atmosphere. The reaction is



19a.

N- et hyl - 7N-[ ( 4- met hoxyphenynl ) sul fonyl ] -1, 4-di t hi a- 7- azaspi r o[ 4. 4] nonane- 8
(R) - carbowgesmsssoi d: The ketal 1c (0.90 g, 2.31 mvl) is di pevivsendssy

met hanol (10 nL) and THF (5 nmL). Lithium hydroxide (1.0 g, excess) in water
(5 nm) is next added, and the resulting mxture is stirred for 1 hour. The
reaction is quenched by the addition of 1 F\I HCl to reach pH = 2. The .
reaction m xt| L d The
organi c | ayer él%&gdrég% gglo ovsedthEI ?ﬁa\r%le“;snu é{‘%ﬁﬁf)ﬁé%&gt’@éqﬁ%%f”wgﬂuced
pressure to gmeomemyrmctmmemz ace%m(dwl@m ] The orpanic 34¥&rs (ade dried |over

NH err]). 19k

N- Hydr oxyl - dmﬁ suu-m a[m(i 4coﬁ%et'ﬁa(;§<dyu dee;’] red“ced ?rgsr’t'urle Punf cﬂ' t hls ar P lz'%'tigd |brv of 4.
4] -~ nonane- B(WNQS@W%SHE‘ geifysing ?"B%( Y‘c“%? g the clugnt.g MSHESH; Wﬁtﬂd)" i s
di ssolved in mmhylmnm)prl de (15 m.), foll owed by the addi ti on of oxalyl

i1 ogen at midhher SHERE IS Ht oo R ayRyron(l o amsnois SapebmiBeRze (0. 37

g, 5.33 nmol )diméhyli2sacionmehiden Tha kel (().3 grﬂ.zs mlf‘ml} is addeditolay1. Sfﬂleol&ﬁiﬁllo? p&isioh THF

10 nL). Th trigethyl ) 1.1 -
(20 7)o gl i S Bl Tk R VL1

hydr oxyl ami net78 bindithegesulting @ixtuse B}@edﬁmlzi@aBEWQ;mmw:mmdmd ricmeatizedao piée t O
room t enper atsh mlitc‘ftweﬁmt.pfs attue@%h i 8'\dhehaed %fih L:Hﬂw wth&%aiué' HC

I's added to ach| eve pH - mxture is t en extracte ene

chl ori de and Ryssers d‘T?‘i‘e“"G’r g?ﬁ‘ﬁ!“ts"r‘faﬂ?eﬂ"g concgntigted @@‘b\?@t‘”ﬁdm s (Rurifigationgis

concent r at ed soehplisheEEtGgbrytaBiaion Srith Betonfirile: VS (ESI: 0BG, 4130 + ).
reverse phase chronmat ography (Waters Symmetry Clerr]) using a sol vent

system of 40% A (95% water, 5% acetonitrile, 0.1%formic acid) and 60% B (
20% water, 80% water). M5 (ESI): 391 (BXaAMPLE H), 408 (Merr] + NHerr]).

EXAIVPLE 20 [err] 20a Seeny | OMe
-(1-Pyrrolidi nw%@@[cy&)?ggexane 2, s(,@ ’I'—t- e‘,”‘2] oxaz ,@ar boxyl

ate: The 1-(cycl ylid § di ne 54,4&1 in THF
(100 m.) is st‘f’?red r'¥8n 398¥?)J§5 =_7Z°

PCT/ US97/ 14557 384t €gper at ure and t hen eighy \\) '
3- br ono- 2- hydr oxyi m nopr opanoat e (12. 21y, .7 mol, 1.06 eqwbvi~1tef:

O tenheijm HgaC MethyiPiftjs-m& ”ﬁ‘.Jl J'B-abﬂﬁbeduel.ﬂ J.
Og. Chem 1955 47 214‘7;%5:?‘5'%35’339?2%' Vs dibxa ijﬂ Jdébanelz.c bo:Maz

ortjons
reaction ni xtiiF &etqps H( } Hemmel) it ¢ ‘471 yi‘"f" §h'§'f‘1°r(??eﬁ‘l'étf°“f’83’rﬁy the
t enperature faddm&(bfﬁlsmuhmjsxl&yl}emwaﬂmme 763, 5.0mmE85.Bequivp| The tealtibn@ixting) | S

next added. &of grhkeg mmﬁéﬁ“ Ic¥ a&%eﬂ nntel%?lgly %u&r@tﬁé&a&:&sﬂﬁoé@ 5& o ' S

stirred for an ‘tlonal FOOm 1 gnpera
diluted with lvtémol(qm enviy) ia adiied x Thearsactiop mixture ia they Wanped togopm temeramregum c

extracts are kAol SiirkeFloalin hcaRbind 0 RARIYo hekESke R nibind iahd HORBEure i

reduced pressure Puritication of the I's acconplish y chronmat ogr aphy
on silica gel °6§?"|'ﬂ‘j‘°85’/“Eyaﬁé%’fé?‘ﬂt'@ém%"et(ﬁé Sgmidnfhe ?P@'cd?yﬁﬁd&drteg over

obt ai ned as aodnug Iamfa;eednb ewp&hted ubder éeEﬁiiea preiitie. (PMifiatidn is-adcdmpliked by siticd Bl |
1-azabicyel o-d 2 QherI SSAE 8 2iuS sPaky bAY: £ ety Aerd WS v dtrort e pdaie RE) 1N
(ESI): 386 (M* +H), 403 (M* +NHy.
18b. N—Hydroxy—lN-[(#methoxyphenyl)suIfonyl.)-l,S-dioxa-azaspiro|4.6]decane-2-

carboxamide: The ketal 18a {1.0 g, 2.6 mmol) is added to a 1.5 M solution of potassium
hydroxylamine solution (12 mL, 8 equiv, prepared as described in Fieser and Fieser, Vol. 1, p. 478.}.
The reaction is quenched after | hour with IN HCI to a pH of 4.5. The reaction mixture is then
diluted with water and extracted with ethyl acetate. The organic layers are dried (Na;,SOy4), and
evaporated under reduced pressure to a foamy solid. Purification is accomplished by silica gel
chromatography (eluent: 3% methanol : 97% chloroform). The product is obtained as a white
powder. MS (ESI): 387 (M* + H), 404 (M* + NH,).



et hanol- (100 nL) is placed in a Parr bottle wth Raney N ckel (Al drich,
W2, 2 9) Eﬁ@l on m xture is placed under a hydrogen at HFSE%I
pSI) and sh-awér? untr!l hydrogen uptake ceased. The reaction mxture IS {sggn
filtered through celite and concentrated to a light oil. No further

purification is performed. M5 (ESI): 212 (M#=rr] + H). 20c. Et hyl

| N- (4- met hoxyphenyl sul fonyl ) - 1-azabicycl o-[ 4. 5. 0] - decane- 2- car boxyl at e:
The amine (1.4 g, 6.6 mmol) 1 n dioxane &A&Mﬁﬂnd water (40 nmL) is stirred

at roqmterrperature_mﬁ triethylam ney@«‘?"g, 19. 8 Mol , 3 equiFy Me
fol l oned by 4-met Jox enesyd onyl chy (1 2 Mo qui v)
are added. The reflulfing sotuttomts sUl\%zed at égﬂgm&e @ujl?Q, or 18 h.
The reaction m'”?&urga s acidi fied witf I'ENYHCI amhe MY xthr :

poured into water. Ssolution is extracgeq with nethyl ene c'mor%\; and
t he conbi ned orgarffc \6\<tracts are dri echeq M4) and concentr at ash an oi l

under reduced WaeSSNtﬁethﬁlml-(id-ﬁ@&bﬁgh&hiuﬂ@nﬂﬂ 4-Bithiff Gﬂ?ﬁk&;ik&%ﬂ

chromat ography on silica hexane/ Et OAc as | ‘'uent

product is obt SArpRIlic,acid e“&?’fb‘? e 241 TP s 4‘#@%‘%@?"@%‘%& ) “‘QGH’" &
1N ((]I 4- MatT ony Fﬂmlwmmw( ide {1.00g, @Rdessy @l Watdr4s MLYis nelt adize-add Chgﬂ-hﬂ%ﬁ{d inRTure is
aci d: e eth) and. et hano

nm) are sti rreﬂ%ﬁq E’%ﬁ%’téﬁp"&a‘f“ﬁ %“e'écﬁgytf’)ﬁ!é%a%'f'?%fﬁ#q%%?ﬂag =(22. © frpcti ?l
water (20 nli) minexldahen ckirtedovithl metindens chlatidecandivates.t The egganit lay@oane dried over

temperatur e  Ofouhfh sitmel 18 chiftififated Tndlh KbbHef plestn@ S gu&.sggﬁq £ b Bt e GRC

then the mixture i s poured Into water e"-so nis
met hyl ene chl o). 3 Q¢ ¥#ea. conbi ned organic extracts are dried

(T Ea[ er lr ] SO|[ e (rj r %9): anﬁ-ﬂiﬁ&ymnﬁt & cﬁ;ﬂﬂ@mﬁﬂoﬁi}hd &iyhs L1,4-81eik 2dza3piRol £ e.
e oil solidifies ite s on standi
N- Hydr oxy- 1N- (W“ﬁﬁ#&k%ﬁh Amds: | 6F?§‘r°§)‘ Ylie agigd ]38 E‘&# ) '[33 mynel) is ﬂ'é’l?!i’ﬁ%mzmﬁla'l‘%f)xa
m de: The car behoyidé (15anti)dfo(léwed by, ﬂ:eladﬂﬁolimbbx)alyl chigHide (0.35 £ 12698 ngnicet) a(nillQheﬁil)Ml—' S

t d at h
I L e L R L
is stirred at ©3dm ¥ M@P&nmsolfl@rm mn(mn@!loww by theepidition of THRIEGIR mL). The
hydr oxyl am ne Mﬂﬁﬁﬁbx@fs'cﬁﬁet‘ B aﬁﬁc&aﬂiang%l%med(l @Q&Li\ﬁ)o thlﬂoﬁrﬁ':adéeao 'Imr)lm@nd

water (2 nmL) are stirred [herr] . Triet am ne

equiv) is add xRS ?‘Hb’df’@:fﬁ?hﬁ W@M"‘lsﬁlﬁ“‘?@‘%f‘? rF\éd“’&P"G“’f'%’F F’]‘@“P‘GF“EB"
m nut ;as The ra6rh thmplrasireiafl@stipred for § Adurl ‘Somtfihzatﬂdﬁﬂht'bﬂ Ithlkk)ad«leﬁWicamd]ﬁl«-
WD 98/ 08850

PCT/ US97/ 14557 35 eJBiUEe; % fhen, gxugotpd with methylepe chigride and water, The,organic layers arg drid .
to stir over nigyet scliunr mtaedmmmwé umﬂneeduadcmsme rril’nmﬁcnmnl is agromgilishedbly

with 1 N HC
organic extra??%mg:}ggar% ﬁhgcwi %%!EE rc]’e%]ytl‘;r&gtlt QHP&QW %%QE
under reduced que%«em% 4%\ fprapig agi Hq%z\!é‘!!eff‘?o&’m"{‘ﬂ[ eM$ E(§N /39' (M~

Herr] O to provigigod®e yred product as a. white powder. (ESI) 369 (M
[err] + H), 386(!\/[err] H[err]). EXAMPLE 21 [err]

EXAMPLE 20

O o] 0 f
. ,\(lL _EWN/THE_ EI0 M0 ' RaneyNisH; E1O ArSO,C! / EN
O
20a 20b

OMo : OMe ' OMe
0 08" :

9 o,s 1) OxaM Chionde O &
)K% J\(_b z) Hydroxyllmme “ﬂ \< 3
20e

0a. Ethy! 6'-(1-Pyrrolidinyl)spiro|cyclohexane-2,5'(6'H)-[{4H-1,2]-0xazine-3'-carboxylate:
The 1-(cyclohexylidenemethyl)-pyrrolidine (9.0 g, 54.4 mmol) in THF (100 mL) is stirred at room



21a. 1-t - but yl di car bonat e- 4- pi peri di necarboxylic acid: The isonipecotic.
acid (15.0 g, 95.1 mmol) is dissolved in p-dioxane (75 nL), followed by the
addi ti on ofwdlegibsssd. 0 g, 100 mmol) in water (75 nl). To the SGTUSHIQ4ISST

sol ution, di-t-butyldicarbonate (20.8 g, 95.1 mmol) was added, and the
reaction mxture was stirred overnight. The reaction is quenched and
acidified vmth IN HCI to pH = 1-2. The resGPtlng m xture is then diluted

with water, act t ers ae
dried over so é‘ﬁﬁejm%h{? lgpénce yﬁ%&hﬁ{ mey(}ezcgéé‘%r gggh e‘l"H ﬁf ve
the desired prmmmaﬁ G J¢BlaerR. elswrdjiku HNBﬂ(SEQd)} D240/ Org é‘m»} 198217, 2134.Yis

(Merr] + NH over 15 minutes. The reaction mlxture wam:s and the resultin m ture is stirred t
1-t-butyldicar onate 4- (hydr oxynet h pi peri di ne: nErOt ec cari)

acid 21a (21. 7gom tpmpgra r)30|“1a““!!?ss 5 @H“'F'rﬁsﬂﬂFss(%ﬂl‘P' 9%?9&1“’?;'66?’%8#‘1?‘6
[err]Cin an Iﬁﬁu&ﬂh&mr&ﬁmﬁn&m&mumwﬁg Bhbein 11g stifrell fdr 38 Gdditfon&I2 h 2:3.%0.35
mmol ) was added to the_stirring reac xtur ﬂli'g reactlon

war med to roorFPREFASHT-o ThF Eaction ’§'ﬁ“f’r'? f"m ”Pdemr\“ lL]‘r‘"'é‘“ﬁvas
cool ed . to O [ eTne]dcganiznekiraed exe driad (Nalbeq) Wyom&manltd @n qlllemzh rédileedrptmutr'e.on
until bubblin S the Wit h
1IN HCl and ex%r"gig@%'om%ﬁ% iﬁc? ace?w%ﬁﬁﬁ?éﬁlﬂ% aye 5@% JF‘S‘?f“o‘ﬁer
sodi um sul f at ehe elwetit. aammmnammsehsmmmeu Hﬁé@éhrw %*"pﬂlaw de the

.desired produ A0nQ8
PCT/ US97/ 1455%’40'vgﬁ{"ﬁsD"""%}é"'ﬁ @%ﬁ"ﬁﬁ?’é”ﬂ' Noq‘feler f”%?‘ﬁica? Boral GaRyde:

The acohol M(WQ“L)QSP‘QW%P)""FM? with Raney rFAldrch. &¥rd Zeh GP'F(!]@“("BOO
m). To thi s Sthikfufel .slsna&eluuaet emydrageh ladiwpmm(Msgraﬁchﬁmmhﬂ HydiOged uftakecdased.
mmol, 1.0 equi i S ded. The xt ure, becane a rgF S, nsipn
Which was oot rHEqeaEon TS B ita SHEH SR <yt a0 PRt oL Y et -
decant ed frommxhﬁcahbmherfoemddueseas@ akaa(M*esH)due is rinsed with et her :
several tines.pglhe l!PQ [

gel plug and sorre eg{apghgt?ﬁmg{hlg’g%g"g%ﬁg?yﬁ e'%gh'ﬁﬁgﬁhe ré‘g'u ﬁ'g Iﬁ'tql on
i s concentrat e%h!?riélér&ﬁémmé?dnSP%M@LH#GWBGTWPM'SWMt‘WWMGn a

silica gel colgdn lﬁﬁnei‘(ﬁb 2B 8 mBdI W iquitF RBligeR bl d-meihdalybendehdsulfonyl chioride (1 51
1-t-butyldicar bonat e- f émrol i di, noet hyl erg?gs%bgerl di ne The al dehyde 2

(8.3 g, 39.1 rfdt)™Pe: Y ) grspdrieg- [k Tosplt ?f&'éﬁ‘é" AbTOPD ERPeBly fﬂ'e‘
addi ti on of pyl‘lk(}édcﬁinﬁﬁlx@kiZagdlf&Bwﬁh M0 HCI mﬂmewaaamﬁmm:sfﬂommswaq-ui'pped

th De St t E?lplﬂ Th
\émol veﬁt [ 2nt heﬁ{"trﬁ%"n%% ungf’?h m?:;. uce ‘?egag’ég'r & °‘*§L#r"‘¥lﬁ pur | ?T g‘[dllrg§?14) ©
needed MB ( Egn’i comﬂh-a(ew[teran]oxlwnﬂgr re@@gd press@e.h \Purification of the oﬁ is accomplished by
- (1-Pyrrol i dinfalogsa *)Hﬂnllsﬂfca éitukihgl) B&q{emaﬂf(ﬁcﬂk Fb@ relugit n?hezprédu(:tﬁis bBraihedas 3, 2]

- oxazine] -3 -carboxyl ate: The enam ne 21d (8 .17 mol ) is dissol ved
in THF (80 ni)cleaneil ’?W*E‘Bﬁe&f‘m"d&ﬂﬁl‘l‘%nperature The et hyI

3- br ono- 2- hydrasdyi mmppmwﬁﬁi:@uﬁﬁ‘onﬁs-ngmb?&cw mﬂecanﬂ_-zﬁ_ﬁ'beiym: Vacid:€f : The
O or Chem 1o ap 15l §5F o s HIEL Bt e st 0G0 S8 et et
sol uti on war neand phed Oithiumg hydivixigle (2.0 gk Bswatef mp whXsis bddedh g Theokwiting solvtion & stirededt at
room tenperat Ysgy ieg{pergare%mthesfhe 2nekich NGkt i RHaiHch A PR ASaRPthbh the mixture is

poured into water. The solution is extracted with methylene ‘chloride and the combined organic

extracts are dried (Na2;SO4) and then concentrated to an oil under reduced pressure. The oil
solidifies to a white solid upon standing.

20e. N-Hydroxy-iN-(4-methoxyphenylsnll‘onyl)—l_-azabicyclo—t4.5.0|-deeane-2-carboxamide:
The carboxylic acid (0.7 g, 1.98 mmol) in dichloromethane (10 mL.) is stirred at room temperature
and then oxaly] chloride (0.52 g, 4.06 mmol, 2.05 equiv) and DMF (0.14 g, 1.98 mmol) are added.
The resulting solution is stirred at room temperature for 30 minutes. In a separate flask,
hydroxylamine hydrochloride (0.55 g, 7.92 mmol, 4 equiv) in THF (10 mL) and water (2 mL) are
stirred at 0 °C. Triethylamine (1.2 g, 11.9 mmol. 6 equiv) is added and the resulting solution is

stirred at 0 °C for 15 minutes. The acid chloride solution is next added to the hydroxylamine



35.5 mml,, 1.07 equiv) is added. The reaction mxture is stirred for an
addi tional &dyenklé reaction is quenched with the addition of pesgso7adss9
m.) and then e>?{°ract ed with ethyl acetate. The organic |layers are dried
over sodium sulfate, and concentrated under reduced pressure to an oil..
Purification is acconplished by chromatograyphy on silica gel using hexane:

ethyl acetate (3:1) asthe eluent to obtain _a clear oil. M5 (ESI): 396
(Merr] + H. sojution at E’E"Flﬂd the resulting mixture is allowed to stir overnight at room temperature. The

8N-t - but yl di ((:afebdﬁﬂi‘tﬁ-ﬁ:t&c &-adidmszimym ne[ﬁfﬂxeghmdenﬂmhﬁs &neal EdOWRbY dic)ﬂil@émethaneThe

oxazi ne 2le (2,033 5. 14 .S i ssal ved in .ethano 100 in apParr

bottle foll omﬁ'w#‘ﬁé"msz&?@v%mwﬁgff“?ﬁ%,"%mq %) .

The Parr bott | slid $ redrpstelijzedifrerd Gy CNYHI0) G poyddeahodesindcheodua aby shidgpowder. MS

at nosphere (40 i - hydrogen was refilled several tines.
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The Raney ni ck was ere rough celite, and the resulting .
m xture was concentrated under reduced pressure. M5 (ESI): 313 (Merr] + H)

21g.  Ethyl EXAMPLE 21 :
IN-[ (4- met hoxypheoay! ) sul fonyl ] - & - but yT dI aggdeonat e- 1, 8- dimzobi cycl o-[ 4. 5.

0] - decane-2-c Xyl aBaek0 The | _BMsTHE" 1.7 8C 5.4 | )_pymgiidine _
di ssol ved in p-didoxane:water (L 1 100 nl) | then 4-methgxyphenyl sul f onyl

chloride (1.36 i 6.6 mvl) andguiethyl am'r&c(l. 669, 16'&?& nmol ) are
added. The reaction m xture is stirred overnight. The reaction is quenched
and acidified with AN HCO , dil dPed with wat®f and extracf®d with nethyl ene
chloride. The org@c extracts are drigd over sodium sul fgte, and

concentrated u educe pressuTr'e. |§ & /08850 L EWN
PCT/ US97/ 14557 41 ac e B{MELF 3
c

hexane: et hyl tate (31{\3'). M5s (ESI):
NH[err]). 21b. °N

- _
IN-[ (4- met hoxypBAenyl ) sul f onyl ] -8N-t - blﬂ'yl lE{,’L:car bonat e- 1, 8- di'azobi cyclo-[4.50
]- decane-2-carBdxylic acid: The ethyl ester 21g (1.0g, 2.07 mmol) was

di ssol ved i n net hanol and THF (5 pve A sol ution of | i LR Love :
hydroxide (1.5 g, exce in water (5 s then added and tresulti ng
m xture is sti rred°f9§z T houwsor The Pé’aﬁti oN ) siakcRoias, t h r‘?’s;guenched and
acidified with 18RS The Teacti 8o NXIUre | 5 modgenii €5 t hyl ene

chl oride and water. rgani c | ayers7arne dried over sodi unmm gUNfate and
concentrated under re ed pressure togNe the product. M ( 2,, 455
(Merr] + H), 472 (M errPoc+ NH err]) 221 Bee . 2

N- Fydr (ﬁyélgﬁ [fjﬂ: Weihgwmhgfmhayglﬁﬂ?mn}ﬁwg;mb?&w the gb:baeatcgcig,@s.d iggqsggi C
Cl O- . 0. -decane- Z-.car.noxam ae, e r |1 C Cl . .

YiDL) s i s OPOLE RO R BTN B Aalopatous Sadiien RRFCH (44 & 108 b e
(Qi 525 g, f' 1 dwarergly mland'fd]tht(rriﬁg Hlifioy ,d:(-&b@ymimoyzlnwos 881t cumol) ches added, and o
nitrogen atnos Ie.. A . . |

5705 ol Sedion e YEPAAL Srerii mod Wit ¥ (BUHLALS oil el SN
THF (15 ni).  Toke=rldacThe orsullipgsmixpus i then dilwted withawatgrcand |sxtrasted, with methylene ehloridei ne

(1.22 nl, 12. lphe/Srgahit 1ayesare BiikaGver lurd Giilfitend bohchrhidd dnidetteddebd éssufe 1d £iCe the
hydr oxyl am ne sol ution at ' reac{ion is then warned to

] O [err]C. The m xture
room t enper at udesired REpdugt ps g qojpriess pily MR (ESEy 230 (M 319287 (Mie* ¥Huhit i on, IN HO s
added reach a 21b.  1-t-butyldicarbonate-4-(hydroxymethyl)piperidine: The protected carboxylic acid 21a

(21.7g, 95.1 mmol) is dissolved in THF (300 mL)and cooled to 0 °C in an ice bath. A 1.0 M solution
of BH3*THF (237.75 mL, 237.25 mmol) was added to the stirring reaction mixture. The reaction
was then warmed to room temperature and stirred overnight. The reaction mixture was cooled to 0
OC, and water was added very slowly to quench the reaction until bubbling ceases. Once the reaction
is complete, it is acidified with 1N HCI and extracted with ethyl acetate. The organic layers are dried
over sodium sulfate, and concentrated under reduced pressure to provide the desired product. MS
(ESI): 216 (Mf + H).



pH 5. The mixture is then extracted with nethylene chloride and water. The_
organic layers were dried over sodium sul fate and concentrated under
reduced pr ¥Q@Aa8M8885Chr onat ogr aphy was performed on reverse phaernbiriessy
(Waters Symretry Clerr]) using a solvent systemof 50% A (95% water, 5%
acetonitrile, 0.1%formc acid) and 50% B ( 20% water, 80% water). M5
(ESI): 470 (Merr] + H, 487 (Merr] + NH®r]). EXAWMPLE 22 [err] 22a.

Met hyl _ 2le.  1-#butyldicarbonate-4-pi , | .

IN- (4- n- but oxy pcﬁ eny |.'S_Llll K _n{?;hj E'ﬁerairi%?vl’fb?yre ey i-lﬁee?cf’%}llbgp'ﬁ &x 33 4mmol)

Ci s- 4- Hydr oxy5siissplysd ip methylenezchioride (390 911.).nikp this stiryingissduibny pytiliniomt dlorochrolingts ane
(111, 90 r). (U3 gohy bl n® s Faih. AR eai e el B AU B LAY !
(1.3 g, 11.3 ol hen;I sul f’f)nyl C floﬁzdie'L .“38‘8'%(’“?18. 6

)., The 4-(n- butagxylp 5
mol ) is addedEA4 PR2 ngﬁ'-gq%tﬁ\‘r‘%'ﬁfmd?"‘i’ﬂdq‘i?“.“dé'vmr%mmpatdnhe.,
The ni xture i sesiliweis riossd oith bthert seckrat tiglesdl i Thel behbinblt oipaié Yies @' fliteddd dilbiigh a SilRa
WD 98/ 08850 . L . o
PCT/ US97/ 14555 P& 20S some extra ether is used 85 the clpent,, The resulting sofusign.is cpnsentates anter
twi ce w th 1Nradmied prossure, ani purifisd by ehromitageaghyoanarsilivggeDéotuntn dsﬁgﬁgd,,ea@@l 1 acetate
evaporated tocgd.me 37.4 g of solid material which is dissolved in MeOH (200
m.). Thionyl chloride (20 nL, 272 mmol ) is added dropw se and the resulting
mxture is st ed Hebptyldicapghonateife(pysralidinogthyleneiipenidines Joe altighgidd 21cd(8.y ge3s1 t 0
give a white maloi)ds isioRed S 150UhL i oF ibBidbde) folbWe tyOme f idindd DQulg ¢
purification. |og spray NS, mz 375 (wlvi)érr] . %&Fe?ﬁjtg(’? ogg%g?ﬂ‘{é?ﬁgsf H) .
5oh. Met hyl mmol). The redction flask is equipped with a Dean-Stark trap and a reflux condenser and refluxed
1N- (4- but oxy pfoe sl The solvent id the eemoyed unlidr dia BleRhre C N6 RN piiification ifheedbaN

solution of J . ks prepared (Oxidations in Organic Chemstry, .
P273). The al @ogﬁ%?’s?}gﬁ?ﬁﬁl'ﬁ 112 mmol ) is dissolved in 300 nL of acetoné

and cool éd t 0213 [ eEHL. ) ShtsPyrealigimyDspiral4ddetybilicadiidoa tedpipeidine- 256 B)-[4FAl. 2V
changed from gia@pgS it Jr ' re 1,S. Skl d 0
tenperature f ora % h. Th{gﬁrt‘gagtﬁ%ﬁﬁ%ﬁdt}?g%} 35913 iﬁ‘%‘%ﬁ%\%"!‘;ﬁg\'f\’aﬁeﬁ (sgﬂg}) ,"“d

extracted thrEEet phygen mprraireoathe etiyb3-Brogarrhydryyjmineprepasoated 28 1SH6awmadli mes

Wi th water antoeiy, wf: t Oueahedim, B CIJ. M) R.; Nboid@i! JON SHerSBREBISDUN 3 \Brf F4tm aNd
evapor at ed. Tm I oglglg}]isiaﬁdegr. stalli zeg fromE{OAc to give the desi red.
product as a SoTuk RS Spr 3}'¥ RASHong pYer 3% mingte.\ fhe;spiution wasgms updygngthisprasess]  +
H . 22c. Mg'!‘lnyq:sulting solution is stirred at room temperature for 30 minutes, and then triethylamine (3.59 g,

8N- (4- but PI¥e W v) is Aifd Yediidd ik | L. l4da ane; - reacti
car E)oxyijat(:) )e<y The l{'(lgl'tj Lélfe)ﬁ%’Z %?Ldig EMP‘%' ‘%ﬁ mm%ﬁ%&%dsﬁl lsnsgﬁ-\eggl ?él% FREUW
anhydr ous di chRUPEISE Wit the additipniof, water (160 mlxAnd then eNtméttdoyith(athyBatetate. THB: offanienol )

and bor ane t riafetsafy drid@ovef Soiud QIfkd) afPeofidentrated YdeN R chd preSureddg din. -ml‘?ﬁcg%?ﬁt ure
Is stirred at. room,t erﬁture over-nisﬂht. The solution is made basic by the
TRy S i)

addi tion of 1I'N*EYP SRR PR HEne-hexangy ghyl acetater(3:ALasdbr elynete
tines wth Etdbeainacldacoib MSAESD: B26®'s+HY e washed with water and amoni um

it e compourd as St PREpudlatonih ia derobidds S lorp Tt |
(Merr] + H _oxpzine 21e (2.033 g, 5.14 mmol) is dissolved in ethanol (100 mL) in a Parr bottle followed by the
N- Hy dr oxy - 8N-dddiiéir b1t Rasmp Rreker | (veth (200! IWeight Squfth.t Fine Far % Rl ith pradlddsie alae- 9
R) - hydrogenatpr under a hydrogen atmosphere (40 psi) for 5 hours, the hydrogen was refilled several
times. The Raney nickel was then filtered through celite, and the resulting mixture was concentrated
under reduced pressure. MS (ESI): 313 (M* + H) |
21g. Eth);l lN-[(#methoxyphenyl)sulfonylj-SN-l-bntyldicarbonateol,8-diazobicyclo—|4.5.0]- -
decane-2-carboxylate: The ethyl ester 21f (1.7 g, 5.48 mmol) is dissolved in p-dioxane:water (1:1,
100 mL) and then 4-methoxyphenylsulfonyl chloride (1.36 g, 6.6 mmol) and triethylamine (1.66g.
16.44 mmol) are added. The reaction mixture is stirfed overnight. The reaction is quenched and
. acidified with IN HCl , diluted with water and extracted with methylene chloride. The organic

extracts are dried over sodium suifate, and concentrated under reduced pressure. Purification is



car boxami,de: A 1.5M sol ution of potassium hydroxyl anine in nethanol is

prepar ed as‘y W ed in Fieser and Fieser, Vol 1, p 478. The pbrhdboskdsyi on
(10 nmL, 14 is added directly to t he met hyl ester 22c (0.8 g, 1.8

mmol ) and the reaction mxture is stirred overnight. The .solution is
acidified with INHC, then the mixture is4Yxtracted three tines with ethyl

B o ST YAl MR BB, s "

acetopitrile, (M"‘l-P/H)‘Gﬁ(rﬂ/E"-iaKHﬂ, B, 80%aceton|trlle 20% H20; 19 x 300 nmm

e i n Crhira e
EXAVPLE 23 [ erdepane-2-carhogplicGRig JThe cthyl ester 21g (1.0g, 2.07 mmol) was dissoived in methanol (10

PCT/ US97/ 14557, lf')?‘ana Yo (&) n{\@t Wiolutmn of hthmm hydroxide (1.5 g, excess) in water (5 mL) was then
8N- (4- but oxyphenyl sul fonglzés@ | oxo -azaspi rofS 4] decane-

car boxyl at e: TAdgediand B 2" hh‘B‘F) Wes'e‘?ﬂ‘%'ﬁl"ﬂ’&j‘"?s&"%(ﬂumh%ﬁnd
benzene, and tdimified with IN HORIThe deaed.on(xﬁxaﬁ igextrictédwith mdthylea chloride and water. The

t ol | f d dr at ded. The
Xt Ur s 1 e PERRIE o F St e ot e sl openEd sbas TR PP B
![ﬁ mad;a basi c ﬁgdufg?MSs(Bﬂ])H&SMﬂlﬁ)qMNﬁmmq err] and then extracted -
ree times wijph ﬁ‘ifr{alog ﬁnﬁs{@éﬁi@kﬁen&ﬁb{ﬁ@g{f x@ﬁ&@ﬂ% 1 SAERI YL

chloride, dried over evapor at éd.
Purification df S{Ohéecpveo%tmborﬁyldse C'Bmﬁarbsmé!d apid 24 (Q9%ae.cR020mmpl) dves dissojvediingel

ith h / R
431 (Merr] + err“?"'@‘ (A0S s idn ol 4RBdeR 65 2448 mamol) U B0, 1 2

Ny ity B (Y ek b s BTPRD Amaablerss I 2 ssaarets (g By jumiog rsseebioides
)- car ngam gqosd\gﬂ)&dgl‘rﬁrﬁa}uisldmaol@a‘d qi)%es(s|mmvmludife0§yih2$adm_xln_lr?nmtlbmgl Thes
repared as descr.i bed i eser and FEie ol, 1, e

Do it on (15 ieactionsvas il dowa an e hath oA Giety | hine O AR i [ AR W ol The ¢
g, 1.9 mml) amaid mhikeererie thet adsied tm vhbuhytoxyt amine mlssbn@v@Pal Jhe reacfion mixsirefis then i S
acidified w t{}v ﬁﬂmtmmmuﬂs% ;om.aﬁmu&&amehbeaawyl

acetate, drie magnesi um su ere evapor at ed pr oduct

is purified byH %V'BP%@XWS é’%l”éﬁ“ﬂi’[’@" ('E@A'SFB’WA"“ %‘HEO“‘S%‘“" "Y"“ were
acet oni tSr ile, @iéé-%ef QdiinGuitdiéd 4hd c&cmﬁﬁ%ﬂ Rt ﬁﬁ\ic&d’ présfhre AfH¥onkdtdgrapihyOwas p&ﬁﬁmm
wat er s yrmetr re um e the t e _conp

f oani ng solid. I"'E)‘ﬁggﬁ ﬁk’é'c 8&?‘?55 ft%[eéﬁ? ysing "NP{”%'\‘ Py °j¥@9(‘l\? gﬁ “]mr 5?
EXANVPLE 24 [ eracdtonitfiie, 0.1% Edrinie\atid) and SO%B( 20% water, 80% water). MS (ESI): 470 (M* + H), 487
8N (4- but oxpr&ayﬂJ%f onyl)-1, 5-di oxo- 3, 3-di net hyl - 8- azaspi ro[ 5, 4] decane-
9(R) - car boxyl ; “ketone 22b (1.5 g, 4.22 mol).is dissolved in 40 nL

of toluene, and then neopentyl glycol (0.44 g, 4.22 mvol) and
"p-toluenesul fonic acid nonohydrate (8 nEkafipP#zz mol) are added. The

m xture is refluxed using a Dean-Stark app%ﬁféwer ni ght. The W S

made basic by the oaddltlon of aqueous NaH rr] and then e_>étc‘rs d three
times with Et[ erJo]JQ,uThe DA G EGN ge N Jones oxd %
=/ 2) SOCl; 7 MeOH =_) ’ Me0 i
ox 222 OH 2 0o
" O~ . O~
BF,0OEty Ozs/©/ KOM / MeOH o °2§O
HS” " 8H M .OJK/N Hydroxylamine HO.N)J\.,N
’“}Z H =‘~7Zs
22¢ s\_} 22d s\_)

22a. Methyl 1N-(4-n-butoxyphenylsuifonyl-(4R)-hydroxy-pyrrolidine-(2R)-carboxylate:
cis-4-Hydroxy-D-proline (14.8 g, 112.95 mmol) is mixed with water : dioxane (1:1, 90 mL),
triethylamine (39.3 mL, 282 mmol) and N-dimethylaminopyridine (1.3 g, 11.3 mmol). The 4-(n-
butoxy)phenylsulfonyl chioride (29.5 g, 118.6 mmol) is added and the mixture is stirred for 14 hr. at

room temperature. The mixture is then concentrated and diluted with EtOAc and IN HCl. The



| ayers are washed wi th anmoni um chl oride, dried over magnesi um sul f at e,
filtered and evaporated. Purification of the product is acconplished by
chr omat ogr 3pONP808850i | i ca gel with hexane / Et QAc (7:3) to affBCWUSHH14557
desired product. lon spray M. mlz 459 (Merr] + NH err]), 442 (Merr] +
H). 24b. '
N- Hydr oxy- 8N- ( 4- n- but oxyphenyl sul fonyl ) - 1, 42 4i oxo- 3, 3-di met hyl - 8-
azaspi r o[ 5, 4] dgyeRNee sBhdrdredand the ¥aai€ Ryerds washed cvRE With PO Hel, oRQNAR ki Wiried over
hydr oxyl am ne We}_g%nol I s prepared as’ detsc%ged,l n Fi eser and Fi eser,
Vol T, p 478. a1 ikERd-a8 Y “‘FTZB'Yﬁ:",Ml%‘.’ 15Ol Bpisrigl which ifstipsqlyed de MeQH(2P0; he
met hyl ﬁst er ) ). l(l'l:ioﬂyl ghlorRie 220 miy2l73 mavol) is dddedrdeapovise Qi tHé vésulting miixdurs fsisfire@dor
overnight. T ' ' | di ';ﬁgh i Cl Jen.the. mxture is
extracted thr glg Ei’?'i 1'rrll‘ieés‘%lvlmt‘ﬁs @%&fg ace tgltdg,ﬂe%rlt\# 5‘(’1‘ ’\‘Mwé'{% s@édtg]%é%’l 'ﬁ?ﬁtf@"ﬂff“i’ya?“é‘f to
filtered and eempforvardwithompurificatione lon splaydVS:iny'z 335 (M €NH))/358.3 (MD+ 8%/ 08850 .
PCT/ US97/ 14557444 f GRL@ BB @ﬂ{?ﬂ Wﬁf A ' 1.1 Ny
silica get to zgzlé\(e %"ﬁ%ﬁt [ ti:(e .co%{gu g‘s a . ﬂ"g"’?@%ﬁl’é‘g‘@éﬁ%ﬁ?“r onAsgrgy
MB: nfz 460 (Npltionof Jonepjepgent]is prepaved (Qnidatipns]in Orgapic Cirxisty| R273)5 Theslechol23a (40
gﬁ ?Z | but g,_llZl mmt|:l¥ is dissolved in Zo(:j mL ofacetgxll:g and c‘;orx]edlm<z°3c|.Q Jones resgent is7 added (120 mL,

- but oxyp S nyl])-1, 4-di oxo- - - (3R) - et hyl - 7-
azaspi r o[ 4, 4] %ﬂé’ﬂ@“éf%”@ﬁ%m ATmBe-ToR iR g’s then is gtirged abrogm jemperptufes
di ssol ved i n 46 HLh.oThexescrionmixtenid dilined) with Rat3iRind(extraciéd ThrieLtinfes AWith BOAD. Aife O,
5.07 nmmol ) an - n I.C_aci hydrate (80 ng,,. O. are
added. The mi g"t’%? %q%%grﬁwlﬁh g{g ﬂ%%el ﬁﬁgsa%gﬁyeétmé&r l?m%pvﬁg‘r”%f‘ﬁ? Mﬁ? V¥he
solution is noukgndsigi ity anthevaperaed.i Ghe produst)iscuyswlliat- B0 E0AC targive tieedesired
extracted thr qfodhét@§so“%. tfn wy?r\aag:},g _32}}]330@1?135% fss_:}i%er,;%ar e washed with

ammoni um chl oride, dried over nesi um su . filtered and evaporated to

afford the ded®f-ed Wr¥¥uct. |orf xyphenyjsuifonylsl.3-dighin-3-azaspirglf.fldecase 9(R)y2 3
( Merr] + H) .carbfokylate: NThdy ®etoney22b (1.5 g, -4.22 mmol) is dissolved in 30 mL of anhydrous

7N- (4- but h I f ).~ 1, 4-di - (2R) - hyl 4- 3R).- ngt hyl - 7- . -
az agpi rch)[ ZXZfﬁF °ﬁ n%iéh’f%%gé'f "bafé' Fﬂpl Hogx?d“{"ﬂﬁ}’fgegkl’ xé%f“ﬁ't"%dﬁ?? ‘zﬂ“\{'bmﬂag%#ﬁwm'"
hydr oxyl am ne (0.#2 mbi 328mwhol)} aze gidel Theniiase id etbred atredin tempdratars everrightl Tecalation

Vol 1, p 478. i%g]ﬁ: %asj%fﬂ%ﬂ%ﬂ% ﬁ_’s B \ﬁﬁrgﬁﬁ? Lda thed :ﬁe%ﬁ{iﬁqsl é&%&idymr%eozs%ﬂe

met hyl ester 25 Bl reaction mxture Is stirre
over ni ght . ThavioRQAF o nte sorganic dipyerseere \Washed MthH@ter and ammopiamp¢hloride. edried over

extracted thr egghdsimSultitd, Rit@id whb ep6rail & givd theilie\Wbrh fouhPA AR SiL.UTon Spthy P Em/z

filtered and g ?&Ia g[(’j T +pré_Bduct is purified by flash chromatography

(CHerr]d [err“F cH H@Iléa d55) on silica gel to give the title conpound

as a white foasd.ng N-dlyidchbxy-BN:4-sdnayyptEnylsuifany)Etls-ditiizs-nadaspirolddideckit DM err |

+ H. EXAME %QrbL%nEille: A 1.5M solution of potassium hydroxylamine in methanol is prepared as described in
Fieser and Fieser, Vol 1, p 478. The 1.5M solution (10 mL, 14.3 mmol) is added directly to the
methyl ester 22¢ (0.8 g, 1.8 mmol) and the reaction mixture is stirred ovemnight. The solution is
acidified with IN HCI, then the mixmre is extracted three times with ethyl acetate, dried with
magnesium sulfate, filtered and evaporated. The product is purified by reverse phase prep HPLC .
(40A60B, A, 95% H,0, 5% acetonitrile, 0.1% formic acid; B, 80% acetonitrile, 20% Hy0; 19x 300
mm waters SymmetryPrep Cyg column) to give the title compound as a white foaming solid. - fon
spray MS: m/z 464 (M* + NHy), 447 (M* + H).

| | EXAMPLE 23 |
/@,o\/\/ OO\/\/ /@Ak/\/
0 05 p-TsOH 0 08 KOM / MeOH 0 058
N HO”™""OH Meo)k(N Fyaroxytlamine . HO. LN

MeO” - N
‘~Z ’-720 Ry an
2 O 238 °\_) : 236 o\_)
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IN-[ (4- but oxyphenyl ) sul fonyl ] -1, 5-di oxa- azaspi r o[ 4. 5] nonane- 2R, 4R- di net hyl -
2-carboxyl ate: The ketone 22b (1.0 g, 2.82 mml) is dissolved in benzene
(60nL) and then 2R 4R- (+)-Pentanediol (0. 4‘*?9 4 22 mmol ) and p-tol uene

sul fonic acid 01 pf v) are

Dean- St ar k tra%gand a reflux conde ?é'?o-l;g&é lr'%g'gg ak‘ggénﬂg\%lg‘“ﬁ‘ﬁ%m'
reacti-on i s hetarkexylate: (B ketenei2br(hf ght.22 mn'ebr'%%@!wwwmm@emmqmmaw-
and basified Wbkhne af‘ouﬁabgm 5P iakd p-anRRAEIKGRic aIiaanns‘@dHé @ g}b&ijﬁﬁolﬁ gre

then extracted wth_ et acetate and water and the ordganic
dried over sodddsf sU?’f’&‘B"é“’edﬁEFﬂEﬁ‘fd’éﬁﬁ R&%’bﬂ‘duﬁﬂﬂbi‘l’ﬂa@ﬂ'ﬁe&mﬁ?‘e%ﬂ F@“ﬂm is made

Purification ibasip®y keradsitondyf arqhuwmm yheartxﬁdc{eu@aegﬂhes%

ELFZ:, r ? ;: et g%g &7 3:2re \%gslnta \gnhezlmlxjxgor}ltmm b c?ned g\ﬂexz m ]sulfatel_?'ltered and gvlv[ ora rnl *
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5.2 mml) is dpasMsyak uglz(\w{.enﬂé;aurg@,p_..fml | owed by the addition of THF (10
m.). The am ne solution is cooled in an ice bath and triethylamne (1.16

m.. 8.4 mol) is added. The acid m xture i-s then added to the hydroxyl am ne
solution at O [err]C. The reaction m xtEXAMPEER&rned to room tenperature

and stirred for | h. l'ize the so @0~ N HCl is add B[~
achieve pH = 5. Th tioRyior then g@g’ ed Jgth et hyl ene ri de and
e fq;%?g%-e

wat er. The or ganijc "k ayersWT% sodi u centrat ed
under reduced 'ffPes% . PUPi #Rc 8l P X dcconpl i'shed. phase
chromat ography (Wat €%s Symmetry C[err]) ng a sol vent syste 0%
(95% water, 5% a@®tonitrile, 0.1% forac d) and 60% B ( 09 80%

water). Ms (ESI): 443 (M + H) The followi'ng chart shows the st ucture of
further exanpl2ds 27Methgl de¥¥-{4-bnsoxyphinylsnifonyliSidiego-3.3-dimetBylBeazasdpiriol Scllderane-

(where Wi s nidoh-GARRAN] ThékongBe (16 b2l diGol R IdROHHed &6 36 L B thiRRE! and then

exenplified above. WO 98/ 08850

PCT/ US97/ 14 557|egpsmyl glyco! (0.44 g, 4.22 mmol) and p-toluenesulfonic acid¢ monohydrate-{8-mg, 0.042 mmot)
are added. The mixture is refluxed using a Dean-Stark apparatus overnight. The solution is made
basic by the addition of aqueous NaHCO3 and then extracted three times with Et20. The organic
layers.are washed with ammonium chloride, dried over magnesium sulfate, filtered and evaporated.
Purification of the product is accomplished by chromatography on silica gel with hexane / EtOAc
(7:3) to afford the desired product. lon spray MS: nvz 459 (Mf‘ + NHy), 442 (M + H).
24b.  N-Hydroxy-8N-(4-n-butoxyphenylsulfonyl)-1,5-dioxo-3,3-dimethy!-8- |
azaspiro|S,4)decane-9(R)-carboxamide: A 1.5M solution of potassium hydroxylamine in methanol
is prepared as described in Fieser and Fieser, Vol 1, p 478. The 1.5M solution (12 mL, 18.1 mmol) is
added directly to the methyl ester 24a (1.0 g, 2.27 mmol) and the reaction mixlﬁre is stirred
overnight. The solution is acidified with IN HC), then the mixture is extracted three times with ethyl

acetate, dried with magnesium sulfate, filtered and evaporated. * The crude product is purified by
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PCT/ US7/ 14} E%ample 42_| 4-(-OCH,CH,0-) H 4-i-PrO-CgH- I
Example 43 | 4-(-OCH,CH»0-) H 4-n-PrO-CgHy- 1
Example 44 | 4(-OCH,CH,O-) H 4-Br-CgHs- 1
Example 45 | 4-(-OCH,CH,0-) H '2-CH3-4-Br-CgH3- 1
Example 46 | 4-(-OCH,CH,0-) H 4-CgHs-CgHy- 1
Example 47 | 4-(-OCH,CH»0-) H 4-(4-F-CgHs)-CeHgy- 1
Example 48 | 4-(-OCH,CH,0-) H 4-(4-CI-C¢Hs)-CgHy- 1
Example 49 | 4-(-OCH,CH,0-) H 4~(4-Br-CgHs)-CgHy- 1
Example 50 | 4-(-OCH,CH,0-) H 4-(4-MesN-CgHg)-CgHg- | |
Example 51 | 4-(-OCH,CH50-) H 4-(4-CN-CgH4)-CgHa- | 1
Example 52 | 4-(-OCH,CH50-) H 4-(4-MeO-CgHy)-CoHy- 1
Example 53 | 4-(-OCH,CH,0-) H 4-(4-C5H4N)O-CgHa- 1
Example 54 | 4-(-OCH,CH,0-) H 4-(3-CsH4N)O-CgHy- 1
Example 55 | 4-(-OCH»CH>0-) H 4-(2-CsH4N)O-CgHa- |
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1 116 Met hods. EXanprg pr €par ed DYy marron_wtirtte - _
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Sharma and \WexamplesD. L-ubel-xlzcnfo.j Org Oﬁem 1996, céHscH302. Exanpl epy 28} 99
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hydr oxy pr ol ié"%ﬂaé?“ 4"48 -gd—t-n—a— ous thl
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exanpl es arg g€rther pu ARe from comer ¢Lal source‘s I .preparead vi wn
met hods. For-‘%ﬂﬁﬂﬁf—% s ay-£ 8 onyl Gl lt&ﬁgﬂb‘ ar_the
pr epar at i on | Exalptaspl ea.mcnym,qa; epar ed a$ Hlescr i Yed(day, Po-ckH4LCr el ypy et al
in Aust. J ] 2. Exanples T100-T02 prepar ed by pcetial
f or mati on, J ettt in“h""f* ..'tnetit“:‘*’&:r"sﬁ hGeHa- el y -
functionali ﬁgm)')l d descr Hed by J.4-@H,O0H
Organi c Syn les 103} 105 are ar.
fo?mat i on?/ ﬁ PPUNEETEDN § VS H&'ﬁ’m&“x}'m 2 el y
functional i 2 caﬁu‘:ltzoa):l d descr Hed by NI5-@-isokdzelpl)2atiichy. [R Cay
inJ Og ¢ 1 r the prpperly T (rse@ymnebylthibipsrimidin- '
3- ket opi pecq 66 d‘“écn%ed’%g Bosc 1p‘et al ijr-yDe2-thivhyldr on 1984,I 44,
2505. Exanplleé ég A ed by cypld zati or),5-@€bmethylsa and/ or| -
nucl eophi |.i ¢ "Su s?6| t ut 4@68()%%%{ approprip bel y T undtriflocrornetirylgyrasotyi) ne' aq -
described by R __Hennilng et al ipn Svnthesip, 1989 |2gbienyhd furt her -
mani pul at ed | g3 HifS6d | AedoERSCigeagBle 5. Ekgnpl e 1]%_(@%g§gﬁmohydant oj N)j is
prepared frgmrtte = cbtlloucly SubstTtutEo—ketonyg otassTnT
cyani de and | Xxerenie HyCiaOnescri beH by Sni t4|'(4-§t06él420-' 6Hed. dhem
1995, 38, 3V EzamfiRH £-déR;AHEHR68 Prepafgd from '
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Example 74 | 4-(-OCH,CH,CH,0-) H 4-(4-CN-CgH4)0-CgHy- ]
Example 75 | 4-(-OCH,CH,CH>0-) H 4-(4-MeoyN-CcH4)0-CgHg- | 1
Example 76 | 4-(-OCH,CH-CH,0-) H 4-Et0-CgHs- 1
Example 77 | 4-(-OCH,CH,CH50-) H 4-i-PrO-CgHa- |
Example 78 | 4-(-OCH,CH5CH,0-) H 4-n-PrO-CgHs- . 1
Example 79 | 4-(-OCH,CH>CH50O-~) H 4-Br-CgHg- 1
Example 80 | 4-(-OCH,CH,CH,0-) H 2-CH3-4-Br-CgHj- 1
Example 81 | 4-(-OCH,CH,CH,0-) H 4-CgHs-CeHy- 1
Example 82 | 4(~OCH,CH,CH,0-) H 4-(4-F-CgHs)-CgHg- 1
Example 83 | 4-(-OCH,CH,CH,0-) H 4-(4-Cl-CgHs)-CgHy- 1
Example 84 | 4-(-OCH,CH,CH,0-) H 4-(4-Br-CgHs)-CgHy- |
Example 85 | 4-(-OCH,CH,CH,0-) H 4-(4-MeoN-CeHg)-CgHa- | 1
Example 86 | 4-(-OCH,CH,CH,0-) H 4-(4-CN-CgHy)-CeHy- 1
Example 87 | 4-(-OCH,CH,CH,0-) H 4-(4-MeO-CgHy)-CgHy- 1
Example 88 | 4-(-OCH,CH>CH,0-) H 4-i-BuO-CgHa- 1
Example 89 | 4-(-OCH,CH,CH,0-) H 4-(4-CsH4N)O-CgHa- 1




WO 98/ 08850

PCT/ US97/ 14557 so Conposition and Met hod of Use Exanpl es The corrpoundé of

t he i nvent V8O 9808850sef ul
ailments and the |ike.

limt the i

nventi on,

to prepare conpositions for the treaPCEMISSDiqssT

The follow ng conmposition and nmet hod exanpl es do not

but provi de gui dance %
conposi ti ons and né

o the skilled artisan to prepare

and use the conpounds. hods of the invention. In each
case the commg r{béulc substjtuted f ] e comyaumn
shown bel owfwrth b?‘f.?!.‘ﬂ? S S s M .%ds oo Lig-EaBtne “OTT I
limt-the i |60z 6HE @i dance Mo t he $hi2-CedyN)OGedian tojyse|t he .
conpounds, méﬁ drﬁ(@@g,d;pzbhgg_g of theyinventja &p%HSRI [Ted
practitionef—wWrti—apurecrate ﬂﬁg!é%-ém-éﬁﬁce andtday! be-
vari ed base%::ﬂ“ 'tﬁ-hﬂcﬂnﬁﬂzﬁiﬁeggat i ent) HExanpl bCgHCHoabl et conpogitti ¢n
for oral adiigRimygié 94 ||UP-0OEL,EHDE)t O t hel gpr esent 4 },5&9 S nad¢
conpri si ng: [COTPOTET 22H0) { CSHNGCHy- Lashunt
Exanpl e 9 |Example95 | 4-(-OCH,CH,CH,0-) H (2-CsH4N)CH-TH,- gy Lfat o$e
%loc Mg Mai 1 examhglé 96" | 4-(-OCH,CH,CH,0-) H HCHOCeHy mJum
St ear at e Example 97 | 4-(-OCH,CH,CH,0-) H 14-(%%4@ npoupds
havi ng a st W@aacqqt@&mmguf@gnul a (jlg are u;@gbswlswpstanu LTy
simlar res S. A Ngman T enal € _SuDj ect Wer gy +37 . i ng
from rheuma E?‘WPé&SEh,; Hy ed hy | pet hod MCHﬂC%CHymsmn 1
Speci fical | YExdnfple 2 ) SJLOCH py’zegi,qj:yn of tijfee tabl g § ay i1's
adm ni sterejl@[ally tlo said subject. At tthe end o he tre t ment pefiod
t he pat i ent i ded—and-is-found to Have redi dionflamuation, &nd
unproved nDpEkanipje W tf[A0BCHSCHYSON t ant paijry  Exanp| £nNRo)cghpsul e forjora
adm ni strat P8y acconfding to the present |invention, is made conpri s{ng:
Conponent Anpunt (0 )
Exanpl e 3 | Example 4(-SCH,CH2CH»S-) H © | 4-(Me0)-CgH35% Pol yet byl bne
gl ycol 102 85%|Ct her conpounds hayi ng| a
structure af Fet—w-h-jstbst-at--al-—sR-t-ad—
results. A 3606HeCH2Grki ghi ng 90 Kkg ( 199 4-(420)-CgHi- eri ng ffam
osteoarthrij eated by a nethod of th| S |nvent|on Specifically,} for
5 years, a [ Ttar T r}r 7Oy of—Etanpte—3jrs—atmri-stered—daty—t o
sai d subj ec| Example 3(-SCHC 2CHZS-) H 4-(MeO)-CgHg- 2

104

Example 3(-SCH;CH,CH>S-) H 4-(n-Bu0)-CgHg- 2

105

Example | 4-(-CHyCHyCHyCHy-) | H 4-(MeO)-CgHg- i

106 ' ' _

Example 4-(-CH»CH5CH>CH»-) H 4-(4-MeaN-CgHy)-CgHy- 1

107

Example 4-(-CHCHyCHyCHy-) H 4-(4-F-CgHs)-CgHy- !

108

Example | 4-(-CHyCH;CHoCHa-) H (4-CsH4N)CHCHy- 1

109

Example 4-(-CH,CH>CH>CH>-) H _ 4-(4-C5HyNO)-CgHg4- 1

110 :

Example . | 4-(-CHCH,CH;CHy-) 5-CHj3 4-(MeO)-CgHg- ]

111

Example 4-(-CHCH>CH;CHCHy-) H ‘4-(n-Bu0)-CgHjs- 1

112




WO 98/ 08850

PCT/ US97/ 14ge he end of the treatnment period, the patientpdBueyagssrcd
via orthoscopy, found to have no further advancenent of
erosion/fibrill at| on of the articular cartilage. Exanple C A saline-based
conposi tion for local admnistration, accé?ding to the present invention,

is made conmprrsrt QOIMPONENT
Anpunt (O/&Nmrf"%?’rpl € ﬁn&? H2CHN(Me)CHCHy) | H 4‘(M°°)'C6H4' | 5%
Pol yvinyl alfaehol _ - 15% Sal i

w th subst apERaA i A rAPPCe " SR 1, | MEbELs ﬁLéaf”S Esilon

applies theldiop to dach eye twice a day.} Healing|is speeded, with n

visual sequelae.  Exarfp al conpgsition adm ni stjr atifon,

according t¢ leprecen‘te ﬂwer@@ﬁc’ conpri m%‘&bg%onent f |

Conposi tion Q%w/vv) ound of Exa Ie ' '
Q.02 Thi {osal

0. 20 Benzal k chljqrg, . ' .
%?An’fﬂl il QL(-EH,NBC(0)CHy-) H +veoyCene 00 T T O

-0. 002 d-Sorb
0. 35 Aromat L&k 0. 075 Purli fi dgd

wat er . g.s. Total = _

100. 00 Total = 100. 00 Any of

t he ot her conpounds having a structure according to Forrmula (I) are used

Wi th substanpefbasy simlar results. A patient suffering fromchem cal burns

applies the sijlon at, each essin b.i

sﬁgst antial | Wpﬁ)ﬁ i S RES de?("a?fﬁ‘Fldé@aR‘"f g{ﬁﬁ%ﬁ%ﬁ%&?&&&%‘“&%ﬁ%@%% line
according t odérivanvpldmﬂbtu by Raman(Shama aadsWitlimieD dowpll indi Org: Clean1996.eii) 202. :
Conposi tion E}Qﬂ\%e\é 2&%@9%&%)'@8357@*0&&011 wnth the appropnatel§ {urgmr&gh ?tl)l?/drma/m d

5.0 Al cohol
0.1 proline derivative which is prepared in a manner analagous to exam_ple 1. The sulfonyl chlorides

which are used to prepare the above examples are either purchased from commercial sources or

prepared via known methods. For example, the 4-phenoxyphenylsulfonyl chloride used for the

preparation of Example 17, was prepared as described by R. J. Cremlyn et al in Aust . J. Chem. ,

1979, 32, 445.52. | |
. Examples 100-102 are prepared by acetal formation, reduction and/or nucleophillic substitution of

the appropriately functionalized 4-ketopipecolic acid described by J.-P. Obrecht et al in Organic

Synthesis 1992, 200.

Examples 103-105 are prepared by acetal formation, reduction andlor. nucleophillic substitution of

the appropriately functionalized 5-ketopipecolic acid described by M. E. Freed and A. R. Day in J.

Org. Chem. 1960, 25, 2105 or the properly functionalized 3-ketopipecolic acid described'by J. Bosch

et al in Tetrahedron 1984, 40, 2505.

Examples 106-113 are prepared by cyclization, reduction and/or nucleophilic substitution of the

appropriately functionalized enamine as described by R. Henning et al in Syntkesis, 1989, 265 and

further manipulated as described for example S.

Example 114 (the spirohydantoin) is prepared from the appropriately substituted ketone (1b) and

potassium cyanide and ammonium carbonate as described by Smith et al, J. Med Chem. 1995, 38,

37m72.

Example 115-116 are prepared from the appropriately substituted ketone (1b) by Witt'ig reaction and

subsequent Michael addition of nitromethane as described by Smith et al, J. Med. Chem. 1995, 38,

3772. Subsequent reduction and nucleophilic substitution provides the desired compounds. '
These examples provide the skilled artisan with sufficient guidance as to making the present

invention and do not limit it in any way.



Ment hol _ 0.1 WD 98/ 08850
PCT/ US97/ 14557 52 Sodi um Saccharin -

Propel | ant woFssmesss 14) Total = PCT/US97/14557
100. 0 Any of the other conpounds having a structure according to Fornul a
(I') are used with substantially simlar rgsults. An asthma sufferer sprays
0.01 nL via a punp actuator into the noutfi while inhaling. Asthma synptons

are di mni Shé&gg@'m%%oéoﬁ'ﬂﬁiﬁﬁhm&ot hal mi ¢ conposition, according to the
present inventron, s nade conprising: Conponent . '
Conpesi tion (% w ¥he mw,s.afg\e %w.m e yseful to prepm compositions for the treatment of
0.10 Begza| kam'heual Iaﬁdl Illhe :Iikcderhe following comllg/;sition_ and method examples do a6t Mt mnd tion,

0. 05 Hydroxygt c 0S NAT. 0.50 Sodi um, -
et abi sul f i 1 Bt Provide guidants Yo el "‘ﬁgs%"“ to prepare apd ysg the compRYndH |caRPogIoRsRng o
g.S. Total =methods of the invention. In each case the compounds formula 1 may be subdfiedfor'thy/exatple he
ot her conpoug Qg Vi . ording to Forrmula (I) are used with
substantial ly |%sgémr%g§ﬁ{‘§$hﬂ{aﬁﬁﬁﬁa% mal e subj ect wei ghing 90 kg (198

| bs), suffering fAbermethedsedlusatxsmplifisdolosnot fimit theciavestionh buteprovisk Igoidamsé td th s

i nvention.  Sgaghfaheal 1o/ use Y co%,pamggéom Bsithids hﬁhemfa?&dgtdf o, nmgskﬁ% g

of Exanple 5 is, . adm nistered to sal Slfbj ect's affected eye tw ce-dal

Exanpl e G A Piasiitionsr wilkarpreciate that the ramples paoyide gpidance,ind ey be vasigdikasedonsendition g :
Conponent and the patient. Anmount Exanpl e 4

100 ng/ M carrier Carrier: sodium citraée QULfer with (percent by weight of
carrier): lecithin —=xampie A __ 0. 48%
car boxymet hyl cel | Al talsl@ composition for oral administration, according to the preseft. ib@ngiay isdndde

0.2

0. 50 net hyl pog{pgggg | 0.11
Component ' o ' Amount
Example 9 15.mg
Lactose 120. mg
Maize Starch 70. mg
" Tale ‘ © 4.mg
Magnesium Stearate lL.mg

Other compounds having a structure according to Formula (1) are used with substantially similar
results. ’

A human female subject weighing 60 kg (132 Ibs). suffering from rheumatoid arthritis, is
treated by a method of this invention. Specifically, for 2 years, a regimen of three tabiets per day is
administered orally to said subject.

At the end of the treatment period, the patient is examined and is found to have reduced
inflammation, and improved mobility without concomitant pain.

_ Example B
A capsule for oral administration, accordiﬁg to the present invention, is made comprising:

Component Amount (%w/w)
Example 3 T 15%
Polyethylene glycol ' 85%

‘Other compounds having a structure according to Formula (I) are used with substantially similar
results. .

A human male subject weighing 90 kg (198 Ibs), suffering from osteoarthritis, is treated by
a method of this invention. Specifically, for 5 years, a capsule containing 70 mg of Example 3 is

administered daily to said subject.



propyl paraben 0.011 WO

98/ 08850 wo 98/08850 PCT/US97/14557
PCT/ US97/ 14557 53 The above ingredients are mxed, formng a suspension.
Approxi mately 2.0 m of the suspension is adm ni stered via injection, to a
human subject with a prenetastatic tunor. Sthe I njection site juxt aposes t he

tunor. This dosage,i.s, ﬁp‘?ﬁf&“%‘p&“g@' ‘%P‘"{’j’ ggﬁg&éb%hﬁ&s&pg g "f’ to

After 30 days, syrrptoms ease su sage I's
decr eased tohmmtﬁathnfidmcmt@mww@fmmmfﬂ@ammlaag a structure
according to Fornula | are used with s%@@ ally simlar results. Exarrpl e

H A nout hwash conposition is prepared, nmponent

o v Exanple 1 A salmc-based composmon for local admmxsn'atlon, accordmg to the preseng inyentigpAs 40
Al cohol made comprising: _ : 8 00 Fl avor

0.08 Enul sifier - 0. 08 Sodi um
Fluoride Component - -_ ©0.05 G yABoupt Ry
Sweet ener Example 13 : _ 0582 Benzoic acid
0. 05 Sodi um hydr oxj de. 0. 20 Dye
0.04 Water )go%mylalcohol bal anése/t o 100% A

patient with gum dﬁalimase uses I m of the nmouthwash thrice @ly to prevent
further oral QH ?38‘3 %o B Iy i@ tO
Forrmula | ar eﬂ&gegi fid v stant s?gﬂ mﬁ#"égalaatré%gx%ﬁ thﬁ&ﬂyqozenge
conposi ti on Fesulr epar ed Corrponent

%V v Exanpl e 3 A patient having deep comeal abrasion applies the drop to each eye twice a Bay0 Heaithg i t Ol

i\'?’: 28 ggg![ te(ﬁ)!%gfd d, with no visual sequelae. 1]7__ 28 Starch
Example D :
An topical composition for local administration, according to the present invention, is made
comprising:
Compopent Composition (% wiv)
Compound of Example 3 R 0.20
Benzalkonium chloride 0.02
Thimerosal : 0.002
d-Sorbitol _ S 5.00
Glycine _ 0.35
Aromatics : - 0.075
Purified water o _as.
Total = ' 100.00
Total = o : 100.00

Any of the other compounds having a structure according to Formula (I) are used with substantially
similar results.
A patient sut_'fering from chemical bumns ap;;lies the composition at each dressing change
(b.i.d.). Scarring is substantially diminished.
. Example E
A inhalation aerosol composition, according to the present invention, is made comprising:

omponent Composition (% w/v
Compound of Exampie2 ' - 5.0
Alcohol 33.0
Ascorbic acid . 0.1

Menthol 0.1



Fl avor - 11.70 Color . .
0.10 Corn Syrup ' bal ance to 100% WO

98/ 08850 WO 98/08850 - PCT/US97/14557
PCT/ US97/ 14557 54 A patient uses the Iosenge to prevent |oosening of an _
inplant in the maxilla. . Qher conpoun 53! having a structure according to
Formula | are-used with substantially sim results. Exanple J Chew ng
Gum Conposi ti on Cgsdaah Sdttharin 0.2 - WVv%
Exampl e 1 0. 03 Sor bi tol
crystal s Propellant (F12, F114) 38. 44 Pal%% a- T gum base*

20. 00 Sorbitol (7®etalzqueous sol ution) : _ 100.0 22 00 -

Manni t ol cerl ne-

. . _ - 10..00,d
7 56 Fl avor Any of the other. compounds having a structure according to Formula (I) are used “fL“hd Rﬂtlag{'l ent -

chews the gusimilasrgsulsvent | ooseni ng to prevent |oosening of dentures. O her

conpounds _havi ng QFWQE eﬁ,@,ﬁ% nﬂLt\&h fﬁp L&m{or Hes el SESbhif} inhaling,

subst.anti al | resu onen
w v% USP \Wat asymptommdmmhe 54. 656 Met hyl par aben
0. 05 Pr opyI par aben ' Exampie F 0 01 Xant han Gum
22 1%89;\?1"[ i f Og] mplcal opthalmzc composition, according to the present mve_[m% xs + @g@u m %?“ul;gt:)-o nate
15. 0 Sor bi t o€omponent : " 11 Comfdsition (% Wiv)
5.0 Benzyl Al coho 0.2 Citri cid
0. 15 ool ant Compound of Example5 | o 00888 £'%vor
0. 0645 _ Benzalkonium chloride _ 0.01
EDTA 0.05
Hydroxyethyicellulose (NATROSOL M) 0.50
Sodium metabisulfite 0.10
Sodium chloride (0.9%) a.s.
Total = . 100.0

Any of the other compounds having a structure according to'Formula (1) are used with substantially
similar results. .

A human male subject weighing 90 kg (198 Ibs), suffering from comeal ulcerations, is
treated by a method of this invention. Specifically, for 2 months, a saline solution containing 10 mg
of Example 5 is administered to said subject'§ affected eye twice-daily. '

_ Example G
A composition for parenteral administration is made comprising:
"~ Component Amount
Example 4 ' 100 mg/ml carrier

sodium citrate buffer with (percent

by weight of carrier):

lecithin - 0.48%
carboxymethylcellulose 0.53
povidone ' 0.50
methyl paraben 0.11

propyl paraben 0.011



Col ar ant , ' 0.0014 Exanple | is prepared by
first m xi ngyoPsgraggisgef gyl cerin and all of the benzyl al cohol arCir/ysewi4ssy to
65 C, then slowy adding and m xi ng toget her nethyl paraben, propyl paraben,
wat er, xanthan gum and guar gum M x these ingredients for about 12
mnutes with a Silverson in-line mxer. THén sIOV\Ay add in the foll ow ng
ingredients in the_follown order remainin cerin, 5
PCT/ US97/ 14557 55 I% b‘1°¥or“ "t FSAMC T ?"u%m’s APBona %’,‘”“)cﬁ 3.8%‘9'5@, the and
sucrose. Sepasusgesdion rscndinmrddl aia Gnjectiamcltoc birant sxbmtdwl!mypﬁmm tuhdr. tThet he
other i ngredi @ﬂ&ﬁn std ﬁx%ﬁesﬁﬂ%w‘@h@d@ﬂ&@ﬁ re&yﬂéﬁ tRRE bR fol ApRoxinkdily 30 days.
prevent are

formul ation t of colitrs ref erences descri bed hérein
are hereby |n%@ﬁf|§6ﬁw5e%¥mBS9mF8f@Féﬁ@é"Wq-E" dlosage is gradually fiserenseriaraainggin the o
subj ect invenflge have been described, it will be obvious to those skilled

in the art that var| ous changes ,and rmdlfl cat.ions_of tge subj eg Q‘Ff?‘ i on
can be nade. wit houPhge 'i“ﬂg ving 4 ptpyGtuLe Aoporeing, o Farmyla d aps usedh with substaptially
It is intendegmAdreséitécr, i n the appended clains, all such nodifications

that are within the scope of this inven i.on 56 WHAT IS CLAIMED I S: 1.
A conmpound having a structure accordi ng'%'o'ngo'rrrul a (l) [err] wherein Ar is
al kyl', het er.oal kyA moathyish cempiveition ippregared; substi t uted or unsubsti tuted;
Rlerr] is H Rerriodsaydrogen, alkyl or acyl; Wis nil or &g or nore

| ower al kyl noi etl'é'S_&GT_l S an al Kyl ene, aryl ene or heteroaryl ene bridge.
bet ween two adj aceﬁxmlﬂnonadj acent carbons (thus form ng a’?{ ®sed ring); Y
is independently oggaabalekst Of hydrogen, hydroxy, SRierr], ggoRlerr],

SR err], al koxy, anmino, wherein amno'is of formula NR[err Rerr],
wherein R[err] and lPZ[°érr] are i ndependently chosen from hydr odg? al kyI ,
het er oal kyl , hetermm;ﬂ‘er aryl, ORlerr], SOJerr]Rerr], COR 08, CSR err],
and PO(R[err])[err Fg{ﬁerr] i s hydrogen, alkyl, aryl, Org, eteroaryl;
Rlerr] is alkyl, af v or eteroaryl Rlerr] is chosen fromalkyl, aryl,
het eroaryl, heter oélykgrinlown no, al kyI am no, dial kyl am no, aryl am no,

diaryl am no and al kyl.agy! am no; 0.02
Benzoic acid ; 0.05
Sodium hydroxide - 020
Dye 0.04
Water ' balance to 100%

A patient with gum disease uses 1 ml of the mouthwash thrice daily to prevent further oral

degeneration.
Other compounds having a structure according to Formula | are used with substantially

similar results.
Example |

A lozenge composition is prepared;
Component : Yowly
Example 3 _ - 0.01
Sorbitol ' 17.50
Mannitol : . 17.50
Starch : 13.60
Sweetener . _ 1.20

~ Flavor ' . 1170

Color 0.10 .

Com Syrup ' balance to 100%



Rlerr] is chosen from hydrogen, al koxy, aryloxy, heteroaryl oxy, alkyl,
aryl, heteroaryl, heteroal kyl, amnino, al kylanino, dialkylanm no, arylanino
and al kyl awOas®8850 R err] is chosen from al kyl, aryl, heteropCyhuseriassy
het er oal kyl , am no, al kyl am no, di al kyl am no, arylam no, diarylam no and

al kylarylam no; R err] is alkyl, aryl, heteroaryl, or heteroalkyl; Zis a
spiro moiety; nis 1-3. an optical isomer3diastereoner or enantioner for

Formula (1), or a i - A alt . or. biohydrolyzable

ani de, ester, or i'pn‘! gq t%#&é‘%&lggﬁwgg&%ﬁ%wﬁ@%m P ERHa . RS ein v
i s i mdependersempoungsavipg agmeturg pechrding se/Eormula § ate oseyt wittbRjbstantiplly sirhila degults.ani no,
wherein amno is of formula NR{err], Rl egfhmieynerein Rierr] and Rerr] are
i ndependent |y chosen from hydrogen, al kyT, teroal kyl, SOerr]Rerr],
COR[err]; and Rlerr] is alkyl, aryfhewiag@mpGomposiion heteroal kyl. 57 3.
The conpound of clCmporent Wherein Ar_is phehyl or subsituggée phenyl. 4.

The conpound of claim 3l wherein Ar is substituted phenyl and the
susbtitution is w iFl'f/droxy, al koxy, nitro or halo. 5 5. 90The conpound
of claim4, whereiSerbitlcrystabubstituted wi th nethoxy, brono,3gagtro and

but oxy. 6. The s claim5, wherein Ar is substjtuted at the
ortho or para 10 position relative to the sulfonyl. 7. The conpound of
claim 1, wherein \Retbifold7% aquequpsadutioh) hydr ogen or Cl to C4 zlokyl . 15 8.
The conmpound of cClyginfiet Wherein Wis germnal ClL to C4 al kyl.. 9. The
conpound of claiml, wherein the spiro noiety, Z, fornms a 'oPo 7 menber ed
ring with the car S8YFems “which it is attached. 20 10. Th&.56ompound of
claim9, wherein tForspiro ring i s unsubstituted or substijiggted with a
fused ring. 11. A‘Iﬁgeng&ngo nd a cordi:] to claim10, wherein Z has one or

mor e het er oact ons ‘cnosen ftonroxyden -y (i3 prevsat loosening of dentures.
Other compounds having a structure according to Formula I are used with substantially
similar results.
Example K

Components - _ . wivse
'USP Water - 54.656
Methylparaben 0.05
Propylparaben 0.01
Xanthan Gum : 0.12
Guar Gum ' 0.09
Calcium carbonate 12.38
" Antifoam 1.27
Sucrose : _ ' 15.0
Sorbitol 11.0
Glycerin - 5.0
Benzyl Alcohol 0.2
Citric Acid 0.15
Coolant .0.00888
Flavor 0.0645

~ Colorant 0.0014

Example 1 is prepared by first mixing 80 kg of gylcerin and all of the benzy! alcohol and

heating to 65 C, then slowly adding and mixing together methyiparaben, pmpylpémben. water,

xanthan gum, and guar gum. Mix these ingredients for about 12 minutes with a Silverson in-line

mixer. Then slowly add in the following ingredients in the following order: remaining glycerin,



12. - A pharnmaceutical conposition conprising: (a) a safe and effective
anount of awwopssmsased of claim 1l; and (b) a pharnaceuti cal | y- acREPUSHIIASST
carrier. 5 13. A pharnaceutical conposition conprising: (a) a safe and
effective anount of a conpound of claim4;__and (b) a ¢
pharmaceutical l y-acceptable carrier. 10 2 A phar maceut i cal corrp05| t| on

compri sing: (@hid, M%ﬁiﬁrﬁfﬁﬂo\‘ﬁm%&’%ﬂ Qha a.cmaapgemteefcoﬁ!ba.'em&n aad

(b) a pharmaceut ¢a accept e carrier. 15 har maceut i-eat——="

conposi tion centisets s s‘fylyaeﬁ5°'h“§%ﬁé‘g'&ﬂ&"%f¥'é€?ﬁ tAhBEHES-of  a conpound
OL claim9; alnd (bh@ammmmmﬁm.dnmﬁemm@ﬁfeagﬁl ]gz][ 16. A o
phar maceuti ca sition c£o i,sin a safe ective anount of a
conpound of .claim rrgg “’fgsn?ﬁl) m%ﬁ%@ﬁ??‘&{f% EE&St abl e carrier.

17. Used of the cWijlopaticuld embydimenss of the Isebjers inventibn diaveObéen dedeeibsdpituwildeur e
of a nedicanment.for .tre i ' . .

nmet al | opr ot ea‘g’ '°5s P fli/ &hwg &gﬁg%ﬁ@%e%%@é&%%&%ggm% e
conpound of cheanade without ﬂmnafmm hetspiritand fscape pfEthie invention. It isrintended) toi aver.cin the

di sease assoc] mﬁ,g otk a human or

ot her ani mal Aéj%}ggdct. aﬂmg"%ﬁe ofs%ahgpggﬁn'ggﬁ%oag%mﬁﬁ?nﬁ%l n the

manuf acture of a nedi canent for treating a disorder nodulated by _
met al | opr ot eases, wherein the disorder is chosen fromthe group conprising,
arthritis, cancer, cardiovascul ar disorders, skin disorders, ocul ar

di sorders, inflammation and gum di sease. 10 20. Use according to claim
19, wherein the disorder is arthritis, and is chosen fromthe group
conprising, osteoarthritis and rheumatoid arthritis. 21. Use according . to
claim 19, wherein the disorder is cancer, and the treatnent prevents or
arrests tunor growm h and netastasis. 15 22. Use according to claim 19,
wherein the disorder is a cardiovascul ar di sorder chosen fromthe group

conprom sing dilated cardi onyopat hy, congestive heart failure,
at heroscl erosi s, plaque rupture, reperfusion injury,



i schem a, - chronic obstructive pul nonary di sease, angioplasty restenosis and
20 aortic aneur%snl 23. Use according to claim 19, wherein the disorder

i's an ocuI

Ber, and is chosen fromthe group conpri si nBCTRISPTLASS7
Lack of corneal healing, macular degeneration, and pterygium

1 ding to claim1956wherein the dISOFde%—+5—gHﬁ¥————————

fronlthe group conpri sing, perlodon

U. " V. skin damage,

i e bp ackording to claim19, wherein the con ? s Beghn
condi t i oONWHATISOEAIMEDES:t he group conprising winkle repai r
A [ epi dernmol ysi s bull osa, psoriasis, sclero

dermatitis and scarring. 26. Use of the conpound according to claim1 in

t he manuf act ur & of
prost hetic devices
dental prosthesis.

A co@pound livigrestmchfroaccerdiag erFormnda (Dhe | ooseni ng of
chosen fromthe group-conprising joint replacenents and
27. Use according to clajpm 19, wherein the condition is

an inflammtory condition chosenfrcnnéhék foup conprising inflammuatory

bowel di sease, 15

diverticulitis, acne |nflannat|oﬁ

Crohn's Disegg ul eragive colitis, pancreatitis,
X bronchitis, arthritis,

asthma. 28. Use of the conpound acg® Pﬂb gy cIa|n11 I n the nanufacture of
n

a medi cament for treating multiple s@le

20 29. - Use of the conpound

according to claim1 in the manufacture ofZza medi canent for treating
muscul oskel etal di sease or cachexi a. o

wherein

Ar is alkyl, heteroalkyl, aryl or heteroaryl substituted or unsubstituted ;

RjisH;

R; is hydrogen, alkyl or acyl;

W is nil or one or more lower alkyl moieties, or is an alkylene, arylene or heteroarylene bridge

between two adjacent or nonadjacent carbons (thus fomiing a fused ring);

Y is independently one or more of hydrogen, hydroxy, SR3, SOR4. SO,R3, alkoxy, amino,
wherein amino is of formula NRg,R7, wherein Rg and Ry are independently chosen from
hydrogen, alkyt, heteroalkyl, heteroaryl, aryl, OR;j, 802R8, CORg, CSR1g, PO(R}1)7; and
Rj is hydrogen, alkyl, aryl, heteroaryl;

Ry is alkyl, aryl, heteroaryl;

Rg is atkyl, ary), heteroaryl, heteroalkyi, amino, alkylammo, dialkylamino, arylammo. .

diarylamino and alkylarylamino;

Rg is hydrogen, alkoxy, aryloxy, heteroaryloxy, alkyl, aryl, heteroaryl, heteroalkyl, amino,

ali;ylamind; diatkylamino, arylamino and alkylarylamino;

Ry is alkyl, aryl, heteroaryl, heteroalkyl, amino, alkylamino, dialkylamino, arylamino,

diarylamino and alkylarylamino;
R} is alkyl, aryl, heteroaryl, heteroalkyl;

Z is a spiro moiety;

nis 1-3.

an optical isomer, diastereomer or enantiomer for Formula (1), or a pharmaceutically-acceptable salt, or

bichydrolyzable amide, ester, or imide thereof.

2

The compound of any preceding claim, wherein Y is independently one or more of

hydrogen, hydroxy, SR3, alkoxy, amino, wherein amino is of formula NRg,R7, wherein Rg and R are

independently chosen from hydrogen, alkyl, heteroalkyl, SOyRg, CORy; and Ry is alkyl, aryl, heteroaryl,

or heteroalkyl.
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3. The compound of any preceding claim, wherein Ar is pheny! or substituted phenyl.
4, The compound of any preceding claim, wherein Ar is substituted phenyl and ﬁe
substitution is with hydroxy, alkoxy, nitro or halo.
5. The compound of any preceding claim, wherein W is one or more of hydrogen or Clto
C4 alkyl. o
6. The compound of any preceding claim, wherein the spiro moiety, Z, formsaSto 7

membered ring with the carbon to which it is artached.

7. The compound of any preceding claim, wherein the spiro ring is unsubstituted or
substituted with a fused ring. '
8. The compound according to any precéding claim, wherein Z has one or more

heteroatoms chosen from oxygen or sulfur.
9. The use of a compound of any preceding claim to prepare a pharmaceutical composition.

10. A method for preventing or treating a disease associated with unwanted metalloprotease
activity in a mammalian subject, the method comprising administering to said subject a safe and effective

amount of a compound of any preceding claim.
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